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PREFACE

The Fourth Annual International Symposium on Agriculture and Environment (ISAE) of the Faculty of Agriculture, 

thUniversity of Ruhuna, Sri Lanka will be held on 28  Nov. 2013. This year, the theme of the event is Agriculture and Eco-

system Health: Balancing the Issues which has a significant importance, not only for Sri Lanka, but for entire world. We 

experience climate change to a very great extent, and as a result, environmental degradation has become an inevitable 

factor. In order to make the environment resilient, mitigation and adaptation processes are employed, but such 

should be based on empirical realizations. The Faculty of Agriculture makes a forum to disseminate the research 

outcomes which can be put in o practice to maintain eco-system health. 

The above theme is further divided to six sub-themes as (1) Livestock and Aquaculture, (2) Soil and Nutrient 

Management,(3) Agronomy and Biotechnology, (4) Food technology and nutrition, and (5) Innovative Technologies 

and Farming Systems and (6) Social sciences and management. Sixty five oral presentations and 65 posters will be 

launched at this event. Academics, scientists, policymakers and administrators from different institutes, and further 

foreign delegates add glamour to this exercise. The Chairperson of the University Grants Commission Prof. Kshanika 

Hirimburegama serves as the Chief Guest. Prof. E.R. Orskov, James Hutton Institute, Craigibuckler, Scotland will 

deliver the keynote address. In addition, eminent scientists will address the sub-themes fora. 

The symposium makes a platform to present new technological and scientific improvements. Moreover, participants 

receive a valuable opportunity to communicate, interact, and further to make suggestions for future road map to 

maintain eco-system health and agriculture development. Next, on agreement of all stakeholders, research can be 

oriented to address the current needs of the farming communities. In addition this occasion provides an excellent 

opportunity to enhance the intellectual culture which fosters research and development.

At this juncture, I extend my sincere thanks: to chief guest, keynote speaker, speakers of sub-themes and paper and 

poster presenters for their invaluable contribution rendered; to all the referees for their professional skills applied to 

recommend the high quality research papers.  Especial thanks will extend to Prof. K.L. Wasantha Kumara, 

Coordinator, and Prof. Mahinda Atapattu, Secretary for their devotion. Further, I thank all the members of different 

committees for their active involvement. All such efforts made a yeoman contribution to materialize a successful 

event, - ISAE 2013. I whish all the participants a fruitful and enjoyable day at the pleasant atmosphere in the Faculty of 

Agriculture.  

Prof. W.M.M.P. Wijeratne

Behalf of the Editorial Board

th20  November 2013
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MESSAGE FROM THE CHIEF GUEST

thIt is my pleasant duty to send this message of felicitation on the occasion of the 4  International Symposium on 

Agriculture and Environment (SAE 2013) organized by the Faculty of Agriculture of the University of Ruhuna.  

Rich bio-diversity and intellectual work force are some unique features that make Sri Lanka a country with an 

immense potential for the development of agriculture sector.  However, in order to be competitive in the global 

market, a great deal of attention needs to be given on technological innovations where research & development is 

the driving force.  Research areas on sustainability of agricultural production with emphasis on environmental 

aspects are increasingly becoming significant.  Adverse effects of intensive agriculture especially on the 

environment have been subjected to the criticism.  In this context, “Agriculture and Ecosystem Health: Balancing 

the Issues” as the theme of ISAE 2013 is timely.

Knowledge generation through research is a prime requirement of academics. The knowledge thus created is 

disseminated to students and are also applied to the field. International symposia of this nature will enable 

exchange of know-how with international researchers and academia. It would contribute directly to empower 

students and would also promote our agricultural production.

As an academic with direct involvements in plant biotechnology, I have noticed that the Faculty of Agriculture, 

Ruhuna University, is contributing effectively to agriculture both in knowledge generation and application. The 

university should be commended for organizing the symposia in the field of Agriculture and Environment. The 

beautiful greenish-fresh-spacious environment of the Faculty of Agriculture, University of Ruhuna, makes it the 

ideal location to have this kind of symposium. 

I am sure while exchanging the new knowledge, the international researchers would also enjoy the beauty and 

serene of the Faculty and the country.  

I congratulate the Vice Chancellor University of Ruhuna, Dean of the Faculty of Agriculture and the organizing 

committee of the ISAE 2013 for organizing the symposium.  

I wish all researchers a very productive and a memorable ISAE 2013.  

Professor Kshanika Hirimburegama

Chairperson

University Grant Commission, 

Sri Lanka 
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MESSAGE FROM THE VICE CHANCELLOR

Having successfully organized three International Symposia on Agriculture & Environment, the Faculty of Agriculture 

thof the University of Ruhuna is now planning to congregate the 4  International Symposium (ISAE - 2013). The theme 

of this Symposium is "Agriculture & Ecosystem Health: Balancing the issues". 

Research symposia in general, provide an opportunity for transmission of knowledge based on latest research and are 

considered as an essential part of academic programmes of all good universities. As the Vice Chancellor of University 

of Ruhuna, I am happy to see that the Faculty of Agriculture is leading in fulfilling this essential requirement.  I am also 

glad to learn that many academics and scientists especially from Asian continent are expected to participate in this 

symposium. I am sure this symposium would be a good occasion for them to share the latest knowledge in the fields of 

Agriculture and Environment. 

Environment and agriculture are closely interrelated. Global warming is projected to have significant impacts on the 

conditions affecting agriculture, including temperature and precipitation. These conditions, on a one hand, 

determine the carrying capacity of the biosphere to produce enough food for the human population and domestic 

animals. On the other hand, rising carbon dioxide levels would also have detrimental as well as beneficial effects on 

crop yields. The overall effect of environmental changes on agriculture will be dependent on the balance of these 

effects. Assessment of the effects of global environmental changes on agriculture might help to properly anticipate 

and adapt farming to maximize agricultural production. At the same time, agriculture has been shown to produce 

significant effects on environmental changes, primarily through the production and release of greenhouse gases such 

as carbon dioxide, methane, and nitrous oxide. Agriculture is considered as the major contributor to increasing 

methane and nitrous oxide concentrations in earth's atmosphere. Therefore I hope this symposium will provide a 

platform for agriculturists and environmentalists to initiate a dialogue on above issues.   

In order to achieve our vision “To be the prime intellectual thrust of the nation” it is needed to strengthen the 

research activities in addition to higher education and community services. Therefore at University of Ruhuna, I, as 

the vice Chancellor have taken all possible efforts to develop a vibrant research culture among the academics, by 

providing research grants and travel grants to attend international symposiums overseas, promoting research 

postgraduate studies and paying page fees for those who are publishing their findings in high impact indexed 

journals. All these steps were taken to develop a conducive research ambience within the University for Young 

Academics to work.  

Organizing an International Symposium is always a big challenge and I am confident that the Faculty of Agriculture 

will hold this conference to the expectations of the world academic community. I extend my congratulations to the 

Dean of the Faculty, organizers of the Symposium and wish them all success.

Prof. Gamini Senanayake

Vice Chancellor 

University of Ruhuna
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MESSAGE FROM THE DEAN

 

thIt is a great honour and privilege for me to send this message on the occasion of the 4  International symposium 

organized by the Faculty of Agriculture, University of Ruhuna, Sri Lanka. I am sure that this symposium brings leading 

national and international scientists together to update their knowledge by sharing their experiences and ideas in the 

field of Agriculture and allied disciplines. The Faculty of Agriculture, University of Ruhuna is one of the leading 

Faculties of the University of Ruhuna not only as a center of the excellence in the sphere of higher education but also in  

research on the field of agriculture.

The Faculty of Agriculture is a pioneering Faculty for initiating many novel things including an annual symposium. 

The first annual symposium of the faculty of Agriculture was held in 2008 and it was upgraded to international 

rdsymposium in 2013. This is the 4  consecutive international symposium in Agriculture and Environment. The theme 

of this symposium “Agriculture & Ecosystem health: Balancing the issues” is timely and important topic, not only to Sri 

Lanka but also in the present global context. 

I wish to extend my sincere congratulations to the organizing committee of the ISAE 2013 and wish today's 

symposium organized by the Faculty of Agriculture, University of Ruhuna, every success!

Prof. S.Subasinghe

Dean/Faculty of Agriculture

University of Ruhuna
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MESSAGE FROM THE COORDINATOR  

OF THE SYMPOSIUM 

With the successful three consecutive annual international symposia at the Faculty of Agriculture, University of 

Ruhuna, International Symposium on Agriculture & Environment - ISAE now has become the chosen forum for 

researchers across Sri Lanka and the neighbouring countries, for presenting the very best research findings, solutions 

to problems, and insight into emergent new challenges.

The symposium this year is organized under the theme of "Agriculture & Ecosystem health: Balancing the Issues" is a 

timely topic and we are happy that we were able to create a platform for the scientists, policy makers and other 

interested communities by holding this event to express different ideas, share experience and knowledge, and 

analyze the situations, with the aim of serving for global food security of mankind in the future.

Man has used and being continued using the environment in different sectors of development activities for 

standardizing the quality of human life. Agriculture in this context, not only contributes to the world food production 

for the ever increasing population but, affects our living environment at the same time threatening transforming 

whole patterns of production and livelihoods. Need arises to focus on nature based approach to utilize infrastructure 

for agriculture in far more efficient ways. Therefore, holding this international symposium in the joint framework 

with the participation of many national and international communities will greatly influence understanding of the 

physical, biological and ecological consequences of agricultural intensification and greater research attention to a 

long term management of the agricultural resource base.

We expect that this forum will attract the attention of the world society and will enforce the development of 

international integration of intellect in balancing the issues in relation to the Agriculture affecting Ecosystems, and 

creation of common educational and scientific space.

This event would not have been a reality without the commitments and dedication of the academic and non-academic 

staff, and the students of the Faculty of Agriculture who played the most important role behind the scene and specially 

the financial contributions from the donors. While extending our gratitude to all those involved in making this 

conference a success, I wish all the participants and invitees of ISAE - 2013 a fruitful work, interesting and educational 

meeting, and every success in their further endeavours.

Professor K L Wasantha Kumara

Coordinator/ISAE 2013
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KEYNOTE SPEECH OF THE INAUGURAL SESSION

Experiences with Agriculture in Asia with Emphasis on Sustainability

E.R.  Ørskov

The James Hutton Institute, Craigebuckler, Aberdeen, Scotland, UK

Introduction

It is a nice occasion to visit Sri Lanka. Having had the privilege being involved in many rural development projects in 

about 40 countries in Africa, Asia, and South America, I would like to discuss some experiences and contrast the 

systems with western systems and seriously question whether western agricultural practices should be promoted 

taking into account environment sustainability and socio-economy.

Western Agricultural Systems 

It is possible to write many books on western systems which mean that only generalization will be made here. The 
ndbiggest change in direction took place after 2  world war where due to inadequate food supplies governments in 

Western Europe, USA and to a lesser extent Australia and New Zealand put emphasis on increasing crop animal 

production. Due to the high cost of labour this gave rise to specialised crop and animal production. Until then animals 

were kept on almost all farms consuming some complete crops and crop residues and their manure from winter 

keeping was spread on the cropping areas.

Another perhaps even more important aspect was the low cost of fossil fuel relative to labour costs. Fossil fuel in effect 

became a substitute for labour with the high degree of mechanization supported by fossil fuel. Animals to a large 

extent became separated from the land in particular pigs and poultry but also to a large extent ruminants with indoor 

fattening in feed lots and large dairy units. Crop farms became separated from animal crop by products were under-

utilized and in animal farm excreta became an expensive waste products while before it was considered as resource. 

There are now some controls of disposal of animal excreta in some countries to avoid pollution problems.

This whole emphasis on monoculture for crops became supported by techniques to sustain it as long as possible crop 

varieties were selected for main crop only with no emphasis on the value of crop by-products as animal feed. Though it 

was shown categorically that the quality of straw for instance, had no relationship to quantity and quality of grain 

(Tuah et al., 1986).

Varieties that could respond to the maximum amount of fertilizer were and still are chosen. Herbicides became a part 

of growing crops rather than achieving some control of weeds by crop rotations as was previously practised. 

Agriculture in so called Developing Countries:

Complementary Multiculture:

This system is often seen in densely populated areas. In so called developing countries crops, such as cassava, 

normally harvested once/year are grown together with legumes eg. Groundnut and Soyabean etc. the leguminous 

crop, no doubt, contributes to the soil nitrogen economy. Such systems with different harvesting times are labour 

consuming, but as labour is generally not a limitation, labour saving devices provide no solution. Such systems are 

useful for soil fertility. A herbicide resistant monoculture, is certainly not a solution. In many areas leguminous trees 

eg. Sesbania, Caliandra, Glyricidia and Leucaena are grown on the edge of roads and edges between small fields of rice. 

viii
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These trees have several functions. They accumulate N, and are thus likely to benefit the crops. Their branches are 

widely used as fodder for sheep and goats in the dry season, the wood is used for domestic fuel and other purposes and 

their roots contribute soil stability. 

Multiculture with Rice, Ducks and Fish:

Another aspect of multiculture is illustrated in Table 1 from Minh et al.(2003).Here instead of using herbicides in the 

paddy fields ducks were introduced.  The result was duck production as well as rice production. In fact there was no 

reduction in rice yield. After this  fish (Carp and Tillapia) were also introduced together with ducks for growing, or egg 

laying. The rice yield slightly increased but the total benefit to the farmers increased by more than 20 times per unit 

area of land. No doubt, there was more labour involved, but an introduction of herbicide resistant rice would have 

eliminated the need for both fish and ducks and would have further increased cost. There are many options like this 

that can be explored with both environmental and socio-economic benefits.

Use of Manure for Biogas Slurry:

For many years Vietnam but also in China animal manure and indeed human manure and chicken manure is 

fermented and the has been used for domestic cooking. Such biogas fermentations are sometimes sophisticated but 

can simply be plastic tube may be 10m long and 1m wide. The biogas slurry can then be used to fertilize a fish pond and 

the water  used for irrigation or a bit can be directed to a duck weed pond and fertilize duckweed which then in turn 

can be used as high protein feed for pigs and poultry. In fact sometimes the value obtained from manure can be greater 

than that obtained from the animals. 

ix

System Rice Duck Rice Duck Fish Rice Layer Duck Fish 
Rice 

Inputs 

· For rice 6.62 3.92 3.92 3.92 

· For duck - 8.70 8.70 52.92 

· For fish - - 13.90 13.90 

Total 6.62 12.62 26.52 70.74 

Outputs 

· From rice  8.56 8.03 9.85 10.44 

· From duck - 14.50 14.50 68.02 

· From fish - - 46.39 47.92 

Total  8.56 22.53 70.74 128.38 

Net benefit +1.94 +9.91 +44.22 +55.64 

 

Table1 : Integrated system of rice, rice plus duck, rice plus fish and duck on net financial benefit to farmers 

                (Mill Vietnam Dong/ ha) (1 USD Approximately 15000 dong)
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Increased Food Production by Small Farmers:

There can't be any doubt that, if at all possible, an increased urban demand for food must be produced by local farmers 

and in this process help to relieve rural poverty. If we accept this concept, which seems reasonable as it will help to 

achieve the millennium goals rather than adding further to disparity in wealth and contribute to agribusiness 

shareholders from other countries, then we must learn to understand the constraints of small farmers and how they 

can help to increase production when needed for urban population.

One of the most important issues to understand where we wish to stimulate small subsistence farmers to produce 

more is that poor people can't take risk or even a very little risk. This is the same all over the world. In many respects 

livestock is used to minimise risk rather than in market oriented systems where profit maximisation is important 

issue. The way to minimise risk depends very much on the production etc. There are so many examples of how small 

farmers sometimes react quickly fast to increase production if risks are minimised in fact more than large farmers do 

(see table 2).

For instance, when Zimbabwe gained independence from the UK, there was a lack of food, eg. Maize. The government 

there undertook to underpin or guarantee a minimum price for maize. This enabled the small communal farmers to 

make loans to buy fertilizer and the next year Zimbabwe was exporting maize due to the production from communal 

farmers.

Agricultural Education:

Being an agricultural teacher, of course I am biased here, but informed by external circumstances. For small rural 

subsistence farmers it must always be remembered that he is holistic not specialistic. His livestock must be seen in 

relation to soil and plants and the communities. Sometimes university teaching is very specialistic, so advice to 

farmers may be incorrect. There is seldom an agricultural system department. For instance, in Java multi-culture is 

x

Particular Goals Large farms market oriented Small Farms social value oriented 

Economic Goal 

 

Profit maximisation Risk management 

Cash generation Family support 

Productivity  Stability and sustainability  

Products Single purpose  Multi purpose  

Control of environment  Human control  Environmental control  

Breeding goal  Homogeneity Biological diversity 

Philosophical approach  Specialistic Holistic 

Scientific approach Single discipline  System discipline  

Statistical emphasis Mean Variance  

Main effects  Interactions  

 

Table2: Comparison of animal function in marked oriented and social value oriented systems 

Source: Ørskov and Viglizzo, 1994
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common on farms-Groundnut, Cassava, Corn, Soya, growing together. If you like to know about the combination, the 

farmers often know better than research people as they seem to be taught more about monoculture and single 

purpose animals while they often use complementary multiculture cropping systems which as mentioned before, 

may be more labour consuming than mono-culture, but it is generally good for soil quality and labour is not generally 

the limiting factor. 

One problem is that university teachers are more often rewarded for publications in international journals than for 

doing research needed by local farmers. 

Stimulation of Formation of Local Co-operatives:

The formation of local co-operatives when the farmers are producing similar products for sale be it livestock or crops, 

can also have great benefits. In effect a group of small farmers they can act like large farmers and be respected by 

traders. Local traders can't cheat small farmers when they can act like large farmers and be respected by traders. Local 

traders can't cheat small farmers belonging to cooperatives. The co-operatives can also help to standardise the quality 

of their products. It is essential that the co-operatives are bottom up and not top down. It must be controlled by local 

people. There are many examples of how small local operatives have helped to reduce poverty and create more stable 

prices and standard products.

 A recent interesting discovery in Kenya was the ability of small farmers to get mobile phones. Middle men used to go 

and buy products from the small farmers and sell them at a profit to shops in the nearby town. Now the farmers can 

contact the shops and ask for prices of the products so the middleman has lost his job which of course is good for the 

farmers!

Animal Adaptation to Different Climates:

This is of course a very important issue; animals are adapted to suit the climate which is often ignored. For instance 

Friesian cattle have problems in hot climates. In hot areas the feed intake becomes limited by the heat dissipation 

capacity as at least 50% of intake of metabolisable energy has to be dissipated as heat. The yak cattle on the Tibetan 

Plateau in China are adapted to low oxygen as it is 3000m up. Take them to lowlands and they do not do well. 

Sometimes farmers in rich countries change the climate to match the animal need. 

I have seen Frisian cattle in the tropics kept in air conditioned houses but on the whole it is better to have the animals 

adapted to the climate. Here of course could be another problem namely unpredictable climate changes which seem 

to occur more and more, creating many problems which needs also be discussed in more details. To what extent are 

humans responsible? Is the problem associated with more use of fossil fuel to cultivate fields rather than animals and 

humans?  

Animals in Agroforestry: Grazing Under Coconut Trees:

Animals grazing under trees are of frequent occurrence, although such animals are thought by many to damage 

forests, mainly through browsing on the trees themselves. Seldom have measurements been made. I became involved 

in a joint project on grazing within coconut plantations. 

This was a joint project with the Coconut Research Institute in Lunuwila As you know areas of Sri Lanka are covered 

with coconut plantations owned, both by large industries and by small farmers. Coconut trees do not from a dense 

canopy so it is always possible to grow other plants under the trees. In many instances cattle are seen grazing under 
xi
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the coconut trees. Here it is often the case that the owners of the coconut trees are not the owners of the cattle. Cattle 

are owned by small poor farmers and usually the owner of the coconut trees lets them graze at no cost. An experiment 

was setup to graze cattle under the coconut at high stocking rate. In fact the animals were having much less food than 

they needed for maximum growth and reproduction. 

The results are given in the table 3 from Pathirana et al. (1996). The animals were old at first calving, calving intervals 

were long and milk yield was low. Supplementing with imported rice straw improved the animals reproductive 

performance and if they were also given rice bran performance was further increased so that the calving intervals 

then normal at 13 months.

UG-Un-grazed, G-Grazed, GS-Grazed and supplemented with rice straw, GSS-Grazed and supplemented with rice 

straw and rice straw and rice bran, SEM- Standard error of the mean Just grazing increased coconut yield by about 

15%. No wonder the owners of the coconut trees encouraged the small farmers to graze their animals under trees! 

The increased yield was probably due to a rapid turnover of biomass and to the effect on soil quality, recorded here as 

water holding capacity as a result of carbon sequestration. 

Similar observations have been made with animals interacting with oil palms. Devendra (2004) reported that grazing 

of cattle and goats under oil palms always increased oil palm yield. In Sumatra, Indonesia it was found that even with 

full canopy of oil palms there was enough food including palm leaves and core from palm fronds to feed two cattle per 

ha and still increase palm production. There is insufficient data available to document the positive effects on soil and 

production of forest products when appropriate animals are integrated with such systems. 

Conclusion:

There are many and often interesting issues to write and speak about but here are just a few for discussion.

References:

Devendra, C (2004) Intergrated Tree Crops- ruminant Systems.The Potential of the Oil Palm.Outlook on Agriculture. 
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xii

Treatment Coconut 

yield nuts/ 

Palm s 

Copra kg/ 

palm 

Calves/ 

animal/year 

Lactatio n 

kg/ Year 

Lactatio n 

days/ year 

Water  

holding 

capacity 0-

10 cm 

mm/m 

UG 41.1 11.1 - - - 16.9 

G 47.9 13.3 0.3 181 201 18.3 

GS 50.6 14.1 0.6 405 264 18.9 

GSS 57.4 16.7 0.9 664 282 17.6 

SEM 2.0 0.5 0.03 25 4 - 

 

Table 3: Effect of grazing and supplementation on coconut yield, animal production and soil water holding capacity 

                  for six seasons (Pathirana et al. 1996)
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Keynote Speech 

Making the World Healthier–Recent Advances in Nutritional Sciences Research

Dr. Jaanaki Gooneratne

Consultant Food Scientist/Nutritionist and Former Deputy Director (Food Technology), Industrial Technology 

Institute, Colombo.   

Nutritional Sciences encompass the study of “nutrition 

processes as well as the components of food, their 

actions, interaction, and balance in relation to health and 

disease”. Over the years this emerging science has 

contributed to the wellbeing of the people adding new 

thknowledge with innovative findings. The 20  century 

became the era of the Golden Age of Nutrition, when 

most discoveries were of the nutrients such as vitamin C, 

folic acid, and B pertaining to deficiency diseases. 12 

During my talk, however, I would touch upon the 

unfolding discoveries particularly that address the 

issues related to non-communicable diseases (NCDs), as 

it is very timely and applicable to Sri Lanka. In Sri Lanka, 

while demographic and epidemiological transitions are 

underway, NCDs have already become the largest 

contributor to disease burden, accounting for 85% of ill 

health, disability, and early death. The population is at 

risk for diabetes, cardiovascular diseases, high blood 

pressure and cancer due to poor dietary habits, lack of 

physical activity, smoking and alcoholism. 

I would like to begin, illustrating the discovery of the “ob 

gene”, coded for obese gene, a peptide hormone known 

as leptins. Its mechanism of action was unfolded in 

1997/8, demonstrated on obese mice, and is now known 

to be the key player in weight regulation. The leptons are 

found in fat tissues, they bind to its receptors in the 

hypothalamus and in turn modulates the food intake and 

energy expenditure. This mechanism of action which 

takes place in a cyclic manner, is well understood,could 

help to control weight by dietary methods, and also by 

well defined physical activity programmes. Obesity is a 

growing concern of Sri Lanka and is shown to be a major 

cause for diabetes, CVD and high blood pressure. 

My next example is the recognition of “probotics” by 

Fernind andVergin in 1954, in an article entitled “Anti- 

und Probiotika”, where they compared the harmful 

effects of antibiotics and effects of beneficial bacteria. 

Today we are aware that breast milk and “first 

complimentary food of the baby”are of vital 

importance as it helps to define thecomposition of the 

intestinal microflora in the human system, for the rest 

of the life. In an essence, the foods we intake should 

simulate the growth and also maintain the 

bifidobacteria and lactobaccili sp. in the gut. Action of 

probiotics are well described; some examples are the 

control of irritable bowel disease through normalized 

intestinal microbial composition, lower serum 

cholesterol through bile salt deconjugation and 

secretion, reduce the risk of cancer by lowering the 

levels of toxic and mutagenic reactions in the gut and 

supply of short chain fatty acids and folate to the 

colonic epithelium and most importantly, modulate the 

immunological functions by balanced immune 

response. 

My next interest is on the dietary fibre, a component in 

the food that has made the food industries booming, 

with the sales of “fiber as a functional food”. Food 

formulations list from breakfast preparations to 

beverages. It all began with two medical men, Denis 

Burkitt (1969) and Hugh Trowell (1972) with long 

experience in different parts of Africa, had each 

become impressed by seeing that there so little of the 

NCDs in East Africa and intermediate in Puerto Rico 

compared to that seen most commonly in 

industrialized countries, particularly in the incidence 
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of cancer of the colon and rectum. They said that “Bowel 

cancer and other NCDs are rare in communities that exist 

on high-residue diet”, this term currently referred to as 

“dietary fibre”. 

Fibres have shown blood cholesterol lowering effects, 

firstly demonstrated by the action of the â-glucan, a 

soluble fiber fraction of oats,. Today, fructo-

oligosaccharides and galacto-oligosaccharides have 

demonstrated physiological effects as a prebiotic 

allowing reequilibrium of the colonic bacteria. Fiber is 

important in normalizing bowel health, by fermentation 

of the oligosaccharides in the caeco-colon, it could 

contribute to the protection of colon cancer, via the 

production of butyrate, simulation of the growth of 

bifidobacteria and lactobacilli, that exhibit low â-

glucuronidase and nitro reductase activity, thus this 

phenomenon could contribute to lower activation of 

carcinogenic molecules in the colon. 

I cannot miss out speaking about the advances in the 

discovery of lipid peroxidation that takes place in vivo, 

and work that followed. Atherosclerosis, a chronic 

inflammatory disease of the arterial wall, is the major 

cause of morbidity and mortality from cardiovascular 

disease (CVD) in much of the world's population. A 

substantial body of evidence has indicated oxidation of 

LDL as one of the major mechanisms for the 

pathogenesis of atherogenesis. Epidemiological data 

suggest that dietary antioxidants might reduce the risk 

of atherosclerosis. The reduction of oxidative stress and 

inhibition of LDL oxidation by vitamin E are thought to 

be major actions for which it has received considerable 

attention as a health benefit in reducing the risk of CVD, 

another advancement in this filed. In addition to the 

inhibition of oxidative modification of LDL, vitamin E has 

been identified recently as a favorable modulator of 

other atherogenic processes at the molecular and 

cellular levels. The controversial work produced by 

Key's equation, about the saturated fats in coconut oil 

from the late 1950's and its effect as a risk factor to 

heart disease, has taken a different picture today and is 

less pronounced. On the contrary, virgin coconut oil 

stands on the shelves of the U.S. Markets. The daily 

intake levels of polyunsaturated fats (PUFA) is now 

established at less than 5% of the total fats of the diet. 

There is adequate evidence to show that high 

consumption of PUFA can cause lipid oxidation in vivo 

as known in vitro .  Mediterranean diets are 

recommended due to high mono-saturated fatty acid- 

oleic acid. 

Attempts to reduce the sugar – free calorie intake have 

been successful in many ways. Non –nutritive 

sweeteners have entered that market to replace the 

sucrose.eg. sugar polyols .Polyols are hydrogenated 

carbohydrates, and much interest now arises because 

of their multiple potential health benefits. They are 

non-cariogenic (sugar-free tooth-friendly), low-

glycaemic (potentially helpful in diabetes and 

cardiovascular disease), low-energy and low-

insulinaemic (potentially helpful in obesity), low-

digestible (potentially helpful in the colon), osmotic 

( c o l o n - hyd ra t i n g ,  l a xa t ive  a n d  p u r i f y i n g )  

carbohydrates. We should also recognize Stevia --in the 

world of sweetness! Stevia plant (Stevia rebaudians 

bertoni) is a natural sweet herb. Its sweetness is 

attributed to the constituent steviol glycoside that can 

be extracted from leaves of this plant. Since 2008, 

stevia is accepted as a food additive, Generally 

Recognized As Safe (GRAS) as recommended by FDA of 

United States. The sweetness of stevia is 300 of sucrose. 

When natives of North Eastern Parquay in South 

America used leaves of the stevia plant to sweeten their 

cup of tea little did they realize that have gifted a 

treasure of sweetness to the world!. With  FDA 

approval stevia is used Coke, Pepsi and Starbucks put it 

in drinks. The bitter taste was a drawback – a few 
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months ago, German researchers announced their 

discovery of two taste receptors on the human tongue 

that specifically detect stevia's after taste. This new data 

could revolutionize the way stevia is cultivated and 

refined. 
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Ladies and Gentleman, Let me conclude, by saying that 

all that's best for healthy living is the right choice for 

food –in quantity and quality (variety and diversity). 

There is so much in this field of science that remains 

unfolded!.
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Effect of Milk Base Heat Treatment on Physicochemical, Physical, Textural and Sensory Attributes of Plain Set 

Yoghurt Made Employing Ultrafiltration 

1* 2N. M. N. K. Narayana  and V. K. Gupta

1Department of Animal Science, Faculty of Agriculture, University of Ruhuna, Mapalana, Kamburupitiya, Sri Lanka

2Division of Dairy Technology, National Dairy Research Institute, Karnal, 132001, Haryana, India

Abstract

Effect of heat treatment (80°C/30 min and 85°C/30 min) of yoghurt milk base fortified with 5 fold ultrafiltered cow 

skim milk retentate  on physicochemical, physical, textural and sensory properties of plain set yoghurt was 

investigated. Spontaneous whey syneresis was not observed in yoghurt made employing any of the milk base heat 

treatments. Whey protein denaturation, Water holding capacity and textural attributes of yoghurt were significanly 

(p<0.05)  higher  at  85°C/30 min compared to 80°C/30 min heat treatment to milk base. Body and texture and overall 

acceptability scores of yoghurt were significantly (p<0.05) higher at 85°C/30 min heat treatment compared to 

80°C/30 min to milk base, while other sensory attributes did not show any difference. Hence, 85°C/30 min was 

observed to be better than 80°C/30 min heat treatment to yoghurt milk base for the production of good quality plain 

set yoghurt.

Key words: Heat treatment, Retentate, Spontaneous whey syneresis, Textural attributes, Ultrafiltration, 

Introduction

Yoghurt is formed by slow fermentation of lactose to 

lactic acid (LA) by thermophillic yoghurt starter bacteria 

namely Streptococcus thermophilus and Lactobacillus 

delbrueckii subsp. bulgaricus. According to a recent 

research conducted by Global Industry Analysts Inc., it 

was predicted that by year 2015, global yoghurt 

consumption will reach 20.6 million tons, equaling US$ 

67 billion in sales (Anon, 2010); 27 billion higher sales 

than in 2009. Among different forms, set yoghurt is 

produced by packaging the yoghurt mix into individual 

containers before fermentation. Set yoghurt should have 

a curd with sufficient hardness to stand up to the impact 

caused by shaking during transportation and a glossy 

surface appearance without excessive whey. 

The gel structure of set yoghurt is influenced by many 

factors among which the heat treatment is one of the 

most important processing parameters. Milk base for 

yoghurt making is subjected to a high temperature 

typically 85°C for 30 min or 90 to 95°C for 5 to 10 min in 

order to achieve several different objectives such as 

destruction of all pathogenic bacteria, inactivation of 

all the enzymes that may be present in milk including 

lipase, destruction of most of the spoilage causing 

bacteria including thermodurics and most importantly 

denaturation of whey proteins, â-lactoglobulin (â-Lg) 

and á-lactalbumin (á-La), thereby improving product 

consistency. However, other heat treatments such as 

high temperature short time or ultra high temperature 

treatments also have been reported (Savello and 

Dargan, 1997). 

Lucey (2001) reported that excessive heat treatment 

(>80°C/30 min) leads to whey separation of yoghurt 

gels. Further, Brazuelo et al. (1995) mentioned that the 

possibility of the use of a milder heat treatment with 

ultrafiltered milk is an advantage over that of normal 

milk to obtain the same viscosity in yoghurt due to 

increase in protein content. Therfore, an attempt was 

made to optimize the heat treatment given to yoghurt 

milk base, in order to obtain a good quality plain set 
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yoghurt made using milk fortified with 5 fold 

ultrafiltered cow skim milk retentate.

Materials and Methods

Raw cow skim milk and cream (50-55% fat) was 

obtained from Experimental Dairy of National Dairy 

Research Institute, Karnal, India. As the starter culture, 

commercial yoghurt (Nestle') containing Streptococcus 

thermophilus and Lactobacillus delbrueckii subsp. 

bulgaricus was used. Pilot ultrafiltration (UF) plant 

(Tech-Sep, France) with tubular module (channel 

diameter, 6 mm) having ZrO  membrane (membrane 2

2surface area, 1.68 m  and membrane molecular weight 

cut off, 50,000 Dalton) was used for UF of skim milk.

Skim milk was heated to 80°C, cooled to 55-60°C and 

transferred into the cleaned balance tank of UF plant and 

ultrafiltered to 5 fold. Skim milk was standardized to 

13.9% total solids and 3.3% fat by adding calculated 

amount of 5 fold ultrafiltered cow skim milk retentate 

and cow milk cream, respectively. Resultant 

standardized milk was pre-heated to 65-70°C; 

homogenized in a two-stage homogenizer (M/s Goma 

st ndEngineers, Mumbai) at 2000 and 500 psi at 1  and 2  

stages, respectively; divided into two lots and heat 

treated at 80°C/30 min and 85°C/30 min in 

thermostatically controlled water baths (NAVYUG, 

India) separately; cooled immediately in an ice water tub 

to 42-45°C; inoculated with 2% of yoghurt culture; 

mixed; filled in clean polystyrene cups; covered with lids 

and incubated at 42±1°C. Incubation was stopped after 

yoghurt reached slightly above 0.8% LA. Yoghurts were 

then immediately transferred to a refrigerator 

maintained at 4±1°C. Quality of yoghurt was evaluated in 

terms of sensory, physicochemical and physical 

parameters including textural attributes. Experiment 

was repeated 2 times.

 

 

Titratable acidity of yoghurt, fat content of skim milk 

and ultrafiltered cow skim milk retentates were 

determined as per the method given in BIS (1981), 

whereas,  in cream as per the methods given in BIS 

(1977). Whey protein denaturation (WPD) was 

determined by the method given by Labropoulos et al. 

(1981). Siphon method described by Amatayakul et al. 

(2006) was used to determine the spontaneous whey 

syneresis. Water holding capacity (WHC) was 

measured by a centrifuge method according to 

Supavititpatana et al. (2009). 

For the sensory 

evaluation, 100 point score card was used. SPSS 

Version 16 was used for data analysis.

Results and Discussion

Effect of milk base heat treatment on quality 

characteristics of plain set yoghurt is presented in 

Table 1. Spontaneous whey syneresis was not observed 

in yoghurts made employing any of the milk base heat 

treatments. Whey protein denaturation was observed 

to be significanly (p<0.05)  higher in milk base heated 

to 85°C/30 min compared to 80°C/30 min. 

Labropoulos et al. (1981) studied the extent of WPD in 

whole milk giving various vat and indirect ultra high 

temperature (UHT) processing heat treatments. They 

showed that the WPD increased with both the time and 

temperature of heating. In current study, when 

temperature was increased by keeping time as a 

constant factor, extent of WPD was observed to be 

significantly (p<0.05) increased. However, the 

percentage of denaturation was observed to be lesser 

than the values (99% at 82°C for 30 min) reported by 

Labropoulos et al. (1981) for vat heat treatments. 

Texture analysis was 

carried out according to the method given by Kumar 

and Mishra (2003), using a TA-XT2i Texture analyser 

(M/s Stable Micro Systems, UK). 
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Kaytanli (1993) observed 90.2% WPD in milk heated at 

80°C to 30 min for yoghurt making. Krasaekoopt et al. 

(2004) observed WPD in yoghurt premixes fortified with 

low heat skim milk powder to different milk solids levels 

(16, 18 and 20%) and subjected   to UHT (143°C/6 s) and 

batch (85°C/30 min) heat treatments. They reported 

that the WPD in conventionally heated milk to be 78.6%, 

85.9%, and 86.4% at 16%, 18%, and 20% milk solids 

levels, respectively, which was higher than that of UHT-

treated milk (50.0%, 50.5%, and 60.7%, respectively). 

Water holding capacity was observed to be significantly 

(p<0.05) higher in yoghurt made using milk base heat 

treated to 85°C/30 min compared to 80°C/30 min. It was 

reported that, there is a linear relationship between 

WPD and WHC (Augustin et al., 1999). In the present 

study, yoghurt milk base heat treated to 85°C/30 min 

had significantly (p<0.05) higher WPD than 80°C/30 

min heat treatment. Structure of the casein gel formed 

during fermentation is strongly influenced by the nature 
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of the heat treatment of the yoghurt milk. Association 

of denatured â-Lg with the casein led to formation of 

filamentous appendages on the surface of the micelles. 

This complex protects the micelles from excessive 

fusion during fermentation and thus favours the 

formation of a fine meshed gel network having a firm 

structure enabling immobilization of more bulk phase 

water resulting in higher WHC. 

All the textural attributes studied, namely, firmness, 

stickiness, WoS and WoA of yoghurt were influenced by 

the applied heat treatment, and the values were 

significantly  (p<0.05)  higher  at  85°C/30 min 

compared to 80°C/30 min heat treatment to milk base. 

It is generally believed that the degree of denaturation 

of whey proteins due to heat treatment of milk base, is a 

major factor affecting yoghurt texture. Degree of 

denaturation was higher in milk base heat treated to 

85°C/30 min resulted in the formation of more dense 

net work composed of casein micelles chains. 

Characteristic Heat treatment 

  80°C/30 min 85°C/30 min 

Physicochemical parameters 
  

WPD (%) 72.08±0.44a  73.78±0.49b 

WHC (%) 60.56±0.18a 64.75±1.01b 

Textural attributes 
  

Firmness (N) 1.86±0.03a 1.99±0.04b 

Stickiness (N) -0.41±0.02a -0.43±0.01b 

Work of Shear (WoS) (N.s.) 54.41±0.41a 56.06±0.44b 

Work of Adhesion (WoA) (N.s.) 
-2.18±0.03a 

-2.41±0.09b 

Sensory attributes 
  

Flavour 41.41±0.92a 41.47±0.92a 

Body & texture 26.88±0.83a 27.94±0.60b 

Acidity 8.72±0.68a 8.81±0.57a 

Colour & appearance 8.91±0.69a 8.94±0.60a 

Overall Acceptability 90.91±1.88a 92.25±1.56b 
 

Table 1: Effect of milk base heat treatment on quality characteristics of plain set yoghurt

    * Mean of 2 trials 
      a, b Mean±SD with different superscripts within each row differ significantly (p<0.05)
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It was noted that body and texture and overall 

acceptability scores were significantly (p<0.05) higher 

at 85°C/30 min heat treatment compared to 80°C/30 

min, while the other sensory attributes did not show any 

difference. Skriver et al. (1999) reported that the 

sensorial perception of in-mouth and in-cup viscosities 

of yoghurt were increased up to 4 and 8 times when the 

milk was heated at 85°C instead of 75°C. It is considered 

that insufficient heating will result in a weak bodied 

yoghurt. 

Pearson's correlation coefficients were determined for 

selected parameters to check whether there is any 

correlation and to determine the strength of the 

correlation. It was observed that the heat treatment of 

yoghurt milk base had a significant (p<0.05) positive 

correlation with WPD (r=0.911). Whey protein 

denaturation was significantly (p<0.05) positively 

correlated with WHC (r=0.953) and firmness (r=0.853) 

of yoghurt. Further, WHC was also significantly (p<0.05) 

positively correlated with firmness (r=0.884). 

Findings of the present study reveal that 85°C/30 min 

was superior than 80°C/30 min heat treatment to milk 

base fortified with 5 fold ultrafiltered skim milk 

retentate for the production of good quality plain set 

yoghurt.
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 G.R.  Tennakoon, P.L.N. Lakshman* and M.K.W. Gamage

Department of Food Science and Technology, Faculty of Agriculture, University of Ruhuna. Kamburupitiya, Sri Lanka 

Abstract

Curry cube is a moist blend of ground spices and other seasonings. If a curry is made domestically, it requires more 

preparatory work and ability of cooking. Therefore, the present study is planned to develop a value added mixed 

vegetable curry cube. The curry cube samples were prepared with different levels of ingredients and a sensory 

evaluation was carried out to select the most acceptable sample evaluating the taste, color, texture, aroma and overall 

acceptability of the samples. The most acceptable sample was tested for proximate composition, moisture content, 

total plate count and chemical parameters; free fatty acid and peroxide value. The sample which gained the 

significantly higher (P<0.05) acceptance for all the sensory attributes over the other samples was selected to develop 

the product. According to the nutrient analysis, the developed product contained 3.2% ash, 6.1% fiber, 9.4% protein, 

30.5% fat and 47.7% carbohydrates. The moisture content of the developed product was 2.9%. The Shelf-life of the 

product is more than four weeks. 

Key words: Curry cube, Flavor technology, Sensory properties, Spices

Introduction

Nowadays, different forms of processed foods are 

available in the market. Although curry cube is not an 

established food item in Sri Lankan food market, most of 

the consumers all over the world tend to use curry cubes 

because of the convenience of it as an instant way to 

obtain different flavors. If a curry is made domestically, it 

requires a large amount of preparatory work and ability 

of cooking. At present, for house wives who engage in the 

employment the limitation of time for household 

activities is an emerging problem.

Curry cube is a moist blend of ground spices and other 

seasonings is mainly composed of dehydrated food items 

such as spices, thickeners, fat, coconut milk powder etc 

(Fennima 1995). In Sri Lankan curries, coconut milk is 

an essential ingredient. However, preparation of 

coconut milk at day today cooking is a long procedure. 

As a solution to this problem coconut milk powder was 

added as an ingredient of the curry cube. The 

preparation of mixed vegetable curry cube saves the 

time and effort needed by busy house wife for the 

preparation of daily meals. Use of curry cubes for 

preparing a meal requires no special ability of cooking. 

Therefore, the present study is planned to develop a 

spice cube for a mixed vegetable curry that can be 

prepared instantly and also to identify and prevent the 

problem of rancidity during storage condition.
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Ingredients 

Tr ials (%) 

I II III 

P epper powder 9 7 12 

Corn flour 11 13 12 

Curry powder 9 13 10 

Coconut milk powder 7 6 10 

Salt 9 11 10 

Chili powder 14 6 8 

Turmeric powder 2 6 4 

Curry leaves powder 5 6 2 

Onion powder 2 2 1 

Garlic powder 2 3 1 

Vegetable oil 30 27 30 

 

Table 1. Proportion of ingredients in mixed vegetable curry cube for preliminary trials
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Materials and Methods

Red chilies, curry leaves, onions, garlic, peppers and 

turmeric were cleaned, washed and dried in an oven at 

º105 C for 3 h. The dried spices were powdered using the 

electrical grinder. Then all the powdered ingredients 

were mixed together with corn flour, coconut milk 

powder, salt, vegetable oil and formed into cubes. 

Vitamin E was added to control the hydrolytic rancidity. 

Then the cubes were heated in an oven at 50-55°C for 30 

min. Then they were packed in aluminum foil. 

The preliminary trials were conducted by incorporating 

ingredients at different levels. A sensory evaluation was 

carried out to select the most acceptable spice mixture 

evaluating the taste, color, texture, aroma and overall 

acceptability of the samples. The sensory data were 

analyzed by Kruskal Wallis one-way non-parametric 

ANOVA using the computer software package STATIX 

(Ver. 2). 

The most acceptable sample was tested for proximate 

analysis (total ash content, fat content, fiber content, 

crude protein content), moisture content and also a 

chemical analysis for free fatty acid and peroxide value of 

the product. Total plate counts, the free fatty acid amount 

and peroxide value of the curry cube were tested during 

storage for 4 weeks. Total ash content of the developed 

product was determined using muffle furnace and fat 

content was determined using soxhlet extraction 

apparatus, fiber content was determined according to 

the enzyme modified neutral detergent fiber method 

and protein content was determined using Kjeldahl 

method. Every analysis was in accordance with the 

procedures described by the Association of Official 

Analytical Chemists (2007) and Pearson (1968).   

Results and Discussion

The sample which contained pepper (12%), corn flour 

(12%), curry powder (10%), coconut milk powder 

(10%), salt (10%), chili powder (8%), turmeric (4%), 

curry leaves (2%), onion powder (1%), garlic powder 

(1%), vegetable oil (30%), gained significantly higher 

(P<0.05) acceptance over the other samples for all the 

sensory attributes and was selected as the best sample 

to prepare the curry cube.

According to the nutrient analysis, the developed 

product contained 3.25% ash, 6.12% fiber, 9.45% 

protein, 30.53% fat and 47.70% carbohydrates. The 

moisture content of the developed product was 2.95%. 

The maximum acceptable limit for the total plate count 

4 defined by SLSI, 1995 is 5×10 cfu/g. According to the 

1results, the total plate count was 1 × 10 cfu/g of the 

product. The maximum acceptable limit for free fatty 

acid value in vegetable oil defined by SLS standards is 

0.9%. According to the results the FFA value laid below 

0.03% through out the storage period. The fat 

percentages of the treatment ranged between the 30-

32% during the whole storage period under room 

temperature. According to the results, there was not a 

considerable fat changes during the storage time. The 

oxidative rancidity during the storage condition was 

measured by the peroxide values. The peroxide values 

of the developed product were negative during the 

period of storage.

The curry cube can be produced by blending 12% 

pepper, 12% corn flour, 10% curry powder, 10% 

coconut milk powder, 10% salt, 8% chili powder, 4% 

turmeric, 2% curry leaves, 1% onion powder, 1% Garlic 

powder and 30% vegetable oil. The Shelf-life of the 

value added mixed vegetable curry cube was more than 

four weeks under room conditions considering the 

changes in FFA value, peroxide value and fat content 

and microbiological properties of the product.. The 

time wastage can be minimized by using the value 

added mixed vegetable curry cube and can be 

effectively introduced to housewives.
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Influence of Garcinia cambogia on Histamine of Tuna Fish (Thunnus albacores)
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Abstract

Histamine is associated with scombroid fish poisoning in conjunction with the ingestion of some fish species. The 

formation of histamine in fish products is due to bacterial decarboxilase action on histidine in tissues. Histamine 

development has a high influence in temperature abuse. The objective of this study was to determine the effect of 

gamboge/ Goraka (Garcinia cambogia) on reduction of formed histamine in Tuna fish (Thunnus albacores). Fresh tuna 

loins which rejected after detection of high amount of histamine were selected. The study conducted in four steps. 
0First two was designed to test the influence of garcinia at room temperature, third was carried out in 80 C, fourth has 

0been canned and retorted at 116 C maximum temperature for 100 minutes. Every step was contained control and 

four kinds of treatments made with the change of Garcinia concentration only. Each control and treatments were 

repeated three times. Neogen's Veratox Histamine Test Kitwas used in histamine analysis. Results were analyzed in 

one way ANOVA. There was a significant difference (p<0.05) among treatments of each step. Very slight reduction of 
0 0histamine was attained in room temperature (27 C). Vast reduction was seized at 116 C in canning process. At lower 

0temperatures; below 80 C affected concentration of Garcinia was high. In fresh tuna processing Garcinia cannot be 

added in the purpose of reducing formed histamine. In the canning industry Garcinia can be clearly added to reduce 

formed histamine levels in tuna fish.

Key words: Canning, Garcinia, Histamine, Temperature, Tuna

Introduction

Fish and fishery products represent a very valuable 

source of protein and essential micronutrients for 

balanced nutrition and good health. Fisheries supplied 

the world with about 148 million tonnes of fish in 2010 

of which about 128 million tonnes was utilized as food 

for people. (FAO, 2012)

In many countries the bulk of fish is sold fresh for local 

consumption. Processing, where this is done, is either to 

supply distant markets or to produce a range of products 

with different flavours and textures. Fish is an extremely 

perishable food. Spoilage begins as soon as the fish dies, 

and processing should therefore be done quickly to 

prevent the growth of spoilage bacteria. Fish is a low acid 

food and is therefore very susceptible to the growth of 

food poisoning bacteria. (Yoshinaga and Frank, 1982)

Canning is a method of preserving food, and provides a 

typical shelf life ranging from one to five years. Canned 

fish are fish which have been processed, sealed in an 

airtight container and subjected to heat.

Grant et al. (2005) have shown that as tunas are often 

caught far from where they are processed, poor interim 

conservation can lead to spoilage. Tuna is gutted by 

hand, and then cleaned and filleted, canned, and sealed 

then heated (called retort cooking) for 2 to 4 hours. 

This process kills any bacteria, but retains the 

histamine that can lead to Scombro toxin fish poisoning 

(SFP).

SFP is caused by ingestion of certain species of marine 

fish that contain high levels of histamine and possibly 

other biogenic amines. Therefore existing standards 

include maximum levels forhistamine in different fish 

and fishery products.(Luten  et al,. 1992).
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In the coastal areas of Sri Lanka, fish is preserved with 

salt and "Goraka" (Garcinia cambogia). Goraka has been 

using for cooking fish and preserving but the affect is not 

well known (Amarasinghe and Jayaweera, 1994).

The aim of the study was to see the effect of Goraka on 

formed histamine in gutted and separated flesh of tuna 

fish (Thunnus albacores) and to determine the influence 

of temperature and garcinia interaction on formed 

histamine of tuna fish.

Materials and Methods

Study Area

The study was carried out in Tess Agro PLC, No: 87, New 

Nuge Road, Kelaniya, Sri Lanka. During period of  

January 2013 to April 2013. For the current study 

sample were collected from rejected fresh tuna fish loins 

at storage. Usual processing line of Tess Pvt.cannery was 

used in processing canned tuna fish.

Study Design

The study was designed to check the influence of 

garcinia to reduce the histamine which has been 

developed as a result of temperature abused in entire 

handling, distribution, and processing steps of tuna fish. 

Results obtain in control and four treatments were 

analyzed using  SAS  analytical system.

Experiment Design

Whole research was conducted in four major 

experimental steps. Every step was contained control 

and four kinds of treatments made with the change of 

garcinia concentration only. Each control and treatment 

was embodied with three replicates.

Control (C) Fish 10g dice + Water 90 ml

Treatment 1 (T1) Fish 10g dice + Garcinia 0.5 g + Water 

89.5 ml

Treatment 2 (T2) Fish 10g dice + Garcinia 1 g + Water 89 

ml
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Treatment 3 (T3) Fish 10g dice + Garcinia 1.5 g + Water 

88.5 ml

Treatment 4 (T4) Fish 10g dice + Garcinia 2.5 g + Water 

88 ml

In each treatment and control same amount of fish 

weight was used and from treatment one to four 

different garcinia weights were used in increased 

order. Water was added in order to keep the same 

volume. 

In step two, garcinia solution was prepared to obtain 

known concentration and changed the volume added 

in to treatments instead of using direct weight garcinia 

amount. And also fish sample was prepared as first 

blend with water and obtained solution was separated 

in to control and four treatments.

In step three, the mixed solutions (fish + water + 

0garcinia) were heated up to 80 C (boiling temperature 

of the solution). Kept in that temperature for one 

minute. Water bath was used. Control and all four 

treatments were prepared as step two and fallowed the 

same procedure.

In step four, garcinia concentration was changed by 

weight. Weighed garcinia and water were first mixed 

and blended. Then each weighed fish and the relevant 

garcinia paste were added in to separate cans. Can 

seaming and retort procedure was carried out.

Results and Discussion

There was a significant difference among at least two 

means of histamine concentrations (p < 0.05) in each 

step.

Step 1

Treatment one, three and four had shown gradual 

decrease in histamine concentration. But treatment 
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two had shown a deviation. Only two of the replicates in 

control had comparatively higher histamine 

concentrations. That made the mean of treatment two 

was the highest. Treatment four was significantly 

different from control and treatment two. Throughout 

whole loin the histamine development may not in same 

levels. Therefore, the deviation of treatment three has 

occurred.

56.25% of reduction in histamine after using garcinia in 

room temperature at its highest concentration could be 

seen in this step. (Dispensing the treatment two) Even 

after the inclusion of treatment two the percentage 

reduction of histamine is 58.12%.

Step 2

Individual values of control and four treatments had 

shown the histamine concentrations were same among 

the samples prepared for the test. The percentage 

reduction of histamine concentration comparative to the 

control to treatment four was 16.21%. Treatment four 

was significant different from all the other comparisons. 

Differences of mean values present the influence of 

garcinia on developed histamine in tuna fish.

In the purpose of speeding up the reaction of garcinia the 

third step was designed. Because second step only had 
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shown a slight reduction of histamine after the 

treatments, the determination of temperature effect on 

reaction was needed to clarify.

Step 3

The highest reduction percentage of histamine 

concentration was achieved in this step was 28.2%. It is 

from garcinia concentration of 2.5 g. The percentage 

reduction achieved from 0.5 g garcinia concentration 

was 8.55%. Treatment three and four were 

significantly different from control.

Step 4

0Conducting under the 116 C for 100 minutes 50.94 % 

reduction of biogenic histamine was achieved in this 

step at concentration of 0.5 g garcinia. Moreover 93.2 % 

reduction of histamine was attained in garcinia 

concentration of 2.5 g.

0When heated up to 116 C in retort procedure after 

canning with garcinia the reduction of histamine was 

clearly visible. The heating process can be used to 

eliminate histamine-producing bacteria and their 

histidinedecarboxylase enzymes from the product. 

However, histamine is heat stable. If histamine is 

produced in fish, cooking will kill bacteria but will not 

eliminate the histamine.

 

 Control Mean Treatment 1 Mean Treatment 2 Mean Treatment 3 Mean Treatment 
4 

Mean 

ppm 
Step 1 
At room 
temperature in 
diced tuna 

72.3 

67.27 

54.1 

58.43 

75.8 

70.27 

52 .9 

46.9 7 

37.4 

29.43 
75.6 72.3 70.2 62 .3 30.2 
53.9 48.9 64.8 25 .7 20.7 

Step 2 
At room 
temperature in 
minced tuna 

87.4 

88.60 

83.4 

84.23 

82.8 

83.03 

80 .8 

81.0 3 

76.3 

74.23 
88.8 85.3 83.4 80 .4 68.5 
89.6 84.0 82.9 81 .9 77.9 

Step 3 
At 80 0C 

103.9 
97.73 

92.0 
89.37 

90.5 
86.93 

84 .3 
81.7 3 

68.9 
70.17 96.3 90.2 83.6 80 .7 62.3 

93.0 85.9 86.7 80 .2 79.3 
Step 4 
At 116 0C  

43.4 
53.40 

32.0 
26.20 

7.0 
8.20 

4.2 
4.46 

3.5 
3.63 60.3 24.4 8.6 4.7 3.6 

56.5 22.2 9.0 4.5 3.8 

Table1. Histamine concentrations of each step
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As histamine-producing bacteria are more heat 

sensitive than spore-forming bacteria that are targeted 

in the canning process, commercially sterile canned 

products will not contain any histamine producing 

bacteria. Furthermore, all enzymes will be denatured by 

the canning process, meaning that no further histamine 

can be produced in the product which can then be stored 

at ambient temperatures.

Addition of Garcinia to tuna fish at room temperature 

does not greatly affect on histamine reduction which has 

already formed in fish, although there is a very slight 

affect in reduction of biogenic histamine in garcinia at 

0room temperature (27 C). To give this effect need to add 

a higher concentration of Garcinia. The concentration 

requires to degrade the formed histamine was 

comparatively higher than the concentrations 

commonly use in traditional fish curry preparation in Sri 

Lanka.

080 C temperature is not enough for the reaction to 

boost. The quality of degradation of biogenic histamine 

0having in garcinia does not effectively active at 80 C or 

below. Clearly there is a temperature effect in to the 

degradation of biogenic histamine by garcinia. Hence it  

still proves the fact that garcinia has an effect in reducing 

0formed histamine at temperatures of 80 C or below up 

0to 27 C.

Histamine in canned tuna can be greatly reduced by 

0Garcinia. At a temperature as high as 116 C, keeping up 

for 100 minutes great reduction of histamine can be 

obtained using Garcinia. Importantly at this high 

temperature use in canning process high efficient from 

low concentration of garcinia can be realized.
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Development of a Rice Based Ice Cream and Determination of Its Quality Parameters 
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Rathnayake
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Abstract

Ice cream is a frozen dessert usually made from dairy products combined with sugars, emulsifiers, colours, and 

flavours.  Soy ice cream is the only alternative non-dairy frozen dessert available in Sri Lanka and it is the alternative 

frozen dessert available for the people who are lactose intolerant or who do not eat dairy for other reasons.  Since rice 

is the staple food of Sri Lankans and as the major food grain with high nutritive value, it is important to introduce a 

novel rice based food product with improved properties.  Therefore, the objective of this study was to develop a frozen 

dessert using rice as the major ingredient.  First experiment was conducted to evaluate the effect of total solid content 

of rice milk (4%, 6%, 8%, 10% w/w) on the organoleptic properties of rice ice cream while keeping other ingredients 

constant. Best treatment was selected through sensory evaluation using thirty untrained panellists.  Sensory data 

revealed that consumer preferred the ice cream made with 6% total solid containing rice milk with respect to colour, 

creaminess, flavour, and melting quality.  Based on the best formula of the first experiment, the effect of different types 

of oil/fat and their incorporation levels were evaluated by the second experiment. For this purpose, three types of 

oil/fat (coconut oil, sunflower oil, butter) with different incorporation levels (4%, 6% w/w) were tested.  Sensory 

data revealed that consumer preferred 4% butter incorporated ice cream with respect to colour, creaminess, flavour, 

and melting quality.  Final  product was also compared with commercially available milk ice cream and soy ice cream 

in terms of physicochemical (total solid content, fat content and mass) and nutritional properties. The mass of the 

product was compatible with requirements of sri lanka standard for ice cream (SLS 223, 1889). According to the 

results a good qullity rice based ice cream could be produced using rice milk with 6% total solid content and 4% butter 

content.

Key words:  Butter, Frozen dessert, Ice cream, Rice, Total solid

Introduction 

Ice cream is frozen foam that consists of air cells 

dispersed in an aqueous matrix (Marshall et al, 2003). 

Usually ice cream is made from dairy product, such as 

milk and cream, and often combined with sugars, 

emulsifiers, colours, and flavours. Traditionally, it has 

been considered as a luxury product that is essentially 

eaten for enjoyment.  However, today the dairy-based ice 

creams are very popular among all people in every 

community in Sri Lanka.  Non-dairy ice cream is a 

common product in many countries.  These are frozen 

products, which differ from ice cream in that the milk fat 

and milk solids are replaced with suitable vegetable fats 

and non dairy milk solids.  Soy ice cream, made from soy 

milk is the only alternative non-dairy frozen dessert 

available in Sri Lanka and it is highly accepted by Sri 

Lankans.  Since rice is the staple food of Sri Lankans and 

as the major food grain with high nutritive value, it is 

important to introduce novel rice-based food products 

with improved characteristics.  Therefore, this study 

was carried out to develop a rice based frozen dessert 

with higher consumer preference. 

Materials and Methods

The first experiment was carried out to determine the 

most appropriate total solid content of rice milk in the 

formulation of rice ice cream.  Rice ice cream was 

prepared using rice milk with four different rice solid 

contents (4%, 6%, 8%, and 10% w/w) while keeping 

other ingredients of the mix constant. The mix 

composition was 100g rice milk, 6g coconut oil, 24g 

sugar, 2g glucose syrup 0.1g lecithin, 0.5g milk flavour, 

0.5g vanilla flavour, 0.03g colouring.

Rice milk, oil and lecithin were mixed well and heated 

with sugar and glucose syrup while stirring. When the 
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consistency of the mix became thick, heating was 

stopped and allowed to cool. As the temperature of the 

omix reached the room temperature (31±3 C), colouring, 

oflavourings were added and freeze at -20±3 C for 2½h. 

Then it was mixed again and continued freezing and 

mixing twice at 30 min. intervals and finally before 

saving it was freeze for 1h.  Products were evaluated 

using five-point hedonic test considering the sensory 

quality attributes of colour, flavour, creaminess, melting 

quality in the mouth, and overall acceptability.  

According to the results of first experiment the effect of 

different types of oil/fat and their incorporation levels 

were evaluated by the second experiment. For these 

purpose three types of oil/fat (coconut oil, sunflower oil, 

butter) with different incorporation levels (4%, 6%) 

were prepared same as first experiment and products 

were tested based on the sensory quality attributes of 

colour, flavour, creaminess, melting quality in the mouth, 

and overall acceptability. 

 

Selected product was also compared with commercially 

available milk ice cream and soy ice cream in terms of 

nutritive value AOAC(2000), total solid %(SLS 

753,1988), fat % and mass(g/l)(SLS 223,1989).

Randomized complete block design was used to evaluate 

the sensory effects and data were analyzed by the 

Friedman test of the MINITAB statistical package. Mean 

comparisons were done by using Duncan's multiple rang 

tests. Completely randomized design (CRD) was used to 

evaluate the physicochemical parameters and data were 

analyzed by SAS statistical package (SAS Institute Inc. 

2000) using ANOVA.

Results and Discussion

The total solid content of rice milk significantly (p<0.05) 

affected the organoleptic properties namely creaminess 

and melting quality. The physical, functional, and 

sensory properties of ice cream influence the 

consumer's perception and acceptance of an ice cream.  

According to Rothwell (1985) a desirable ice cream 

should have good flavour, body and texture, colour, and 

melting characteristics.  The formula with the rice milk 

of 6 % total solid content gave the most satisfactory 

results for all quality attributes (Fig. 1).  The level of 

total solid content of rice milk couldn't be increased 

more than 6% because of the starchy nature may affect 

the mouth feel.

The type and level of the fat/oil did not affect the 

sensory properties such as colour, creaminess, and 

melting quality but they affected the flavour and overall 

acceptability of the product.  The samples with butter 

had the highest sum of ranks, but they were not 

significantly different (p>0.05) from sun flower oil for 

the quality parameters of flavour and overall 

acceptability (Fig. 2).   However the samples with 6% 

fat /oil gave oily mouth feel compared to the 4 % fat/oil 

level It has been reported that ice cream prepared 

from 100% coconut oil as the fat phase and found that, 

although the ice cream was processed well, had a waxy 

texture making it unpleasant to eat.   Considering all 

these facts 4 % butter level was selected for the product 

and the final formulation was selected as 100g rice milk 

with 6% total solid, 4g butter, 24g sugar, 2g glucose 

syrup 0.1g lecithin, 0.5g milk flavour, 0.5g vanilla 

flavour, and 0.03g colouring.

.  
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Fig. 1. Effect of total solid content of rice milk on the 
              sensory quality of rice ice cream
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Table 1 represents nutritional and physico-chemical 

properties of rice ice cream compared to the commercial 

soya and milk ice cream.  The total solid content of the 

rice ice cream was significantly (p<0.05) lower than that 

of milk ice cream but higher than soya ice cream.  

According to the SLS specifications (SLS 223, 1989) for 
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milk ice cream the minimum level of total solid is 32% 

and according to this, except milk ice cream others were 

bellow the limit.  However according to the sensory 

results the rice content, fat content or sugar content that 

affect to the total solid contents couldn't be increased 

higher than the acceptable level.  The fat and protein 

contents of the developed product were also lower than 

those of the milk ice cream.  The mass of the developed 

products were within the SLS requirement (min. 475 

g/l) for milk ice cream (SLS 223, 1989). The milk ice 

cream showed least mass and soya ice cream showed 

highest mass compaired to the developed product.  This 

revealed that the developed product was not airaited as 

milk ice cream.

Ice cream type Total solids (%) Fat (%) Protein (%) Ash (%) Mass (g/l) 

Rice  29.3 b 3.6 b 0.47 c 0.05 b 720 b 

Soy 24.9 c 2.1 c 0.99 b 0.33 b 817 a 

Milk 37.2 a 9.6 a 3.64 a 0.89 a 627 c 

 
Values followed by different letter within each column are significantly different at p< 0.05, according to least 

significant difference test. 

Table 1. Nutritional and physico-chemical properties of rice ice cream compared to soy and milk ice cream

Rice based ice cream could be prepared using rice milk 

with 6% total solid content and 4% butter content with 

highly acceptable  sensory characteristics. Mass of the 

rice ice cream was 720 g/l, and was in agreement with 

SLS standard for ice cream. Further studies should be 

carried out using commercially available soft ice cream 

machines in order to evaluate the effect of the 

mechanization on the quality of the product.
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Abstract

Buffalo milk is well suited for the development of processed dairy products due to the high content of total solids. 

Yoghurt is a fermented dairy product obtained from milk fermented by lactic acid bacteria. Incorporation of fruits 

with yoghurt may increase the nutritional value and consumer acceptability. This research was designed to develop 

avocado incorporated buffalo milk yoghurt with high consumer acceptability. Yoghurt samples were prepared with 

different percentages of avocado puree as follows:  0% (control), 5%, 10% and 15%. Best level of avocado puree was 

determined by a sensory evaluation with fifteen semi trained panellists using five point hedonic scale. Titratable 

acidity (%), pH, syneresis (%),  water holding capacity (%) and coliform, yeast and mould counts of the yoghurts were 
oassessed during the storage (5 C, 4 weeks). Results of the sensory evaluation revealed that 10% avocado incorporated 

yoghurts were significantly (p<0.05) preferred over other groups by the panellists. During storage, pH and titratable 

acidity of 10% avocado yoghurts were varied from 4.38±0.02 to 3.72±0.03 and 0.93±0.15% to 1.80±0.10%, 

respectively. No coliform counts were observed in any of the yoghurt samples. Yeast and mould counts were higher in 

10% avocado incorporated yoghurts than the control. The appearance of yoghurt from control was not promising 

after three weeks of storage. Incorporation of 10% avocado puree into yoghurt is possible and the product can be 

stored for two weeks in refrigerated condition while buffalo milk yoghurt without avocado can be stored for three 

weeks without major quality deterioration.

Key  words:   Avocado, Buffalo milk, Fruit yoghurt

Introduction

Yoghurt is a fermented milk product produced through 

the transformation of lactose into lactic acid by use of 

selected microorganisms of Lactobacillus delbrueckii 

subsp. bulgaricus and Streptococcus thermophilus. At 

present, fruit yoghurts are popular among consumers 

(Ranadheera et al., 2012).  Avocado is a nutritious fruit 

with a creamy texture and buttery flavor and it is rich in 

mono-unsaturated fatty acids such as oleic and 

palmitoleic acids as well as omega-6 poly-unsaturated 

fatty acid linoleic acid (Makkieh, 2009). Moreover, 100 g 

of avocado provides 6.7 g of dietary fibers, which is about 

18% of the recommended daily intake. Dietary fibers 

help to lower blood cholesterol levels (Makkieh, 2009). 

Plant products may also contain prebiotic compounds 

which facilitate the growth and survival of beneficial 

microorganisms in dairy products as well as in the gut 

(Vidanarachchi et al., 2009). Although, milk is obtained 

mainly from dairy cows, milk from goat, buffalo, sheep, 

yak, donkey and camel is also used in various parts of the 

 

world. In particular, buffalo milk is consumed largely in 

South Asia. However, research on development of fruit 

incorporated yoghurt from buffalo milk is scarce. This 

research aims to develop a formulation of buffalo milk 

with avocado puree in yoghurt manufacturing.

Materials and Methods

The experiment was carried out at the Faculty of 

Agriculture, Rajarata University of Sri Lanka. Buffalo 

milk, well ripened avocado fruits, stabilizers (pectin 

and gelatin) and direct vat set yogurt culture (CHR 

Hansen, Denmark) containing Lactobacillus  

delbrueckii subsp. bulgaricus and Streptococcus 

thermophilus were used for the manufacturing of 

yoghurt. Preliminary studies were conducted to find 

out the best methods and levels of ingredients to 

develop a satisfactory final product. First preliminary 

study was conducted to find out the effective way of 

adding avocado to yoghurt (dried powder form or 
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puree form). Preliminary study 2 was carried out to 

control browning reactions of avocado. Different levels 

of citric acid (0%, 0.5% and 1.0%) were added to the 

avocado pulp in order to prevent browning reaction. 

Preliminary study 3 was conducted to find out the best 

stabilizer combination and their levels for an optimum 

yoghurt texture. Stabilizer levels of 0.5% and 1.0% were 

tested with different combinations as follows: 0.5% 

pectin + 0% gelatin; 0.25% pectin + 0.25% gelatin; 0% 

pectin + 0.5% gelatin; 1.0% pectin + 0% gelatin; 0.5% 

pectin + 0.5% gelatin; 0% pectin + 1.0% gelatin.

After finding out the best citric acid level and stabilizer 

combination, yoghurt samples were prepared with 

different percentages of avocado puree (T1; 0%, T2; 5%, 

T3; 10% and T4; 15%) and titratable acidity and pH of 

yoghurt samples were measured in every 3 days during 

storage (5°C, 4 weeks).   

A sensory evaluation was carried out to find out the best 

formulation with the help of 15 semi trained panelists 

using a five point hedonic scale. Consumer ratings for 

color, odor, flavor, texture and overall acceptability were 

measured and the most preferred product was selected 

for further studies. 

Total solids, ash content, fat, protein, synerasis and 

water holding capacity (%) were measured for the 

control and the selected product using the standard 

procedures triplicates (AOAC, 1995). Coliform and 

yeast and mold counts were measured during 

refrigerated storage at weekly intervals according to 

the standard microbiological enumerations described 

by Sri Lanka Standards (Sri Lanka Standards 

Institution, 2009). Parametric data were analyzed 

using ANOVA in SAS and sensory data were analyzed 

using Friedman non-parametric test in MINITAB 

software. 

Results and Discussion

Preliminary study 1 revealed that the puree form was 

the most effective way of adding avocado to yogurt.  

Results of the preliminary study two revealed that the 

best citric acid level was 1.0% (w/w) to the pulp and it 

could be stored for three weeks without any color 

ochange at 5 C.  

The best total stabilizer percentage was 1.0% and best 

combination was 50% pectin + 50% gelatin. 100% 

pectin out of the total stabilizer amount have resulted a 

poor watery texture while 100% gelatin have resulted 

a too hard texture. Use of 0.5% total stabilizer level 

have resulted a poor and watery texture probably 

because of low total solid content in yogurt. In this 

study buffalo milk was not properly homogenized 

using a homogenizer and was not standardized with 

skimmed milk powder during yogurt manufacturing 

and therefore higher level of stabilizer was required for 

the development of proper texture during incubation. 
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Figure 1: Sensory properties of avocado incorporated yogurts made from buffalo milk
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According to the sensory evaluation 10% avocado 

incorporated yoghurts were preferred by the panelists 

over others (Figure 1). 

The titratable acidity of yogurt samples gradually 

increased while pH gradually decreased during storage. 

For example, titratable acidity of 10% avocado yogurts 

increased from 0.93±0.15% to 1.80±0.10% while pH 

decreased from4.38±0.02 to 3.72±0.03 during storage. 

Ranadheera et al. (2012) have also observed a similar 

trend for acidity development in plain and stirred fruit 

yogurts during storage. Usually post acidification causes 

this acidity development in fermented dairy products 

during refrigerated storage. Fat content of 10% avocado 

yogurt (4.08±0.14%) was significantly (p<0.05) higher 

compared to the control (2.91±0.14%). Avocado is a fat 

rich fruit and incorporation of avocado to yogurt may 

have increased the fat content in yogurts. Protein 

contents of 10% avocado yogurt and control samples 

were 4.11±0.05% and 3.78±0.04, respectively. Generally, 

both samples possessed higher protein level compared 

to cow milk yoghurt, because buffalo milk contains 

higher percentage of proteins compared to cow milk. 

The total solids and ash contents were 22.29±0.13% and 

0.82±0.05%, respectively in control and 24.76±0.41% 

and 0.92±0.04%, respectively in 10% avocado yogurts. 

Syneresis of yoghurt samples increased from 

37.56±1.93% to 50.07±1.93% (in control) and 

21.24±1.71% to 32.17±2.66% (in 10% avocado 

yogurts). The low values of syneresis in 10% avocado 

yogurt could be due its firm texture as a result of addition 

of avocado puree. Water holding capacity decreased 

from 61.65±0.61% to 46.63±0.72% in control and 

44.17±1.64% to 38.33±4.01% in 10% avocado yogurts 

during storage. 

During the storage period, coliforms were not detected 

in both samples. Higher levels of yeast and mould counts 

3were observed in 10% avocado yoghurt samples (3x10  

th 2CFU/g at 4  week) compared to the control (7.9x10  
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thCFU/g at 4  week). According to the Sri Lanka 

Standards Institution (2009), yeast and mould counts 

3were within the acceptable limits (1x10  CFU/g) for 

two weeks in 10% avocado yoghurt samples, while four 

weeks in control. Yeast and mould counts increased 

rapidly in 10% avocado yoghurts after two weeks and 

this could be due to higher growth of yeast and moulds 

in avocado compared to milk. Usually fruit yogurt 

contains more yeast and moulds than plain yoghurt 

(Ranadheera et al., 2012).

Therefore, incorporation of avocado puree with buffalo 

milk yogurt is possible and based on the sensory 

evaluation, microbial and physico-chemical data, 10 % 

avocado yoghurt was selected as the best product.  The 

best product can be stored for two weeks in 

refrigerated condition and yoghurt from control can be 

stored for three weeks without major quality 

deterioration.  
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Abstract

The use of edible coatings is an environmentally friendly technology that offers substantial advantages to increase the 

shelf life of tomatoes (Lycopersicon esculentum Mill). The present study was conducted to investigate the effect of 

plantain starch as an edible coating on the shelf life and quality of tomatoes stored at ambient conditions. The mature 

green tomatoes (var. KC-1) were dipped in the concentrations of 3, 6, 9 and 12% (w/v) plantain starch solutions for 3 

min and stored at 25°C with 90% RH. The physico-chemical parameters such as ascorbic acid, total sugar, titratable 

acidity, weight loss and firmness were measured at different ripening stages such as Green, Breakers, Turning, Pink, 

Light red and Red by using USDA colour chart and compared with non-coated tomatoes during storage. Plantain 

starch coating delayed color change, loss of firmness and weight during storage. Ascorbic acid and total sugar content 

decreased in all stored fruit, however this decrease was slower in coated fruits compared to uncoated tomatoes. 

Fruits coated with 9% of plantain starch showed greater retention of ascorbic acid, total sugars and texture of 19.97 

mg%, 13.7% and 30.7%, respectively during storage period.  Uncoated tomatoes took 9 days to turn red. The shelf life 

fruits coated with 9% plantain starch were extended by 11 days as determined by nutritional and sensory evaluation. 

Coating also had a significant potential for reducing the microbial spoilage. Sensory evaluation proved the efficacy of 

9% plantain starch coating by maintaining the colour, texture, flavour and overall quality of the tomatoes during the 

storage. The results showed that by using 9% plantain starch as an edible coating, the ripening process can be delayed 

and the storage life of tomatoes stored at 25°C could be extended up to 20 days without any spoilage and off-flavour 

development.

Key words: Edible coating, Nutritional quality, Plantain starch, Shelf-life, Tomatoes.

Introduction

Tomato (Lycopersicon esculentum Mill) is a popular 

vegetable in the tropics. It is grown widely in many parts 

of the wet, intermediate as well as some parts of the dry 

zone in Sri Lanka where the environmental conditions 

are favourable for the cultivation of tomatoes. Reduction 

in postharvest losses of tomatoes could reduce unit cost 

of production. Several such techniques include 

refrigeration, modified atmosphere storage, chemical 

preservatives (Shehla et al., 1997) and packaging are 

being used to minimize deleterious effects.  

Disadvantages due to environmental concerns of these 

techniques used to preserve fresh fruits, have created a 

necessity for the invention of alternative packaging 

techniques such as edible coatings, which is a simple 

environmentally friendly technology. Edible films 

afford numerous advantages over conventional non-

edible polymeric packaging. They can reduce the 

complexity of the food package and, even if they are not 

consumed with the packaged product, can contribute 

to the reduction of environmental pollution by virtue of 

their biodegradable nature. In recent years, the 

potential of edible films to control water transfer and to 

improve food quality and shelf life, has received 

increasing attention from researchers and industry. 

Edible coatings are mainly composed of starch, 

proteins, lipids or a blend of these compounds. 

Coatings have the potential to reduce moisture and 
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firmness loss, retard respiration rates, hinder solute 

movement, reduce metabolism, seal in flavour volatiles 

and improve the appearance (Erbil and Muftugil, 2004). 

Therefore, the objectives of this study were to select the 

suitable concentration of plantain starch to maintain the 

physico-chemical properties and to extend the shelf-life 

of the tomatoes by controlling ripening.
 

Materials and Methods

Freshly harvested, uniform sized, undamaged mature 

green tomatoes of variety KC -1 was collected from a 

commercial tomato grower. After the purchase, each 

fruit was individually washed with cold water and with 

0.5% sodium hypochlorite solution for disinfection 

purpose and allowed to dry in air. The plantain starch 

was produced according to the method used by Eden 

(2000). The solutions were prepared by dispersing 

plantain starch in 100ml mild warm water (40°C) whilst 

stirring with a magnetic stirrer (IKAMAG – RHS7, 

Colhem International, Germany) at the concentrations of 

3, 6, 9 and 12% (w/v) and allowed to homogenize, with 

moderate stirring until the starch was completely 

dissolved. After homogenization, the whole mature 

green tomato fruits were dipped separately into 

different plantain starch solutions of 3, 6, 9 and 12% for 

3min. The fruits were allowed to dry and stored at 25°C 

in 90% RH along with uncoated control fruit samples in 

Complete Randomized Design (CRD) consisting of 15 

fruits per sample with three replicates.
 

The treatments of the present study include;

T  - Tomatoes without coating stored at 25°C (Control)1

T  - Tomatoes coated with 3% plantain starch and stored 2

at 25°C

T  - Tomatoes coated with 6% plantain starch and stored 3

at 25°C

T  - Tomatoes coated with 9% plantain starch and stored 4

at 25°C

T  - Tomatoes coated with 12% plantain starch and 5

stored at 25°C

 

 

 

The physico-chemical properties of physiological 

weight loss, ascorbic acid, titratable acidity and total 

sugars of tomato were analyzed by using the 

recommended AOAC (2002) methods. The nutritional 

parameters were analyzed at different ripening stages 

such as Breaker, Turning, Pink, Light red and Red by 

using USDA colour chart. Fruit ? rmness was measured 

with a Stevenson's Texture Analyzer  (Model - ML 114, 

UK) and with a compression cell of 2kg probe. The 

probe was applied at two points on the fruit equator, 

the force was recorded when the probe was 

compressing the fruit and the average of the two 

measures was used. Five coated tomatoes from each 

group were monitored for their surface color change 

during ripening. The samples were tested for shelf life 

evaluation. Observations were made daily to evaluate 

the spoilage, off-flavour development and decay. Data 

were subjected to analysis of variance and the mean 

differences of physico-chemical were determined by 

the Duncan's Multiple Range Test at 5% significant 

level.

Results and Discussion

The effect of plantain starch coating on the physico-

chemical characteristics of tomatoes at ripe stage is 

given in Table: 1. Weight loss of coated tomato fruits 

was relatively lower than the uncoated tomato fruits. 

There were significant differences (p<0.05) in 

physiological weight loss among treatments. The 

highest weight loss of 7.41% was observed in the 

tomatoes without coating whereas the lowest of 1.86% 

was observed in the tomatoes which were coated with

12% plantain starch solution. The differences of 

physiological weight loss between coated and 

uncoated tomatoes is supported by Shahid et al. (2007) 

who observed that edible coatings provide an effective 

barrier to oxygen, carbon dioxide and water vapour 

transmission thus helping to alleviate the problem of 

moisture loss from the fresh commodities. 
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The ascorbic acid content increased at each stage during 

ripening of tomatoes. The retention of ascorbic acid was 

high in coated fruits at Red maturity stage than the 

uncoated fruits. Tomatoes coated with 9% plantain 

starch solution showed the highest retention of ascorbic 

acid among other treatments at Red stage (59.1 

mg/100g) whereas the uncoated fruits had the value of 

47.3 mg/100g. This is supported by the observations of 

Erbil and Muftugil (2004), where coating reduced 

respiration of the fruits and retains the ascorbic acid in 

the fruits. The ascorbic acid content significantly 

differed (p<0.05) between the treatments at red 

maturity stage except in the treatment T  and T . This is 2 3

due to the hydrophilic nature of polysaccharide films 

which provide a viscous nature and reduce the rate of 

oxidation of ascorbic acid during ripening and storage. In 

this study, titratable acidity showed a significant changes 

(p<0.05) during storage as given in Table 1. Titratable 

acidity decreased over the ripening stages due to the 

climacteric rise in respiration over the degree of 

ripeness and with maturity evolution where the 

tomatoes coated in 9% plantain starch had the lowest 

mean value of 0.61%. This is supported by Castro et al. 

(2005) who observed that the rate of reduction in acidity 

in coated fruits compared to uncoated fruits is low due to 

restriction of oxygen availability that leads to reduced 

respiration rate. The texture of tomato fruits increased 

initially and then decreased in all coated and uncoated 

 

 Table 1. Physico-chemical characteristics of the ripe tomatoes coated with different concentrations of plantain 
                  starch solutions

Treatments Weight loss (%) 
Ascorbic acid
(mg/100g) 

Titratable acidity 
(% citric acid) 

Compression  

(Kg force) 

T1  7.41a 47.3d 0.74a 114.8d 

T2 3.17b 54.3b 0.68b 125.2c 

T3 2.83c 55.8b 0.63c 135.4b 

T4 2.61d 59.1a 0.61c 165.7a 

T5 1.98e 50.2bc 0.69b 137.4 b 

 
       Values are means of three replicates.
       Means in the each column followed by the same letters are not significantly different at p<0.05.

tomato fruits, due to the ripening and respiration of the 

fruits simultaneously. In the red stage, coated fruits 

showed higher values for compression force than the 

uncoated fruits. These changes are due to the modified 

atmosphere created by starch coatings inside the fruit 

that delays the softening and ripening of fruits. Color is 

an important factor in the consumer acceptability of 

tomatoes. Color development of tomato is influenced 

by the gas composition of its storage environment. 

During tomato ripening, the chlorophyll content was 

maximal at picking time in mature-green fruits and 

decreased as fruit ripened. Starch coating reduces the 

colour change from green to red during storage of 

tomatoes. 

The number of days taken to attain Red ripe stage 

showed significant differences between control and 

coated fruits during storage. The finding of this study 

showed that coating created modified atmosphere 

inside the tomato fruits that delays ripening and 

senescence. Fruits coated with 9% plantain starch 

solution took 20 days to ripe at the 25°C whereas the 

uncoated fruits ripen in 5 days. The shelf-life of 

tomatoes was determined in terms of days until the 

peel of fruits turned to pulp and began to decay. 

Tomatoes coated with 3 and 6% plantain starch coating 

extended the shelf life of tomato fruits to 9 and 15 days 

where the tomatoes coated with 12% coating showed 
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lower shelf life of 12 days and higher decay percentage 

than those with other treatments. Studies showed that 

coatings provide sufficient gas barrier for controlling 

gas exchange between the fresh produce and its 

surrounding atmosphere, which would slow down 

respiration and delay deterioration; but when the 

coatings exceeds the critical thickness they can cause 

detrimental effects  by reducing  internal oxygen 

concentration and increasing anaerobic fermentation. 

The microbiological examination, in terms of total plate 

count revealed that there were no any microbes 

observed in the formulated biscuit samples.

This study showed that the edible coating affects 

positively on the physic-chemical parameters of 

tomatoes. The coated sample showed significant 

differences (p<0.05) in almost all parameters as 

compared to untreated control tomatoes. Plantain 

starch coating had an effect of delaying color change of 

tomatoes during the storage, and the degree of color 

change was mainly dependent on the coating thickness. 

Within coating treatments, tomatoes coated with 9% 

plantain starch was found to be most suitable 

considering the physic-chemical parameters and shelf 

life evaluation. As far as storage period is concerned, the 

storage period increases the quality parameters like pH 

and total sugar gradually while parameters like acidity 

and ascorbic acid content decreases. Thus, it is observed 

that plantain starch at 9% as an edible coating can 

satisfactorily enhance the shelf life of tomatoes stored 

at ambient conditions.
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Effect of Different Bran Removal Degrees on Quality Attributes of Stored Parboiled Rice
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Abstract

This study was undertaken to determine the effect of different degrees of bran removal on physical, chemical, 

biological storage parameters and eating qualities of parboiled rice stored under ambient condition for six months. 

Four bran removal degrees 0%, 4%, 6% and 8% were used as treatments. Replicated were stored in poly sack bags. 

The effects of degree of bran removal on moisture content, grain and ambient temperature, grain hardness, fungal 

infestation, cooking qualities and sensory qualities during storage period were determined. Cooking quality 

attributes comprised cooking time, water uptake ratio, and volume expansion ratio and alkali digestion. Panel test 

results were used to determine sensory quality of the rice. Results indicated that storage parameters varied 

significantly (p ≤ 0.05) among the bran removal degrees during storage period. The moisture content, temperature 

and sensory qualities were significantly higher in bran removal degree 6%. Cooking qualities were significantly 

higher in bran removal degree 4%, 6% and 8% than unpolished rice. The grain hardness was significantly higher in 

unpolished rice. Any fungal infestation or insect damage was not observed on stored rice kernels during the entire 

storage period. Based on the variation of the parameters during storage, it can be concluded that the optimal bran 

removal degree which assures the best quality and safety for parboiled rice storage in polysack bags is 6%.

Key  words: Parboiling, Bran removal, Brown rice, Rice storage

Introduction

Rice (Oryza sativa) is the staple food and plays a vital role 

in the economy and livelihood of people in Sri Lanka. The 

rice market of Sri Lanka fluctuates during the year with a 

surplus of rice during harvesting period and low supply 

during the rest of year. Because of the seasonality of the 

production, it is needed to store the harvest for the use of 

less production periods or off season. Rice is stored as 

rough rice in Sri Lanka and most of the tropical countries. 

But countries like Japan and China store rice as brown 

rice.

In Sri Lanka paddy storage duration is around 6 month 

(Adikarinayake, 2005). But in the case of milled rice, it is 

restricted to a short time period and people do not 

practice it for long period of time. Parboiling process 

toughen of the endosperm and results less breakage 

during milling and also minerals and vitamins present in 

the bran and embryo move into the rice kernel up to 

some extent (Wasala et al, 2009). Therefore, parboiled 

rice contains important nutrients than rice milled 

without such treatment. In commercial level rice 

production, 7-8% of rice bran is removed by polishing. 

The degree of bran removal may have an effect on the 

storage parameters of physical, chemical, biochemical, 

microbiological, cooking and eating quality concerns. 

This study was carried out to investigate the effect of 

degree of bran removal on storage behavior of 

parboiled rice during storage period and to 

recommend the optimum bran removal range which 

assures the best quality and safety for parboiled rice 

stored under ambient condition.

Materials and Methods

Sample Preparation: Paddy variety Bg 352 was used 

for the experiment. Paddy sample was cleaned and 

then subjected to the parboiling process as mentioned 

by Adhikarinayake and Swarnasiri (1988) followed by 

drying up to 14 % moisture content. 
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De-husking and Polishing of Paddy to Different Bran 

Removal Degrees: Homogeneous bulk paddy samples 

were divided into three replicates and de-husked using a 

rubber roll sheller (Model, LM24 2C). Brown rice was 

polished using a friction polisher model no N 70. The 

polisher was adjusted to obtain a 0%, 4%, 6%, and 8% 

bran removal samples separately using reference 

sample obtained from laboratory scale rice polisher 

model McGill No.02.

Storage: Three rice samples of each bran removal 

category were stored for six months under ambient 

0conditions (temperature: 29 ± 3 C and relative humidity: 

65±5%) in 5 kg polysack bags at the main grain store of 

Institute of Post Harvest Technology, and proper 

sanitation conditions were maintained during this 

period. Before storing, rice samples were fumigated 

using Aluminum Phosphide.  Physical, biological, 

cooking and eating parameters of rice were measured at 

the beginning, during and at the end of the storage 

period. During the storage period, data were collected at 

two weeks intervals. 

Physical and biological properties: The moisture 

content of rice was determined by the standard oven 

method. Grain hardness was measured by using a 

Satake hardness tester (Model No 174886). Inside 

temperature of the poly sack was measured by using 

digital thermometer (S-506 K (CA) model) and 

ambient temperature by using a normal thermometer, 

at same time. Mold growth was measured by means of 

stranded plate count (SPC). Insect infestations to 

stored rice kernels were observed.

Cooking qualities: Cooking time, water uptake ratio 

and volume expansion ratio during cooking and also 

alkali spreading ratio and clearing in KOH were 

determined as mentioned by Juliano, (1971).

Sensory qualities: A five point Hedonic scale was used 

to conducting sensory evaluation with 15 trained 

panelists to determine the consumers/individuals 

level of performance in relation to the taste, odour and 

texture of cooked rice of each bran removal category at 

two week intervals.

Data analysis: Data related to storage parameters and 

cooking qualities obtained from replicates of each bran 

removal degree were fitted in to a completely 

randomized design (CRD) and were analyzed using SAS 

for Windows version 6.12. Data relating to the sensory 
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Figure 1. Changes in moisture content during storage
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qualities of cooked rice was fitted in to a Friedman test 

using MINTAB version 11. 

Results and Discussion

Variation of the moisture content of parboiled 

Moisture content of rice stored initially decreased and 

then it was stable below 14 % in all bran removal 

categories. Results revealed that bran removal did not 

any effect on equilibrium moisture content of parboiled 

rice during the storage period.

Temperature of grain

Results indicated that variation of temperature in 0% 

bran removal degree was significantly different from 

other bran removal degrees (P<0.05). It was further 

showed that there was no effect of degree of bran 

removal on the variation of temperature in rice bags. 

Therefore, it can be concluded that degree of bran 

removal does not affect considerably the changes in rice 

kernels. . 

Hardness of grain 

Parboiled rice hardness increased significantly (P<0.05) 

during the storage period and also was different among 

the bran removal degrees. A marked difference in the 

hardness was observed in unpolished rice (0% BR) and 

it was higher than other bran removal degrees. 

Indudhara swamy et al, (1978) reported that during 

ageing, brown rice becomes progressively harder and 

also harder grain resistant to the pest attack. 

Cooking qualities

Most of the cooking qualities are related to the amylose 

content of rice varieties. The differences observed in 

the cooking qualities of parboiled rice are brought 

forth by retro-gradation of starch (Lii et  al  1996).

Volume expansion ratio: During the storage period, 

the volume expansion ratio of cooked rice increased 

significantly. There were no significant differences in 

the volume expansion ratio of bran removal degree 4%, 

6% and 8 % (P<0.05). Furthermore, variation in 0 % 

bran removal degree was significantly different from 

variations in other degrees. Volume expansion ratio of 

4, 6 and 8 % degrees showed higher values which are 

desirable in rice cooking. 

Water uptake ratio: The water uptake ratio of cooked 

rice examined was found to be significantly increased 

in all bran removal degrees, during the storage period 

(Figure 2). Zhou et al., (2001) reported increase in 

water uptake for up to 1 year during storage. The water 

uptake ratio of unpolished rice (0% BR) resulted 

significantly lower value than to other bran removal 

degrees. There were no significant difference of water 

uptake ratio of bran removal degree 4%, 6% and 8%. 
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Alkali spreading and clearing (Alkali Digestion): The 

Alkali digestion values of cooked rice were significantly 

different among bran removal degrees of 4%, 6% and 

8% during the storage period and it increased. Alkali 

digestion values were significantly different between the 

bran removal degree 0% and other three bran removal 

degrees. 

 

Sensory qualities 

Taste: the consumers' acceptability for cooked rice 

based on taste during the storage period decreased 

substantially in all rice categories except in bran removal 

degree of 6% which was increased during the storage 

thperiod from 1st week to 6  week. Result of taste of 

cooked rice showed that there was also a significant 

difference (P<0.05) between the bran removal degrees. 

Total score earned at two week intervals for sensory 

evaluation for taste of cooked rice has increased 

substantially in all rice categories other than in 

unpolished rice.

Odour: consumer preference for odour of cooked rice 

decreased slightly in all bran removal degrees. Result of 

odour of cooked rice showed that there was also a 

significant difference (P<0.05) between the bran 

removal degree 0% and others. Bran removal degrees 

4%, 6% and 8% have gained higher consumer 

preference for odour of cooked rice. Zhou et al, (2001) 

reported the odour of milled rice changes very rapidly 

during storage

Texture: Results showed that there was a significant 

difference in consumers' acceptability for texture of 

cooked rice, during the storage period. Sum of ranks 

earned for texture of cooked rice was increased 

substantially in all rice categories other than in 

unpolished rice (0% BR), which was declined during the 

storage period.
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Overall acceptability: The overall acceptability clearly 

shows that the consumer preference decreased slightly 

in all bran removal degrees other than the bran removal 

degree 6%. The overall acceptability showed that bran 

removal degree 6% gained higher consumer preference 

and unpolished rice became the least preferred one.

Insect infestation and mould growth: Any insect 

damage to rice kernels during the storage period was 

not observed, and also fungal growth on rice was not 

found.

Based on the variation of the parameters during 

storage, the optimum bran removal degree which 

assures the best quality and safety for parboiled rice 

storage in polysack bags is 6% bran removal. Storing of 

parboiled brown rice under ambient conditions 

minimize the insect infestations and mould growth.
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Effect of Generally Recognized As Safe Compounds to Control the Growth of  Aspergillus flavus  and it's 

Aflatoxin Production in Maize (Zea mays L.) 
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Abstract

The inhibitory effects of four Generally Recognized As Safe (GRAS) compounds; namely, sodium bicarbonate, 

ammonium bicarbonate, calcium chloride, and citric acid in different concentrations were evaluated on conidial 

germination and mycelial growth of Aspergillus flavus, an aflatoxin producing fungi on maize (Zea mays L.). The most 
-1effective compound, sodium bicarbonate in 40 gl  concentration was used for spraying maize kernels before or after 

inoculation with the pathogen and aflatoxin content was determined by High Performance Liquid Chromatography 

with fluorescence detection. Both sodium bicarbonate and ammonium bicarbonate either completely inhibited or 

significantly reduced the in vitro mycelial growth and spore germination of A. flavus.  However, citric acid or calcium 

chloride did not show any inhibitory effect on the growth of the fungus.   Maize kernels that were first inoculated and 
-1then treated with sodium bicarbonate contained 11.9 µg kg  while those that were first treated with sodium 

-1bicarbonate followed by inoculation of the fungus  contained 2.6 µg kg  of aflatoxin. Non-treated control kernels had 
-1high amount of aflatoxin (18.9 µg kg ) while sodium bicarbonate on naturally infected kernels controlled the aflatoxin 

production by 100%.

Key words:   Aspergillus flavus, Aflatoxin, Sodium bicarbonate, Maize, GRAS compounds 

Introduction

Maize (Zea mays L.) is one of the most important cereal 

crops in the world's agriculture. However, presence of 

aflatoxin,  a secondary metabolite mainly produced by  

Aspergillus flavus and Aspergillus parasiticus  is a major 

problem in maize  which cause considerable economic 

losses (Yu et al., 2004), because aflatoxin contamination 

in maize can occur pre-harvest, as well as during storage. 

Aflatoxin is a potent hepato-carcinogen thus many 

developed countries have established strict food safety 

regulations for maximum allowable amount of aflatoxin 

in food and feed stuff (Liu et al., 2006). Aspergillus flavus, 

the major causal agent in aflatoxin production in Sri 

Lanka is capable of growing over wide temperature and 

moisture changes; hence prevailing environmental 

conditions often result in rapid spoilage and aflatoxin 

production. 

Thus for food safety and economic reasons, the need to 

control the growth of Aspergillus flavus, their 

sporulation and aflatoxin production is a serious 

concern ((Liu et al., 2006). In this context, a number of 

substances including pesticides, plant growth 

regulators and antioxidants have been analyzed on the 

growth of  Aspegillus flavus and aflatoxin production; 

however, their efficacy was mainly on inhibition of 

fungal growth. Today, a greater awareness is being 

focused on chemicals that are Generally Recognized As 

Safe (GRAS) to control postharvest diseases since they 

are inexpensive, easily accepted by consumers, 

nontoxic, with minor environmental impact at the 

effective concentrations, and usually used in the food 

industry.  Several GRAS chemicals have been identified 

as active antimicrobial agents against a range of 

phytopathogenic fungi. Postharvest applications of 

sodium bicarbonate reduced the growth of  Aspergillus 

niger, Colletotrichum gloeosporioides, Penicillum sp., 

Botrytis cinerea whereas, calcium chloride gave 

promising results in controlling storage rots caused by  

Monilinia fructicola . Citric acid has shown fungicidal 
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activities in Aspergillus parasiticus while ammonium 

bicarbonate effectively controlled Puccinia triticina. 

(Ratnayake et al., 2009).

Hence, the objective of this study was to determine an 

effective method to control aflatoxin production in maize 

by controlling the growth of A. flavus  using GRAS 

chemicals that are freely available and recommended as 

safe for usage.

Materials and Methods

The fungus Aspergillus flavus was isolated from infected 

maize kernels of variety pacific and identified using the 

culture characteristics and conidial features according 

to the description of International Mycological Institute 

(IMI) and synoptic keys for Aspergillus and related 

species of Pitt and Hocking (1999). Pure cultures were 

maintained on Czapek yeast extract agar (CYA).

The inhibitory effects of four GRAS compounds; namely, 

sodium bicarbonate, ammonium bicarbonate, calcium 

chloride, and citric acid in five different concentrations, 

-110, 20, 30, 40 and 50  gl  were evaluated on conidial 

germination and radial mycelial growth of A. flavus  

using potato dextrose agar (PDA). PDA without GRAS 

compounds served as a control (Ratnayake et al., 2009).

The experiment was repeated five times, data gathered 

were analyzed by Analysis of variance (ANOVA) using 

SAS, computer software package and the most effective 

compound was used in the next experiment that was 

conducted on maize kernels.

Effect of sodium bicarbonate on the growth of 

Aspergillus flavus and aflatoxin production on maize 

kernels was evaluated by placing them in air tight glass 

chambers at room temperature (27±2 °C) and then 

subjected to following treatments; 1). Maize kernels 

were inoculated (sprayed) with 25 ml of the conidial 

5suspension (10 conidia/ml), allowed to incubate for 72 

h and treated with an aqueous solution of sodium 

-1bicarbonate at the concentration of 40 g l , 2). Maize 

kernels were treated with sodium bicarbonate and 

then inoculated with the pathogen as above, 3). Kernels 

treated with sodium bicarbonate followed by distilled 

water without inoculation. None treated maize kernels 

were used as controls. After seven days 150 g of kernels 

from each chamber was removed for the determination 

of  aflatoxin  by High Performance Liquid 

Chromatography with fluorescence detection. 

(Horwitz, 2000).

Organoleptic properties of the maize kernels treated 

with sodium bicarbonate without inoculations were 

compared with those purchased from the same grower 

and free from fungal growth by preparing “Aggala”, a 

traditional confectionary in Sri Lanka and sensory 

attributes were evaluated using a five point hedonic 

scale (1- extremely dislike, 5- extremely like) with 

thirty untrained panelists. 

 Results and Discussion

This study demonstrates the efficacy of sodium 

bicarbonate on growth inhibition of Aspergillus flavus 

in vitro and reduction of the aflatoxin content on maize 

kernels. 

Colony diameter of Aspergillus flavus on control plates 

0(PDA without GRAS compounds) at 27 ± 2 C exceeds 8 

cm within 7 days. Inhibitory effect of GRAS compounds 

on mycelia growth was highly significant (P<0.0001). 

Among four GRAS compounds, a complete growth 

inhibition was obtained through all the concentrations 

(10-50 g/l) of ammonium bicarbonate (Table 1). 
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Table 1. Effect of GRAS compounds on radial mycelia growth of Aspergillus flavus

The spore germination test indicated that sodium 

bicarbonate completely inhibited the germination of 

Aspergillus flavus conidia at 40 g/l and 50 g/l 

concentrations however, complete inhibition was not 

observed with ammonium bicarbonate even at higher 

concentrations. Inhibitory effect of calcium chloride and 

citric acid was not significant (p>0.05). Thus, the efficacy 

of sodium bicarbonate on both radial mycelia growth 

and inhibition of spore germination was higher than that 

of other three GRAS compounds. Therefore, sodium 

bicarbonate was selected for the next experiments. 

Shekhar et al, (2009) have revealed the efficacy of 

ammonium bicarbonate to reduce the radial mycelia 

growth of A. flavus, and obtained similar results however, 

they have not tested sporulation of the pathogen. Even 

though calcium chloride and citric acid have shown 

antimicrobial properties on fruits and vegetables, they 

have not shown any inhibition of mycelial growth on 

Aspergillus flavus in maize.

 Results of the experiment on maize kernels revealed 

that the presence of aflatoxin was high in non-treated 

-1(control) kernels (18.9 µg kg ) where sodium 

bicarbonate on naturally infected kernels controlled the 

aflatoxin production by 100%.  Maize kernels that were 

first inoculated and then treated with sodium 

bicarbonate and those that were first treated with 

sodium bicarbonate followed by inoculation contained 

-1 -111.9 µg kg  and 2.6 µg kg  of aflatoxin, respectively.  

Bicarbonates have broad-spectrum antimicrobial 

activity and ability of bicarbonate salts to control 

postharvest pathogens has been demonstrated in 

citrus, banana, wood apple and bell pepper (Ratnayake 

et al., 2009). Scientists suggested that the mode of 

action in bicarbonate is the reduction of fungal turgor 

pressure resulting the collapse and shrinkage of 

hyphae causing subsequent inhibition of sporulation. 

In addition to that, a number of phenomena describe 

the effectiveness of bicarbonates. Thus, the principal 

mode of action of the bicarbonate ion may be through 

its buffering capacity, whereby an alkaline 

environment is sustained or pH to be a factor in 

bicarbonate effectiveness and it seems to damage cell 

wall membrane in fungal spores. However, this study 

rejects this explanation since pH of the treated kernels 

was not changed compare to the non treated control. 

Furthermore, results have shown that the preventive 

effect (treatment followed by inoculation) of sodium 

bicarbonate is more pronounced than the curative 

(inoculation followed by the treatment) effect. 

According to the sensory evaluation, there was no 

significant difference in colour, odour, taste and overall 

GRAS compound Inhibition of mycelia growth * 

Concentration of GRAS compounds (% wt/v) 

 1% 2% 3% 4% 5% 

    Ammonium bicarbonate 100 a 100 a 100 a 100 a 100 a 

    Sodium bicarbonate 20.05 b 65.25 b 28.56 b 82.25 b 96.34 b 

    Calcium chloride 0.0 c 0.0 c 0.0 c 0.0 c 0.0 c 

    Citric acid 0.0 c 0.0 c 0.0 c 0.0 c 0.0 c 

 
* Data based on observation on the seventh day after inoculation

Means followed by the different letters in a column differ significantly according to Duncan's multiple range test (P<0.05).
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acceptability between sodium bicarbonate treated  and 

non-treated commercial maize kernels (p>0.05). It 

indicated that the treatments has not affected the 

consumer preference.

The study reveals the potential of sodium bicarbonate to 

reduce both fungal growth and aflatoxins production in 

maize. Further studies in long term storage are needed to 

test for specific commercial applications.
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Development of a Spice Flavoured Tea 
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Abstract

Various spices have been used in the preparation of various teas in traditional medicine for centuries. However, it is 

still a new product and not much popular in Sri Lanka due to excessive stringent flavor and the high price. Therefore, 

the present study was focused on developing herbal tea bags containing spices. The pre-selected powdered spices 

(ginger, cardamom, cinnamon and clove) and unflavored tea were mixed at different ratios and a preliminary trial was 

conducted to determine the best composition of the spice mixture. Then the sensory properties of the selected spicy 

tea mixture were evaluated with other ingredients of tea. The developed product was analyzed for proximate 

composition, moisture content and microbiological properties. The spice mixture obtained a significantly high 

acceptance (P<0.05) for all sensory attributes was selected to produce the spicy tea by blending with black tea at 

60:40 weight ratio. According to the nutrient analysis, the developed product contained 6.8% ash, 19.21% fiber, 

8.58% protein, 35% fat and 25.29% carbohydrates. The tea cup which contained unflavored tea, sugar, milk powder 

and developed spicy mixture gained the highest mean ranks (P<0.05) over the other samples for all the sensory 
1attributes The initial moisture content was 4.82%. The total plate count of the selected mixture was 5.45 × 10  and 

1yeast and mold count was 1.36×10 .  According to the sensory evaluation spicy mixture containing 40% cinnamon, 

20% cardamom, 20% clove and 20% ginger was selected as it gave the significantly highest acceptance (P<0.0 for 

preparation of the spicy tea mixture.

Key  words: Black Tea, Herbal Tea, Sensory Properties, Spices 

Introduction

Tea is one of the most widely consumed beverages in the 

world and is preceded only by water. It has a cooling, 

slightly bitter astringent flavor. Nowadays, value added 

tea products are becoming more popular in the world. 

Basically there are two types of herbal tea; one is 

produced with any plant other than the leaves of the 

Camellia sinensis and the other type is produced with 

blend of real tea and any other plant parts. However, 

probably for their great variety of taste and functional 

value, those herbal teas are becoming popular 

increasingly among the health conscious people 

(Amarakoon, 2004). 

Some Asian countries consume spices incorporated tea 

for centuries, but it is still a new product and not much 

popular among our community due to excessive 

stringent flavor and the elevated price. Development of a 

herbal tea using spices will be not only helpful in 

improving the health aspects of the consumers, but also 

affect significantly on economical aspects of the local 

tea industry. Using current developments in food 

technology, it is highly feasible blend traditional tea 

with spices to develop a value-added product that 

would highly attract local and foreign consumers. 

Therefore, the objective of the present study was to 

produce a more smooth tea blend with locally available 

spices for an affordable price for consumers. 

Materials and Methods

The pre-selected spices; cinnamon, cardamom, clove 

ºand ginger were fried on a dry pan (80 C) and 

subsequently blended into a fine powder by domestic 

blender. Then they were mixed at different ratios and 

then the prepared samples were mixed with 

unflavored tea. 

A sensory evaluation was carried out to select the most 

acceptable spicy tea mixture evaluating the taste, color, 

aroma and overall acceptability of the tea samples. 
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Then the selected spicy tea mixture was evaluated for the 

sensory properties (taste, color, aroma and overall 

acceptability) in different formulations with sugar, milk 

powder and unflavored tea to select the best formulation 

for the spicy tea cup. The sensory data were analyzed by 

Kruskal-Wallis one-way non-parametric ANOVA using 

the computer software package STATIX (Ver. 2).

The proximate composition (total ash content, fat 

content, fiber content, crude protein content), moisture 

content and microbiological properties (total plate 

count and yeast and mold count) of the spicy tea mixture 

was also evaluated for the developed product. Total ash 

content was determined using muffle furnance and fat 

content was determined using soxhlet extraction 

apparatus, fiber content was determined according to 

the enzyme modified neutral detergent fiber method 

and protein content was determined using kjeldahl 

method. Every analysis was in accordance with the 

procedures described by the Association of Official 

Analytical Chemists (2007) and Pearson (1968).  

Results and Discussion

According to the sensory evaluation spicy mixture 

containing 40% cinnamon, 20% cardamom, 20% clove 

and 20% ginger was selected as it gave the significantly 

highest acceptance (P<0.0) for preparation of the spicy 

tea mixture. The tea cup which contained unflavored tea, 

sugar, milk powder and developed spicy mixture gained 

the highest mean ranks (P<0.05) over the other samples 

for all the sensory attributes was selected as the best 

sample to prepare the spicy tea cup. According to the 

nutrient analysis, the developed product contained 

6.8% ash, 19.21% fiber, 8.58% protein, 35% fat and 

25.29% carbohydrates. The initial moisture content 

4.82% of the product showed to be more stagnate over 

the storage time where the 4.84% moisture content 

thwas found at the 6  week of the storage period.

The maximum acceptable limit for the total plate count 

defined by Sri Lanka Standard Institute, (SLSI 1989) is 

4 1×10 cfu/g. According to the results, the total plate 

1count was 5.45 × 10 cfu/g of the product. The 

maximum acceptable limit for the yeast and mould 

3 count defined by SLSI, 1989 is 1×10 cfu/g. According to 

1the results that count was 1.36×10  cfu/g for the 

product.

The spice flavoured tea can be produced by blending 

spices and black tea at 60:40 weight ratio. The tea bag 

of 2.5 g contained 12% ginger, 12% cardamom, 24% 

cinnamon, 12% cloves and 40% unflavored. An 

excellent sensory acceptance was obtained with 2.6% 

black tea, 4% milk powder, 53.3% sugar, 0.8% ginger, 

0.8% cardamom, 1.6% cinnamon, 0.8% cloves for the 

spicy tea cup. 
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  %  o f th e 

mixtur e  

  

M ixture  Cinnam on Ca rda mom Clove  Ginge r 

1  25 25 25 25 

2  40 20 20 20 

3  20 40 20 20 

4  20 20 40 20 

5  20 20 20 40 

 

Table 1. Levels of ingredients in the spice mixture
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Climate Change is the statistically significant variation of 

either mean or its variability, persisting for an extended 

period of time, typically decades or longer due to 

changes of atmospheric composition attributable to 

human activities (IPCC, 2001) Factors that may change 

the natural rhythm of  climate are, oceanic processes 

such as ocean  currents (i.e, Gulf current), biotic 

processes, variations in solar radiation received by earth 

(i.e, sunspot activity), plate tectonics and volcanic 

eruptions, variations in the earth's orbit, mountain-

building, continental drift and human-induced 

alterations of the natural world. Of these, the human 

induced alteration of the natural world effects are 

currently causing global warming, and "climate change" 

is often used to describe human-specific impacts such as 

changes in greenhouse gas concentration in the 

atmosphere. Climate change, particularly global 

worming occurs when rate at which energy is received 

from the sun to the earth exceed the rate at which it is lost 

to the space which determines the equilibrium 

temperature and climate of earth. This energy is 

distributed around the globe by winds, ocean currents, 

and other mechanisms affecting the climates of different 

regions.

It has been observed that climate change mainly 

decreases in rain over land in tropics and subtropics, but 

enhances the increased atmospheric demand with 

warming causing droughts. The broad impacts of climate 

change are increasing temperature, sea level rise, 

variation in rainfall, changes of pest dynamics (insect, 

diseases, weeds), change in bio-diversity etc. For the 

next two decades, a warming of about 0.2°C per decade 

is projected for a range of SRES emission scenarios.  

Even if the concentrations of all greenhouse gases and 

aerosols had been kept constant at year 2000 levels, a 

further warming of about 0.1°C per decade would be 

expected due to lifetime of already emitted GHGs. 

oEarlier IPCC projections of 0.15 to 0.3 C per decade can 

onow be compared with observed values of 0.2 C. The 

Best estimate for low scenario (B1) is 1.8°C, and for 

high scenario (A1FI) is 4.0°C. 

Climate change effects on agriculture can be described 

as variation of rainfall, increases in temperature and 

carbon dioxide (CO ) which can be beneficial for some 2

crops in some geographical regions. But to realize these 

benefits, nutrient levels, soil moisture, water 

availability, and other conditions must also be met. 

Higher CO  levels can increase yields, and yields of 2

some crops like wheat and soybeans, could increase by 

30% or more under a doubling of CO  concentrations. 2

The yields for other crops, such as corn being having a 

C4 pathway, exhibit a much smaller response (less than 

 10% increase). However, some factors may counteract 

these potential CO  enrichment effect on yield. For 2

example, if temperature exceeds a crop's optimal level 

or if sufficient water and nutrients are not available, 

yield increases may be reduced or reversed in spite of 

positive effects of enhanced CO  concentration in the 2

atmosphere. 

In warmer climatic conditions, increase in pest 

populations has been observed due to enhanced re-
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production of them. Bacteria, Virus, Fungi favors hot and 

humid environment but not dry and hot environment. 

Therefore, in some regions  more disease occurrence 

can be expected and  perhaps may even be difficult to 

control. Of the weeds, 18 are  worst weeds and out of 

which 14 are C  plants. These weeds can withstand in 4

increasing temperature. The optimum temperature for 

0C plants is around  15-20 C,  whereas optimum 3 

0temperature for C  plants is  25- 30 C.   As an example Pig 4

weed which is a C  produce 240 times increase in biomas 4

0when temperature increase 3 C.  Hence more 

occurrence of  Pest, Disease and Weeds can be expected 

with increasing temperature causing  more occurrence 

of the incidences and the ultimate result is reduced yield, 

high cost of production.  Increasing in  Sea Level Rise 

causes disappearance of small island, reduction of land 

area, salinization, change in eco system and bio-

diversity,  impact on industry, tourism,  commercial 

ports and fishery harbors, infrastructure such as road 

and rail and even dams.

In general, more extreme temperature and precipitation 

can prevent better crop yields. Changes in the frequency 

and severity of droughts and floods could pose 

challenges for farmers and ranchers. Warmer water 

temperatures are likely to cause the habitat changes of 

many fish and shellfish species to shift, which could 

disrupt ecosystems.  Overall, climate change could make 

it more difficult to grow crops, raise animals, and catch 

fish in the same ways and same places as we have done in 

the past. The effects of climate change also need to be 

considered along with other evolving factors that affect 

agricultural production, such as changes in farming 

practices and advancement of technology. Extreme 

events, especially floods and droughts, can harm crops 

and reduce yields.  Dealing with drought could become a 

challenge in areas where summer temperatures are 

projected to increase and precipitation is projected to 

decrease. As water supplies are reduced, it may be more 

difficult to meet water demands. Many weeds, pests 

and fungi thrive under warmer temperatures, wetter 

climates, and increased CO  levels. Currently, farmers in 2

the world spend billion of dollars per year to fight 

 weeds. The ranges of weeds and pests are likely to 

expand in future under and changing climate . This 

would cause new problems for farmers' crops 

previously unexposed to these species. Moreover, 

increased use of pesticides and fungicides may 

negatively affect human health and the quality of 

environment.

Current Trends in Climate Change in Sri Lanka and 

their impacts.  

Sri Lanka possesses long series of historical climatic 

data, especially rainfall and temperature starting from 

1860s. Recent analysis of these data has shown that 

country's average temperature is significantly 

0increasing at a rate of 0.01 to 0.03 C per year (Fernando 

and Chandrapala ,  1995 and Premalal  and 

Punyawardena, 2013). The increase is more 

pronounced in nighttime minimum temperature than 

that of the daytime maximum temperature. However, 

there are no discernible significant trends in seasonal 

and annual rainfall except a few locations among over 

400 rain gauging stations of the country. Another study 

has shown that cumulative annual or seasonal rainfall 

of major climatic zones in Sri Lanka during last 50 years 

(1961-2010) have  not undergone a significant change 

(Nissanka et al., 2012). The same is true in terms of 

variability of cumulative and seasonal rainfall during 

the same period. However, it was evident that 

variability of seasonal rainfall during the most recent 

decade (2001-2010) has increased compared to the 

previous decade (1991-2000) in most places of the 

island across all three climatic zones with occurrence 

of more frequent drought and flood conditions.  

Another recent study focused on the occurrence of 

extreme positive rainfall anomalies in the Central Hills 
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of the country has shown that contrary to common 

belief, there is no significant increase of Heavy and Very 

Heavy rainfall events in the region, but with an apparent 

increase of such events during the period of 2006-2010 

has been evident (Punyawardena and Premalal, 2013). 

Nevertheless, there is a significant increase of extreme 

temperature anomalies in most regions of the country 

during recent times (Premalal and Punyawardena, 

2013).

Meanwhile, temperature and rainfall projections in Sri 

Lanka under  A2 and B2 scenarios reveal that average 

annual temperature of Sri Lanka will increase with a 

0range of 2.5 – 4.5 C by the year 2080 under the A2 

scenario and a possible average annual temperature 

0increase of 2.5 – 3.25 C under the B2 scenario. Both 

these projections are analogous with the IPCC global 

projections of temperature changes at the turn of the 

century. In terms of future rainfall climatology of Sri 

Lanka, projections with A2 scenario reveal that Dry zone 

will become more drier while Wet zone and 

Intermediate zones to become wetter than at present as 

we reach the end of century. Meanwhile, the B2 scenario 

uncover a relatively complex situation of both Dry zone 

and Central highlands of Sri Lanka to become drier than 

today as time progresses while the wetter parts of Sri 

Lanka to become further wet but, at a lesser rate 

compared to the A2 scenario. 

Effect of Temperature 

Increasing ambient temperature is also inflicting 

several direct and indirect negative impacts on the crop 

growth. Higher temperatures, causes higher crop 

evaporative demand, mean that the general tendency 

would be towards an increase in irrigation demands. On 

the other hand due to higher temperature, people tends 

to use more water and therefore demand for water for 

other sectors are increasing and ultimately heading to 

reduction of water for agriculture. Also the projected 

temperature increase would degrade water quality by 

various means. Hence impacts of increasing 

temperature deserved a special attention under local 

conditions. The notable effect  is that rising 

temperature at Nuwara Eliya has remarkably affected 

the tuber formation and subsequently potato yield. 

Increasing temperature increases the respiration 

rates. Lower rice yields particularly rice grown the dry 

zone which is the main rice growing area of the 

country.  Increasing temperature in combination with 

high relative humidity causes grain sterility and this 

situation have already experienced in the dry zone of 

Sri Lanka which is the rice bowl of the country. On the 

other hand, sudden decrease in temperature also 

causes grain sterility particularly in rice causing crop 

losses. At present the daily temperature was higher 

than that of mean temperature for the respective 

period and the RH was less than the mean values, 

experiencing high ET. That condition affected the 

pollen fertility of rice and created spikelet sterility in 

rice causing lower grain yield in rice. It has also been 

noted that several non alarming pests in the past are 

now gradually becoming important pests in several 

crops while some new biotypes have been identified. It 

is a general complain by farmers that they have more 

weeds than in past in their farm lands and certain 

weeds have become prominent and difficult to control. 

Rising temperature would be a one of the reasons for 

this situation. Increasing ambient temperature 

increases the soil temperature as well and this 

situation leads to rapid decomposition of soil organic 

matter due to increase in activities of soil microbes 

there by affecting soil health. Therefore this situation 

has to be address very  carefully.

Effect of Rainfall 

According to the results of General Circulation Models, 

the paramount issue in changes in precipitation will be 

the increase in extremes events rather than a long-

term change in average precipitation. That means high 
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intense rain can be expected within a short period. This 

will lead to accelerating of soil erosion process. Already 

33% of the land area of Sri Lanka is affected by soil 

erosion. Also the process of silting the reservoirs will be 

accelerated. (Eg: 54% of the Rantambe reservoir 

already been silted). Variability of both summer and 

winter monsoon rains and rains of convectional origin 

has increased significantly during recent decades. As a 

result, both extremes i.e. water scarcity and excess 

water have become a recurrent problem in crop 

production in Sri Lanka. High intense rain can be 

expected within a short period and thereafter long 

drought period. Analysis of rainfall data shows that 

there is no significant change in amount of rains 

received in many part of the country except Maha 

Lewaya in Hambantota. The main growing season 

(maha season) of the country falls in between latter part 

of the year and early part of following year. However, a 

significant variability has shown in monsoon rains 

particularly during North East monsoon which falls 

with the maha season. The anomalies  of rain affect the 

agriculture in various ways. When onset of rains does 

not come in time, the cropping calendar get affected. 

However, Sri Lanka experienced extremely dry weather 

period during latter part of 2008 and early 2009  then 

during the yala season of 2012. The monsoon rains were 

delayed and was less than the expected resulting delay 

in the cropping season. Also already established crops 

were got affected by the severe  drought in January and 

February 2009 and July august of 2012. The change in 

rainfall pattern has affected the fruit setting in tree-fruit 

crops. For example Rambutan needs about 3 week dry 

spell around late February or early march for flower 

initiation. However, in 2008 and 2011 abnormal wet 

weather conditions during February severely affected 

the Rambutan production in the country. Also rainfall 

directly affect on cropping intensity and new 

technologies particularly new crop water efficient 

irrigation techniques, new cropping and farming 

systems such as conservation farming has to be 

revitalized .

Sea Level Rise 

Sri Lanka has a long coastline of 1,660km and contains 

24% of the land. Commercial ports and fishery 

harbors, principal road and rail infrastructure, richest 

areas of bio diversity are located along the coastline. 

Therefore coastline of Sri Lanka is very important in 

the context of Economy. Already 30% - 35% of the 

coastline is eroded at the rate of 0.3 - 0.5 meters per 

year. This will further increase with anticipated sea 

level rise, which will occur due to the projected 

increase in temperature. Salt-water intrusions are 

experienced in Sri Lanka due to tidal movements. A 

considerable land area which have been cultivated in 

the past have been inundated due to sea water 

intrusion and has become saline. With the rise of sea 

level, this land area will be further increased and the 

people will be displaced. However technologies have 

to be developed to utilize these saline and potential 

saline fields. Also, it may reduce the quality of both 

drinking and irrigation water in coastal regions by 

disturbing the interface between fresh and brackish 

water. It is highly likely that sea level rise will disturb 

the fresh water found underneath of Regosol in coastal 

regions (Gyben-Herzberg fresh water lense) which is 

the main irrigation water for intensive agriculture in 

those regions. 

Adaptation Measures 

In spite of the technological advances made on 

improved crop management, irrigation, plant 

protection and fertilization, weather and climate are 

still key factors in agricultural productivity in any 

country. Farming systems and agronomic practices in 

most agricultural regions of Sri Lanka have evolved in 

close harmony with the prevailing climatic conditions 

of respective climatic regions of the island. However, it 
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has been evident during recent decades that heritage of 

farming experiences and accumulated weather lore of 

centuries are no longer useful in the process of 

agricultural planning at any level. Climate of the island 

has undergone a change to such an extent that correct 

amount of rainfall does not come at the correct time of 

the growing season. 

Increasing the buffer capacity is the appropriate 

adaptation measure, where buffer capacity should be 

considered in terms of increased water storage. At 

 3 present Sri Lanka has an estimated 6 km of potential 

3storage capacity. This consists of 5.25 km  from major 

3reservoirs, 0.38 km  from medium reservoirs and 0.41 

3 3km  km  from minor tanks. A substantial increase of this 

capacity by means of de-silting and rehabilitating 

existing storage tanks is required to overcome projected 

problems associated with increased extreme 

precipitation events. Water saving methods such as 

micro irrigation practices, moisture conservation 

practices, rainwater harvesting can be introduced to the 

farmers. As these methods are very expensive, 

government should help the farmers by means of 

subsidy or a loan. Re-use of  Therefore adaptation 

options have to be developed to suite the condition. 

Develop crop varieties tolerance to abiotic stress 

(salinity, drought, flood, iron toxicity etc.), tolerance / 

resistance to abiotic stresses ( insects, diseases, weeds), 

higher Nutrient use efficiency or low inputs, develop 

and use of efficient bio fertilizers to reduce emission of 

Nitrous oxide or N O which has has a global warming  2

potential  (GWP) of 296, or about 300 times greater  

than  carbon  dioxide.  This means that  one  kilo of 

nitrous  oxide is equivalent  to 296 kilos of CO2. In 

addition, nitrous oxide stays in the atmosphere  for 

more than 100 years. N2O from agricultural fields 

happens  when  nitrogen  fertilizers applied to crops 

interact with common  soil bacteria. It is estimated  that  

nitrogen  fertilizer accounts for one-third  of the GHGs 

produced by agriculture (Stern Review 2006). 

In technically, use of micro-irrigation (drip, sprinkler 

etc.) and  cultivation with intensive irrigation 

management practices wherever possible is a better 

adaptation strategy. Upland annual crop cultivation in 

the DZ to be transformed to perennial fruit crop, crop 

recommendation based on the agro-ecological 

suitability, on-farm soil and moisture conservation, rain 

water  harvest ing  (domest ic  and on-farm),  

rehabil i tat ion of  irr igation canal  network,  

rehabilitation of minor tanks to operate at their design 

capacity, use of tail water recovery pits for lift irrigation, 

breeding for short age varieties with drought, high 

temperature and salt tolerance and pest and disease 

resistance  are some other technical measures that 

could take to overcome the effect of climate change. 
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Abstract

In recent years, vermicomposting is emerging as a simple but efficient technology for recycling wide ranges of organic 

wastes into good  quality organic manure for sustaining soil environment under various agricultural systems. Such 

compost contains appreciable concentrations of all the plant nutrients. However, the nutrient status of vermicompost 

needs to be improved further in order to   meet the increased nutrient removal  from  soils under present day 

agriculture. Under this context, the possibility of   preparing a phosphorus (P) enriched vermicompost through 

recycling of organic wastes was examined. The results of P enrichment on such recycling and the effect of the enriched 

vermicompost on soil properties were examined in this investigation. The study revealed that P enrichment may be 

considered as an effective proposition for increasing the quality of the vermicompost.  Such enrichment of P not only 

increased the availability of P in the vermicompost but also helped to improve the availability of N and K due to 

enhanced microbial activity. When applied to soil, this   fortified vermicompost appeared to be more effective   in 

improving the nutrient status of the soil environment  than the conventional vermicompost.

Key  words: Waste recycling, Vermicomposting, P Enrichment, Soil fertility  

Introduction 

Considerable amounts of soil   nutrients are taken up by 

the plants during their growth period. Replenishment of 

these extracted nutrients through chemical fertilizers  

and/ or  organic manures is the pre-requisite for 

optimizing  production in  agricultural lands. With the 

consistently declining trend in sustainability of the soil 

environment under various mineral fertilizer driven 

agricultural systems,  increasing emphasis is now  being 

paid on larger uses of organic inputs in such soils. Of all 

such inputs; organic manure forms an important 

component. Importance of organic matter in sustaining 

soil productivity has been dealt by Manna et al. (2005) 

and others.  Since large scale availability of traditional 

organic manures is a major constraint in most of the 

Asian countries, major attention is now being paid on re-

use of different kinds of organic wastes after due 

compost ing  (Gaur,  2006) .  In  recent  years ,  

vermicomposting has emerged as an efficient but simple 

technology for recycling wide ranges of organic wastes 

into good quality organic manure. However, like most of 

the organic manures, the nutrient status and their 

availability are   low in vermicompost to meet the huge 

demands of nutrients for intensive agriculture. For 

customized application of various nutrients by 

vermicompost under varying soil and cropping 

conditions, suitable fortification of   nutrients from 

external sources and also through biological 

management appear to be an important proposition. 

Although works have been carried out on nutrient 

enrichment of traditional composts, such studies with 

respect to vermicompost are meager, if not unavailable. 

Since total occurrence and availability of phosphorus 

(P) are comparatively lower in vermicompost, as 

compared to those of nitrogen and potassium 

(Bhattacharya and Chattopadhyay, 2004),  present  

study attempted to assess the possibility of enriching 

vermicompost with external application of  P  and also 

to find out the effect of  phosphate  solubilising bacteria 

on availability of P in such composts.

Materials and Methods

The study was carried out using different combinations 

of organic wastes (OW); two sources of P viz. rock 
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phosphate (RP) and single super phosphate (SSP) and  

also phosphate solubilising bacteria (PSB), incubated 

without and with epigeic earthworm Eisenia foetida 

(EW) making twelve treatments in total. Each treatment 

was replicated three times using a completely 

randomized design. Periodic observations were taken 

on relevant compost quality indicating biological and 

chemical properties after 45 days (Jensen, 1930). 

In the second phase of the study, a laboratory study was 

carried out on the effect of conventional vermicompost 

(VC) and P enriched vermicompost (PVC) on availability 

of P in a red and lateritic soil. These two organic inputs 

-1were added to the soil at 10,000 kg ha  along with 

different doses of phosphatic fertilizers. The soil 

samples incubated using these treatments were 

analyzed for available P after 30 days by following  Bray's 

method no.1 (Jackson, 1973).

Results and Discussion                                           

As observed from the results of the study, adoption of 

vermicomposting biotechnology helped to increase the 

microbiological activities in the substrates under 

different treatments. Such activities were evidenced in 

terms of mean occurrence of phosphate solubilising 

and nitrogen fixing bacteria in the substrates under 

different treatments. Use of external sources of P 

resulted in increased microbiological activity in the 

substrates and such effect was found to be more 

pronounced in case of SSP application owing to easy 

availability of P in SSP. On the other hand, inoculation of 

PSB tended to increase the availability of P under rock 

phosphate treatments also. After the completion of the 

incubation period, slowly active rock phosphate was 

found to be about 80% effective, as compared to SSP in 

increasing availability of P  in the final product. 

This increased microbial activity not only increased the 

total and available P status in the enriched 

vermicompost but also helped to improve the 

concentrations of available nitrogen and potassium  in 

the vermicompost after the completion of incubation 

period (Table. 1).
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Treatments 
Total Phosphorus 

(mg kg-1) 

Available Phosphorus 

(mg kg-1) 

Available Nitrogen 

(mg kg-1) 

Available Potassium 

(mg kg-1) 

T1=CONTROL (OW+CD) 3518 193 619 1739 

T2=OW+EW 4474 210 665 2015 

T3=OW+RP 4312 215 691 1993 

T4=OW+RP+EW 4312 230 739 2062 

T5=OW+RP+PSB 4347 218 644 2139 

T6=OW+RP+PSB+EW 5155 244 694 2580 

T7=OW+PSB 3849 220 673 2062 

T8=OW+PSB+EW 3973 223 670 2352 

T9=OW+SSP 4585 230 657 2840 

T10=OW+SSP+EW 5094 244 676 3227 

T11=OW+SSP+PSB 4633 237 643 3947 

T12=OW+SSP+PSB+EW 6279 286 740 4405 

 OW= Organic waste, EW=Earth worm, RP=Rock phosphate, PSB= Phosphate solubilising bacteria, SSP= Single super phosphate

Table 1. Occurrence of three major nutrients after vermicomposting
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During the second phase of the study, the effects of 

application of such P enriched vermicompost on some 

relevant properties of the soil were studied under 

laboratory condition. Use of P enriched vermicompost at 

-1the rate of 10,000 kg  ha  of soil resulted in considerably 

higher availability of P in soil, independently and in 

combination with different doses of P fertilizer. While 

-1use of traditional vermicompost along with 100 mg kg  

-1applied P resulted in 149.3 mg kg  available. P status of 

soil after 30 days of incubation, similar range of 

availability of P could be observed by using P enriched 

vermicompost with only 60% of the mineral P fertilizer. 

This benefit of P enriched vermicompost may be 

effectively utilized for customized application of this 

particular organic manure on the soils which are 

deficient in P and/or to the crops which require higher 

amount of P nutrition.

The study revealed that P enrichment may be considered 

as an effective proposition for increasing the 

phosphorus status, both total and available in 

vermicompost. Such enrichment, along with use of PSB, 

helped to improve the microbiological activity in the 

composts, increase the pace of composting and also to 

enhanced the status of nitrogen and potassium in the 

final products. Use of this enriched compost helped to 

improve the soil fertility as compared to the effects of 

conventional vermicompost on soil environment.     
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Abstract

Precision farming concept was initiated for site specific crop management as a combination of global positioning 

system (GPS) technology, variable rate technology (VRT), remote sensing, yield mapping etc. to optimize the 

profitability, sustainability with a reduced environmental impact. With rich land, abundant water and a favorable 

climate, hill agriculture in India has considerable potential to grow, and contribute towards improving farm incomes, 

enhancing food and nutrition security, and accelerating the overall growth of the region. Unfortunately the growth 

potential of hill agriculture has remained under-exploited. Precision farming is the best remedy for the problems 

faced by farmers on hills. Various issues of lack of system-specific production technologies, difficult terrains, 

inaccessible habitations, crushing of crops by wild animals, management of small, scattered, fragmented, uneven 

lands etc. can be sought out easily with the methods of precision farming. Precision farming not only may utilize fully 

resources, reduce investment, decrease pollution of the environment but also get the most of social and economic 

efficiency. Precision farming methods helps in recognizing areas by farmers that have productivity problems and to 

select the best solution, as on hills much of the land strips may have productivity problems due to erosion, runoffs, low 

temperature etc. The precision farming model for hills in India while addressing these issues would provide an 

innovative route for sustainable agriculture in globalised and liberalized economy. The speed of transformation to 

precision farming depends much on the level of commitment of politicians, scientists and technocrats at whose mercy 

the farmer really is.

Key words:  GPS, Hill Agriculture, Remote Sensing, VRT, Yield Mapping

Introduction

Precision Agriculture is the application of technologies 

and principles to managespatial and temporal 

variability associated with all aspects of agricultural 

production forimproving production and environmental 

quality. The technologies of precision agriculture: 

Computers, Global Positioning System (GPS), 

Geographic Information System (GIS), Remote Sensing 

(RS) and Application control. 

The potential of precision farming can be visualized 

through reduced use of water, fertilizers, herbicides and 

pesticides besides the farm equipments. Instead of 

managing an entire field based upon some hypothetical 

average condition, which may not exist anywhere in the 

field, a precision farming approach recognizes site-

specific differences within fields and adjusts 

management actions accordingly.Farmers usually are 

aware that their fields have variable yields across the 

landscape. These variations can be traced to 

management practices, soil properties and/or 

environmental characteristics. All these factors lead to 

the urged use of precision farming on hills which will 

lead to sustainability. There are certain objectives that 

is fulfilled using precision agriculture; they are as 

follows

Easy management of inputs

In hills farmers usually faces problems regarding the 

use of the inputs, whether it be the availability, constant 

use in field, lack of irrigation, all can be solved with the 

help of precision farming methods.

Convenience to keep a watch 24x7

By the use of Global Positioning System(GPS), and 

remote sensing technology it's become very 
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convenient for farmers on hills to keep a better watch 

over their farms every time. Usually farmers on hills find 

it tough to travel long distances from their home on the 

base of hills to go to uphill just to keep a watch on their 

farms, so by remote sensing he can get pictures directly 

to their home 24X7.

Sustainability

Sustainability of resources is very crucial for farmers on 

hills to get a constant produce. If the farmer needs to get 

a good profit for the long term he needs to keep 

performing sustainable farming actions, and that is 

practices of precision farming added with sustainable 

practices. Alone precision farming may not be able to 

sustain resources, sustainable practices needs to 

complement practices of precision farming.

Methodology

Precision farming is still only a concept in many 

developing countries and strategicsupport from the 

public and private sectors is essential to promote its 

rapid adoption.Successful adoption, however, 

comprises  at  least  three  phases  inc luding  

exploration,analysis and execution. Data on crop yield, 

soil variables, weather and other characteristicsare 

collected and mapped in the exploratory stage, which is 

important for increasing theawareness among farmers 

of long term benefits. The approaches to data collection 

andmapping must, therefore, reflect local needs and 

resources.

In the analysis stage, factors limiting the potential yield 

i n  v a r i o u s  a r e a s  w i t h i n  a  f i e l d a n d  t h e i r  

interrelationships are examined using GIS-based 

statistical modeling. It showed that quantitatively 

important yield variation may occur over distances as 

shortas 10m, however, only some factors such as soil 

structure, water status, pH, nutrient levels,weeds, pests 

and diseases can be controlled but not the others (soil 

texture, weather,topography). After determining the 

significance of each source of variability to profitability 

of aparticular crop and relative importance of each 

controllable factor, management actions canbe 

prioritized. It must be remembered that in some low 

yielding areas, the reason for pooryields may be the 

lack of sufficient soil nutrients in the first place. In such 

cases, applicationbeyond just replenishment is 

necessary.

Lastly, execution phase includes variable application of 

inputs or cultural operations. However, it is not always 

necessary touse variable rate applicators. Efforts must, 

therefore, initially focus on limiting indiscriminateuse 

of inputs in conventional methods. Once the economic 

and environmental benefits areknown widely, variable 

rate technology would be rapidly implemented at least 

in high valuecrops.

By following these methods, a farmer on hills can easily 

manage its resources and can get a very good yield, and 

thus can lead to sustainability in near future.

Results and Discussion 

To spur adoption of precision farming methods in 

developing countries, pilot demonstration projects 

must be conducted at various growers' locations by 

involving farmers in all stages of the project. The pilot 

projects must attempt to answer the grower's needs 

and emphasize the operational implementation of 

technology and complete analysis of the costs and 

savings involved. Documentation of pilot projects 

would help in examining the operational weaknesses 

and identification of remedial measures. The projects 

can be used to train innovative farmers and early 

adopters, expose the neighboring nonparticipating 

farmers to the new technologies, and show the 

usefulness of the technology for short and long-term 

management.
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The role of agricultural input suppliers, extension 

advisors and consultants in the spread of these 

technologies is vital. For instance, public agencies 

should consider supplying free data such as remotely 

sensed imagery to the universities and research 

institutes involved in precision farming research. Also, 

professional societies of agronomy, agricultural 

informatics, and engineering must provide training 

guidance in the use of technologies. The involvement of 

inter/disciplinary teams is essential in this. Small farm 

size will not be a major constraint, if the technologies are 

available through consulting, custom and rental 

services.

The role of agricultural cooperatives is important in 

dissemination of precision farming technologies to 

small farmers. If precision farming is considered a series 

of discrete services: map generation, targeted scouting, 

it is possible to fit these services within the structure of a 

progressive agricultural cooperative in each developing 

country. Changes in agricultural policies are also 

necessary to promote the adoption of precision farming. 

There are basically two policy approaches: regulatory 

policies and market based policies. The former refer to 

environmental regulations on the use of farm inputs and 

later refer to taxes and financial incentives aimed at 

encouraging growers to efficiently use farm inputs. In 

most developing countries the lack of penalties for 

pollutant generation has partly contributed to an 

excessive use of inputs.

Subsidies on inputs and outputs and mechanisms that 

prevent the price system from rationing limited 

resources are also common. The latter include state-

guaranteed crop prices, tariffs, import quotas, export 

subsidies. Inputs such as water and fossil fuels are 

usually sold at prices that are well below the real 

resource cost of their use, which consists not only 

production costs but also includes scarcity value and 

costs of pollution. In such cases, the formulation of 

policies that reflect the real scarcity value of natural 

resources and penalize pollution and policies such as 

green payments for farmers adopting techniques that 

would lower environmental costs can promote the 

adoption of precision farming technologies.

At the same time, some consumers in India would like 

to see a drastic reduction in the use of pesticides and 

fertilizers, and are willing to pay as much as 4 to 6 times 

the normal price for produce such as organic 

vegetables, soybean and wheat. When the price 

elasticity of input use is low and the input costs are only 

a small part of the total production expenditure, as in 

the case of fertilizers and pesticides. Very high taxes are 

required to reduce their use adequately. Given the 

unfeasibility of such high taxes, a hybrid policy may be 

implemented for controlling pollution. A tax-free quota 

of N can be combined with taxes on additional N use.

At the research level, many issues remain to be 

resolved. The development of standards for the 

hardware and software (image transfer formats and 

GPS transfer formats, map projection formats) is 

another issue. Crop models and decision support 

systems must be improved by considering local 

resources. Data for calibration of models must be made 

available to increase their accuracy and/or 

predictability.

The ability to finance a creative information venture in 

agriculture will affect the speed of diffusion of 

precision farming technologies. Commercial banks, as 

well as other sources of funding, have to be educated 

regarding the potential of precision farming

Precision farming has created scope of transforming 

the traditional agriculture, through the way of proper 

resource utilization and management, to an 

environmental friendly sustainable agriculture. 
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Precision farming is essential for serving dual purpose of 

enhancing productivity and reducing ecological 

degradation. The success stories pertaining to Precision 

Agriculture have mainly drawn from the developed 

countries; wherein agriculture ischaracterized by highly 

mechanized and automated systems, and is driven by 

market forces and has been professionally managed 

enterprise. The adoption of precision farming depends 

on product reliability, the support provided by 

manufacturers and the ability to show the benefits. 

Effective coordination among the public and private 

sectors and growers is, therefore, essential for 

implementing new strategies to achieve fruitful success. 

The Precision Farming model for India while addressing 

these issues would provide an innovative route for 

sustainable agriculture in globalised and liberalized 

economy.
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*B.F.A. Basnayake , R.T.K. Ariyawansha, A.K. Karunarathna and  A.S.H. Chandrasena
Solid Waste Management Research Unit, Department of Agricultural Engineering, Faculty of  Agriculture, University 
of Peradeniya, 20400, Sri Lanka.

Abstract

Waste recycling is an important activity for the Local Authorities (LAs) to protect the health of the population and 

environment while prolonging the life of landfills. Recycling industries are constantly subjected to variations in 

transportation costs. The commodity prices too are affected with the escalation of fuel prices. The monetary value of 

the commodity can be considered to be the value of refined diesel in terms of energy, conceptually termed Commodity 

Price Energy Equivalent (CPEE).  CPEE was applied as a test on A4 size paper, separating each of the energy flows in 

terms of percentages indexed to paper production E , residual energy E  and services and transport E . It resulted in p r s

0.20, 0.27 and 0.53, respectively for the current year. In recycling, these values became 0.14, 0.27 and 0.59. It provided 

a higher profit, as long as transport costs were low. In addition, residual values were profits for the producer and 

seller, thus made the paper worthless. In 2000, the values were 0.12, 0.17 and 0.71, respectively. Inevitably, the 

indexes of production and wastes have increased, while profits dwindled. Such reductions were due to exponential 
0.123t 0.101tincrease in diesel prices expressed as 24.93e  and paper responded to inflation of  152.7 e .  In 2023, the price 

gap will be Rs 360/L for diesel and over Rs 1,200 A4 paper packet. Instead of Life Cycle Cost (LCC) calculations, CPEE 

indexing can provide host of information, like converting paper wastes to electricity or bio-char in combating 

inflation, thus Hotelling rule can be applied with modifications. 

Key  words: Energy Equivalent, Hotelling Rule, Inflation Paper Recycling, Waste to Energy

Introduction

The local authorities (LA) in Sri Lanka are now making 

an effort to manage the solid wastes generated. It is an 

important part of urban infrastructure development to 

ensure protection of the human health and environment. 

The total collections of the generated wastes may 

amount to 60% or less. Some of these wastes are 

recycled through the informal sector before and during 

the collection process by the LA's. As far as 

environmental friendliness is concerned, recycling 

activities make significant positive influences by 

preventing green house gas emissions and water 

pollution, saving energy by avoiding virgin production 

process chains as well as diverting the waste from 

landfills and incinerators (Menikpura et al., 2012).

This study was conducted to examine the gravity of the 

problem of escalating costs of fossil fuel prices on the 

future status of paper recycling. The monetary value of 

the commodity can be considered to be the value of 

refined fuel in terms of energy. It is an example for 

future research and a directive to promote recycling 

options of recycle paper and products or waste to 

energy, bio-char from wastes etc. to offset inflation. One 

or many options can become realistic in a life cycle 

perspective.  

Materials and Methods

A brief literature review on global environmental 

impacts of the pulp and paper industry provided the 

basis of calculating the unit cost of one A4 sheet from 

virgin or recycled paper pulp. It was then converted to 

energy based on the price of refined diesel, instead of a 

petroleum barrel. The assumption is that the cost of 

refining, thus the energy used in processing the crude 

petroleum to diesel is also taken into account in this 

analysis. The other assumptions are given in the 

indices below. Thus, the proposed CPEE model is based 

on energy flows from 'cradle to grave' of one sheet of 

paper.  
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Therefore, 

Where;

C = Paper cost equivalent in diesel,d

M = Mass of diesel equivalent,d

ñ = Density of diesel,

CV and CV = Calorific value of diesel equivalent and d w

waste paper, respectively,

HHV = High heating value of diesel and

E = Actual energy consumption for paper production.c

CPEE can provide indices for; 

E , E and E = Indices for energy contents (used) in paper p s r

production, waste discarded and in providing 

services(human energy), including transport.

A realistic approach was needed, thus mathematical 

expressions were developed for past prices of diesel 

(Central Bank, Sri Lanka, 2012) and A4 paper from 

available records. In order to relate these equations, 

mathematical relationships were obtained for inflation 

with respect to inflation coefficient, thus allowing 

predictions for future years. A simple comparison was 

made between Hotelling Rule (Krautkraemer, 1998) and 

the findings. Also Life Cycle Cost (LCC) is discussed. The 

limitation to material recovery is highlighted. In its 

place, Waste To Energy (WTE) and bio-char options 

were analyzed. 

Results and Discussion

The demand for paper will increase from 40% to 50 % of 

industrial tree loggings in the world. The North 

Americans are reducing paper use, but still consuming 

200 kg/capita in comparison to the reset 50 kg/capita. 

It takes 17 Wh to produce one A4 sheet of paper 

weighing 5g. The energy content gets reduced to 12 

Wh/sheet when recycling paper is used to make, now 

good quality paper(US EPA, 2005). In plugging these 

values in to the equations in materials and methods 

with all the other variables such as present diesel price 

of Rs. 125/L with an energy content (HHV) of 44,800 

kJ/kg at a density of 0.832 kg/L and HHV of paper of 

17,000 kJ/kg (Menikpura and Basnayake, 2009), gave 

E  = 0.20, E = 0.27 and E = 0.53. In recycling, these p r s

values became 0.14,0.27 and0.59, respectively. In 

effect, the profits could then be the difference between 

value added and actual human energy in providing the 

labor, knowledge base, creativity and services.  The 

additional profits could very well be environmental 

costs E of 0.2, which is at present Rs. 142.40out of Rs. r 

520 per packet of A4 paper, making the wastes 

worthless. When cost of transport increases, profits 

derived from recycling will end up as greenhouse gas 

emissions. 

In year 2000, E was 0.1 when price of diesel was Rs. r 

26.50/Land then gradually increased to 0.2  in 2007. 

The price of diesel was Rs.75/L. Thereafter, it reduced 

to 0.19 in 2011, when the diesel prices reduced to Rs. 

73/L. There was a sharp rise in 2013 to Rs. 125/L. As a 

result of changes in diesel prices, there were noticeable 

fluctuations in price of paper. The profits in proportion 

must have reduced from E  of 0.71 to 0.53. The large p

scale recycling in many parts of the world must have 

had an effect on lowering the prices in comparison to 

fuel.  The general trend in increasing prices can be 

attributed to inflation. If inflation remains static year 

after year, it is an exponential function from year one to 

th ktn  year (Craude, 2012). It can be expressed as a e . It is 

then a straight line between inflation, say 10% to 14% 

and the inflation coefficient (k), resulting an expression 

for inflation I =111k-0.525. The functional 

C  = d

M  = C  x pd d

CV  = M  x HHVd d

E  = p

E  = 1 - E  - E  s p r

E = r  

costo fsing lepaper

Cos to alitre of diesel 

Ec

CVd

CVW

CVd
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relationships between year 2000 and 2013 for diesel 

0.123t 2 0.101tand A4 prices, gave 24.93e  (R 0.946) and 152.7 e  

2(R  0.951), respectively for t years and corresponds to 

13.13% and 10.69% inflation. The gap between the two 

will increase tremendously in the next ten years to Rs. 

379/L of diesel and over Rs. 1200/paper packet, thus 

making recycling unprofitable due to high cost of 

transport, lowering E to 0.40, while increasing E to s r 

0.35or there could be very high inflation. The measures 

that can counteract to reduce inflation are improved 

technology through investing maximum profits from 

developed human resources and efficient production 

systems. 

In the Sri Lankan context, this gap can be narrowed by 

converting the wastes to energy, rather than recycling all 

of the wastes back to paper and paper products. As an 

example, the paper and cardboard wastes of 8.3MT/day 

now dumped in Gohagoda dumpsite of Kandy Municipal 

Wastes that can be converted to electricity, will provide a 

revenue of Rs. 74 million/annum, considering a plant 

factor of 0.8 and conversion efficiency of 25%. The value 

of this revenue in comparison toA4 paper packet, works 

out to be 11.8%. It is then one of the best practices to 

negate inflation. Alternatively, the bio-char productions 

yielded a value of 05%, at a sale price of Rs. 35,000/MT of 

bio-char. CPEE on other commodities can be done to 

determine alternate means of combating inflation.

The findings are somewhat in line with the Hotelling 

Rule, which is based on profit and discount rate of none 

renewable resources like petroleum, controlled by the 

exploiter. Thus, it states that the net price of the natural 

none renewable resource must grow at the rate of 

interest (Krautkraemer, 1998).  It could be 

mathematically interpreted to be proportional to the 

rate of interest with a rate constant equating interest 

rate to inflation. Notably, the interest rate too on average 

over number of years will yield an exponential function. 

The present analytical tool of LCC entails capital cost + 

operation and maintenance costs + environmental 

costs (Menikpura et al., 2012). The latter is dependent 

on complex issues of willingness to pay. Therefore, new 

approaches are needed to support recycling companies 

with Government supported loan sand stakeholder 

investments. 

Application of the CPEE model is a useful tool to select 

the best technological option for overcoming some of 

the environmental impacts arising from land filling 

solid wastes.  Diverting wastes from landfills and 

converting them to energy and power is a means to 

surmount present levels of inflation arising from fossil 

fuel use.  
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Abstract

Leachate management is one of the major concerns in the rehabilitation efforts of the Gohagoda dumpsite. Leachate 

collection network was designed after detailed investigation of leachate generation points of the dumpsite and 

drainage pattern.  Interceptor leachate drains was laid on the periphery of the dumpsite to capture all subsurface 

flows in the upper strata that normally discharge into surface flow streams at different point in the dumpsite. A 

leachate treatment bioreactor (LTB) and constructed wetlands (CW) and a subsurface charcoal filter bed were 

constructed to treat the leachate collected from the dumpsite. This paper is aimed to evaluate the performances of 

existing leachate treatment system and compare the results with the previous studies on leachate quality of the 

dumpsite. Before commencement of rehabilitation of the dumpsite, the biochemical oxygen demand (BOD) value 
-1 -1reported was 7,500mgL and average chemical oxygen demand (COD) value was 33,900±14,100mgL . The drastic 

-1 -reduction of treatment parameters at the inlet to the LTB, like BOD and COD of 367.5±237mgL and 1,905±1,092mgL
1, respectively nullified the performance of it. In fact sometimes, the LTB performances were negative for conductivity, 

salinity, BOD and TDS, indicating washing out of ions. Nevertheless, in spite of higher influent concentrations than the 

designed values for the CW, the removal efficiencies of BOD and COD were over 67% and 31%, respectively. Therefore, 

incorporation of an activated sludge process (ASP) and algal pond after the LTB could reduce the influent parameters, 

thus improve removal efficiency of the CW to meet the desired discharge standards. 

Key  words:  Constructed wetlands, Dumpsite, Leachate treatment bioreactor 

Introduction

Gohagoda dumpsite in Kandy is situated in the Central 

Province of Sri Lanka and it is one of the disposal sites, 

which has been used since 1960s for open dumping of 

MSW collected within Kandy city limits and 

Harispaththuwa Pradeshiya Shabha (HPA). At present, 

about 150tonnes of MSW is disposed daily. A project was 

developed by EcoTech Lanka Limited to rehabilitate the 

Gohogoda dumpsite and establish an integrated solid 

waste management system. Leachate management is 

one of major concerns in the rehabilitation efforts of the 

dumpsite, since the pollution loads from the top of the 

dumpsite to the Mahaweli river is alarming. 

3The estimated leachate generation was 30,810m /year. 

The highest leachate formation of the dumpsite could 

3be 273m /day for a rainfall of 400mm/day. Leachate 

collection network was designed after detailed 

investigation of leachate generation points of the 

dumpsite and drainage pattern.  Interceptor leachate 

drains was laid on the periphery of the dumpsite to 

capture all subsurface flows in the upper strata that 

normally discharge into surface flow streams at 

different point in the dumpsite. The subsurface drains 

were specifically designed to cater for the rate of 

leachate permeating from the sides of embankments 

(Ariyawansha et al., 2011). A leachate treatment 

bioreactor (LTB) and constructed wetlands and a 

subsurface charcoal filter bed were constructed to 

treat the leachate collected from the dumpsite.  At 

91
Corresponding author: nri.srilanka@gmail.com

International Symposium on Agriculture and Environment 2013
University of Ruhuna Sri Lanka



present, 75% of leachate generated in the dump is 

treated through a re-circulating  LTB followed by two 

subsurface flow constructed wetlands (CW) and the 

charcoal filter bed. The remaining 25% leachate 

quantity will be collected and directed to the treatment 

system in the near future while setting back of 

embankments in North East side of the dump. It is 

proposed to establish an activated sludge process 

reactor and algae reactor for improving the performance 

of system. This paper is aimed to evaluate the 

performances of existing leachate treatment system and 

to compare the results with the previous studies on 

leachate quality of the dumpsite. 

Materials and Methods

Evaluation of performances of existing leachate 

treatment system 

In order to evaluate the performances of existing 

leachate treatment system samples were taken from the 

inlet and outlet of the LTB and outlet of the constructed 

wetlands on weekly basis from February, 2013 to June, 

2013. The collected samples were analyzed for 

parameters of  pH, conductivity, salinity, dissolved 

oxygen (DO), total dissolved solids (TDS), total solids 

(TS), volatile solids (VS), total suspended solids (TSS), 

volatile suspended solids (VSS) and chemical oxygen 

demand (COD) and biochemical oxygen demand (BOD). 

Laboratory analysis was done at Department of 

Agricultural Engineering, Faculty of Agriculture, 

University of Peradeniya. The results were compared 

with the reported lechate quality of the Gohagoda 

dumpsite of previous studies. Removal efficiency of 

conductivity, salinity, COD, BOD, TS, TDS, TSS, VS and VSS  

by the existing leachate treatment system during the 

study period was determined by using the following 

equation.  

Results and Discussion 

Leachate quality of the dumpsite

The leachate quality and quantity generated from 

dumpsite are strongly affected by hydrological 

conditions and the conditions of the dumpsite. In an 

earlier study, before commencement of rehabilitation 

of the dumpsite, the BOD value reported was 

- 1  7 , 5 0 0 m g L a n d  t h e  C O D  v a l u e s  w e r e  

-133,900±14,100mgL (Menikpura et al., 2008) as given 

in Table 1. According to Widanagamage, 2010, the BOD 

and COD values in leachate puddles on top of the 

-1 -1dumpsite were 4,800 mgL  and 32,000mgL , 

respectively in 2010. As reported by Widanagamage, 

2010 the conductivity measurements of the dumpsite 

leachate were within the range of 1.12 to 9.32ms. TDS 

-1 was within 2,000-6,000mgL range.

After the installation of leachate collecting piping 

network, the strength of the dumpsite leachate 

reduced. For instance, according to Wijesekara, (2012) 

-1 average values for BOD and COD values were 380mgL

-1and 1,835mgL  respectively in 2012. It can be deduced 

that biofilms have been formed with time on the inner 

surfaces of the leachate collecting system of backfill 

and slotted pipes. Thus, leachate itself is being treated 

within the dumpsite. Therefore, the strength of the 

dumpsite leachate during the study period was low as 

given in Table 01.  The average COD concentration of 

-1dumpsite leachate was only 2,112±1,245mgL . The pH 

remained within 8.23±0.32, which indicates that the 

dumpsite is under methanogenic conditions. 
 

Performance of the existing leachate treatment 

system 

As reported by Gunarathne et al., (2010) the landfill 

bioreactor with clay-polythene-clay composite liner is 

capable of reducing the BOD concentration of leachate 

-1 -1to less than 500mgL or even 250mgL . In the process 

of mineralization in the liner system, the COD reduced 

inlet concentration - outlet concentration
inlet concentration

Removal 
effciency %

x 100
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Parameter 
Before 

rehabilitation1 

Sampling point Removal efficiency % 

Inlet  

of LTB 

Outlet of 
LTB 

Outlet  

of CW 
LTB CW Total 

pH 8.2±0.1 8.23±0.32 7.8±1.2 7.98±0.24    

Conductivity 
(ms) 23.87±4.9 

17.02±3.3
5 17.69±2.39 12.06±3.6 -7.9±25.54 30.09±26.07 30.09±26.07 

Salinity 
(%o) 

14.51±3.3 10.07±2.1 10.6±0.71 6.84±2.2 -10.36±23.82 35.76±19.78 29.33±25.76 

DO(mgL-1)  0.67±0.55 0.84±0.5 1.71±1.32    

COD  

(mgL-1) 
33,900±14,100 1905±109

2 
1153.3±78

3 
831±723 20.53±17.4 57.31±26.06 69.56±15 

BOD  

(mgL-1) 
7,500 

367.5± 
237 

167.7±104.
1 

42.7±25.48 -23.92±118.3 71.16±3.8 68.8±29.38 

TS(mgL-1) 
 

10.22±2.3
9 

9.6±1.935 7.151±1.96 2.19±19 22.83±20.46 26.05±26.18 

TDS  

(mgL-1) 
13,3998±2,735 

9557±201
0 

10332±658
.3 

6723.04±215
4 -12.49±24.02 35.18±19.76 27.88±26.3 

TSS  

(mgL-1) 
39.51±28.3 0.951±0.6

9 
0.643±0.41 0.358±0.279 48.06±21.83 27.02±61.82 59.95±30.7 

VS (mgL-1) 
 

2.531±0.9
5 

2.093±0.4 1.664±0.265 4.77±48.9 19.55±15.79 21.7±49.57 

VSS 

 (mgL-1) 
 

0.204±0.1
1 

0.099±0.10 0.070±0.0229 68.97±30.74 60.02±28.06 63.77±18.8 

 

-1 to 1,500mgL and as the required solid retention time 

-1(SRT) is achieved, it can even reach 800mgL . Therefore, 

the LTB was designed to treat high concentrated 

leachate. However, within in the dumpsite the leachate 

itself is purifying and treating to a great extent. So, the 

resulting strength of the leachate was not adequate to 

activate the LTB in an efficient and effective manner. 

Consequently, the treatment efficiency of the LTB is 

erratic and recorded low values as shown in Table 1. In 

fact negative performances were recorded in 

1Menikpura et al., 2008

Table 01. Performances of the leachate treatment system during the study period

conductivity, salinity, BOD and TDS, indicating washing 

out of ions. The pH of the LTB effluent ranged between 

6.6-9 thus indicates favourable conditions for 

anaerobic microbial activity. Further, the DO 

-concentration of the LTB was very low (0.84±0.5 mgL

1). Therefore, the methanogenic activity of the LTB will 

be enhanced with the stabilization of the reactor, thus 

expected levels of treatment efficiency of the reactor 

will be achieved in the near future.
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At present, the effluent from the LTB is sent through 

subsurface CW and subsurface charcoal filter beds. In 

these wetlands, Cattail (Typha latifolia) plants were 

recently established.  Although, porcupines attacked the 

plants many times, yet fast and vigorous growth could be 

observed.  Therefore, the pollutant removal efficiency of 

the CW and the charcoal filter bed is improving with 

time. The CW is working better with the low inlet 

pollutant concentrations. Therefore, in order to reduce 

the incoming pollutant concentration to the wetlands, 

an activated sludge process reactor (ASP) followed by an 

algal pond in between LTB and CW were designed and 

now being constructed. The experience and knowledge 

gained in developing this low cost system could pave the 

way for rehabilitating dumpsites elsewhere in the 

country.  

After the installation of leachate collecting piping 

network at Gohagoda dumpsite, the strength of the 

dumpsite leachate reduced indicating leachate itself is 

being treated within the dumpsite. It can be deduced 

that biofilms have been formed with time on the inner 

surfaces of the leachate collecting system of backfill and 

slotted pipes. Consequently, the resulting strength of the 

leachate was not adequate to activate the LTB in an 

efficient and effective manner that was designed to treat 

high concentrated leachate. Therefore, incorporation of 

an activated sludge process (ASP) and algal pond after 

the LTB could reduce the influent parameters, thus 

improve removal efficiency of the CW to meet the 

desired discharge standards. 
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Community Based Adaptation and Mitigation Strategies in Relation to Water and Crop Management in 

Batticaloa District
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Abstract

Changes in climate affect livelihood of the people through changes in water availability, water quality and 

temperature. Agriculture and climate change are inextricably linked, and thereby changes in climate threaten 

agricultural production. Since climate change is inevitable, proper adaptation and mitigation measures are vital for 

gradual reduction of the adverse effects of climate changes. Hence, the study was carried out in the areas of 

Ayithyamalai, Mankeni, and Selvapuram of Batticaloa District to investigate the prevailing community based 

adaptation and mitigation measures to tackle the problems in water and crop management. Data were collected 

through field visits and questionnaire survey. The study showed that 23.6% of the households have rainwater 

harvesting tanks to rectify the problems of water scarcity in dry season. Water purification was practiced by 54.5% of 

population to get clean water. Moreover, 8.70% of the farmers grow vegetable crops in both Yala and Maha seasons 

instead of paddy. However, 32.7% of the farmers cultivate paddy in Maha season and grow vegetables in Yala season 

while 58.5% of them are cultivate paddy in Maha season only. Since people are not well aware of climate change 

adaptation and mitigation strategies in these study areas, many motivational works and ideas from government and 

NGO sides would help to improve their awareness level on climate change adaptation and mitigation strategies. 

Key  words: Climate change, Rain water harvesting, Water purification

Introduction 

Climate change has emerged as the most prominent of 

the global environmental issues. It threatens 

agricultural production through higher and more 

variable temperatures, changes in precipitation patterns 

and increased occurrence of extreme events such as 

droughts and floods. In addition, short duration extreme 

rainfall leads to unexpected flooding even in dry season 

of the year. 

Batticaloa belongs to dry zone of Sri Lanka. Hence, water 

shortage during dry period is the main concern. 

Agriculture is the predominant sector of the region's 

economies and most people depend directly or 

indirectly upon agriculture. However, precipitation is 

insufficient to meet crop water requirement. In addition, 

quantity and quality of drinking water is not adequate in 

these areas. The greatest impact will continue to be felt 

by the poor who have limited access to water resources. 

Seasonal variability in available water is also critical for 

agriculture. Types of crop grown and extent of 

cultivation depend largely on water availability. Due to 

inadequate drinking water sources, most of the people 

are getting drinking water from canals which are 

already polluted with agro chemicals and animal 

wastes. Vaheesar (2000) has shown that as a 

consequence of the heavy fertilizer applications, the 

risk of leaching significant quantities of nitrate, 

phosphate, potassium and heavy metals to ground 

water from permeable soil can be considered high. In 

the recent past, most farmers lost their investment due 

to unpredicted heavy floods and severe droughts. 

Hence, appropriate crop selection and decision making 

are therefore vital to escape from the impacts of 

extreme weather conditions. There are many potential 

adaptation and mitigation strategies that can be used 

effectively to reduce the effects of climate change. 

Therefore, this study was conducted to identify 
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community based adaptation and mitigation strategies 

which are currently practiced to challenge the impacts of 

climate change in relation to water and crop 

management in Batticaloa District. 

Materials and Methods

This study was aimed to identify the prevailing 

community based adaptation and mitigation strategies 

on water and crop management. Hence, it focused on the 

areas where water problem affects severely. Main source 

of this study was primary data. In this context, three 

most vulnerable regions, namely Ayithyamalai, 

Mankeni, and Selvapuram in Batticaloa district, were 

considered. About 250 households were selected in 

these areas, which accounts 120, 70 and 60, respectively 

based on the population density of these areas. However, 

these samples are not exactly proportionate to the 

population and this is a limitation of this study. Further, 

these area based samples of this study were selected 

with convenience random sampling method, where the 

respondents were basically considered in the sampling 

if he/she has been applying any of adaptation and 

mitigation strategies.

Field visits and questionnaires survey were conducted 

to collect the data. The questionnaire consists of 

structured open ended statements, which are evaluated 

from every respondent's perspective point of view. The 

data entry and analysis were performed using the 

Microsoft Excel Software package to present the results 

with appropriate figures. 

Results and Discussion

Rainwater harvesting and Water Purification

Most of the regions of Batticaloa District encounter 

water shortage during dry spells.  Government and 

NGOs are trying to solve this problem in many ways. 

NGOs promoted roof water harvesting system in some 

selected regions. As a consequence of this effort, 23.6% 

of population has roof rainwater harvesting system 

(Figure1). People collect and store roof falling water 

during rainy season for future use.  However, stored 

water is not adequate for the entire dry spell. In 

addition, population growth leads to increased 

demands for water, expanded drilling of tube wells, and 

thus increased exploitation of groundwater resources.  

Since agriculture employs the greatest portion of the 

population in this district, increase in agricultural 

productivity would help to alleviate poverty in these 

areas. With the increase of population, use of land for 

non-farm and commercial activities as well as for 

housing and other purposes are increasing, thus 

gradually reducing availability of the cultivable land. 

Hence, efficient rainwater harvesting is vital to 

promote home garden in these areas to rectify the 

above land issues.Many Asian countries have made 

efforts to design and develop a wide variety of 

techniques to collect, store and use natural 

precipitation for agricultural purposes. Agarwal and 

Narain (1997) have shown that in some countries, 

development of rainwater harvesting systems is being 

promoted by the authorities as an alternative to the 

high cost large dams and water development projects.

Study also revealed that 54. % of the households purify 

water using different filters before drinking (Figure1). 

Several studies in the dry zone of Sri Lanka showed that 

fluoride content in the ground water is generally higher 

than the acceptable limit for drinking water. Moreover, 

majority of the population In Sri Lanka depends on 

untreated groundwater for their domestic water 

supplies. Hence, rainwater harvesting is a better option 

to provide safe water in a cost-effective and accessible 

manner, particularly for drinking and food preparation. 

However, treatment of harvested rain water in areas 

where pollution is rampant is essential to ensure its 

quality. Der Bruggen and Vandecasteele (2003) have 

shown that nano filtration is the efficient technique for 
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the removal of hardness, natural organic material, 

micropollutants such as pesticides, viruses and bacteria, 

salinity, nitrates and arsenic. 

Crop management in relation to climate change

Selection of crops and extent of cultivation vary from 

season to season and depend largely on water 

availability and seasonal variation in climate. Study 

revealed that 8.7% of the farmers grow vegetables in 

both Maha and Yala seasons while 32.7% of them 

cultivate paddy in Maha and growing vegetables in Yala 

(Figure 2). However, majority of the farmers (58.5%) 

cultivate paddy in Maha season only. People get more 

income from field crops. However, vegetable cultivation 

is being affected by water shortage and extreme climate 

change. Due to high pests and disease attacks and 

frequent flooding, farmers are not willing to grow 

vegetables in Maha season. In addition, climate change is 

likely to bring down the production of key food crops like 

rice and other cereals due to inadequate water supply 

and extreme weather conditions. Increase in average 

temperature reduces rice yield. Saseendran et al. (2004) 

have shown that for every one degree increment the 

decline in yield is about 6%.Appropriate water and crop 

management practices are therefore essential to sustain 

the crop production. Luis et al. (2002) have shown that 

the use of water for agricultural production in water 

scarcity regions requires innovative and sustainable 

research and an appropriate transfer of technologies

Figure 1. Rainwater harvesting and Water purification

Figure  2. Cropping pattern  

Although people are practicing various strategies in 

relation to water and crop management, they are not 

well aware about its effectiveness and suitability. 

Furthermore, these facilities are limited for some 

households. Since water shortage is common problem 

in many areas of the Batticaloa district, collection, 

conservation and proper storage of rainwater are 

essential. The solution to this problem depends largely 

on the development of more effective water 

management practices. Rainwater harvesting is 

effective and inexpensive approach to manage 

rainwater efficiently. However, to be successful, the 

rainwater harvesting system should be maintained 

regularly and it needs to be combined with other 

agricultural technologies and practices including 

water conservation measures, crop management,and 

soil fertility management, as well as the selection of 

suitable crop types such as drought-tolerant crops and 

salinity tolerant crops. In addition, other non 

c o n v e n t i o n a l  w a t e r  r e s o u r c e s  i n c l u d i n g  

saline/brackish water and treated wastewater can be 

used as potential water sources for agricultural 

purposes. 
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Proposed Spatially Distributed Rain Gauges to Improve Rainfall Database in Jaffna District

M.Thushyanthy*
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Abstract

Adequate knowledge of rainfall is important in order to understand the changes and variations in the rainfall of a 

particular location. Jaffna Peninsula consists of the Peninsula and seven inhabited Islands. First rain gauge station 

was established in 1870 and gradually all other rain gauge stations were established all over the Peninsula. There 

were fourteen rainfall data colleting stations during the period of 1960 which were spatially distributed in 

Thenmarachchi, Delt, Jaffna, Island North, Nallur, Vadamarachchi North, Valikamam East, Valikamam North, and 

Valikamam South.  All the instruments in those stations were lost due to the prevailing war in these areas and were not 

functioning till 2013 except only one station which is functioning in Jaffna meteorological station. The gap on 

unavailability of spatial rainfall data misleads inappropriate understanding accurate changes in rainfall of the 

location. Monthly data from 1887 to 2012 of Jaffna meteorological station was used for analysis. The probability of 

exceedance was also analyzed. The frequency analysis of annual series was carried out to obtain a relationship 

between the magnitude of each event and its probability of exceedence. Annual rainfall data from 1961 to 1990 and 

from 2001 to 2010 were considered separately to see the century scale fluctuations. As per the record, only one 

station which is functioning in Jaffna district shows meteorological observations diminished to unrecoverable levels. 

Time series analysis of 122 years of rainfall data shows normal distribution. Rainfall amount during this period varied 

between 571.2 mm to 1964.9 mm with the average of 1255 mm and the 75% of probability of rainfall was 1020 mm. 

During the period of 1961 to 1990,  this value was 1010 mm but, the rainfall of 1220 mm was received on the 

probability plot against 2001 to 2010. This variation in the rainfall in the 75% of probability could be due to the short 

time series. The probability plot was used to get return period value. The time series analysis of rainfall amount could 

be performed well if the rainfall data are spatially distributed all over the Peninsula which subsequently could be used 

to carry out planning activities successfully.

Key  words:  Rainfall, Jaffna, Probability, Frequency 

Introduction 

Jaffna peninsula consists of the peninsula and seven 

inhabited Islands. North, East and West boundaries of 

the district are Indian ocean, South is Jaffna lagoon and 

Kilinochchi District. The land in Jaffna District could be 

characterized as flat with less than 5% slope. There are 

over 631ponds and 2,433 ditches scattered all over the 

district with connecting channels to conserve rainwater. 

2The total land area of the district is 983.6 km . 

Adequate knowledge of rainfall is important in order to 

understand the changes and variations in the rainfall of a 

particular location. The total rainfall received in a given 

period at a location is highly variable from one year to 

another. Hence, the rainfall data analysis is important 

in order to planning of drainage, understand the 

present pattern of agriculture, and to determine the 

proper sequence of agricultural operations and 

suitable cropping pattern. The knowledge also will 

allow predicting the behavior of this natural resource. 

This prediction of rainfall help for future planning by 

defining crop yields expected from the region much 

more accurately and for adaptation measures.It is also 

very important in understanding the rainfall pattern in 

the regions where it is the main source for recharge of 

the groundwater. Hence, the objective of the study was 
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selected as gathering information on installation period 

of spatial distribution of rain gages in Jaffna district and 

analyzing available rainfall data to estimate rainfall 

depths that can be expected for selected probabilities or 

return period from the probability plot.

Materials and Methods

Collection and analysis of rainfall data

Installation period of spatial distribution of rain gages 

was gathered from the available rainfall data. Monthly 

data from 1887 to 2012 from the Jaffna meteorological 

station was used for analysis. Annual rainfall for 

different period was observed to see the variation as 

time series with average rainfall. Homogeneity test was 

performed based on the cumulative deviations from the 

mean (Buishand, 1982). Subsequently it was graphically 

checked for normal distribution. The probability of 

exceedance was analyzed. The frequency analysis of 

annual series was carried to obtain a relationships 

between the magnitude of each event and its probability 

of exceedence according to Haan (1986). Annual rainfall 

data from 1961 to 1990 and from 2001 to 2010 were 

considered separately to see the century scale 

fluctuations. Before analyzing partially, the data was 

checked for homogeneity. The rainfall data of 1991 to 

2000 were not taken for the analysis because of the 

missing data of 42 months due to displacement in the 

district. The data of the time series shows as 

homogeneous and there was no systematic pattern in 

the deviations from their mean.

Results and Discussion 

Spatial distribution of rainfall

First rainfall station in Jafffna District was established 

1870 and gradually established all over the Peninsula. 

There were fourteen rainfall stations during the period 

of 1960 which were spatially distributed at 

Thenmarachchi, Delt, Jaffna, Island North, Nallur, 

Vadamarachchi North, Valikamam East, Valikamam 

North, and Valikamam South areas ( Rajendrum et al., 

2000). The table 1 shows the spatial distribution of rain 

gauge stations in Jaffna district. However, all the 

instruments were lost in these stations due to the war 

and were not functioning till. There is only one station 

is functioning in Jaffna meteorological station at 

present resulting lack of meteorological data available.

The gap on unavailability of spatial rainfall data 

misleads inappropriate understanding on the changes 

in rainfall in a location. According to Kadupitiya et al. 

(2012), the result of climate change vulnerability 

mapping for Sri Lanka, shows that exposure index, 

sensitivity index, adaptive capacity index, vulnerability 

and the rank were as 0.362, 0.024, 0.507, -0.121 and 7 

respectively, for Jaffna district. Out of twenty five 

districts, Jaffna District was classified into low 

vulnerability to climate change. Anyhow re-

establishment of rainfall stations with spatial 

distributions is very essential to forecast the rainfall 

variations and to recommend the adaptation measures 

and planning activities in the future. 

Period Number of rainfall 

stations 

    Period Number of 

rainfall stations 

1871 - 1880 1 1941 - 1950 10 

1881 - 1890 2 1951 - 1960 14 

1891 - 1990 7 1961 - 1970 7 

1991 - 1910 8 1971 - 1980 7 

1911 - 1920 8 1981 - 1990 6 

1921 - 1930 9 1991 - 2000 1 

1931 - 1940 10 2001 - 2010 1 

 

Table 1. Distribution of rainfall stations in Jaffna district
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Rainfall data analysis

There were significant changes in rainfall amount which 

varied between 571.2 mm (1974) to 1964.9 mm (2001). 

The average rainfall for the time series of the year data 

from 1887 to 2012 was 1255 mm. The cumulative 

deviations from the mean of the total annual rainfall data 

for the time series 1887 to 2012 for Jaffna shows 

cumulative deviation fluctuate around zero and are far 

off the lines where the homogeneity is rejected. Hence, 

the data of the time series considered as homogeneous. 

Also there was no systematic pattern in the deviations 

from their mean. The probability plot indicates that the 

data was normally distributed. The Figure 1 shows the 

probability plot of rainfall using 122 years of data and 30 

years of data from 1961 to 1990.  The 75% of probability 

of rainfall was 1020 mm and from 1961 to 1990, the 75% 

of probability of rainfall was 1010 mm. The rainfall of 

1220 mm was received on the probability plot against 

2001 to 2010. This variation in the rainfall of 75% of 

probability could be due to the short time series.    

The probability plot could also be used to get return 

period value of certain rainfall. For example the rainfall 

for 2010 was 1800 mm. While plotting this rainfall in the 

probability plot, the probability of exceedence was 14% 

or this means that less rainfall occurs only on average in 

14 out of 100 years or, probability of non exceedence was 

14%.  The return period for which the rainfall was less 

Figure 1.Probability plot for total rainfall during two different periods.

Rainfall data from 1887 to 2012 Rainfall data from 1961 to 1990

than one in 2010 was (1/.14) 7.14 years. This exercise 

could be used to any rainfall amount; wet or dry years, 

and get the probability and the return period.

The derived probability and return period values could 

be used for planning activities and adaptation 

measures for flood or drought. The runoff water must 

be carefully directed to store in the surface tanks. Since 

the seasonal rainfall is the only source for recharging 

the groundwater aquifer, analysis of rainfall is very 

imperative to take adaptation measures for the proper 

management of groundwater. Rainfall trend analysis 

provides useful data for water resource planning and 

management. As an adaptation measure in Jaffna 

District, all the possible surface ponds must be deepen 

to hold rainfall runoff during rainy season. The natural 

drainage channels which discharge the runoff water to 

ponds and ditches were disturbed due to the 

urbanization and the development activities. Hence, 

there should be some measures to manage the 

probability exceedance rainfall without having flood. 

For all these proposed activities, spatially distributed 

rain gauges are important in Jaffna district.

101

International Symposium on Agriculture and Environment 2013
University of Ruhuna Sri Lanka



References

Buishand, T.A. 1982. Some methods for testing the 

homogeneity of rainfall records.Journal of 

Hydrology, 58:11-27.

Haan, C.T. 1986 Statistical methods in Hydrology.Ames, 

Iowa, USA: 128-160.

Kadupitiya, H.K., Hettiarachchi, A.K.,Punyawardena, 

B.V.R. and Dissanaike T. 2012. Climate change 

vulnerability mapping for Sri Lanka. In: 

Dayawansa NDK, Pathmarajah S and De Silva 

RP (Ed). In: Symposium proceedings of the water 

professionals' Day - 2012, pp.3-19.

Rajendrum, K., Balachandiran, Sand Mikunthan, T. 

2000. Importance of Meteorological 

Measurements in Northern Region of Sri 

Lanka. Pp. 93-114. In: Mikiko T(Ed.) 

Proceedings of the workshop on Planning for 

reconstruction and re-development in 

Northern planning, jointly organized by the 

University of British Colombia, Canada and 

the University of Jaffna on 12- 14 February, 

2000. 

  

102

International Symposium on Agriculture and Environment 2013
University of Ruhuna Sri Lanka



Performance Evaluation of a Screw Type Oil Expeller for Extraction of Sesame Oil

D.M.S.P . Bandara*, T.M.R.  Dissanayake, H.M.A.P. Rathnayake and D.P.C . Swarnasiri

Institute of Post Harvest Technology, Jayanthi Mawatha, Anuradhapura, Sri Lanka

Abstract

Sesame, (Sesamum indicum) is one of the oldest and important oil seed crop in the world. Mechanized medium scale 

method has not been previously applied in the oil expelling industry for sesame seed in Sri Lanka. A study was carried 

out to evaluate the performance of a medium scale screw type oil expeller for extracting sesame oil. The popular screw 

type machine with 25 mm shaft pitch, 75x315 mm internal barrel and 4 kW three phase motor was used. The 

development was made in order to increase the oil expelling efficiency in terms of extract bar clearance, speed of the 

main spiral shaft and outer body closer to the exhaust outlet. The optimum yield of oil was 44% obtained under 0.2 

mm and 0.3 mm barrel shaft clearance and the main spiral shaft speed of 75 rpm.     The quality of refined oil at 

maximum oil yield was carried out in terms of saponification value, free fatty acid, specific gravity and color. The 
-3 saponification value, free fatty acid and specific gravity are 182.33, 3.3.12 % and 0.917 gcm , respectively. Color of the 

sesame oil was closer to the yellow which reveals by the lightness value (L*) of 26 and positive value (b) of 8.27. The 

capacity and energy consumption per kilograms of refined sesame oil were 39 kg/hr and 0.103 kWh/kg. This study 

reveals that sesame oil could be obtained using the screw type oil expeller, getting successes for medium scale 

entrepreneur respect to the traditional Sekku method.

Key  words: Sesame oil, Oil extraction, Oil expellers 

Introduction

The sesame is one of the world most important and 

oldest known oil seed crop (Abou- Gharbia et al. 1997).  

The sesame crop is adapted and cultivated both in the 

tropic and temperate zones of the world (Biabani and 

Pakniyat, 2008). It is grown mostly for the oil extraction 

from the seed which is edible and use for industrial and 

pharmaceutical purposes. The oil is used in the 

production of perfumes, skin conditioning agents, 

moisturizers, hair creams, bath oil, insecticides, paints, 

vanishes and drugs. 

Due to the wider use and importance, sesame has been 

named as a national high priority crop in Sri Lanka. But 

sesame oil is highly expensive and not freely available 

for consumers. One of the main constrain for this is 

unavailability of efficient oil processing machinery and 

equipments in the market.

The extraction of sesame oil from the sesame seed is 

not a completely automated process in Sri Lanka. Even 

at present, it is done by using the traditional method 
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Figure 1. Sectional view of the screw type oil expeller
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called “Sekku”. However, in some instance, screw type 

coconut extractors are being used for extraction of 

sesame oil.  But, none of the methods has been 

previously evaluated for their performance. Most of the 

time, people in different production sectors request a 

perfect medium scale method for sesame oil extraction. 

Hence, this study aims at evaluating the most common 

type of extractor available in the market with an 

intension to improve its performance to achieve 

maximum extraction efficiency.

Materials and Methods

At the first stage, extract bars clearance was adjusted 

from 0.2 mm to 0.3 mm. The rotational speed was set up 

for four different speeds varying drive pulley diameter 

2.5", 3", 4” extras and 6" inbuilt. As the drive shaft 

diameter is one inch, the smallest pulley diameter 

compatible with the drive shaft could only be 2.5 inches. 

The following Table shows how the speed varied using 

different drive pulleys and their speed ratios. The 

sample obtained from “Sekku” traditional method was 

taken into consideration.   

A homogeneous bulk sample of sesame seed, MI-2, 

which is popular in Sri Lanka was used for the 

experiment. For the each run, three kilogram of sesame 

was used and a total of four combinations, with two 

passes through the machine, were used for the 

experiment. Each combination was replicated three 

times.

The yields of the oil for different samples were 

calculated as below.

Combination 
No: 

Diameter of Drive 
pulley/(inch) 

Diameter of Driven 
pulley/(inch) 

Speed 
ratio 

Speed of screw 
shaft/RPM 

1 2.5 12 30:1 75 
2 3 12 16:1 90 
3 4 12 12:1 120 
4 6 12 8:1 180 
5 “Sekku” method 

 

Table 1. Pulleys arrangement for Different speed Combinations

Oy = x100 …… (1)

Where,

Oy =Oil yield

     O    = Crude oil recovered            

     S     = Mass of the sesame fed

Machine capacity was calculated for each combination.

 

C =        x  100 …… (2)

Where,

     C   = Machine capacity

     S    = Mass of the sesame fed             

    T     = Time taken for processing

The energy consumption was calculated by 

considering power consumed by the oil expeller.

E =         x  100 …… (3)

Where,

      E  = Energy consumption

      P  = Electrical power consumed             

                      O  = Crude oil recovered

Specific Gravity was calculated using the equations 

mentioned below.

…… (4)

Where,

    SG = Specific Gravity

   Ww = Sample weight

  Sv    = Sample volume  

0

s

P

O

P

O

100́=
Sv

Ww
SG
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According to the AOCS method Saponification value was 

calculated.

SP =  (B -S) x 28.05                                          ….… (5)

               Gram of Sample

Where,

B - ml of HCl required by Blank.

  S - ml of HCl required by Sample.

Percentage of free fatty acid (FFA) oil was calculated 

according to the AOCS method.

FFA (%) =V - B*N  * 28.2/W                                 …… (6)f

Where,

FFA = Free Fatty Acid

V      = Volume of the NaOH consumed (ml.)

B      = Volume of NaOH consumed during blank 

titration (ml.)

W     = Weight of oil sample (g)

N       = Normality of NaOH factorf

The color of the oil samples was determined using a 

Chroma meter. Readings of L*a*b values were taken.

Data were analyzed using Analysis of Variance (ANOVA) 

by Statistical Analysis System.

Results and Discussion

The modification was made including extension of 

extract bar clearance and overflow outlet. This screw 

type oil expeller normally uses for coconut oil extraction. 

The extract bar clearance that was originally 0.1 mm was 

adjusted to 0.2 mm one side and 0.3 mm other side to 

suits sesame. Another problem was encountered in 

pressure releasing outlet on the cylindrical body. 

Before performing the cake, the mixer came out 

through this whole was mixed with the extracting oil. 

This will affect the quality of extracted oil. To overcome 

this problem the modification was made to direct the 

pressed mixer to the cake outlet. After the above 

modification, changing the speed ratios of the machine, 

the oil expelling trials were conducted as per the speed 

stated in Table 1. To evaluate the machinery 

performance, crude oil yield, machine capacity and 

energy consumption at different speed of screw shaft 

were calculated.

Raw sesame contained ~53% of oil. As shown in the 

Table 2, there is no oil extraction happened at the speed 

of 180 rpm. And it shows the crude oil yield has been 

increased when the speed of the screw shaft decreased. 

The maximum oil yield, 44% was obtained at the speed 

of 75 rpm. This speed is the lowest level of speed that 

only could be achieved by this machine. There is a 

significant change in between each and every speed 

level. Beyond this level, pulley diameter of this selected 

machine could not be achieved. To get the speed lower 

than 75 rpm, it is needed to modify the entire screw 

shaft that was not the objective of this study.  The 

highest machinery capacity 39 kg/hr was also achieved 

at the speed of 75 rpm and it is the most significant 

change. The energy consumption during the extraction 

Combi
nation  
No 

Oil yield/ 
(%) 
(Crude 
Oil) 

Machine 
Capacity  
/(kg/h) 

Energy 
consumpti
on /per 
1kg 
(kWh/kg) 

Saponificati
on  Value 

Colour  Value 
( As per HUE) 

Specific 
gravity/ 
(gcm-3) 

Free Fatty 
Acid Content 
(%) 

L a b 

1 44a 39a 0.103c 182.33a 26.00 a -1.48 8.27 0.917a 3.12c 
2 39b 12b 0.333b 181.48b 24.93b -2.02 11.81 0.907b 3.75a 
3 25d 6c 0.667a 176.71c 23.44 c -0.88 10.71 0.815c 3.69b 
5 - - - 182.02 a  26.02 a -1.64 10.28 0.910 a 3.20 c  
 

*Any two means in the same column followed by different letters differ significantly according to Duncan's multiple 

range test (P<0.05).

Table 2. Machinery and quality parameters at different combinations and the Sekku method
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per kilogram of oil that is 0.103kWh/kg is significant at 

the lowest speed. Considering the percentage of oil yield, 

machine capacity and energy consumption during 

expelling, and the best performance is given at the speed 

of 75 rpm that only could be achieved if the machine is in 

optimum level.   An oil-rich seed such as sesame seed or 

groundnut yields about 5 percent less oil in a traditional 

than in a mechanical expeller. (  

visited on 06.03.2013)

The chemical properties of the oil are amongst the most 

important properties that determines the quality of the 

oil. Free fatty acid and peroxide values are valuable 

measures of oil quality. In this study, important 

parameters; Saponification value and the Free Fatty acid 

were measured. Saponification value is significant for 

every three machine combinations and there is 

insignificance between the 75 rpm speed of the machine 

and the Sekku method. The saponification value of 

samples that were recorded for the machine speed of 75 

rpm and for the Sekku method were 182.33 and 182.02, 

respectively. According to the SLSI standards the 

saponification value for sesame oil is in between 188-

193. 

Though the Free Fatty Acid value of sesame oil according 

to the SLSI standards is 2.5%, all the samples in Table 2 

exceed the 3.12%. While FFA value is significance among 

the machine combinations, so there is a similar 

significance value in the 75 rpm speed of the machine 

and the Sekku method. 

According to the Hunter lab L*,a,b color spaces, positive 

a is red, Negative a is green, Positive b is yellow, Negative 

b is blue and L value gives the lightness index of the 

sample. Table 2 shows that all the samples are comply 

with positive b values which confirmed all four samples 

are yellow in color.  The L value is significant among the 

machine combinations and it is insignificance in 

http://www.fao.org

combination 1 and 5. It clearly shows when the 

machine speed decreases, the lightness of the color 

increase. There is no significant change in color 

between the speed of 75 rpm and Sekku method.

The screw type oil expeller which is commonly used in 

Sri Lanka for extraction of coconut oil in medium and 

small scale production can be efficiently used for 

extracting sesame oil. The optimum process 

parameters for expression of highest yield of crude oil 

at 44 % and machine capacity 39kg/hr were obtained 

under 0.2 mm and 0.3 mm barrel shaft clearance and 

the main spiral shaft speed of 75 rpm at the rate of 

energy consumption 0.103kWh/kg. 
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*D.M.C.C. Gunathilake  and  B.M.K.S. Thilakaratne

R & D Center, Institute of Post Harvest Technology, Jayanthi Mawatha, Anuradhapura, Sri Lanka 

Abstract

Studies conducted in Sri Lanka have shown that significant amount of maize is lost during post-production operations 

due to improper post harvest techniques. Hermetically sealed modified atmospheric cocoon storage is one of the 

advanced grain storage methods for commercial level storage. This research is focused on the effect of modified 

atmospheric conditions of sealed cocoons for physical properties and quality conditions of maize seed under local 

climatic conditions. Initial values of thousand kernel weight, bulk density, hardness, colour, immature seed %, 

damaged seed % and impurities %, of maize seed were compared with those values obtain after 8 months storage in 

two methods i.e. large capacity (1100kg) hermetic cocoon and conventional warehouse storage. Oxygen level inside 

the hermetically sealed cocoon took 2 weeks to reduce 20.5 to 0.4%. Temperature fluctuation inside the hermetic 

cocoon was very low in comparison with warehouse. Hermetically sealed cocoon maize seed sample reported similar 

values as its initial values in terms impurities %, and damaged seed % after 8 months storages, however they were 

changed significantly in warehouse sample. Change of thousand kernel weight/mass maize seed during storage 

period was significantly low in cocoon sample. Bulk density and paddy kernel hardness values were significantly 

reduced in both storage methods from its initial values. Finally, it can be concluded that hermetically sealed cocoon 

storage has more advantages to preserve seed quality characteristics in comparison to conventional warehouse 

storage for large capacity commercial storage. However, hermetically sealed condition must be maintained 

throughout storage period to gain these advantages.

Key words: Commercial maize seed storage, Hermetically sealed cocoon, Maize Quality, Weight loss 

Introduction

Maize is the most widely cultivated cereal crop in the 

world after wheat and rice. It is also the second most 

important grain cultivated in Sri Lanka. The loss 

assessment studies conducted in Sri Lanka have shown 

that nearly 13 to 18% of maize was lost during 

postproduction operations from which a greater amount 

is lost during their storage practices due to climatic 

conditions in Sri Lanka (Fernando et al., 1988).  Sri Lanka 

is tropical island hence high environment temperature 

and humidity can be observed most of the months in 

year. These conditions are favorable for microbial 

growth such as fungus and secrete aflatoxin substances 

to maize the seed. Hermetically sealed storage (modified 

atmospheric storage) is one of the suitable storage 

methods for grain because it prevents maize seed from 

most of the storage problems. Maize seed need be dried 

up to 12% moisture content before hermetic storage 

(Donahaye et al., 1991). Few studies conducted in Sri 

Lanka and many others studies in elsewhere have 

revealed that growth of fungus, insect and pests were 

inhibit under the hermetic storage conditions and also 

metabolic rate of grain was decreased due to lack of 

oxygen. Donahaye et al. (1991) and Chin and Kieu 

(2006). However, it is not reported research studies 

performed in Sri Lanka for evaluation of physical and 

quality changers of maize seed under large quantity 

(more than 1000kg) hermetic storage in local climatic 

conditions. Therefore this research study has been 

focused to evaluate and comparison of conditions, 

change of thousand kernel mass/weight, bulk density, 

hardness, colour, immature seed%, damaged seed % 
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and impurities %, for 8 months storage period of 

hermetically sealed large capacity cocoon storage and 

conventional warehouse storage of maize seed. 

Materials and Methods

Freshly harvested locally grown maize seeds were used 

for experiment. And seeds were dried up to 12.5% 

moisture content. Commercial level grain storage 

cocoons are available in 1Mt to 500Mt capacity. The 1Mt 

capacity cocoon is used for this study. The 1100kg of 

maize seed bagged in 22 poly-sack bags and they were 

stored/placed inside 1Mt capacity cocoon length, width 

and height 1.2m, 1.1m and 1.6m and sealed. Cocoon was 

placed in inside length, width and height 30m, 15m and 

5m size warehouse and same maize seed containing 22 

poly-sack bags were stored/placed in same warehouse 

as a conventional storage method. Thousand kernel 

mass/weight, bulk density, hardness, colour, immature 

seed percentage, damaged seed percentage and 

impurities percentage, were measured before storage. 

Oxygen level inside the sealed cocoons was measured by 

oxygen level monitoring meter (GP02-0583564) daily 

until it becomes constant. When it becomes constant, it 

measured in once in two weeks of intervals. Inside 

temperature of hermetically sealed cocoon and 

warehouse were measured using thermo couples. Maize 

seed colour was measured by using Mini-scan XE plus 

Hunter Lab Colorimeter. L, a, b value were measured as 

colour value. Compression test (yield stress) was 

carried out to measure maize kernel hardness. Grain 

hardness tester had been adapted to perform a 

compression test. Force at rupture was considered as 

the hardness. Five seeds were subjected to compression 

test and the average was considered. For calculation of 

impurities percentage, immature seed percentage, and 

damaged seed percentage representative working 

sample of 100g of maize seed in each treatment were 

obtained by using sample divider. Impurities 

percentage, damaged seed percentage and immature 

seed percentage were calculated by flowing equations 

respectively.

Each treatment was replicated three times. Analysis of 

Variance (ANOVA) on Complete Randomized Design 

(CRD) by General Liner Model (GLM) procedure was 

performed and also treatment means were separated 

by the Duncan's Multiple Range Test (DMTR) at á = 0.05 

level of significance.

Results and Discussion

Change of oxygen level and temperature inside the 

hermetically sealed cocoon

Oxygen level inside the cocoon reduced substantially to 

0.4% from the environment O  level of 20.5% within 2 2

weeks of period. It was reported minimum constant 

oxygen level 0.4% after that it was fluctuated 0.4% to 

0.5% until 8 months experimental period. Figure 1 is 

shown the temperature change inside the hermetically 

sealed cocoon and warehouse. It was clear from the 

results that the temperature fluctuation was low inside 

the cocoon in comparison to warehouse temperature 

fluctuation. 

Impurities percentage = 

Damaged seed 
percentage  

Immature seed 
percentage  

Weight of the impurities

Weight of the sample

Weight of the damaged seeds
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Figure1. Change of temperature inside cocoon and 

                  outside environment (warehouse)
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Comparison of initial quality parameters and physical 

properties values of maize seed with hermetic cocoon 

and warehouse storage after 8months.  

Maize kernel moisture content was not observed 

significant difference between initial hermetically 

sealed and warehouse samples. Average moisture 

content was 12.50, 12.52 and 12.81% in initial samples, 

hermetically sealed and warehouse samples 

respectively. Comparison of initial maize seed quality 

values such as impurities percentage, immature seed 

percentage and damaged seed percentage with 

warehouse sample and cocoon sample after 8 months 

trial period has been shown, warehouse samples after 8 

months storage were significantly differ from initial 

values in terms of impurities percentage and damaged 

seed percentage. However, these values were not 

changed significantly from its initial quality values in 

hermetically sealed storage samples after 8 months 

storage. Immature seed percentage not significantly 

changed from its initial value in both treatment and 

control. Insect pest and fungal attack were major caused 

to alter quality values of warehouse paddy seed sample. 

However, insect pest and fungal attacks were not 

observed in hermetically sealed cocoon sample. Growth 

of fungus, insect and pests were inhibiting under the 

hermetically sealed storage conditions and also 

metabolic rate of grain was decreased due to lack of 

oxygen Donahaye et al. (1991), Chin and Kieu, (2006) 

and Villers et al (2009). In contrast, the impurity 

percentage may be increased in warehouse sample due 

to deterioration of seed by high metabolic rate of seed, 

secretions of insect and totally damaged seed by insect. 

Table 1 is shown the results of the mean comparison by 

Duncan Multiple Range Test. It was clear from the 

results that kernel weight/mass was reducing with 

storage duration. However it was reducing slowly in 

hermetically sealed cocoon than conventional 

warehouse storage. Hence, significantly different 

thousand kernel weight/mass can be observed in 

conventional warehouse sample after 8 months 

storage in comparison to hermetically sealed storage. 

Hermetically sealed storage sample reported similar 

value of thousand kernel weight/mass to its initial 

value. Insect past damage was one of the major reasons 

for weight losses of stored grain. However, insect pest 

damage was not occurred under hermetically sealed 

condition Donahaye et al. (1991,) Respiration/ 

metabolic rate of maize seed also become very low due 

to low oxygen level Villers et al. (2009). Stored starch 

used very slowly by grain hence, weight loss due to 

respiration or metabolic function of grain was also very 

low. Initial value of bulk density and hardness of the 

maize seed were significantly reduced in both storage 

methods from its initial value. Maize kernel colour was 

reducing with storage duration in both, treatment and 

control time against its initial value but it was not 

significant. However, conventional warehouse sample 

showed high colour reduction in comparison to cocoon 

storage in terms of L value (lightness value). 

  Storage method MC IM% DS% IS% TKW BD Hd KC 

L a b 

  Initial 
  Mean values 

12.50a 0.289a 4.03a 3.39a 292.2a 816.3a 16.74a 61.94a 6.37 a 28.17 a 

  Cocoon  
  Mean values 

12.52a 0.302a 4.59a 3.78a 279.9a 730.5b 14.32b 55.80b 8.01a 18.59 b 

  Warehouse 
  Mean values  

12.81a 3.988b 14.81b 4.08a 220.2b 724.2b 12.83c 52.19b 5.36a 18.02 b 

 
* Columns having same letter are not significantly difference at  P> 0.05 by DMRT

Table 1. Different grain parameters stored under different storage conditions
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Oxygen level reduced from 20.5% to 0.4% constant level 

in maize seed stored cocoon by 2 weeks duration. The 

inside temperature of the hermetic cocoon showed less 

fluctuation in comparison to outside environment 

temperature fluctuation. Hermetically sealed cocoon 

maize seed samples reported similar values as its initial 

values in terms of quality parameters such as impurities 

percentage, immature seed percentage and damaged 

seed percentage after 8 months storages. Results also 

revealed that weight/mass losses were also minimum in 

sealed cocoon in comparison to conventional 

warehouse storage. Hermetically sealed storage 

preserves kennel mass. Hardness (textural of maize 

seeds) bulk density and seed colour were reduced even 

in hermetically sealed/modified atmospheric storage. 

Finally it can be concluded that commercial hermetically 

sealed cocoon storage method has more advantages in 

comparison to conventional warehouse storage. 

However, hermetically sealed condition must be 

maintained throughout storage period to gain these 

advantages.   
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Abstract

Agriculture has widespread impacts on quantity and quality of water resources. The water footprint (WF) is a metric 

that quantifies the environmental impacts related to water use. Impacts of rain-fed potato production in the 

Manawatu Region of New Zealand were assessed using the hydrological water-balance method of water footprinting.  

Hydrological components of this cropping system were quantified using a model validated with field measurements 

including the changing soil-water content (green water) and drainage that recharges groundwater (blue water). The 

impact of potato cultivation on soil water store was negligible. Potato production was found to be contributed to 

recharge ground water at the rate of 72 L/kg of potato harvested. Therefore, this production system has no 

deleterious impact on quantity of water resources. However, concentration of nitrate in the drainage was found to be 

at the limit for drinking water in New Zealand which is 11.3 mg of NO -N/L. The potential options through fertilizer 3

management to reduce these impacts were identified.  These were found to improve the system reducing the impacts. 

Water footprint, therefore, is a useful metric that quantifies the impact of agricultural water use on water resources. 

Key  words: Groundwater, Grey water, Hydrology, Impacts 

Introduction

Protecting and sustaining global water-resources is one 

of the most challenging issues facing the world.  Future 

food security is threatened by the continued increase in 

demand for water. Agriculture is, by far, the largest 

consumer of global freshwater, with irrigation 

accounting for more than 70% of water withdrawals. 

Crop development programmes in recent years have led 

to highly productive cultivars that require intensive 

management along with fertilizers and other 

agrichemicals, plus irrigation. Drainage from such highly 

productive agricultural lands is increasingly being 

perceived as a major contributor to off-site 

environmental impacts.

Water footprinting is a method that can be used to 

understand the environmental impacts related to water 

use and water-borne emissions. In water footprinting, 

three water colours are distinguished: blue, green and 

grey . The 'blue water' refers to the surface and/or 

groundwater used by the production system. The 

'green water' refers to the rain water stored in the soil 

and used by plants. The 'grey water' indicates water 

pollution due to leaching and runoff of agrichemicals 

from the production system. Among the different 

methods that have been proposed for water 

footprinting, the hydrological water-balance method 

has shown to provide a better understanding of the 

local hydrological impact of agricultural production 

systems . The main objective of this study was to assess 

the impact of a commercial potato production system 

on water resources in the Manawatu Region in New 

Zealand. 

Materials and Methods

The impacts on local water resources due to rain-fed 

potato cultivation in the Manawatu region of New 

Zealand were assessed using the hydrological water-

balance method of WF  for the year 2011/12. The soil 

type was Manawatu sandy loam (Dystric Fluventic 
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Eutrochrept). Impacts were assessed by considering the 

two main water resources: the groundwater of the blue-

water resource; and the soil-moisture store of the green-

water resource. The net uses of these two resources are 

considered here as the blue and green-water footprints, 

respectively . 

Tension fluxmeters were used to measure drainage 

under the root zone. Drainage volume was measured, 

and sub-samples were analysed for the nitrate-N and 

ammonium-N concentrations using a Foss FIAStar 5000 

flow injection analyzer (Foss Tecator AB, Höganäs, 

Sweden). The soil-water content was measured using 

eight, three-wire Time Domain Reflectometer (TDR) 

probes of 30 cm length.  The green-WF was quantified as 

being the difference in the stored soil water content in 

the soil profile between the start and the end of the 

season. The field measurements of soil water content 

and drainage were combined with Soil Plant 

Atmosphere System Model (SPASMO)  to simulate the 

soil-water dynamics and solute transport by 

considering a 40-year period (1972 to 2012) of weather 

data. So that calculated WF would not be biased towards 

any particular year, and would provide the stochastics 

associated with the average results.

The impact on water quality was assessed using the 

grey-WF being the volume of freshwater needed to 

'dilute' the nitrate reaching the blue-water resource to 

an acceptable water quality standard   (Eq. 1). 

(Eq. 1).

Here, WF [L/kg of potatoes], is the freshwater Grey  

required to 'dilute' the runoff and leachate to an 

accepted water quality standard, L is the net-load of 

pollutants from the system [mg-NO -N/ha], C is the 3 m 

maximum acceptable concentration of nitrate [mg-NO -3

N/L] given by the local authorities. The natural 

( )[ ]YCCLWF nmGrey // -=

concentration C  is the NO -N concentration in the n 3

receiving water body as if there has been no human 

intervention . Here, Y is the marketable potato yield 

[kg/ha]. The load of nitrate (kg NO -N/ha) was 3

quantified by multiplying the drainage volume by 

concentration of NO -N in the drainage.3

Results and Discussion

The impact on the quantity of water resources: blue 

and green water footprints

The soil water contents simulated by the SPASMO 

model showed good agreement with the field 

measurements  using TDR (Figure 1) .  The 

measurement and modelling results showed the 

annual change in soil-water content was negligible, 

since in the profile soil moisture content is returned to 

field capacity by the winter rains. Therefore, the impact 

of green-water consumption, by the crop, on the green-

water resource is insignificant. 

The measurements of drainage using fluxmeters were 

high during the 2011/12 season. This is mainly 

because this season was wetter than the average year. 

The modelled average drainage of 245 mm/y, and the 

predicted yield of 44 tonne/ha were used to calculate 

blue WF. The blue WF was negative because no 

groundwater was extracted for the cultivation, and 

rather there was net recharge of 72 L/kg. Therefore, 

Figure 1.   Soil water content stored in the top 90 cm 

                     of the soil profile as measured using the 

                     mean of eight Time Domain Reflectometry 

                     (TDR) probes (red) along with the prediction 

                     using SPASMO model (blue). 
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the blue-WF is -72 L/kg which indicates that this potato 

cultivation has no deleterious impact on the quantity of 

water resources.

The impact on the quality of water resources: the grey 

water footprint

Since the ammonium-N concentrations in the drainage 

were found to be negligible, the grey-WF was attributed 

only to NO -N. By using Eq. 1, the grey-WF was quantified 3

as 55.9 L/kg.  For C  New Zealand drinking water m,

standard of 11.3 mg NO -N/L was used.  The natural 3

concentration C  was assumed to be zero. The load, L n

used here was 27.8 kg of NO -N/ha as predicted by the 3

model. The average concentration of NO -N in the 3

drainage was 11.3 mg /L which is exactly the drinking 

water standard. This indicates current practice has some 

adverse impact on the quality of the receiving 

groundwater resources.

Reducing water footprints

The main impact of the studied system on water 

resources was due to leaching of nitrate to groundwater 

resource. According to our measurements, 71 % of 

leached NO -N occurred during the first 30 days after 3

planting, and 90% occurred during the first 60 days. This 

is mainly because of the low plant-nitrogen demand 

during this period and  fertilizer applied at the time of 

planting.  

To identify possible options to reduce the grey WF, three 

fertilizer application scenarios, together with the 

current practice, were considered. The Early application 

was at the time of planting, Splitx2 was half applied at 

planting and the rest was at ridging 28 days after 

planting (DAP). Splitx3 was each 1/3 of fertilizer applied 

at planting, 28 days, and at mounding at 55 DAP. The Late 

application was once at 55 DAP.  For all the scenarios, the 

amount of fertilizer used was 120 kg N/ha, in which 68 

+ -kg/ha was in the form of NH  and 52 kg/ha was NO . 4 3

The model prediction showed that the Split 

applications and Late application of N fertilizer 

decreased the grey-WF. The grey WF reduced to 50.6, 

50.9 and 48.9 L/kg with the Splitx2, Splitx3 and Late 

applications, respectively. Potato yield would not be 

compromised. Therefore, managing fertilizer with 

these split applications is an effective and viable option 

to reduce the impact on the water quality, but will 

depend on the ease and cost of extra application of 

fertilizer. The choice of the dates for the splits 

corresponds to existing trafficking events, namely 

ridging (28 DAP) and mounding (55 DAP), so that there 

would be no additional costs of the tractor usage for the 

applications.

The measurements and modelling indicate that this 

potato production system has no deleterious impact on 

water resources in terms of quantity and contributes to 

recharge of ground water at the rate of 72 L/kg of 

potato harvested. However, the average concentration 

of NO -N in the drainage was 11.3 mg /L which is 3

exactly the limit of drinking water standard.   The 

modelling of different fertilizer application scenarios 

indicated that splitting N rate into two or three 

applications, or having a late application at 55 days 

after planting, would reduce the leaching of nitrate, 

shrink the grey-WF and lower the nitrate loading. 

Water footprint, therefore, is a useful metric that 

quantifies the impact of water use on water resources. 

It can also be used to identify improvement options to 

reduce those impacts, if right protocols are used.
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Abstract

The newly emerged wireless sensor network (WSN) technology has spread rapidly into agriculture and farming 

industry, seeking this cost effective technology to improve its production and enhance agriculture yield standard 

through environmental monitoring. This agricultural environment monitoring system could monitor the 

environmental information on the outdoors remotely and it could be expected that, it will contribute for increasing 

crop yields and improving quality of the agriculture field by supporting the decision making of crop producers 

through analysis of the collected information. This system consists of set of sensor nodes and one centralized 

controller. Sensor nodes gather environmental conditions temperature, relative humidity and soil moisture of the 

field and transmit those data to a centralized controller. Centralized controller gathers all the data coming from each 

and every sensor node then sends those data to the server. Received data are stored in the database in the PC and allow 

it to be analyzed and displayed as needed. Each and every node and centralized controller are powered by solar panels 

and battery backup which are established near each and every unit. According to the results, it gives more accurate 

temperature and humidity measurement of the field. This is a very low cost system with low power consumption and 

therefore can be an ideal system for a developing country like Sri Lanka.

Key  words:  Agriculture, Humidity, Temperature, Wireless sensor network

Introduction 

Agriculture is most ancient activity of the citizens in Sri 

Lanka which is very vital to the country. These days, 

farmers start to enhance their farm and try to improve 

their production, quality and profit.  To get maximum 

profit, farmers should use their resources optimally so 

that they need to forecast environmental conditions and 

other requirements according to the plant. To achieve 

this, farmers needs to use new technology. Xia (2011) 

has shown that using traditional agriculture techniques 

farmers face lot of problems, mainly poor real-time data 

acquisition, small amount of sampled data, difficulty in 

providing varying measurement rate, small monitoring 

coverage area, and excessive manpower requirement. 

Then the concept of precision agriculture has been 

around for some time. Precision Agriculture Monitor 

System is an intelligent system which can monitor the 

agricultural environments of crops and provides service 

to farmers. Palma et al. (2010) have shown that the 

WSNs have become the most suitable technology to fit 

an invasive method of monitoring the agricultural 

environment. Using those systems, farmers can collect 

environmental information such as temperature, 

humidity, barometric pressure, soil moisture and pH. 

Those collected data can be stored in a database and 

those data will provide suitable information for 

farmers to take decisions. The time, energy and 

required employees of the farm decrease by large 

amount and allow faster deployment and installation 

of various types of sensors. Also farmers can get 

decisions at the right time. So that, some farmers 

practicing different type of WSNs but the problem is 

those systems are very expensive and farmers should 

pay extra money to the service providers because those 

systems use satellite and telephone network to transfer 

collected data to the database. 
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Our main object is to develop a WSN which does not use 

satellite or telephone network to transfer collected data 

to the data base. Other objectives are to reduce the 

operational and maintenance cost than the current 

approaches.

Materials and Methods

This proposed system consists of 3 main sections. Those 

are,  

1. Sensor node and power supply unit

2. Centralized unit

3. Sever with MSQL database.

Every sensor node takes three parameters from the 

field; those are temperature, humidity and soil moisture. 

These measurements are taken through the DHT22 

(digital temperature and humidity sensors) and soil 

moisture sensor. These sensors are connected to the 

Arduino measured data transmit to the centralized unit 

through the nRF24L01+ antenna. This antenna uses a 

2.4 GHz radio frequency to transmit data. Each sensor 

node is kept sleep while it is not operating to saves the 

power.

Figure 1.   Architecture of the sensor node

Solar power is used to power up the nodes. Power 

supply unit has two solar panels and two rechargeable 

lithium - ion batteries (2x3.7 V) and a power 

management unit. Rechargeable batteries are charged 

by solar cells. Under bright sunlight, the battery bank 

charged while supplying power to the sensor nodes 

directly from the solar panel. When the sunlight is 

insufficient to power up the sensor node, batteries 

supply power to the node while discharging the 

batteries. To swing between two power sources the 

power management system is used. Arduino detect 

battery level and send to the centralized unit. Figure 1 

shows the sensor node architecture.

Centralized unit consist of nRF24L01+ transceiver 

which is connected to the Arduino micro controller. 

NRF24L01+ transceiver receives the data transmitted 

by each sensor node. Centralized unit re-transmit 

those data to the MYSQL data base through the 

nRF24L01+ transceiver. Centralized unit has a LCD 

display, which shows current status of the network and 

it has a LED indicator to indicate any failure node. If all 
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nodes are working properly, green LED blinks and if 

there is any failure, red LED blinks under the node 

number.

Sever side consists with an Arduino micro controller and 

nRF24L01+ transceiver. This unit serially communicate 

with server and the sever stored these data in mySQL 

database. The interface between the server and Arduino 

micro controller is made by the C# programming 

language.

Results and Discussion 

In this study, WSN is developed with three sensor node, 

one centralized unit and MySQL data base. This study 

was mainly considered on battery performance and 

accuracy of the DHT22 sensor collected data and soil 

moisture sensor measurements. Using these results 

created WSN mesh network can be evaluated. Every 

node transmits data directly to the centralized unit or 

through other sensor nodes. If some nodes are at 50 m 

away from the centralized unit, it sends data thorough 

the near sensor node. Every node connects to the six 

neighbor nodes and using those nodes collected data 

Figure2. Battery performance of the unit with time

transmit to the centralized unit. According to network 

design, network can increase their number of nodes 

without any problem.

Sensor node and centralized unit use solar power and 

battery power. It use the 12 V, 10 W solar panel and two 

3.7 V, 3000 mAh lithium-ion batteries. Solar use to 

recharge batteries and supply power to the node if it 

has enough power. Figure 2 shows the battery 

performance with the time when the node works at full 

load without sleeping.

According to the Figure 2, batteries were able to power 

up sensor node nearly 5 hours and after that node data 

transmission was stoped. During this period, sensors 

get data every 2 seconds and transmit those data to the 

centralized unit. In this time period, solar panels 

disconnected from the sensor node. Fully charged 

batteries start at nearly 8 V because lithium-ion 

batteries can charge to 4 V whether they marked as 3.7 

V. Two batteries connected in series to give 6 V to 

Arduino micro controller. In this type of network, 

power consumption is very important thing.  Here, 

117

International Symposium on Agriculture and Environment 2013
University of Ruhuna Sri Lanka



main power consuming equipment is Arduino micro 

controller and antenna. NRF24L01+ antenna needs 3.3 V 

for operation and current, and this varies with the 

transmitting distance.Power required to the antenna is 

very small. Temperature and humidity are measured by 

the DHT22 sensor. Using this type of sensor, we can get 

very accurate measurements of temperature and 

humidity. 

Performance of temperature Performance of humidity Soil moisture level 

Wsn 

value 

Thermometer 

reading 

Error Wsn value Wet and dry 

Thermometer 

reading 

Error Soil moisture 

level (%) 

Sensor output 

28 28 0 80 78 2 5.263158 1022.1 

30 30 0 75 74 1 9.505703 1021.5 

32 31 1 72 69 3 14.00778 1009.2 

33 33 0 68 66 2 18.85246 970.9 

35 34 1 66 63 3 24.4898 872.2 

38 37 1 63 61 2 30.56769 745.1 

39 36 3 59 58 1 32.88591 549.9 

42 39 3 55 53 2 38.46154 400.6 

44 40 4 47 45 2 43.78109 359.6 

46 45 1 44 40 4 49.5283 359.8 

47 46 1  

 

 

 

 

 

 

 

 

 

 

 

 

 

51 51 0 

52 53 -1 

53 55 -2 

57 58 -1 

59 60 -1 

60 62 -2 

     

 

Soil moisture sensor measures water content in the 

field. It will give analoge output according to the field 

water level. Therefore, soil moisture sensor was 

calibrated using dry soil moisture test. Then sensor 

output and water content graph was created. Using this 

graph water content in the field can be taken. 

The current study has discovered battery performance 

for sensor nodes, antenna current and sensor error. 

Table 1. Performance of Temperature, humidity and soil moisture levels
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The study suggests that sensor battery performance has 

somewhat low but, it can be avoided coupling two more 

batteries parallel to the existing one and increasing data 

collecting time period where during that time, Arduino 

and the antenna will move to the sleep mode. Errors can 

be further minimised using more accurate sensors. In 

this study, authors used only humidity, temperature and 

soil moisture parameters but, other required 

parameters can also be measured with this system using 

relevant sensors. With the operating time duration, it 

was able to be seen that sensors were affected by 

reduction of accuracy due to the wear and tear, and 

environmental effects.

When new sensor node locates in the field, it 

automatically detects neighbour nodes and connects to 

the network. Best thing of this study is the implementing 

cost of the network is very low. There is no need to pay 

extra rent to the services providers for satellite or 

telephone network. This is very cheap considering 

existing WSN price. It is proposed large scale farms to 

install this system to get more profit. In this study 

authors choose all electronic devices and software in 

order to design a low cost network. 
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Abstract

Irrigation management is one of the major components of agriculture management. It is very important to supply 

exact amount of water to the agricultural field for obtaining optimum utilization of resources. There is some 

inefficiency in traditional and existing irrigation management systems. The fact that, water is valuable limited natural 

resource, so reducing water wastage is a timely action for current situation. This paper presents a suggested solution, 

its implementation details and result analysis of it. It is titled as Mobile Phone Assisted Irrigation Management 

System. It is designed to maintain the water level of soil in its optimum level, in order to obtain the maximum yield. So 

as to give a better solution for agronomist, this system can be controlled in different locations with the use of smart 

phone. The system is also capable of providing information of the field such as temperature and humidity apart from 

soil moisture content that enables the user to get a better understanding of the field conditions. Optimum water 

utilization will increase the performance of irrigation system by reducing the water wastage. Also this system will 

assure the required quality of the crops which met and will suit the current situation in Sri Lanka as well as the world.

Key  words: Field Capacity, Irrigation Management, Mobile, Optimum, Soil Moisture

Introduction 

Dabour (2002) has shown that, importance of the 

irrigation scheduling is that it enables the agronomist to 

apply the exact amount of water to obtain maximum 

yield. A critical element is the accurate measurement of 

soil moisture content of the field and it is maintenance in 

an optimum way to achieve goals. Wastage of water due 

to vaporization and leakages is one of the major 

problems of existing irrigation systems. The traditional 

irrigation systems do not concern about the different 

growing stages of the plant and they are not capable of 

maintaining moisture content in an optimum level.

The goal of an effective scheduling program is to supply 

the plants with sufficient water while minimizing losses 

such as deep percolation and runoff. Proper irrigation 

scheduling requires a sound basis for making irrigation 

decisions. The level of sophistication for decision 

making ranges from personal experience to neighbours 

practices and techniques based on expensive computer-

aided instruments that can assess soil, water and 

atmospheric parameters (Fang at el, 2010). 

Mobile Phone Assisted Irrigation Management System 

is an embedded system with remote controlling facility. 

It is introduced to give a better solution for the 

irrigation process.  Tan (2004) , Veihmeyer and 

Hendrickson (1993) have shown that, proper 

irrigation can result in higher consistent yields, better 

quality, less blossom - end rot and less cracking.

The system is designed to keep the soil moisture 

content of a particular soil in a given range to keep soil 

moisture content in optimum way. Tan (2004) and 

Doorenbos et al. (1992) have shown that, for obtaining 

maximum yield by using limited resources, it is 

necessary to maintain the soil moisture in its field 

capacity.

Methodology 

The system implementation consists of two main 

components as overall controlling unit and smart 

phone application (Android) and the basic setup of the 

system is shown in Figure 1. 
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Figure 1. Basic setup of the system.

Overall controlling unit has two options as manual 

control and automatic control. User can control 

irrigation period manually using manual control option. 

Subsequently user needs to instruct the irrigation time 

period by considering field parameters such as soil 

moisture, etc. 

During automatic control, user only needs to enter 

desired available water levels (upper and lower levels). 

Then all the controlling will be done by the overall 

controlling unit. For both operation modes, user can 

incessantly monitor the available water level of the soil, 

temperature and humidity of the field via the 

monitoring section of the mobile application. The 

diagram of overview of the system is shown in figure 2.

Figure 2. Overview of the system
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Overall Controlling Unit:

The overall controlling unit is responsible for controlling 

of all the subcomponents which are connected to it. 

Overall controlling unit consists with a GSM modem to 

achieve communication between controlling unit and 

the mobile phone. Other than that, the system equipped 

with four resistive type soil moisture sensors and four 

DHT11 digital humidity and temperature sensors for 

measuring purposes. The soil moisture sensor is 

calibrated according to gravimetric method.  

Furthermore, the controlling system has a power supply 

and a relay panel to power up and control the 

microcontroller based circuits, solenoid valves and 

water pump.  Overview of the overall controlling unit is 

shown in figure 3.

Figure 3. Connection diagram of overall controlling unit.

Smart phone application which is based on Android 

platform is capable of providing following two features 

as monitoring and controlling. The android mobile 

application has ability to check the parameters (soil 

moisture, humidity and temperature) of the field. 

Moreover, self developed graphs and the summaries of 

recorded data of the application can be used to take the 

irrigation decisions. This option suits to beginners of 

agriculture. Additionally, skilled people in agriculture 

sector can use both auto and manual mode for the 

optimum outcome.

The data transmission between smart phone and the 

overall controlling units is achieved by short message 

service (SMS). The algorithms used to send and receive 

messages from android application are shown in figure 

4.
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Figure 4.  Algorithms for send and receive SMS through Android application

Results and Discussion 

The system was tested in a small scale green house at 

Ambalangoda, Sri Lanka. It is tested continuously for 

long hours. The system was connected to maintain the 

soil moisture content between 80%-90% with reference 

to the field capacity. Furthermore, tensiometers were 

placed in the field for the accuracy purposes. 

Measurements were taken for more than 14 days in 6 

hour intervals and the results for one week are given in 

table 1.

Also system was tested for the stability and reliability 

conditions such as recovery after power failure into its 

desired condition, SMS reading and sending ability of 

the overall controlling unit. Other than that, functions 

and output of the smart phone Android application 

were tested for number of times with different 

configuration. 
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Date Time 
Equipment 

Reading (%) 

Soil Moisture (%) Tensiometer 
reading for field 

capacity (%) 

Error 
Percent-age 

(%) 
System Tensiometer 

17-Aug 

10:00 85 28.1 28.0 84.8 0.2 

16:00 81 26.7 26.7 80.9 0.1 

22:00 89 29.4 29.6 89.7 0.8 

4:00 87 28.7 28.9 87.6 0.7 

18-Aug 

10:00 84 27.7 27.6 83.6 0.4 

16:00 88 29.0 29.1 88.2 0.2 

22:00 87 28.7 28.8 87.3 0.3 

4:00 86 28.4 29.1 88.2 2.5 

19-Aug 

10:00 85 28.1 27.9 84.5 0.5 

16:00 82 27.1 26.9 81.5 0.6 

22:00 81 26.7 26.8 81.2 0.3 

4:00 90 29.7 29.7 90.0 0.0 

20-Aug 

10:00 87 28.7 28.2 85.5 1.8 

16:00 82 27.1 26.7 80.9 1.3 

22:00 80 26.4 26.6 80.6 0.8 

4:00 89 29.4 29.3 88.8 0.2 

21-Aug 

10:00 87 28.7 28.4 86.1 1.1 

16:00 83 27.4 27.4 83.0 0.0 

22:00 82 27.1 26.3 79.7 2.9 

4:00 81 26.7 26.8 81.2 0.3 

22-Aug 

10:00 89 29.4 29.2 88.5 0.6 

16:00 85 28.1 28.2 85.5 0.5 

22:00 82 27.1 27.0 81.8 0.2 

4:00 82 27.1 27.1 82.1 0.1 

23-Aug 

10:00 90 29.7 29.8 90.3 0.3 

16:00 86 28.4 28.6 86.7 0.8 

22:00 85 28.1 27.8 84.2 0.9 

4:00 84 27.7 27.6 83.6 0.4 

Average 0.7 

 

Table 1.  Recoded data of field soil moisture with the system for 7 days.
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According to the table 1, the maximum error percentage 

was 2.9% and average error percentage was 0.7% 

between readings taken by the developed system and 

the tensiometer. Also the system was able to maintain 

the moisture content between 80%-90% for that 

particular field in that duration of seven days. 

The system can be placed with different configurations 

for different type of soil and can be used in different 

locations in Sri Lanka. More than that, the overall 

controlling unit can be controlled from a mobile phone 

with correct SMS structure and Android application can 

be used for smart viewing functions and configurations. 

In view of the fact that the most people aware of using 

mobile phones in their day to day activities without 

favour of their life status, this system offers a user 

friendly approach for agronomists in both urban and 

rural areas. 

It provides variety of benefits such as fewer workforces 

to operate and maintain, relieve of portability due to 

light weight and less initial capital to install the system 

and remote controlling and monitoring facility. Hence, it 

guides towards an economical, environmental friendly 

and user friendly agricultural practice compared to 

existing conventional irrigation systems. 

Thus the Mobile Phone Assisted Irrigation 

Management System is an ideal solution for irrigation 

problems in Sri Lanka as well as for developing 

countries all over the world. 
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Abstract

Acute shortage in labour compels some cinnamon farmers to sell the cinnamon sticks and also processors are ready to 

purchase cinnamon sticks to process in their factories because they can maintain the quality standards. Farmers can 

claim a fair price for sticks if the yield from cinnamon sticks can be predicted. An experiment was conducted at 

Cinnamon Research Station, Matara to define the relationship between bark yield and oil contents of cinnamon with 

stick parameters. Cinnamon stems of mature stage were harvested and weight of leaves, branches, stick, wood, bark 

and scrape were recorded. Leaf and bark oil contents were also analysed. Stick weight and circumference had high 

correlation with bark yield and therefore suitable to use in prediction of yield. At proper maturity stage of cinnamon, 

average dry bark yield was 5% on fresh weight of stick. The share of leaves, branches and stick over total fresh weight 

of total stem were 33.5%, 17% and 49.5%, respectively.  Percentage of wood, bark and scrape of the total fresh weight 

of stick were 80%, 12.5% and 7% respectively. Harvesting at shorter intervals with 10-15 cm of circumference can 

increase the productivity of lands because over mature stems are given higher percentage of wood compare with 

correct maturity stage.  Leaf oil and bark oil contents did not have any significant relationship with circumference of 

stick.

Key words: Bark, Cinnamon, Leaf, Maturity, Yield

Introduction

The true cinnamon (Cinnamomum zeylanicum Blume) 

which belongs to family Lauraceae is indigenous to Sri 

Lanka. Sri Lanka is the leading exporter of true cinnamon 

to the world market (Anonymous, 2005). In Sri Lanka 

cinnamon processing is still an exclusive and a 

traditional occupation, quite separated from the 

growers and is a costly operation and hence the acute 

problem for cinnamon growers (Wijesinghe et al., 2012). 

On the other hand exporters face the difficulty of 

attaining the required level of quality due to low cost 

processing technology and small scale nature of 

production units (Wickramasinghe, 2008). As a result 

some cinnamon processors tend to purchase cinnamon 

sticks to process under their supervision rather than 

purchasing cinnamon quills while some farmers tend to 

sell sticks or lease their lands for harvesting due to 

peeler shortage and high peeling cost. This transaction 

would be fair if the price of sticks is determined based on 

empirical facts.  There are no scientific studies 

conducted on this aspect so far. Therefore it is essential 

to conduct a research in order to determine whether 

the dry bark yield can be predict4ed from cinnamon 

sticks parameters. This information will also be useful 

for farmers who seek to lease cinnamon lands and for 

the management of cinnamon processing centres to 

evaluate effectiveness of the processing. Therefore the 

objective of present study was to identify relationship 

of bark yield and bark/leaf oil contents with stem 

parameters and thereby developing a method to 

estimate bark yield using stem parameters.

Materials and Methods

The experiment was conducted at Cinnamon Research 

Station, Matara, Sri Lanka from March to September in 

year 2012.  Experiment was repeated two times. 

Cinnamon stems at correct maturity stage for 

harvesting were randomly selected from five fields 
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which are at different ages and hundred stems were 

harvested from each field. Leaves and immature 

branches were separated to record the weight. After 

measuring the length and weight of stick and the 

circumference at 6cm above the cutting edge of stick, it 

was peeled using traditional method. The thickness of 

bark was measured at 6cm above the cutting edge. Fresh 

weight of scrape, fresh weight of bark and fresh weight of 

wood were recorded after peeling. Bark and leaves were 

allowed to dry for seven and four days, respectively. Dry 

weights of bark and leaves were recorded. Oil was 

extracted from dried bark and leaf samples by Clevenger 

arm method. Finally correlation between those 

parameters was determine to understand relationships 

if any. 

Results and Discussion

Relationship between fresh bark yield and stick 

parameters

Fresh bark yield has strong positive correlations with 

stick parameters. Higher correlation found in weight of 

2 2stick (R =0.9337) and circumference at base (R =0.861). 

2However, height of stem (R =0.5911) and thickness of 

2bark (R =0.7899) had lower correlations. According to 

Figure 1 . Weights of stem parts as percentage of total weight

Percentage weights of stem parts 

results weight of stick and stick circumference at base 

can be considered as best indicators to be used in 

prediction of yield. 

Prediction of cinnamon dry bark weight using stick 

weight 

Dry bark yield and fresh weight of stick had close 

2relationship with R =0.929, and its' linear relationship 

can be expressed as, 

Y = 0.0486X + 0. 00346 where,

Y = yield of dry bark in kilograms and X  =  

weight of stem in kilograms 

The intercept can be neglected and expressed as,

Y = 0.0486 X or Y ~ 5% X

With this function dry bark yield of cinnamon can be 

calculated approximately as 5%  of total stick weight. 

The dry bark percentage (dry bark yield x 100 / stick 

fresh weight) varied from 4% to 6% with an average of 

5%. The value is of high importance for processing 

centres where sticks from cultivators are purchased 

and for cultivators who sell cinnamon sticks. They may 

use it for the determination of stick price. But still the 

attention must be paid on the quality of sticks because 

diseased, over mature or immature sticks would return 

lower yields while sticks from well managed fields will 

return higher yields.
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Fig 1 illustrates the percentage weight of different parts 

of cinnamon stem. Results clearly showed that during 

cinnamon processing, total stick weight is decreased by 

0.5%, mainly due to evaporation of moisture. According 

to result it produces 80% fire wood on total weight of 

stem. Therefore it can be considered as an important 

income component for processors. In practice scrape 

does not produce any income. It can be used for compost 

preparations.  Given that 7% weight of stick is made of 

scrape, it is important to use it for composting or find out 

alternative uses for scrape through which farmers could 

make more income. According to the results about 40% 

dry bark weight can be achieved by drying fresh 

cinnamon bark at 15% moisture. 

Best stage for harvesting 

Percentage of scrape and bark on weight of stick 

decreased with the increase of stick circumference 

2 2(scrape R =0.1513 and bark R =0.0393) and percentage 

of wood decreased with the increase of stick 

2circumference (R =0.1865). But it was not statistically 

significant. The total weight of fresh/dry bark and the 

thickness of bark increases with the increase in 

circumference.  Khandekar et al. (2012) also found the 

same pattern in bark yield and bark thickness and 

suggested that it might be owing to higher accumulation 

of food with the maturity of stem. Therefore higher yield 

with higher yield percentage can be achieved when 

mature stems of 10-15cm circumference are harvested. 

Relationship of oil contents with stick parameters 

Circumference and leaf or bark oil contents did not show 

any significant relationship. However, with the increase 

of stick circumference at different maturity stages, 

cinnamon bark oil content increased while leaf oil 

content decreased.   These findings are in accordance 

with Khandekar et al. (2012) who found bark oil content 

increased with the increasing stem thickness. The 

increase in bark oil content might be due to 

accumulation of food with maturity. And the decrease 

in leaf oil content can be due to reduced light 

interception due to self-shading with the growth of 

plant. But since the total dry weight of leaf and bark 

significantly increases with the increase in stick 

circumference, higher leaf and bark oil yield can be 

achieved by harvesting cinnamon sticks with high 

circumference. 

Weight of sticks and circumference of the stick are the 

best parameters to be used in the prediction of yield. 

At proper maturity stage of cinnamon average dry 

bark yield is 5% over fresh weight of stick. On fresh 

weight basis 80% of stem is wood and 12.5% is bark 

and 7% is scraping. Harvesting over mature cinnamon 

stems yields higher percentage of wood. For getting 

highest cinnamon bark yield sticks with 10-15 cm 

circumference should be harvested. Leaf oil and bark 

oil content did not have any significant relationship 

with circumference of stick. 
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Introduction

The food for ruminants; forages and fibrous roughages, 

consist mainly of â-linked polysaccharides such as 

cellulose, which cannot be broken down by mammalian 

digestive enzymes. Ruminant have therefore evolved a 

special system of digestion that involves microbial 

fermentation of food prior to its exposure to their own 

digestive enzymes. The rumen microbes can use simple 

compounds such as ammonia and to make their cells 

which in turn  provide the animal with most of its protein 

need. The purines from the rumen microbes are 

metabolised and excreted in the urine as their end 

products: hypoxanthine, xanthine, uric acid and 

allantoin. That is why the research work has been carried 

out actively for the past 20-30 years into the urinary 

excretion of these purine metabolites, with an objective 

to use the excretion of these metabolites as a parameter 

to quantitatively estimate the supply of rumen microbial 

protein to the ruminant. Recently several studies in the 

field have concluded that buffaloes have much lower 

(and more variable) urinary excretion of purine 

derivatives (PD) per unit DOMI than cattle (Chen and 

Ørskov, 2004), but the mechanisms were not fully 

understood.

Microbial Protein Metabolism in Buffaloes

Why is excretion of purine derivatives lower in 

buffaloes? Some explanation emerging with studies on 

swamp buffaloes in Vietnam.

Causes of differences in urinary excretion of purine 

derivatives in buffaloes and cattle

Thanh and Ørskov. (2006) carried out a study in order 

to understand what is the causes of low urinary 

excretion of purine derivatives in buffaloes with 3 

experiments with cattle and buffalo calves before and 

after rumen development, then after rumen 

development in the calves when given additional 

purines by bottle (the calves being trained so the 

purines flowed directly to the abomasums or by 

intravenous infusion).

In experiment 1, three male calves of Vietnamese cattle 

(Bos indicus) and three male Vietnamese swamp 

buffalo (Bos bubalus) calves were weaned after 

receiving colostrums and reared by bottle feeding of 

stmilk. During the 1  month the animal did not have 

access to solid food to determine differences in 

endogenous excretion of purine. After that the animals 

were given access to solid food to stimulate rumen 

development and the differences in purine excretion 

determined. The results (Table 1) showed that there 

was no significant difference in purine excretion 

between the types of animal when they just milk fed, 

but after given access to solid feed (rumen 

development) there were highly significant 
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Animal 
PD excretion in milk-fed calves 

(mmol/kgW0 .75) 
PD excretion in solid-fed calves 

(mmol/kgW0.75) 

Buffalo 0.69 0.26 

Cattle    0.65NS     0.69** 

s.e 0.06 0.07 

 

 

Table: PD excretion in buffaloes and cattle calves before and after access to solid feed 

NS**P<0.01; P>0.05
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differences. 

In experiment 2, the same animals were given milk 

mixed with purines in three treatments (0, 1.7 and 3.4 

g/day). Milk was infused via oesophageal groove to 

manipulate rumen development and to determine 

recovery of PD given with milk to the small intestine. 

The regression of purine excretion mmol/day (y) was y = 

0.6279x + 9.1496 for cattle and y = 0.2618x + 5.8594 for 

buffalo where x was the purine given. It can be seen that 

daily PD excretion was 2 to 3 times in cattle than in 

buffalo, the values remain relative constant 

independently from the amount of added purine. The 

recovery of PD given was between 2 and 3 times higher in 

cattle. Moreover the percentage PD recoveries 

remained almost the same irrespective of the amount 

of purine added to milk both in cattle and buffalo 

calves. 

Experiment 3: Intravenous allantoin infusion 

The same animals were used for intravenous allantoin 

infusion to test the effect of purines themselves 

introduced into the plasma. The results in Table 3 show 

clearly that the recovery was significantly different 

between the calves and more than two times higher in 

cattle than buffalo calves. The results were also 

analysed by regression and there was a linear 

relationship between infusion and excretion. For cattle 

the allantoin excretion in mmol/day was y = 0.7177x + 
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Table 2. The daily urinary excretion of PD and purine 

                 recovery (mmol/day)
 

†Level PD (mmol/day) Buffaloes Cattle s.e 

L0 Excretion 5.98 9.23* 1.49 

L1 Excretion 8.44 15.76** 0.87 

L1 Recovery 0.2292 0.6072** 0.085 

L2 Excretion 11.61 22.44** 2.14 

L2 Recovery 0.2618 0.6279** 0.0552 

 
† L0 = control: only fresh milk and urea treated rice straw; L1 = as L0 but milk mixed with 10.8 mmol/day of purines; 

L2 = as L1 but milk mixed with 21.5 mmol/day of purines. *P<0.05;**P<0.01; ***P<0.001

 

†Level Allantoin (mmol/day) Buffaloes Cattle s.e 

L0 Infusion 0 0  

L0 Excretion 4.68 8.59* 0.94 

L1 Infusion 18.0 15.0  

L1 Excretion 10.39 18.98** 1.29 

L1 Recovery 0.3155 0.6955** 0.0402 

L2 Infusion 36.0 30.0  

L2 Excretion 16.43 30.05** 2.36 

L2 Recovery 0.3236 0.7199** 0.056 

 

Table 3. Allantoin infused and excreted 

† L0 = control: only fresh milk and urea treated rice straw; L1 = as L0 but milk mixed with 10.8 mmol/day of purines;

 L2 = as L1 but milk mixed with 21.5 mmol/day of purines. *P<0.05;**P<0.01
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8.438 (r = 0.98) and for buffalo allantoin excretion was y 

= 0.3758x + 4.861 (r = 0.82) where x was allantoin 

infused in mmol/day.  Since the differences between 

cattle and buffaloes occur only after rumen 

development, it is important to study the reason.  It 

could possibly be due to differences in the glomerular 

filtration rate (GFR). If GFR was lower in buffaloes than 

cattle the PD would be longer in the blood and exposed to 

transfer into the rumen for longer. Pimpa et al. (2002) 

showed that the GFR was higher in buffaloes than cattle 

whereas Norton et al. (1979) showed it to be lower in 

buffaloes. There could possibly be also differences in 

permeability between blood and rumen. 

The physiological mechanism of low purine 

derivative excretion in urine of buffaloes

Thanh et al. (2009) again used three cattle calves and 

three buffalo calves. They were weaned after receiving 

colostrum and reared by bottle feeding of milk and 

during the first month the animal did not have access to 

solid food. Urinary PD concentration, basal PD excretion 

and GFR were determined during fasting and feeding. 

After one month, the animals were given access to solid 

feed (urea-treated rice straw 80% and molassis 20%) to 

stimulate rumen development.  At three months of age, 

while the solid food were given, urinary PD, basal PD 

excretion and GFR were again determined.

Urinary PD excretion both during fasting and milk 

feeding did not differ significantly between buffaloes 

and cattle during the period of milk feeding (P>0.05).

Purine excretion after 2 months' access to solid 

feed

After 2 months, during which time the calves had 

access to solid food to stimulate rumen development, 

0.75urinary PD excretion (mmol/kg W ) was found to be 

significantly (P<0.01) lower in buffaloes than cattle 

(Figure 1).

Purine excretion from fasting solid feed-fed calves

The results of the above experiment showed that 

urinary PD excretion was significantly different (P < 

0.01) between buffaloes and cattle (0.23 and 0.56 

0.75mmol/W ). It was reported by Liang et al. (1999) that 

endogenous PD excretion in fasting mature buffaloes 

was lower than in cattle and this study show clearly 

that this difference is found as soon as the rumen is 

developed.

Comparison of feeding and fasting PD excretion 

from milk-fed and solid feed-fed periods

It can be seen that the differences between fasting and 
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Figure 1. Comparison of feeding and fasting PD excretion from cattle and buffaloes
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feeding were quite small but slightly higher during 

fasting. The reason for this is probably due to the fact that 

during fasting as observed by Ørskov (2001) the animals 

are in protein and glucose deficient status. They 

generate the glucose from the protein turnover pathway 

and as a result urinary N excretion is much higher than 

basal excretion and this will no doubt also increase 

purine excretion.

Glomerular filtration rate 

Measurements of both the daily creatinine output in 

urine and creatinine concentration in plasma are 

required to estimate the GFR (FAO/IAEA, 2003). Blood 

and urine samples were collected from the buffalo and 

cattle calves during both the milk-feeding and solid-

feeding periods and creatinine concentration was thus 

determined. 

The results showed that the GFR of buffaloes was lower 

than cattle before (2.3 and 3.2 l/kgW0.75/day, P<0.01) 

and after (1.6 and 2.1 l/kgW0.75/day, P<0.001) rumen 

development. The cause of low urinary excretion of PD in 

buffaloes could possibly be due to the differences in the 

GFR (Chen and Ørskov, 2004). The present study clearly 

demonstrates a lower GFR in buffaloes compared with 

cattle.

Rumen Ammonia

More recently we compared rumen fluid NH Nof swamp 3-  

buffaloes and yellow cattle. Rumen fluid was obtained by 

stomach tubes. The results showed significant 

differences in NH  concentrate between two types of 3

animal. Although they keep grazing (127 and 76 mg/L, 

SE 5.9, P<0.001. Thanh, 2009. Unpublished) or in a 

digestibility trial with rice straw feeding with different 

level of urea spray 0; 0.5; 1 and 2 % (50.8; 80.8; 102.1; 

132.3 mg/L in buffaloes and 38.6; 60.2; 69.8; 95.5 mg/L 

in cattle, respectively) (Thanh, et al., 2012).

Conclusions

The urine PD excretion was similar in both types of 

animals in the entirely milk-fed and in fasting diet before 

rumen development, but urine PD excretion was about 

one-third in buffaloes after rumen development. 

Evidently the metabolism of PD differs between these 

species in a manner related to rumen development. 

The study also shows that the GFR in buffaloes is lower 

than cattle, whether the rumen is active or not. As 

mentioned previously this is in agreement with data 

from Norton et al. (1979). The fact that PD excretion 

during milk feeding was similar between buffalo and 

cattle shows that basal PD excretion is similar and 

cannot explain lower PD excretion after rumen 

development. Clearly, a lower GFR in the buffalo allows 

PD to remain in the blood longer so that when the 

rumen becomes active, passage of PD from blood to 

rumen (where they are degraded) may explain the 

lower excretion of PD in the urine of buffaloes. It is 

clearly shown that the difference in PD excretion 

occurs only after rumen development. It is suggested 

that the differences between buffaloes and cattle are 

due to differences in GFR as PD will stay longer in the 

blood and thus provide a greater possibility for 

recycling to the rumen. Consequently, more urea will 

be recycled and then higher rumen ammonia 

concentration make the buffaloes tolerate less N in the 

feed to sustain microbial need.
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Abstract

Vibrios belonging to Harveyi clade (V. harveyi and V. campbellii) are pathogenic marine bacteria in shrimp causing 

devastating vibriosis in aquaculture industry. Several virulence factors are involved in the virulence including type 

three secretion system (TTSS) and phospholipases. The TTSS are specialized secretion apparatus used by pathogens 

to inject virulence factors directly into host cells.

But there is a knowledge gap on expression of 

virulence genes and it's relation to the virulence. Therefore this study aimed at detecting the connection between the 

expression of virulence factors and the virulence of Harveyi clade vibrios. The level of expression of genes of type three 

secretion system such as, vopD (gene for outer protein), vcrD (gene for calcium response protein), vscP (gene for 

secretion protein) and five genes responsible for phospholipase activity  (pl1, pl2, pl3: phospholiphase genes; 

omplA1, omp1A2: outer membrane phospholiphase A genes) were quantified. Genes of type three secretion system 

(TTSS) showed clear differences in expression levels between virulent and avirulent strains with significantly high 

expression in avirulent isolates (Fold-expression 27.4, 19.7 and 13.4 for vopD, vcrD and vcsP respectively) and lower 

in virulent isolates (Fold-expression 1 for all three genes). Two out of the five phospholipases genes showed 

significant differences between the different strains having relatively higher expression in low virulence strains and 

having relatively low expression in high virulence strains. The TTSS genes and some of the phospholipases genes 

expression is inversely proportionate to the virulence. Findings of this research can have significant consequences on 

the implementation of control measures for the devastating luminescent Vibriosis problem in the aquaculture 

industry.

Key words:  Gene expression, Virulence, Type three secretion system, Phopholipases, Vibriosis

 To facilitate the invasion of host tissues, microbial cells possess 

constitutive and inducible hydrolytic enzymes such as phospholipases. 

Introduction 

During the last fifty years, the world aquaculture has 

grown very rapidly and owing to that the farming 

methods have been shifted from extensive to intensive 

to achieve maximum profits. Due to these changes 

aquaculture industry is threatened by many diseases 

caused by bacteria and viruses. Harveyi clade vibrios 

have been recognized as one of the most significant 

pathogens in aquaculture of marine fish, crustaceans 

and mollusks (Zhang and Austin 2000). Many virulence 

factors have been identified in Harveyi clade vibrios, 

including type three secretion system genes, proteases, 

phospholipases, hemolysins, cysteine protease, 

metalloprotease, serine protease and chitinase (Zhang 

and Austin 2000). However, it is not yet clear which 

virulence factors are most important in the progression 

of the disease caused by vibrios belonging to the Harveyi 

clade. Some studies revealed that the presence of 

virulence genes within the genome of these bacteria is 

not immediately linked to virulence, with differences 

in virulence not being correlated to presence or 

absence of a specific virulence factor (Ruwandeepika 

et al. 2010). The quantity of the virulence products 

produced by these bacteria might be a critical factor 

and the virulence of the bacteria might be more closely 

linked to the expression level of the virulence genes. 

The aim of the present study was to determine the 

expression level of the virulence genes of type three 

secretion system and some phospholipases in 

virulent, non virulent and moderately virulent isolates 

belonging to the Harveyi clade, and to study the 

relation between virulence towards gnotobiotic brine 

shrimp (Artemia franciscana) and virulence gene 

expression.
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Materials and Methods

The bacterial strains used in the study included virulent, 

moderately virulent, avirulent strains (Table 1). 

Bacteria were obtained from Laboratory of Aquaculture 

and Artemia Reference Centre, Ghent University, 

Belgium.  In order to check the virulence of bacterial 

strains used, the challenge experiments were 

performed with high quality cysts of Artemia 

franciscana (INVE Aquaculture, Baasrode, Belgium), 

according to Ruwandeepika et al. (2011). Artemia were 
5 challenged with bacteria at the dose of 10 CFU per ml of 

Artemia culture water. The survival of Artemia was 

counted 48 h after the challenge.  Each treatment was 

done in triplicate and the sterility of the control 

treatments was checked at the end of the challenge and 

the relative percentage of survival (RPS) was calculated 

(Ruwandeepika et al. 2011). The strains were grown to 

late exponential phase, and virulence gene expression 

was measured by reverse transcriptase real-time PCR as 

described before (Ruwandeepika et al. 2011) and 

expressed relative to the expression in virulent strain. 

Gene specific primers were designed based on the 

consensus region for respective gene sequences 

deposited in GenBank using Primer3 software (http: // 

frodo. wi. mit.edu/primer3). RNA extraction, reverse 

transcription and real time PCR was adopted from 

Ruwandeepika et al. (2011). The level of expression of 

genes of type three secretion system such as, vopD (gene 

for V. harveyi outer protein), vcrD (gene for V. harveyi 

calcium response protein), vscP (gene for V. harveyi 

secretion protein) and five genes responsible for 

phospholipase activity  (pl1, pl2, pl3: phospholiphase 

g e n e s ;  o m p l A 1 ,  o m p 1 A 2 :  o u t e r  m e m b r a n e  

phospholiphase A genes) were quantified by using ABI 

PRISM 7300 Fast Real Time System  thermal  cycler 

(Applied Biosystems)  as  described by Ruwandeepika 

et al. (2011) using gene specific primers. Real-time PCR 
-ÄÄCTdata was analysed using the 2  method. rpoA was used 

as the house keeping gene and virulent strain  was used 

as the calibrator for calculating the gene expression 

level. The analysis of data was carried out using the SPSS 

statistical software (version 19, SPSS Inc. IBM, 2010). 

Gene expression (ÄCt) and survival data were compared 

with one way ANOVA, followed by a Tukey's post-hoc 

test. For all statistical analyses, 5% significance level 

was used.

Results and Discussion

This study quantified the expression levels of type 

three secretion system (TTSS) genes and five 

phospholipase. These genes are important in the 

process of invasion of organisms to the host and 

establishing the infection in the host. In this study, 

genes of type three secretion system (TTSS) showed 

clear differences in expression levels between virulent 

(causing 29% Relative Percentage Survival/RPS) and 

avirulent strains (81-84% RPS), with significantly high 

expression in avirulent isolates (Fold-expression 27.4, 

19.7 and 13.4 for vopD, vcrD and vcsP respectively) and 

lower in virulent isolates (Fold-expression 1 for all 

three genes) (Table 1). Invasion of host tissues and 

colonization in host tissues are the important events of 

pathogenesis of bacterial disease. Organisms will start 

expressing genes which are important for survival as 

individuals which helps in invasion and colonization of 

host tissues. The expression levels of these genes are 

higher in avirulent or low virulent organisms as they 

need to overcome the host defense than the virulent 

organisms. Defoirdt et al. (2010) found that some 

virulent genes such as chitinase which is important for 

the attachment and invasion, showed the higher 

expression in lower virulent organisms and vice versa. 

The TTSS are specialized secretion apparatus used by 

pathogens to inject virulence factors directly into host 

cells. Bacteria will start expressing genes which are 

important for survival as individuals to thrive the host 

defense mechanisms and to localize the infection. Our 

identification of the virulence and TTSS gene 

expression can have significant consequences for the 

implementation of control measures for the 

devastating luminescent Vibriosis problem in the 

aquaculture industry. This is the first study showing 

the relationship between virulence and TTSS gene 

expression in V. harveyi and in V. campbellii.

pl1 , pl2 , pl3: 

This study quantified the expression of five 

phospholipase genes including 
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phospholiphase genes; omplA1, omp1A2: outer 

membrane phospholiphase A genes.

Two out of the five phospholipases 

genes showed significant differences (p < 0.05) between 

the different strains having higher expression in low 

virulence strains and having low expression in high 

virulence strains (Table 1). pl1 and pl3 showed higher 

 The bacterial 

phospholipases comprise a diverse group of proteins 

that are considered to be virulence factors for bacterial 

species that cause serious diseases the virulence factors 

that damage host cells. To facilitate the invasion of host 

tissues, microbial cells possess constitutive and 

inducible hydrolytic enzymes such as phospholipases 

that destroy or derange constituents of host cell 

membranes, leading to membrane dysfunction and/or 

physical disruption. 
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Bacterial 

isolates 

Virulence 

pl2 omp1 omp2 pl1 pl3 vopD vcrD vsP 

survival 

(RPS) 

LMG21363 High 1i 1s 1t 1a 1d 1 x 1i 1m 29p 

JAF548 Low 1,70i 1,00s 1,01t 2,42b 3,68e 27,41 y 19,65j 13,39n 53q 

BB120 Moderate 0,93i 1,04s 0,94t 0,92a 0,95d 7,36 y 4,66k 2,06m 82r 

 

Table 1. Expression of five phospholipase genes (pl1, pl2, pl3: phospholiphase genes; omplA1, omp1A2: outer 

                  membrane phospholiphase A genes) and type three secretion system genes vopD (gene for V. harveyi outer 

                  protein), vcrD (gene for V. harveyi calcium response protein) and vscP (gene for V. harveyi secretion protein) 

                  (TTSS) relative to rpoA mRNA in the pathogenic Harveyi clade isolate (LMG21363). 

a: Values in the same column showing the same superscript letter are not significantly different (P>0.05).

expression in low virulent strains while pl2, omp1 and 

omp2 did not show statistical significant between 

virulent and low virulent strains of Harveyi clade vibrios. 

To aid in the invasion of host tissues, microbial cells 

possess constitutive and inducible hydrolytic enzymes 

that destroy or derange constituents of host cell 

membranes, leading to membrane dysfunction and/or 

physical disruption. By cleaving phospholipids, 

phospholipases destabilize the membrane resulting in 

cell lysis. Evidence implicating phospholipase in host cell 

penetration, injury, and lysis by microorganisms has 

been reported in various types of bacteria and fungi 

(Songer, 1997). 

This study concluded that the TTSS genes and some of 

the phospholipases genes expression is inversely 

proportionate to the virulence. Findings of this 

research can have significant consequences for the 

implementation of control measures for the 

devastating luminescent vibriosis problem in the 

aquaculture industry.

References

Defoirdt, T., Ruwandeepika, H.A.D., Karunasagar, I., 

Boon, N. and Bossier, P. 2010. Quorum sensing 

negatively regulates chitinase in Vibrio 

harveyi. Environ Microbiol Reports, 2: 44-49.

Ruwandeepika, H.A.D., Defoirdt, T., Bhowmick, P.P., 

Shekar, M., Bossier, P. and Karunasagar, I. 

2010. Presence of typical and atypical 

virulence genes in vibrio isolates belonging to 

the Harveyi clade. J Appl Microbiol, 109: 

888–899.

Ruwandeepika, H.A.D., Defoirdt, T., Bhowmick, P.P., 

Karunasagar, I., Karunasagar, I. and Bossier, P. 

2011. In vitro and in vivo expression of 

International Symposium on Agriculture and Environment 2013
University of Ruhuna Sri Lanka



virulence genes in Vibrio isolates belonging to 

the Harveyi clade in relation to their virulence 

towards gnotobiotic brine shrimp (Artemia 

franciscana) Environ Microbiol 13 (2): 

506–517.

Songer, J.G. 1997 Bacterial phospholipases and their 

role in virulence. Trends Microbiol,  5: 156-

161.

Zhang, X.H. and Austin, B. 2000. Pathogenicity of Vibrio 

harveyi to salmonids. J Fish Dis 23: 93–102.

142

International Symposium on Agriculture and Environment 2013
University of Ruhuna Sri Lanka



Common Health Problems and Indigenous Medicinal Practices of Cattle and Goat in Small Scale Farming 
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Abstract

A survey was conducted in Rathnapura district in Sabaragamuwa province, Sri Lanka to identify commonly occurring 

health problems in cattle and goat and to study the various indigenous medicinal practices used. Pre-tested 

questionnaire was used to collect information from 78 livestock farmers. Data collection was performed by a face to 

face interview with the farmer by using a standard questionnaire. Data were descriptively analyzed using Minitab 

14.0. Diarrhoea was the most prevalence disease in the calves lower than one year of age. Eighty nine percent  of the 

farmers reported that young animals between1-2 years of age are highly susceptible to pneumonia while 79% of 

farmers reported that it was  parasitic infections.  Sixty six percent of farmers experienced bloat condition in 2-4 

years old animals. Mastitis was the most prevalent disease in cows aged more than 4 years according to the 37% of 

farmers. Thirty four percent of farmers observed foot and mouth disease in cows of the same age range. Thirty percent 

of famers only practiced indigenous methods for health problems of the livestock. Different kind of indigenous 

methods such as charms, branding of different symbols, praying for gods and use of medicinal preparations were 

practiced to treat the health problems of cattle and goat. Total of 106 plant species were found to be used in 

indigenous medicinal practices. Indigenous medicinal practices were widely used as treatments for internal and 

external parasite, diarrhoea, reduced appetite, mastitis, foot and mouth disease and snake bites. 

Key words: Indigenous medicine, Medicinal plants, Cattle, Goat, Small scale farmers
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Introduction 

Health problems of the livestock directly affect the 

production returns through increased cost for 

treatments and reduced output. Impact of zoonotic 

risks and reduce consumer demand are more indirect 

and thus may be less obvious to producers than their 

direct cost. Therefore, identification of commonly 

occurred health issues of livestock in a particular area is 

important to implement health programmes to 

overcome or to eliminate the problems. However, the 

existing conventional disease control programs favor 

the intensive systems of production with livestock in 

confinement and not small-scale farmers. Due to high 

cost of conventional medicines and vaccines coupled 

with the lack of knowledge on their use, these drugs are 

usually out of reach of the small-scale farmers. There is 

therefore need for cheap easy to use and sustainable 

local livestock disease control programs. The wide 

spread use of traditional medicine could be attributed to 

cultural acceptability, economic affordability and 

efficacy against certain type of diseases as compared to 

modern medicines. 

Traditional medicine is used throughout the world as it 

is heavily dependent on locally available plant species 

and plant-based products and capitalizes on 

traditional wisdom-repository of knowledge (Awas, 

2009).  Since ancient times, plants and plant parts have 

served as a source of medicine for indigenous livestock 

production systems in Sri Lanka. Although modern 

medical science has developed to a great extent, many 

farmers in the country depend on plant parts and 

herbal remedies for livestock health managements. At 

present, approximately 250 species of medicinal plants 

and 28 mineral and animal products are used in the 

native systems of animal treatment (Wasantha, 1994). 

Unfortunately, local medical traditions are being lost 

because they are communicated orally from generation 

to generation and are largely undocumented. 

The major objective of this study was to examine the 

indigenous medicinal practices for the health problems 
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of cattle and goat in small scale farming systems in 

Ratnapura district. The specific objectives were to 

identify the common health problems in cattle and goat 

according to their ages and to identify plant species that 

are used in traditional or indigenous medicinal practices 

for cattle and goat. 

Materials and Methods

The study was carried out in Ratnapura district in 

Sabaragamuwa province, Sri Lanka during the year 2009 

- 2010.  The  area covered by the  survey included 

Rathanaputa, Imbulpe, Balangoda, Weligepola, 

Udawalawe, Godakawela and Kuruwita to represent the 

entire district. The list of cattle and goat farmers 

registered in veterinary office of Ratnapura district was 

used to collect information; which is a blend of rural and 

urban livestock farmers.

Pre-tested questionnaire was used to collect 

information from the livestock farmers. Face to face 

interviews were conducted with seventy eight livestock 

farmers to collect relevant information. Data were 

analyzed by the Minitab 14.0.

Results and Discussion

Majority of the farmers (64%) reported Diarrhoea is the 

most prevalent disease in the calves below one year of 

age while 60% of farmers experienced pneumonia in 

calves at this age. 89% of the farmers informed that 

young animals with 1-2 years of age were highly 

susceptible to pneumonia and 79% of the farmers 

reported that calves at this stage were highly subjected 

to parasitic infections. Occurrence of tetanus in calves of 

2-3 years was experienced by 3% of the farmers. 

66% of farmers experienced bloat in 2-4 years old 

animals while 11% of farmers reported milk fever at this 

stage. Brucellosis was also reported by 7% of the farmers 

in calves of 2-4 years old. Mastitis was reported as the 

most prevalent disease (37%) in cows aged more than 

4 years. 34% farmers experienced foot and mouth 

disease in cows of the same age range. Milk fever was 

also reported in cows by 8% of the farmers.

Results reviewed that 30% of the surveyed farmers did 

not get assistance of veterinary surgeon for health 

problems of the livestock and but practiced indigenous 

medicines. It was observed that different indigenous 

methods such as charms, branding of different 

symbols, praying for gods and medicinal preparations 

were used to treat the health problems in cattle and 

goat diseases.

Indigenous medicinal practices were widely used by 

livestock farmers (23%) to treat internal parasites 

while 32% of farmers used indigenous methods to 

control external parasites. Among them Mustard 

(Brassica juncea) and Neem (Azadirachta indica) oil 

charming, oral administration of extract of Red Onion

(Allium ascalonicum) and Gotukola (Centrella asiatica) 

using hot water, firing of charmed Mustard and  feeding 

the mixture of Wada kaha (Acorus cala-mus), Turmeric 

(Curcuma longa) and Pulapu were most popular 

treatments for internal parasites. Neem oil was widely 

used as fly repellant. Spraying of Neem oil with salt, 

application of the mixture of Heen Naran (Citrus 

reticulata  and Coconut (Cocos nucifer) oil, application 

of kerosene and Coconut oil mixture and external 

application of grinded Wada kaha (Acorus calamus) 

were commonly used to treat external parasites. Plant 

preparations were used by 52% of the farmers when 

appetite is reduced in cattle and goats. 

The residues of Jack fruit (Artocarpus heterophyllus), 

paddy straw treated with salt, rice panicle (Oryza 

sativa) with straw, mixture of coconut poonac, water 

and salt with Jackfruit leaves, rice brand mix with rice 

washed water and Sudu Loonu (Allium sativum), Sudu 

Duru (Carum bulbocastamum), Mahaduru (Foeniculum 

 

 

)
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vulgare Gaertn) mix with Coconut water are used to feed 

the animal when animal show reduced appetite 

condition. Application of Neem oil inside the ear was 

commonly practiced to increase the appetite in the 

livestock as an indigenous method. 

19% of farmers used indigenous medicinal methods for 

snake bites and identified practices were feeding of a 

mixture of extract of Bitter guard leaves, Thumba 

(Leucas zeylanica) leaves and lime (Citrus aurantifolia), 

chanting by using lime branch to reduce toxicity and 

other Kem methods. Papaya (Carica papaya) latex was 

applied on the site of bite for insect bites. Plant leaves of 

Pawatta (Adathoda vasica), Nika (Vitex negundo), Pinna

(Clerodendrum infortunatum) after boiling were used by 

46% of farmers to foment the udder after parturition. 

Reduction in milk yield was treated by 23% of farmers 

with hanging broken black color bangles in neck or a 

thread obtained from “kambili redi” used to wrap the 

neck  and   massage the udder with boiled mixture of 

Endaru (Ricinus communis), Nika, Guava (Psidium 

guajava) and Pawatta leaves. Animals were used to 

immerse in mud ponds mixed with medicinal plants for 

several days to treat foot and mouth disease. Ulcers were 

treated by using indigenous methods by 19% of the 

farmers with mixture of Grinded Neem oil, Kuppamenia 

(Acalypha indica) leaves and Thumba leaf or Neem oil, 

Turmeric, lime mixture, Hubas mati (clay of Ants' house) 

and salt water paste.

 

 

Branding of various symbols on the different body 

parts of the animal was used as a method of treatment 

in ruminants. The symbol and the site of branding vary 

with the disease and the severity. An iron hook or rod is 

used to brand designs on specific sites or points. 

Farmers used to pray for different gods such as 

“Mangara”, “Eshwara” and “Paththini” for maintain 

their animal's health. They believe that praying for 

“Gana Deviya” at the time of calving is important for 

easy calving and to obtain a healthy calf. “Kirimadu 

Shanthi Karmaya” is a praying for Mangara god to find 

misplaced animals of the herd as well as to maintain the 

healthy herd. 

A total of 106 plants were found to be used traditionally 

for cattle and goat disease in Rathanapura district. The 

various plant parts used included whole plant, leaf, 

stem, root, bark, seed, and fruit. 

ndigenous medicinal 

methods were used commonly for parasitic problems, 

snake bites, dirrhoea, reduce apatite, mastitis, 

enhancing milk yield and to treat cow/doe just after 

parturition.

 

 

Plant material is used 

singly or in combination. Among them, most commonly 

used plant species are presented in Table 1.

In overall, dirrhoea, pneumonia and parasitic problems 

were the highest occurrence health problems in calves 

while foot and mouth disease and brucellosis were the 

most common in adult cows. I
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Common Name (Sinhala) Scientific Name 
 

Wada kaha  Acorus cala-mus 
Dehi Citrus aurantifolia 
Kohomba Azadirachta indica   
Kaha Curcuma longa 
Pawatta Adathoda vasica 
Coconut Cocos nucifer 
Thumba Leucas zeylanica  
Kapparawalliya Plectranthus amboinicus 
Ginger Zingiber officinale 
Iriweriya Plectranthus zatarhendi 
Nika 
 

Acorus calamus 

 

Table 1. Commonly used plant species for indigenous treatments
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Abstract

Artificial weaning has been identified as one of the critical management practices as it induces psychological, physical 

and nutritional stresses in kits. Therefore, present study was conducted to investigate the behaviour and leucocyte 

response (White blood cell (WBC) count  and Neutrophil:Lymphocyte (N:L) ratio) to artificial weaning in order to 

detect the level of stress and to study the growth performances of New Zealand white rabbit kits under tropical 

climate. Fifteen New Zealand White rabbit does were divided in to three treatment groups (n = 5) corresponding to 

the different weaning ages and designated as T1= weaning at 21 days; T2= weaning at 35 days and T3 = weaning at 49 

days. The experiment was conducted for three consecutive parities of a doe and altogether 15 litters per treatment 

were studied. Drinking and feeding behaviours were significantly increased in T1 kits while lying was significantly 

decreased just after weaning (P<0.05). Grooming and sitting were significantly (P<0.05) increased in T2 kits. Moving, 

grooming and drinking were increased (P<0.05) while lying, feeding and sleeping were decreased (P<0.05) in T3 kits 

after weaning. Crouching and rearing were significantly (P<0.05) increased in all three treatments just after weaning. 

WBC count and N:L ratio were significantly (P<0.05) increased inT1 kits while only the N:L ratio was increased 

(P<0.05) in T2 kits just after weaning. Irrespective of parity, the growth rate of the rabbit kits among three treatments, 
th thwas significantly (P<0.05) affected during the weeks 4, 5 and 7 and there was no significant difference in 8  and 9  

weeks.

Key words: Rabbit kits, Weaning, Behaviour, Leucocyte, Growth rate
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Introduction

Typically, artificial weaning involves abrupt breakdown 

of the mother- young relationship, sudden change in the 

diet of kits, experience of novel environment, social 

change and more intense human intervention. 

Therefore, all these sudden changes have potential to 

induce psychological, physical and nutritional stresses 

in weaned kits. Stress induces reactions in animals 

including behavioural and physiological modifications 

aiming at coping towards the stressors (Moberg and 

Mench, 2000). Out of these, behaviour changes seems to 

be the most consistent and reliable indicator of acute 

stress (Hicks et al., 1998). However, literature is lack 

with weaning age and behaviour development of rabbit 

kits. 

Hematological studies give the opportunity to 

investigate the presence of several metabolites and 

other constituents and help to detect conditions of 

stress, which can be nutritional, environmental or 

physical. It has been shown that stress associated 

increase in cortisol can result in an alteration of blood 

leukocyte concentration, specifically an increase in 

Neutrophils and a concomitant decrease in 

Lymphocytes in the peripheral blood that would result 

in an increase in the Neutrophil:Lymphocyte ratio in 

the stressed animals. 

Many studies have observed negative effect of early 

weaning (21 or 28 days) on live weight in comparison 

with rabbits weaned at 32 days of age or more (Gidenne 

and Fortun-Lamothe, 2004). In contrast, Zita, (2007) 

reported no significant effect of weaning age on the 

body weight of rabbit kits. However, most research on 

early weaning of the litters have been carried out under 

temperate climatic condition and data are scared 

under tropical climatic condition.
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 The aim of the present study was to determine the effect 

of age at weaning on the level of stress and growth 

performances of rabbit kits under tropical environment.

Materials and Methods

Fifteen rabbit does of breed New Zealand White were 

used to generate 45 litters in three parities. Breeding 

females were divided in to three treatment groups (n = 5) 

corresponding to different weaning ages of kits and 

designated as T1= weaning at 21 days; T2= weaning at 

35 days and T3= weaning at 49 days. Kits from five does 

were weaned under each weaning age group and the 

experiment was conducted up to the third parity in each 

doe. This provided a total of 15 litters under each 

weaning age group. 

The experimental animals were managed in a semi 

enclosed building (900cm long x 360 cm wide x 240 cm 

height) under natural ventilation condition. On average 

0 0the day and night temperatures were 27 C and 21 C and 

the relative humidity was 64% at the experimental 

location. The rabbits were housed in wire cages inside 

the building. Each doe was provided with an individual 

cage made of wood and poultry wire mesh (1/2''). The 

dimensions of each cage was 75cm x 75cm x 50cm of 

length, width and height. Similar size cages were 

provided for the weaned kits. Commercially available 

Broiler Finisher pellet diet, wilted Napier grass 

(Pennisetum purpureum) and water were provided ad 

libitum for all the breeding does and the  weaned kits. 

 

Behaviour of the kits was observed three days prior to 

weaning and three days following weaning (six hours 

per day) according to the instantaneous scan sampling 

method at every five minute intervals following an 

ethogram. On the second day following weaning (48 

hours), blood samples were collected from two 

randomly selected kits per one litter. 1ml of blood was 

collected from the central ear artery by using sterilized 

disposable syringe attached to a 29-gauge x 1/2” 

needle. The collected blood was immediately 

0transferred into EDTA-K3 tubes and was stored at 4 C. 

Total WBC count was detected by haemocytometer. 

Neutrophil  and Lymphocyte counts were detected by 

blood smear method. Litter weight was recorded every 

thweek starting from the birth till the end of 9  week to 

calculate the growth rate of the kits. 

Data were analysed by General Linear model of SAS 

(SAS Inst., Inc., 1996). The differences among the 

means were evaluated with least significant difference 

(lsd) means separation test using the PDIFF and 

STDERR options of SAS. 

Results and Discussion

The present investigation showed a significant 

influence of weaning on behaviour of rabbit kits across 

the three weaning age groups. Feeding and drinking 

were increased (P<0.05) in T1 kits in all three parities 

and this may be due to lack of milk feeding as the milk 

was still the main energy source, kits became hungry 

and thirsty after weaning and began to drink and eat. 

Lying behaviour was significantly decreased (P<0.05) 

following weaning both in T1 kits and T3 kits. This may 

be due to the stress caused by separation of kits from 

their mother doe as this was not observed in T2 kits. 

Moving, grooming and drinking were also increased 

(P<0.05), while feeding and sleeping were decreased 

(P<0.05) in T3 kits just after weaning. Therefore, it can 

be suggested that T3 kits were highly affected by 

weaning. Rearing and crouching were significantly 

increased in all three treatments immediately 

following weaning. Rearing is an exploring behaviour 

in rabbits. Weaned kits were introduced to a novel cage 

and this may be the reason to observe significant 

increment in rearing behaviour in kits. Grooming and 

sitting were the only significantly (P<0.05) increased 

behaviours in T2 kits and therefore, altogether only 
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few behaviours were affected by the weaning in T2 kits. 

Therefore, it could be assumed that T2 kits were not 

much affected by weaning in the present study. 

Highest N:L ratio was observed in T1 kits (1.7) and this 

value was significantly (P<0.05) higher than the other 

two treatments (1.4 and 1.3 for T2 and T3 respectively). 

However, the lowest (P<0.05) WBC count was observed 

3in T1 kits (3628.3 ± 187.1 Cells/mm ) and the highest 

value was observed in T3 kits (5841.7 ± 187.1 

3Cells/mm ). 

According to the overall growth rates of this study, 

significant difference (P<0.05) in growth rate of kits was 

th th thobserved in the 4 , 5  and 7  week (Table 1). 

Significantly lowest growth rate was observed in T1 kits 

th thboth in the 4  and 5  weeks. This may be due to lack of 

milk feeding and weaning stress of T1 kits. 

Furthermore, T1 kits have not developed the digestive 

system fully when they were weaned at the age of 21 

days and transition from milk to solid feed may affect 

on the digestion of solid feed. Significantly highest 

thgrowth rate observed in T3 kits in the 7  week and this 

may be due to beneficial effects of doe milk as they were 

not weaned at this stage. 

Overall, it could be concluded that higher level of stress 

in terms of behaviour and haematological parameters 

was found in rabbit kits weaned at 21 and 49 days and 

growth performances of the kits were not affected by 

the weaning age under tropical climate. 
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 Age   Treatment     

(Week) T1 T2 T3 SE P Value 

1 0.010 0.011 0.011 0.001 0.19 

2 0.012 0.010 0.012 0.001 0.58 

3 0.009 0.010 0.014 0.001 0.12 

4 0.012b 0.019a 0.016a 0.002 0.01 

5 0.018b 0.027a 0.024a 0.002 0.01 

6 0.023 0.023 0.027 0.003 0.45 

7 0.021b 0.020b 0.029a 0.002 0.03 

8 0.028 0.021 0.026 0.003 0.18 

9 0.028 0.027 0.024 0.003 0.42 

 
Different letters show statistically significant (P < 0.05) differences among the treatments. 

T1- Treatment 1 (n=13), T2- Treatment 2 (n=13), T3- Treatment 3(n=13)

Table 1. The overall average growth rate (kg/day) of kits irrespective of parity
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Abstract

The chicken egg is a perishable food product, which could lose its quality rapidly during storage. With the objective of 

determining the effect of different egg cartons and storage time and their interaction on change of quality 
0characteristics of chicken eggs during storage at room temperature (32 ), internal quality characteristics (weight 

loss (%), Haugh unit, yolk index, yolk pH, albumin pH, yolk color and air cell depth) of packed [with paper molded 

cartons, polystyrene cartons, plastic/PVC (polyvinyl chloride) cartons] and unpacked (control) chicken eggs during 4 

weeks of storage were evaluated. Salmonella, Escherichia coli and Total Viable Plate Counts were enumerated from the 

internal content of eggs. There was a negative effect (P<0.05) of storage time on Haugh unit, yolk index, albumin pH 

and yolk color regardless of the treatment at 32°C while, weight loss (%), yolk pH and air cell depth significantly 

(P<0.05) increased regardless of the treatment (paper molded cartons, polystyrene cartons, plastic/PVC cartons and 

the control) with increased storage time at 32°C. Results of microbiological analysis showed that the eggs which were 

subjected to different treatments were all microbiologically safe throughout the four weeks of storage at 32°C. 

Therefore, results support the conclusion that the internal quality of the egg diminishes according to the storage time 

at room temperature. Plastic/PVC packaging material was better in preserving the quality parameters [Haugh Unit, 

Weight Loss (%)] of packed eggs at least for four weeks,  compared to all the other treatments at 32°C.

Key  words: Cartons, Eggs, Haugh Unit, Storage   

C

Introduction

The egg industry of the world is primarily based on the 

chicken eggs (Jayasena et al., 2012). Eggs are one of the 

few foods consumed throughout the world and this 

character makes the egg industry an important section 

of the world food industry (Stadelman, 1994). Even 

today, eggs remain a food within the human diet, 

consumed by people throughout the world due to facts 

that the eggs are an important and inexpensive source of 

high quality protein, vitamins and minerals (Wardy et 

al., 2010). 

Internal quality of eggs starts to deteriorate immediately 

after they have been laid due to loss of moisture and 

carbon dioxide through the minute pores on the shell 

surface (Cancer et al., 2008 and Kim et al., 2009). 

Therefore, a protective barrier against transfer of 

moisture and carbon dioxide is needed to preserve the 

egg quality. Nature has given the egg a natural package, 

the shell and an inner liner, the membrane. The egg shell 

has a natural covering or cuticle that seals its pores 

helping to prevent the entry of bacteria and loss of 

moisture (Stadelman, 1995). In many developing 

countries refrigeration of eggs is seldom practiced due 

to high costs and none availability of such facilities. 

Hence, packaging of eggs with available inexpensive 

materials could reduce both qualitative and economic 

losses.

Quality changes of eggs during storage are affected by 

various factors and one of them could be storage 

temperature. To date, there is scarce information 

available on the effect of storage temperature; time and 

their interaction on the quality characteristics of 

chicken eggs packaged with different packaging 

materials during storage under tropical humid 

conditions in Sri Lanka. Thus, the main objective of this 

study was to evaluate the effect of different egg cartons 

and storage time and their interaction on change of 

quality characteristics of chicken eggs during storage 

0at room temperature (32 C). Meanwhile, the specific 
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objective of this study was to find out the most effective 

and stable egg carton that can be used for packaging of 

table eggs with minimum changes of egg quality 

parameters during storage at room temperature 

conditions in Sri Lanka.

Materials and Methods

Unwashed, faeces-free, brown-shell eggs (from 40-

weeks old, Shaver Brown hens; a weight range of 50–70 

g) were obtained. Immediately after collecting from the 

farm and screening for defects and desirable weight 

range, total of 500 eggs were selected, out of which 480 

eggs were subjected to four treatments (paper molded 

egg cartons, polystyrene egg cartons, plastic/PVC egg 

cartons and unpacked) with three replicates per 

treatment while ten eggs were packed in one carton. 

Eggs were sampled fresh and stored for 4 weeks at 32°C 

in Switz Lanka Layer Farm, Puttalam, Sri Lanka. In each 

week, eggs were weighed and yolk index (YI = yolk 

height/yolk diameter), yolk pH, yolk color (By ROCHE 

Yolk Color Fan), air cell depth, Haugh unit (HU) (by the 
0.37equation HU = 100 × log (h - 1.7w + 7.6), albumin pH, 

number of damaged eggs and weight loss (%) were 

determined and separate samples from each treatment 

were subjected to microbiological enumerations for the 

detection of Salmonella, Escherichia coli and Total Viable 

Plate Count (TVPC) values in the internal content of 

eggs.

For internal quality indices (weight loss (%), Haugh 

unit, yolk index, albumen pH, yolk pH, air cell depth 

and yolk color) of eggs; the highest and lowest values 

were detected. Experimental design was Completely 

Randomized Design (CRD); means and standard 

deviations for egg weights were based on thirty (30) 

measurements (eggs) per treatment (three replicates 

and ten measurements per replicate) while remaining 

internal quality indices were based on fifteen (15) 

measurements per treatment (three replicates and 

five measurements per replicate). Treatment means 

were calculated using General Linear Model 

procedure (PROC GLM) and the means were compared 

by Least Square Means (LSM) multiple comparisons 

test at á = 0.05. Repeated measures analysis of 

variance (Repeated Measures ANOVA) was used to 

determine whether overall difference existed between 

packed and unpacked eggs, considering all variables 

(Haugh unit, weight loss, yolk index, albumen pH, yolk 

pH, air cell depth and yolk color) simultaneously. The 

statistical analysis software package (SAS Institute, 

2003) was used to analyze the data.

Results and Discussion

Haugh Unit 

Changes in the Haugh unit of unpacked (control) and 

packed eggs during four weeks of storage at 32°C were 
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? A-EMeans ± Standard Deviations of three replicates with ten measurements per replicate.  Means with different 
a-bsuperscripts within a row indicate significant differences (P < 0.05).  Means with different superscripts within a 

column indicate significant differences (P < 0.01).
? ? Based on the Haugh unit values: AA > 72, A (72 – 60), B (60 – 31) and C < 31.

? ? ?  Table  1. Change of Haugh Unit  and Grades of Eggs Packaged in Different Packaging Materials 

Egg Packaging

Material 

Week 00 Week 1 Week 2 Week 3 Week 4 

A (Paper molded) 71.4 ± 5.3A, a 

A 

71.4 ± 5.3A,a 

A 

52.0 ± 1.3C,a 

B 

44.6 ± 2.6D,a 

B 

19.7 ± 2 .7E,b 

C 

B (Polystyrene) 71.4 ± 5.3A, a 

A 

53.9 ± 6.7B,a 

B 

52.4 ± 3.6B,a 

B 

37.4 ± 3.9C,ab  

B 

17.2 ± 2 .1D, b 

C 

C (Plastic/PVC) 71.4 ± 5.3A, a 

A 

59.8 ± 5.4B,a 

B 

52.2 ± 3.5C,a 

B 

43.6 ± 4.8D,a 

B 

26.3 ± 3 .1E,a 

C 

D (Unpacked) 71.4 ± 5.3A, a 

A 

56.4 ± 4.6B,a 

B 

50.3 ± 0.5C,a 

B 

36.2 ± 3.9D, b 

B 

17.7 ± 1 .9E,b 

C 
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observed throughout the experiment [interaction 

between egg cartons (treatments) × storage periods 

(weeks), P>0.05]. The Haugh unit was decreased 

(P<0.05) with increased storage periods at 32 °C 

regardless of the treatment. The negative effect of 

storage time on the albumen quality (Haugh unit) of eggs 

was significant at 32°C (P<0.0001) (Table 1). 

Weight Loss (%)

Differences in the weight loss (%) among the control 

(unpacked) eggs and those subjected to different 

treatments were found [interaction between egg carton 

(treatments) × storage periods (weeks), P<0.05] during 

4 weeks of storage at 32°C. Regardless of the treatment, 

weight loss (%) of eggs progressively increased with 

increased storage periods at 32°C (Figure 1).

Albumin pH and Yolk pH

At the end of the four weeks of storage at 32°C, eggs in all 

the treatments and the control showed a decrease 

(P<0.05) in albumin pH when compared to the initial pH 

value of 9.24. At the end of the four weeks of storage at 

32°C, the lowest albumen pH value was showed by eggs 

from the unpacked (7.55) and the highest albumen pH 

value was observed in eggs packed in the plastic/PVC egg 

cartons (8.63).
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Figure  1. Effect of different egg cartons on egg weight loss (%) during 4 weeks of storage at 32°C

Meanwhile, regardless of the treatment, yolk pH values 

increased (P<0.05) from its initial value of 6.15 to an 

average of 7.08 after four weeks of storage at 32°C. A 

significant interaction between egg cartons 

(treatments) × storage periods (weeks) (P<0.05) was 

observed, yet treatment effect was not significant 

(P>0.05) for four weeks of storage at 32°C. 

Yolk Index

The yolk index values significantly decreased with 

increase in storage periods at 32°C (P<0.05). The yolk 

index values (0.15) of eggs packaged with plastic/PVC 

egg cartons after four weeks of storage at 32°C were all 

higher than that of yolk index values of eggs packed in 

polystyrene egg cartons (0.14) and equal to unpacked 

eggs (0.15) after three weeks of storage at 32°C. In the 

present study, decrease of yolk index values were 

affected (P<0.05) by the treatments and storage period 

at 32°C (interaction between treatments × storage 

periods).

Air Cell Depth

In the current study regardless of the treatment, depth 

of egg air cell showed a significant increase (P<0.05) 

from its initial value (1.75 mm) during storage at 32°C 

for four weeks. This increase of air cell depth was 

affected by the treatments and storage period at 32°C 
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(interaction between treatments × storage periods, 

P<0.0001). Eggs packed in plastic/PVC egg cartons had 

lower (P<0.05) air cell depth value (8.98 mm) than eggs 

packed in paper molded egg cartons (13.38 mm), 

polystyrene egg cartons (10.99 mm) and unpacked eggs 

(13.82 mm) after four weeks of storage at 32°C. Present 

study results show that the air cell depth values (8.98 

mm) of eggs packed with plastic/PVC egg cartons after 

four weeks of storage at 32°C were lower than that of 

eggs packed in polystyrene egg cartons (9.62 mm), paper 

molded egg cartons (11.28 mm) and unpacked eggs 

(11.72 mm) after three weeks of storage at 32°C. 

Yolk Color

At the end of four weeks of storage at 32°C, there was not 

any significant difference (P>0.05) observed among 

treatments regarding yolk color of eggs. 

Microbiological Analysis

A continuous increase of TVPC value of unpacked eggs 

and eggs packed in different egg cartons were observed 

and it was clearly observed that eggs packed in 

plastic/PVC egg cartons had significantly (P<0.05) the 

highest microbial count (TVPC) value at the end of each 

week of storage at 32°C. In the present study, TVPC 

values for freshly laid eggs (day 0) was not detectable by 

the pour plate method. After four weeks of storage, 

unpacked eggs and eggs subjected to different 

treatments showed an increase of TVPC from not 

detectable levels to 4.39, 4.35, 4.51 and 4.79 log CFU/mL, 

respectively in each treatment by the pour plate method 

(P<0.05). 

Meanwhile, no Salmonella colonies and Escherichia coli 

colonies were detected in all treatment groups up to two 

weeks of storage at 32°C.

Conclusion

The most effective egg carton is plastic/PVC carton as it 

is found to be better and stable in preserving quality 

indices of packed eggs at least for four weeks compared 

to other egg cartons (polystyrene and paper molded) 

and the control (unpacked) at 32°C.
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Evaluation of F1 Progeny from Multi-Hybrid Crossing of Local Chicken Genotypes

A.V. Chrishanthan, E. Subalini* and M. Rameskaran
Faculty of Agriculture, Eastern University of Sri Lanka, Chenkalady

Abstract

A study was carried out to develop cross breeding programmes for local chicken to evaluate the growth traits of F1 

progenies.  The crosses made were Naked-neck X Giriraja, Naked-neck X Hy-line white, Village chicken X Giriraja and 

Village chicken X Hy-line white. Pure Cobb and Hy-line white lines were used for comparative analysis. The 

parameters measured were body weight of day old chick, body length at birth, weekly weight gain, feed conversion 

efficiency and body weight at 20 weeks age.  Non-metric parameters measured were feather colour, ear lobe colour, 

body shape and comb type. The data were analyzed with one way ANOVA and DMRT was used to compare the mean 

values. The results of the study revealed that the weight of day-old chick (58.3±1.3 g), body length at birth (5.8±0.9 

cm), weekly weight gain (55.1±1.9 g/week) and body weight at 20 weeks age (1.7±0.05) were significantly higher 

(P<0.05) in F1 progeny of Naked-neck X Giriraja and Cobb. No significant difference (P>0.05) was observed for feed 

conversion efficiency between F1 progenies of all the crossings (0.59-0.61) except Cobb (0.65±0.1).  The mature body 

weight was significantly higher (P<0.05) in Cobb (  The colour and comb type of day-old chicks of F1 

progenies were yellow and single, respective of the crossings. The ear lobes of F1 progenies of village chicken and 

naked-neck chicken were white and red, respectively. Body shape observed was triangular in village chicken crosses 

while it was rectangular in naked-neck chicken. A diversity in feather colouring pattern was observed among different 

individuals of the progenies.  It was concluded that the  F1 progeny of Naked-neck X Giriraja  showed higher values for 

many of the metric traits measured in this study.  For further confirmation the trial should be done for several 

generations.  

Key words: Giriraja,  Hy-line White, Naked-neck chicken, Village chicken

2.5±0.01 kg).

Introduction

Being the cheapest sources of animal proteins, chicken 

meat and eggs have contributed largely to animal protein 

requirement of the people in Sri Lanka. About 70% of the 

contribution to livestock sub-sector in Sri Lanka comes 

from chicken meat and eggs (Department of Census and 

Statistics, 2012). The local chicken contributes about 

15% to the national egg production (Department of 

Census and Statistics, 2012). They are mainly reared for 

the egg production as they are having low growth rates. 

The local chicken are reared both in the rural and semi 

urban areas. However, they are highly distributed in 

many rural villages of Sri Lanka. More importantly, there 

are no commercial-level village chicken productions as 

the growth and performance are poorer than with exotic 

breeds. Though the government has introduced various 

projects to improve the local chicken production, more 

attention is required to improve performance of the 

existing flock of local chicken since their tasty meat and 

eggs are popular particularly in the dry zone. 

For upgrading the existing village chicken flock, proper 

and planned breeding programmes are utmost 

important. In this context, the present study was 

formulated to develop different cross breeding 

programmes for local chicken using exotic chicken 

breeds with the objective to  evaluate the growth 

characteristics of F1 progeny. Multi-hybrid crossing 

technique (using more than two genotypes) was used 

to produce F1 progeny in this study. 

Materials and Methods

This study was conducted at the Livestock Farm, 

Eastern University, Sri Lanka. Village and naked-neck 
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chickens are the local chicken used in the study. Hy-line 

white and Giriraja were used as sire parents in the cross 

breeding programmes. Five local hens were allocated for 

one cockerel for each cross and each cross was replicated 

thrice. Each flock was maintained separately under 

intensive system with regular feeding. Average age of 

dam and sire used were one year. The meat strain Cobb 

and the egg strain Hy-line white were used for 

comparative analysis. Muti-hybrid crossing technique 

was used with four crosses namely Naked-neck X 

Giriraja, Naked-neck X Hy-line white, Village chicken X 

Giriraja, and Village chicken X Hy-line white. The 

crossing technique used was multi-hybrid technique. 

Fresh and clean eggs were collected and incubated 

naturally using separate broody hens. Body weight and 

length of day-old chicks hatched were measured. The 

other parameters measured were the weekly weight, 

amount of feed consumed, mature body weigh at 20 

weeks. The body weight was recorded separately for 

each bird. The weight gain and feed conversion efficiency 

were computed based on basic parameters recorded.   

The Statistical Analysis Software (SAS Version 9)  with 

one way ANOVA was used for all statistical analyses and 

Duncan Multiple Range Test was used to find out the 

significant difference if there any. 

Results and Discussion

Table 1 shows the performance traits of F1 progeny 

from different crossing of local chicken through multi-

hybrid crossing technique. Effect of dam and sire was 

significant (P<0.05) in all the traits.

Weight of day-old chick

Weight of day-old chick was significantly higher 

(P<0.05) in F1 progeny of naked-neck X Giriraja and 

Cobb than the progenies of other crosses. The result 

indicated that the F1 progeny from Naked-neck X 

Giriraja has the potential to be improved as meat type 

chicken under local farming system. The recorded 

value for day-old weight in the present study was 

higher than day-old chicks of some developed local 

chicken in other countries like Ghana (29.9g). 

Significantly lower value for weight of day-old chicken 

was observed in F1 progeny of village chicken X Hy-line 

white. 

Body length at birth 

Body length at birth was significantly higher (P<0.05) 

in F1 progeny of Naked-neck X Giriraja and Cobb and no 

significant difference was observed between the 

progeny of other crosses..
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* Numbers followed by different letters are significantly different (P<0.05)

 Table 1: Least Significant Mean Value (±SE forperformance traits of F1 progeny from different genotypes

 

Performance traits Village X 

Giriraja 

Village  X Hy-

line white 

Naked  neck  

X Giriraja 

Naked neck 

X  Hy-line 

white 

Cobb  Hy-line 

white 

Weight of day-old 

chick (g) 

48.6±2.1a 45.0±1.6b 58.3±1.3d 51.4±0.9 c 59.7±1.8d 49.0±2.3a 

Body length at birth 

(cm) 

4.9±0.6a 5.0±0.2a 5.8±0.9b 5.1±1.2a 5.7±0.7b 4.9±0.8a 

Weight gain (g/week) 40.3±2.7a 4 2.7±1.5a 55.1±1.9c 48.2±2.8b 55.7±2.1c 50.2±1.7 b 

Feed conversion 

efficiency 

0.59±0.2a 0 .61±0.2a 0.61±0.3a 0 .59 ±0.1a 0.65±0.1b 0.61±0.2a 

Mature live weight 

(kg) 

1.0±0.07a 1.2±0.05b 1.7±0.05d 1.5±0.08 c 2.5±0.01e 1.8±0.05 d 
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Weight gain 

Weight gains were significantly higher (P<0.05) in F1 

progeny of naked-neck X Giriraja and Cobb meat strains 

compared to the others. 

Feed conversion efficiency

No significant difference (P>0.05) was observed for feed 

conversion efficiency among F1 progenies of all the 

crossings and Hy-line white except Cobb which showed 

significantly higher (P<0.05) value for feed conversion 

efficiency.  Basically the Cobb is a meat strain which was 

developed for higher body weight and feed conversion 

efficiency. 

Mature body  weight 

The dam and sire effect was significantly higher (P<0.05) 

in body weight of all the progenies at 20 weeks age. 

Mature body weight was significantly higher (P<0.05) in 

F1 progeny of naked-neck X Giriraja compared with the 

other crosses. The findings were agreed with the reports 

made by Tadelle and Ogle (2000). 

Mortality

In terms of mortality, there was no significant genotype 

effect. However, the feather pecking was observed in F1 

progenies of Giriraja. Feather pecking is associated with 

poor management, adverse environment and breed or 

strain of bird. He also reported that hybrid strains are 

susceptible to feather pecking. 

Non-metric traits

The colour of day-old chicks of F1 progenies was yellow 

in all crossings. The comb type observed was single. The 

ear lobe was white in the F1 progenies of village chicken 

while it was red in naked-neck crosses. Skin colour was 

yellow in all crosses. Body shape observed was 

triangular in village chicken crosses while it was 

rectangular in naked-neck chicken. Feather colour of F1 

progeny of naked-neck X Giriraja was brown while it was 

white in naked-neck X Hy-line white. Fifty percent of 

the progeny of naked-neck in both crosses had naked-

neck. Feather pecking was observed in naked-neck 

progenies. The birds showing the naked-neck 

character were found to be pecking themselves due 

probably to their exposed skin. Red colour seems to 

attract maximum attention by birds, and this might 

have caused the neck pecking of the naked-neck birds 

due to their exposed neck. 

The results of the study revealed that the F1 progeny of 

Naked-neck X Giriraja showed higher values for many 

the metric traits measured in this study compared to 

other progenies. Therefore, the Giriraja white is a 

suitable sire breed to improve the naked-neck flock in 

terms of growth performance of F1 progeny. Further, 

there should be a planned breeding approach for 

village chicken with other existing chicken breeds in Sri 

Lanka to find out suitable sire breed to cross with 

village chicken. For further confirmation progeny 

performance should be evaluated in subsequent 

generations with continuous breeding programmes. 
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Detection of Antibiotic Resistance of Salmonella Species Isolated from Broiler Chicken
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Abstract

Salmonella species are major zoonotic food-borne pathogens which cause outbreaks and sporadic cases of 

gastroenteritis in human worldwide. Most Salmonella infections in humans result from the ingestion of contaminated 

foods of animal origin, such as poultry, pigs and cattle. An increase of Salmonella strains showing resistance against 

different antibiotics has been found in isolates from pigs, poultry, and cattle in recent years. This study aimed to 

compare the prevalence of antimicrobial resistance of Salmonella isolated from fresh poultry meat. A total number of 

sixty fresh chicken meat samples were collected from different locations and isolation was done using conventional 

methods according to the Bergy's manual. Susceptibility of these isolates to five different antibiotics (cephalexin 

30mcg/disc, trimethoprim 5mcg/disc, ciprofloxacin30mcg/mcg, chloramphenicol 125mcg/disc and cotrimazole 

25mcg/disc) were assessed by disc diffusion method measuring the inhibition zone. Out of the total samples, 11.7% 

(7) were positive for Salmonella. All the samples (7/7) were resistance to cephalexin and cotrimazole showing lower 

inhibition zones than the standards of E.coli 25922 (ATCC). Three out of seven isolates showed resistance for both 

trimethoprim and chloramphenicol. Six out of seven isolates were resistant for ciprofloxacin. Multiple drug 

resistance was also detected in some isolates. Two isolates exhibited the resistance against all five antibiotics and 

other two isolates had resistance against 4 antibiotics used in the antibiogram. Another two isolates showed 

resistance to three antibiotics. This study concluded that there is a considerably high prevalence of salmonella in fresh 

poultry meat. Development of antibiotic resistance in Salmonella spp. has to be strictly addressed considering its 

public health significance.

Key words: Antibiotic, Sensitivity, Salmonella, Isolation, Resistance

Introduction

Salmonella infections continue to be a major public 

health problem in both developed and developing 

countries. Salmonellosis is typically spread through the 

consumption of contaminated food, water, or through 

contact with an infected host. There are only two species 

of Salmonella; ie. S. enterica and S. bongori available with 

more than 2500 serotypes. Based on the degree of host 

adaptation Salmonella serotypes are divided into three 

groups; (i) Typhoidal (enteric) Salmonella: causing 

typhoid and paratyphoid fever in humans and generally 

not pathogenic for animals, (ii) Nontyphoidal 

Salmonella: causing gastroenteritis in a broad range of 

animals, including mammals, reptiles, birds and insects 

(iii) Salmonella restricted to certain animals like S. 

Abortovis to sheep and S. Gallinarum to poultry. The 

two most common causes of nontyphoidal 

salmonellosis are Salmonella Typhimurium and 

Salmonella Enteritidis. These two serovars can be 

colonized in the alimentary tract of animals without 

causing disease so that their contamination of human 

food chain can be a significant health concern 

(Karunasagar, 2012).

Resistance to combinations of several classes of 

antimicrobials has led to the emergence of multidrug-

resistant strains that may pass from food animals to 

humans. Salmonella is one of the important pathogens 

known to carry resistance factors (Gebreyes and Altier, 
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2002). Prevalence of the antibiotics resistance in 

Salmonella species is quite high from different places 

and different isolated species. It depends on several 

factors such as differences in origin, time period of 

collection and different sampling method that are used. 

The resistance rate, however, varies with different 

serotypes and different antibiotics. Salmonella 

Enteritidis is one of the most prevalent Salmonella 

serotypes which relatively more susceptible to 

antimicrobial agents than other serotypes. Because of 

the increased resistance to conventional antibiotics, 

e x t e n d e d s p e c t r u m    c e p h a l o s p o r i n s  a n d  

fluoroquinolones have become the drugs of choice for 

treatment of infections caused by multidrug-resistant 

Salmonella serotypes (Karunasagar 2012). The 

emergence and spread of multi-drug resistance 

including Salmonella species have reinforced the need 

for epidemiological studies describing the prevalence 

and the patterns of resistance of these strains. 

With this background, the present study was 

carried out mainly focusing on isolation and 

identification of Salmonella spp. from fresh broiler 

chicken and detecting the antibiotic sensitivity against 

these isolates. 

Materials and Methods

Sixty chilled broiler chicken meat samples were 

collected from  different broiler chicken meat stalls in 

kiribathgoda, pettah, Gonawala, Kandy and four 

processing plants located in kurunagala area in pre 

sterilized (autoclaved) polythene bags for the study. All 

the samples were immediately iced and transported to 

the laboratory for analysis. Salmonella was isolated by 

conventional method as per the protocols recommended 

by FDA (1992). Briefly, the meat samples were rinsed in 

sterile lactose broth (pre enrichment) and the rinse was 

There 

were only few reports available in Sri Lanka regarding 

the isolation and identification of Salmonella spp from 

fresh broiler chicken and detecting the antibiotic 

resistance. 

incubated at 37 °C for overnight. Subsequently the pre 

enriched samples were inoculated to selective 

enrichment broths such as tetra thionate broth (TTB), 

cystein selinite broth (SCB) and Rappaport vassiliadis 

(RV) broth and incubated overnight. Consequently a 

loop full of culture from each of these broths was 

streaked on selective agar media such as Hekton 

enteric agar (HEA), Bisthmus sulfide agar (BSA) and 

Xylose lysine deoxycholate (XLD) agar and incubated at 

37ºC for 24 h. The plates were examined for the 

suspected colonies and they were identified using 

biochemical tests such as indole, methyl red, vogas 

proscur and citrate test.

Following isolation and identification, Salmonella 

isolates were tested for antibiotic susceptibility using 

the method described by Bauer et al. (1966).

Cephalexin 30mcg/disc, trimethoprim 5mcg/disc, 

c iprofloxacin 30mcg/mcg,  chloramphenicol  

125mcg/disc and cotrimazole 25mcg/disc antibiotics 

were used according to manufacturer's (HiMedia 

Laboratories Pvt. Ltd., India) guidelines. A young 

culture of Salmonella grown for 10–12 h in 5 ml 

Mueller–Hinton broth (HiMedia Laboratories Pvt. Ltd., 

India) was poured on well-dried Mueller–Hinton agar 

(HiMedia Laboratories Pvt. Ltd., India) to prepare a 

lawn. After gently air drying in a laminar flow, the 

antibiotic discs were placed on the surface of the 

medium and incubated for 24 h at 37 °C for the 

appearance of a clear zone. The designation of strains 

as susceptible or resistant was based on the diameter 

of inhibition zone around each disc was done according 

to the manufacturer's instructions (Technical data 

sheets, Himedia Laboratories Pvt. Ltd, India) compared 

to the E. coli 25922 (ATCC).

Results and Discussion

Out of the sixty total samples, seven (11.7%) were 

positive for Salmonella. This clearly indicates the 
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alarming situation that has been aroused in the country 

regarding the public health aspect of the food industry. 

Salmonella organisms belonging to subspecies 1 

(Typhoidal) are the most resistance bacterial pathogens 

which are wide spread in both developed and developing 

countries (Karunasagar 2012). Since early 1990s, the 

multiresistant strains of S .  enterica  serovar 

Typhimurium have been displaying resistance to six 

commonly used antibiotics. The development of 

r e s i s t a n c e  t o  k e y  a n t i m i c r o b i a l s  s u c h  a s  

fluoroquinolones, particularly in Asian countries, and 

also extended-spectrum cephalosporins worldwide is 

the cause of concern. Epidemiological reports have 

indicated that antimicrobial-resistant strains of 

Salmonella could cause more prolonged or more severe 

illness than do susceptible strains (Travers et al., 2002).

Frequent use of antibiotics in agriculture, aquaculture 

and poultry has led to the development of antibiotic 

resistance in Salmonella. Multi drug resistant salmonella 

has gained prominence in many parts of the world and 

has become a cause of concern (Helms et al., 2005). All 

the samples (7/7) were resistance to cephalexin and 

cotrimazole showing lower inhibition zones than the 

standards (E.coli 25922, Technical data sheets, Himedia 

Laboratories Pvt. Ltd, India) (Table 1). Resistance shown 

for trimethoprim and chloramphenicol was 3/7 

isolates each (Table 1). Six out of seven isolates were 

resistant for ciprofloxacin. Multiple drug resistance 

was also detected in some isolates. Two isolates 

exhibited the resistance against all five antibiotics and 

other two isolates had resistance against 4 antibiotics 

used in the antibiogram Another two isolates showed 

resistance to three antibiotics. One isolate showed 

sensitivity to chloramphenicol and four other 

antibiotics used in the study. Meanwhile one isolate 

(S33) was sensitive to chloramphenicol and 

trimethomprim whereas the isolate S47 showed 

sensitivity only to trimethomprim. S37 exhibited the 

sensitivity to trimethomprim, ciprofloxacin and 

cholramphenicol and this is the only isolate that 

showed the sensitivity to ciprofloxacin. Isolate 34 

displayed sensitivity to trimethomprim and 

chloramphenicol and it was resistance to other 

antibiotics. Both the isolate 43 and 45 had multiple 

drug resistance having resistance to all the antibiotics 

used in the study (Table 1).  

Conclusions

This study concluded that there is a considerably high 

prevalence of Salmonella in fresh poultry meat. 

Development of antibiotic resistance in salmonella spp. 
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Isolate 

number 

Inhibition zones (mm) and antibiotic resistance of isolates 

Cephalexin Trimethoprim Ciprofloxacin Chloramphenicol Co-trimoxazole 

E.coli 

25922 

 17-22  21- 28  30-40  21 -27  23-29 

s21 R 10.66 ±0.09 R 17.13± 0.21 R 23.59± 0.31 S 20 .91 ± 0.06 R 21.54 ± 0.05 

s33 R 15.23± .14 S 22.82 ± 0.17 R 27.53 ± 0.1 S 26 .1± 0.08 R 20.78  ±0.02 

s47 R 12.66± 0.12 S 23.03±  0.05 R 25.92± 0.03 R 20 .4 ±0.01 R 21.92 ±  0.03 

s37 R 14.94 ±0.04 S 20.85 ± 0.07 S 29.72± 0.05 S 24 ± 0.01 R 21.89±  0.04 

34 R 9.78± 0.26 S 21.35 ± 0.28 R 26.34 ±0.06 S 20 .16± 0.09 R 21.84 ±  0.09 

43 R 8.04± 0.03 R 18.7± 0.09 R 28.70 ±0.09 R 16 .34 ± 0.06 R 16.84±0.03 

45 R 9.02±  0.01 R 7.15± 0.37 R 26.71± 0.04 R 12 .64 ± 0.05 R 6.8 8±  0.05 

R indicates resistance, S indicates sensitive to antibiotics.

Table 1. Antibiotic resistance pattern and inhibition zones 
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has to be strictly addressed considering its public health 

significance.
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Cowpea (Vigna unguiculata L. Walp.) Incorporated Experimental Diets Modulate Caecal Fermentation and 

Serum Lipid Metabolism in Wistar Rats (Rattus norvegicus) 
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Abstract

This study was carried out to investigate the in vivo effect of cowpea (Vigna unguiculata L. Walp.) incorporated 

experimental diets on caecal fermentation and serum lipid metabolism in Wistar rats. Seven weeks old 36 Wistar rats 

were fed with four cultivars of cowpea powder [Dawala (DA), Waruni (WA), Bombay (BB) and MI 35 (MI)] 

incorporated high fat diets (HFD) for six weeks. Rats were divided into six groups and assigned to six treatments 

randomly (DAF, WAF, BBF and MIF; with 20% cowpea powder + 30% fat; two controls with CNN (20% casein) and CNF 

(20% casein + 30% fat), respectively. Higher (p<0.05) Lactobacilli and total anaerobes counts were observed in MIF 

than CNF. Significantly higher (p<0.05) Lactobacillus population in DAF group was supported by significantly higher 

cecum weight compared to CNF group. Serum Total Cholesterol (TC), LDL-Cholesterol (LDL-C) and Tryaceiglycerol 

(TAG) concentration were lower (p<0.05) in BBF and MIF than CNF control. DAF, WAF and BBF fed groups had higher 

(p<0.05) feacal weight than CNF control. DAF and BBF fed groups resulted significantly higher cecum weight than 

control group. These results indicate that, cowpea incorporated diets modulated caecal fermentation and serum lipid 

metabolism in Wistar rats.

Key  words: Caecal Bacteria, Caecal Fermentation, Cowpea, Hypercholesterolemia, Serum Lipids 

Introduction

Dietary fiber has been recognized as a healthy food 

component. Fermentation is the process whereby 

microflora utilizes carbohydrate as their primary energy 

source, producing short-chain fatty acids as by-products. 

Past studies revealed that plant fibers have a 

hyporcholesterolemic effect due to fiber induced 

alterations of intestinal absorption, intestinal or 

pancreatic hormone secretion, lipoprotein metabolism, 

bile acid metabolism or fermentation by products and 

their effects on hepatic cholesterol synthesis (Kay, 

1982). A few in vivo studies have been conducted to 

investigate the health functions of locally available food 

crops in Sri Lanka. Cowpea has been in Sri Lankan diets 

for many years, but the potential uses of cowpea as a 

functional food have not been exploited yet. This is the 

first study which used to investigate the effect of 

commonly consumed four cowpea cultivars 'Dawala', 

'Waruni', 'Bombay' and 'MI 35' on lipid metabolism in 

rats.

Materials and Methods

Seven (7) week old 36 male Wistar rats were housed 

individually in stainless steel cages. All the rats were 

fed with four cultivars of cowpea powder (Dawala, 

Waruni, Bombay and MI 35) incorporated high diets 

(HFD) for six weeks. Rats were divided into six groups 

(n=6) and assigned to six treatments randomly (DAF, 

WAF, BBF and MIF; with 20% cowpea powder + 30% 

fat; two controls with CNN (20% casein) and CNF (20% 

casein + 30% fat), respectively. The compositions of 

each experimental diet were formulated based on AIN-

93 G semi purified rodent diet. The rats were allowed 

free access to food and water for whole period. The 

body weight and food intake were recorded weekly.
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Blood was collected at the beginning and at the end 

of the experiment from jugular vein of fasting rats under 

anesthesia induced by Ketamine. Blood samples 

obtained from experimental animals was centrifuged at 

1,500×g for 15 min at 4 °C to separate serum. All feacal 

excretions were collected during the last 3 days of the 

experimental period. 

All animals were sacrificed at the end of the 

experimental period.  After euthanasia, the cecum were 

dissected and weighed, and were kept frozen (-80 °C) 

until analysis. Data were analyzed using ANOVA 

procedure in completely randomized design performing 

Duncan's multiple range tests. Coliform, total Anaerobes 

and Lactobacillus plate count of the cecum were 

estimated by plating them in Machonkey plates, Wilkins 

Chalgren anaerobe agar and Rogosa agar, respectively. 

The plates were inoculated and incubated for 

appropriate time and colonies were counted. 

The obtained serum was used for the measurement of 

total cholesterol, HDL-cholesterol, LDL-Cholesterol 

and Triacylglycerides. The LDL Cholesterol 

concentration was calculated as follows: [LDL-C] = 

[TC]-[HDL-C]. Serum lipids were measured using a 

commercially available kit (assay kits, TDX system; 

Abbott Laboratories, Irving, TX, USA). All fecal 

excretions were collected during the last 3 days of the 

experimental period and weighed.

Results and Discussion

There were no differences in the initial and final body 

weight, body weight gain and feed intake among 

experimental groups. Cecum Lactobacillus population 

was significantly higher (p<0.05) in rats fed with MIF 

and DAF diets than the CNF fed group (Table1). Further, 

the total caecal anaerobe bacterial population in MIF 

fed group was significantly higher (p<0.05) than that in 

the control group. Higher anaerobe population and 

Lactobacilli population may have suppressed the 

growth of caecal coliforms in rats fed cowpea diets. 
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Parameter 
DAF WAF BBF MIF  CNF CNN 

Coliforms [log 10 cfu/g content] 7.64+ 

0.55
b
 

7.89+ 

0.90
b
 

7.87+ 

0.76
b

 

8.75+ 

0.39
a
 

8.30+ 

0.56
ab

 

8.77+ 

0.44
a
 

Lactobacilli [log 10 cfu/g content] 7.88+ 

0.56
a
 

7.09+ 

0.76
ab

 

7.32+ 

0.72
ab

 

8.2+ 

0.69
 a

 

6.16+ 

0.33
b
 

8.29+ 

1.81
a
 

Total Anaerobes [ log 10 cfu/g content] 8.19+ 

0.72
d
 

8.56+ 

0.91
dc

 

8.57+ 

0.68
dc

 

10.05+ 

0.3 5
b
 

9.18+ 

0.60
c
 

11.01+ 

0.72
a
 

Total Cholesterol (mmol/l) 2.44+ 
0.16ab 

2.19+ 
0.38bc 

2.12+ 
0.39bc 

2.13+ 
0.36b c 

2.61+ 
0.51a 

1.88+ 
0.25c 

HDL-Cholesterol (mmol/l) 0.06+ 
0.07a 

0.03+ 
0.01a 

0.04+ 
0.01a 

0.03+ 
0.05a 

0.02+ 
0.03a 

0.02+ 
0.02a 

LDL-Cholesterol (mmol/l) 2.38+ 
0.20ab 

2.16+ 
0.38 ab c 

2.09+ 
0.39bc 

2.10+ 
0.34b c 

2.58+ 
0.52a 

1.86+ 
0.25c 

Tryaceiglycerol (mmol/l) 
 

1.06+ 
0.49ab 

 

 
0.74+ 
0.23b 

 

 
0.86+ 
0.57b  

 

 
0.78+ 

0.346b 

 

 
1.49+ 
0.39a 

 

0.58+ 
0.30b 

Cecum Weight [Wet g/100g b.w.] 1.72+ 
0.35a 

1.33+ 
0.42ab 

1.76+ 
0.79a 

1.05+ 
0.3 0b 

1.45+ 
0.27b 

0.89+ 
0.21b 

Fecal Weight  
(g) 

3.88+ 
0.68a 

 3.54+ 
0.86a 

3.09+ 
1.05a 

2.09+ 0.53 b 
1.87+ 
0.23b 

 
0.70+ 
0.18c 

 
 

a,b,cMean values and standard deviations for six rats.  Mean values within a row with unlike superscript letters were 

significantly different (p<0.05), as determined by ANOVA with Duncan's multiple-range test.

Table 1. Caecal Bacterial Population, Serum Lipid Concentration, Cecum and Fecal Weight of Rats Fed with 

                 Experimental Diets for 6 week. 
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The microbial population in the cecum provides 

evidences for caecal fermentation. Several hypotheses 

were promulgated related to the cecum anaerobic 

bacterial population with higher dietary fiber content, 

undigestable protein, peptides, phytochemicals and 

amino acid composition in legumes. Dietary fiber 

positively modulated the anaerobic bacteria population 

in the cecum, increased short chain fatty acids and 

reduced the cecum lipid levels. Liyanage et al. (2009) 

reported higher short chain fatty acid concentration and 

higher caecal bacterial population in rats fed with soy 

 peptides and potato peptides diets. At the same time 

dietary fiber may have acted as prebiotic supplement 

and helped to increase the cecum bacterial population. 

Therefore it can be suggested that cowpea incorporated 

diets have induced the growth of favorable caecal 

bacteria due to above mentioned reasons. 

The LDL-C level in the MIF and BBF fed groups was 

significantly lower (p<0.05) than that of the group fed 

with CNF (Table 1). Serum TC concentration was 

significantly lower (p<0.05) in MIF and BBF fed groups 

than CNF control group. It was clearly seen that TC 

concentration was significantly lower (p<0.05) in CNN 

fed group than CNF group. Serum TAG level in rats fed 

with MIF, WAF and BBF was significantly (p<0.05) lower 

than that of the CNF fed group. At the same time TC and 

TAG concentration were significantly lower (p<0.05) in 

MIF fed group than control group. Higher caecal 

fermentation in MIF fed group could be a possible reason 

for lower (p<0.05) TAG concentration in MIF group than 

the control group (CNF). 

The effect of fibre on sterol metabolism may be through 

one of several mechanisms; altered lipid absorption, 

reduced bile acid adsorption in the small intestine, and 

altered bile acid adsorption in the cecum or indirectly via 

short chain fatty acids, especially propionic acid 

resulting from fibre fermentation (Eastwood and 

Hamilton, 1968). One of the studies on whole cowpea 

seed and its protein isolate on hamster rats resulted 

hypocholesterolaemic effects. It suggested that plant 

sterols, saponins, resistant starches, and soluble fiber 

present in the intact seed affect on that modulation 

(Frota et al. 2008). 

Therefore, it can be clearly suggested that those 

components present in cowpea lowered serum TC, 

LDL-C and TAG concentration in BBF and MIF fed 

groups than control group in present study. 

Significantly higher (p<0.05) cecum weight was 

observed in DAF group and significantly higher fecal 

weight was observed in DAF, WAF and BBF fed groups 

than control groups. Higher cecum weight is a good 

indication of higher caecal fermentation in DAF and 

BBF groups. Study done on whole cowpea seed 

suggested that cowpea incorporated diet increased 

fecal cholesterol excretion due to the presence of 

dietary fiber (Frota et al., 2008).  Excretion of excess fat 

in the body may be removed through feaces which 

binding with cowpea dietary fibers may be another 

possible reason for the significant reduction of TAG 

(p<0.05) concentration in MIF, BBF and WAF fed 

groups than CNF group. 

Significantly (p<0.05) higher caecal anaerobic 

population was resulted in rats fed with MIF diets and 

lower serum lipid concentration was resulted in rats 

fed with MIF and BBF diets. It can be concluded that 

d i e t a r y  f i b e r,  d i e t a r y  p ro te i n s ,  p e p t i d e s ,  

phytochemicals present in MIF and BBF cultivar may 

have modulated caecal fermentation and serum lipid 

metabolism in Wistar rats.
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Effectiveness of Fish and Shrimp Seed Stocking Strategies on Inland and Aquaculture Production in Sri Lanka
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Regional Aquaculture Extension Office, National Aquaculture Development Authority, Kuruduwatta road, Eliyakanda, 
Matara, Sri Lanka.

Abstract

Although there are a number of fisheries and aquaculture development programmes, the country has not yet reached 

the level of per capita fish consumption level of about 21 kg.  To overcome this problem, Sri Lankan government has 

been given priority to produce fish seed as the main aquaculture development strategy. But all those seed stocking 

programe have not reached their expectation. This research is aimed to study how far the stocking programme effect 

production. Stocked amount of seed was considered as independent variable and recorded production just after 

stocking year was considered as dependable variable. The regression analysis was applied for the data of shrimp and 

fresh water fish for the duration of 2006 to 2012.  The result revealed that fish seed stocking density was  statistically 

significant on fish production variation but shrimp seed stocking did not show  statistically significant impact on the 

shrimp production variation. The inland and aquaculture yield in metric tons (Y) was related to stocking fish seed 

million (S) found that Y = (- 9447.93) + 19795.41 log S. It is concluded that present shrimp seed stocking programme is 

ineffective. Therefore, it is recommended to re adjust the shrimp seed stocking strategy to gain more shrimp 

production.  

Key words:   Aquaculture, Inland fishery, Fish, Shrimp, Seed stocking.

Introduction

Sri Lankan fisheries industry expanded in vertically and 

horizontally with amelioration of technology, 

contributed to the economy of country by providing 

livelihood for more than 2.6 million coastal communities 

as well as supply more than 50% of animal protein 

requirement of the people. The sector being sharing 

nearly 3.2 % to the Gross National Production (GNP). 

The fish production of the country has gradually 

increased. Government has taken action to develop 

inland fisheries and aquaculture. Despite numerous 

programs, local food fish availability is not enough to full 

fill the present consumer demand. More over food fish 

supply has not been able to reach the Medical Research 

Institute (MRI) recommended per capita fish 

consumption of 21 kg. Compensation of consumer 

demand aquaculture development is the most 

sophisticate solution (Kithsiri, 2013).  

Sri Lankan government has given priority to increase 

fish seed production than other management strategies 

to increase aquaculture production. As stocking 

density increases, fish grow at a slower rate with 

showing the graph parabolic curve on unit production 

(Amerasinghe, 1998: Wijenayake et al, 2005). 

Freshwater fish seed are produced at main 

Aquaculture Development Centers (AQDC) in 

Udawalawa, Dambulla and Iginiyagala Main species of 

fish are the Chinese carps (silver carp and bighead 

carp) and the Indian carps (rohu, mirigal and catla). 

Pambala, Chilaw and Kahadamodara produce post-

larvae of the freshwater prawn, Macrobrachium 

rosenbergii. Fry produced at these centers are sold to 

private pond operators and community-based 

organizations for rearing to fingerlings and sale to 

fisheries societies, provincial councils and non-

governmental organizations for the purpose of stock 

enhancement and culture-based fisheries in perennial 

and seasonal tanks. The research problem is the fish 

and shrimp production has not gained corresponding 

to the fish and shrimp seed stoking increment. This 

study focused to find out how far seed stocking effects 
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the on inland and aquaculture fish production. There 

were lack of quality fish seed, technology gap to grass 

root nurseries, unorganized seed marketing channel and 

unavailability of quality certification are the major 

constrains in this sector (Srirwardena, 2007).  

Materials and Methods

The Sri Lankan fish, shrimp and seed production data 

was collected from National Aquaculture Development 

Authority of Sri Lanka (NAQDA) and Ministry of 

Fisheries and Aquatic Resources Development 

(MoARD). Seed production data were used as 

independent variables and fish and shrimp aquaculture 

production data were used as dependent variables for 

the regression analysis.  The effect of the seed stocking 

was conceptualized to increase fish production in the 

following year. Hence stocking data were compared with 

following year production data. The data were analyzed 

using regression equations for both shrimp and fish for 

the duration 2006-2012. The regression curves were 

prepared for both fish and shrimp yield in metric tons 

in t +1 years (Y ), intercept (a), Coefficient (b), is  t+1

related to stocked fish seed million at t years  (S ) and t

error factor  (€) Y = a + b S  +€. This regression t+1 t

equation was prepared by confiding the stocked seeds 

are grown within one year and harvested in the year 

just after the stocking. Data were analyzed by using 

PASW 18 computer soft ware. 

 Results and Discussion  

Using the above equation, national fish fingerling 

stoking and inland and aquaculture fish production 

data were analyzed and result shown in (figure 1.)

Fingerling stocking showed statistically significant 

positive relationship with inland and aquaculture 

production. Cumulative efforts of fish seed stocking 
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Figure 1. Fish fingerling stoking (2006-2011) with following year inland and Aquaculture fish production
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strategies which were implemented from 2006 to 2012 

gained successfully upshot on fish production. The 

inland and aquaculture yield in metric tons in  just after 

the year the fish seed stocking (Y ) is related to stocking t+1

fish seed million (S ) found that Y = (- 9447.93) + t t+1 

19795.41 log S  . Similar results have been  reported by t

Amerasinghe (1998) and Wiyenayake et al (2005). Fish 

production showed a parabolic curve in selected tank. 

Recent research results which were revealed by Kithsiri 

(2013) further proved that aquaculture have more 

potential to increase fish production. 

This study showed that shrimp post larvae stocking were 

not statistically significant on shrimp production. 

Wijenayake et al. (2005) further proved that although 

shrimp seed stocked, shrimp production was not 

resulted in some selected tank.  Srirwardena (2007) has 

shown that good quality seed is needed for aquaculture 

development and there were no seed certification 

procedure in Asian countries.  But in Sri Lanka, no 

independent seed certification mechanism has initiated 

to ensure good quality fish or shrimp seed. 

It is recommended to do more research on fish seed 

stocking on different fish culture systems to find out 

stocking priority that produce higher yield. No further 

increase can be expected in shrimp production under the 

present shrimp seed stocking programme. It should be 

re adjustable to gain more shrimp production. It is 

recommended to conduct more research on shrimp 

farming to find out whether shrimp stocking has 

biological or management constraints on production.
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Abstract

Objective of this study was to determine whether adverse effects of diets containing high levels of rice bran (RB) on 

growth performance of broiler chicken could be overcome by supplemental citric acid (CA) and multi enzyme (ME) 

alone or in combination.  Giving a completely randomized design in 2 x 2 x2 factorial arrangement, 168 broiler chicks 

in 56 floor pens received one of eight broiler finisher diets adlibitum during day 21-42.  Treatment factors were two 

dietary RB; (15 or 30%), CA; (0 or 2%) and ME; (0 or 1000 FTU/kg) levels.  RB (30%) did not reduce either the weight 

gain or live weight.  In general, inclusion of CA and ME alone or in combination, did not correct the adverse effects of 

30% RB on feed intake. There was a significant (p<0.05) RB x ME x CA interaction on feed intake and FCR.  At 15% 

dietary RB level, inclusion of CA to enzyme free diet increased the feed intake significantly. Meanwhile, at 30% RB, 

inclusion of CA to a ME free diet significantly reduced the feed intake. There were significant two-way interactions on 

crop and gizzard pH.  At 15% RB, birds fed diet with CA and ME, gave significantly better FCR compared to other three 

diets of that RB levels. At 30% RB, diet without ME but with CA, gave significantly lower FCR compared to other dietary 

combinations at same RB level.  Financial analysis also showed a significant RB x ME X CA   interaction.   At 15% RB, 

combination of CA and ME was the best option.  Birds fed ME free diet with 30% RB and 2% CA gave the lowest feed 

cost per kg of live weight gain.  It was concluded that Citric acid (2%) in diets having 30% RB does not have  adverse 

effects on growth performance, and  minimizes the feed cost per kg of live weight gain.

Key  words: Citric acid, Multi enzyme, Performance, Rice bran 

Introduction

Rice bran is a locally available and cheaper cereal grain 

by-product, compared to many feed resource used in the 

feeds of poultry.  The cost of poultry feed formulations 

can substantially be reduced if higher levels of RB could 

be used in their diets. However, RB cannot be included at 

higher levels in poultry diets due to the presence of anti-

nutrients such as phytate.  Inclusion of more than 20% 

RB in broiler diets reduced the growth performance 

(Farrell, 1994). Therefore, means of increasing the 

maximum inclusion level of RB are important to reduce 

the feed cost of poultry industry. 

Phytate reduces the availability of phosphorus and a 

range of minerals, amino acids and the energy value.  

Increase of phosphorus and nitrogen excretion due to 

phytate is an environmental problems.  It has been well 

established that the hydrolysis of phytate corrected 

those adverse effects.  Supplementation of diets with 

Phytase   (Martin et al., 1998) and CA (Islam et al., 

2012) has been reported to correct those adverse 

effects. Wickramasinghe et al., (2009) have shown that 

inclusion of CA alone did not mitigate the adverse 

effects if RB level is high.  Objective of this study was to 

determine the effects of CA and ME (containing 

phytase, glucanase , amylase, protease , pectinase, 

lipase and xylanase) alone or in combination on growth 

performance of broiler chicken fed diets containing 

either 15 or 30% RB.  

  

Materials and Methods

A total of 168 broiler birds (Strain Cobb) were brooded 

up to 10d under normal incandescent light (40W, 

Osram). On 20d, birds were weighed and allocated into 
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56 experimental cages (3'length X 2'width) by balancing 

weight. Three birds were allocated in each of the 

experimental unit. The experiment followed a complete 

randomize design in 2 x 2 x 2 factorial arrangement, with 

7 replicate cages per each treatment combination. 

Treatment factors were two levels of RB; (15% and 

30%), 2 levels of CA; (0 and 2%) and 2 levels of 

exogenous ME; (0 and 1000 FTU/kg).  Astro-Zyme was 

the ME mixture which contained Phytase, Glucanase, 

Amylase, Protease, Pectinase, Lipase and Xylanase. 

Except for non phypate phosphorus (NPP), all diets met 

or exceeded the nutrient requirements as set out by NRC 

(1994).  The dietary NPP level was 0.25%.  Ingredient 

composition and calculated nutrient composition are 

given in Table 1. Each experimental unit was provided 

with a feeder and a bell shaped drinker to ensure 

adlibitum feed and water. Paddy husk was used as the 

litter material. At 41d, one bird from 6 replicate cages 

each was humanely slaughtered for the carcass 

evaluation. Parameters measured were dressed weight, 

weights of the gizzard, liver, pancreases, pH of the crop 

and gizzard contents were determined.  Tibiae were 

analyzed for fat free tibia ash. Data were analyzed as a 

completely randomize design in factorial arrangement, 

using SAS.

Results and Discussion 

Contrary to Islam et al. (2012), CA had no positive 

effects on either the live weight or the weight gain 

(Table 2). However, our findings are in line with 

(Woyengo et al.,  2010) who found that CA 

supplementation had no positive effects on the 

performance of broilers.  Importantly 30% RB had no 

adverse effects of live weight or weight gain.  Contrary 

to Gallinger et al., (2004), 30% RB did not reduce either 

the weight gain or live weight of the birds.  Steyaert et 

al., (1989) have also suggested that RB up to 30% in 

mash form had no adverse effects on performance of 

broiler chicken.

Radcliffe et al., (1998) have shown a negative 

interaction between phytase and CA on mineral 

utilization of poultry and growth performance of pigs, 

respectively.  Results of this experiment showed that 

there was a significant RB x ME x CA interaction on feed 

intake and FCR.  At 15% dietary RB level, inclusion of 

CA to enzyme free diet increased the feed intake 

significantly from 2455 g to 2615g.  Meanwhile, at 30% 

RB, inclusion of CA to a ME free diet significantly 

reduced the feed intake from 2321g to 2134 g.   This 

observation suggests that when no ME is added, CA has 

positive effects on feed intake in diets containing 15% 

RB whereas inclusion of CA at 30% had adverse effect 

on the feed intake.   

At 15% RB, addition of CA to a diet with ME 

significantly reduced the feed intake from 2358 g to 

2206.  In contrast, at 30% RB, inclusion of CA to a diet 

with ME did not change the feed intake. The interactive 

effects of treatments on feed intake may be related to 

the significant two-way interactions in crop and 

gizzard pHs.  However, inclusion of CA, ME alone or in 

combination did not correct the adverse effects of 30% 

RB on feed intake. Benefits could be achieved if CA is 

added to a ME free diet having 15% RB.     
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Table 1. Ingredient composition and the calculated 
                 nutrient composition of the experimental diets 

 
Ingredients 

(%) 

Dietary RB Level 

15 30 

Yellow maize 45.3 32.6 
Rice bran 15 30 
Soya 25.1 23.87 
Coconut oil 4.4 4.7 
Fish meal 4.9 4.4 
DCP 0.95 0.9 
Shell grit 0.9 1 
Fiber 1 0 
DL Methine 0.04 0.03 
Salt 0.25 0.25 
Vit mix 0.25 0.25 
Fiber Degrading 
Enzyme  + Phytase 

-/+ -/+ 

Citric Acid 0/2 0/2 
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The feed conversion ratio results revealed that the 

conversion of nutrients into live weight gain followed a 

different trend.  At 15% RB, birds fed diet with CA and 

ME, the diet which recorded the lowest feed intake, gave 

significantly better FCR compared to other three diets of 

that RB level. At 30% RB, diet without enzyme but with 

CA, gave significantly lower FCR compared to other 

dietary combinations at same RB level.  Interestingly, 

that was the diet recorded the lowest feed intake at 30% 

RB level.  Furthermore, FCRs of the birds fed 15% RB 

with CA and ME (1.98) and those fed 30% RB with CA 

without ME (1.93) were not statistically different.  

Financial analysis showed a significant RB X ME X CA 

interaction.  At 15% RB level, inclusion of CA without ME 

or ME without CA had no significant beneficial effects on 

feed cost per kg of live weight gain.  At 15% RB, 

combination of CA and ME was the best option.  In 

contrast, at 30% RB level, inclusion of CA without ME 

significantly reduced the feed cost per kg of live weight 

gain, compared to the diet without CA and multi 

enzyme alone or in combination.  The feed cost per kg 

of live weight gain of the birds fed former diet gave 

significantly lower FCR compared to all other dietary 

combinations.  Therefore, as far as feed cost is 

concerned, it can be concluded that the use of 2% CA 

with 30% RB without ME lower the feed cost per kg of 

gain. 

Relative weight of the gizzard and the tibia ash content 

were significantly influenced by RB x CA interaction 

(Table 2). 
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Parameter  Rice bran (%) Pooled 
SEM 15 30 

Enzyme 
- + - + 

CA (%) 

0 2 0 2 0 2 0 2  
42 d 1824 1841 1756 1820 1824 1840 1830 1808 34 
Weight gain  (21-42d) 1113 1122 1031 1111 1099 1108 1103 1089 36 

Feed intake  2455 2515 2358 2206 2321 2134 2305 2337 16 

FCR 2.21 2.25 2.32 1.98 2.14 1.93 2.09 2.17 0.07 
Gizzard 1 4.1 3.6 4.0 3.6 3.6 4.3 3.7 3.8 0.27 
Tibia ash (%)  34.1 35.0 34.1 34.3 33.5 36.7 33.3 41.5 1.6 
Crop 4.2 4.1 4.3 4.2 4.1 4.3 4.1 4.3 0.10 
Gizzard 5.7 5.0 5.0 5.2 5.1 5.1 5.0 5.4 0.15 

Cost of feed  (Rs) 76.3 78.3 76.7 78.7 71.0 71.0 73.0 71.4 73.4 
Feed cost (Rs) 187 196 180 173 164 155 164 171 1.25 
Feed cost/ kg live  
weight gain  

169 176 177 156 152 141 149 159 5.8 

 

Parameter                                   ANOVA 
Main effects         Interactions 

RB E CA RB*E RB*CA E*CA RB*E*CA 
Live weight 42 d NS NS NS NS NS NS NS 
Weight gain  (21-42d) NS NS NS NS NS NS NS 
Feed intake  *** *** *** *** NS NS *** 
FCR NS NS NS NS NS NS *** 
Gizzard 1 NS NS NS NS * NS NS 
Tibia ash (%)  NS NS * NS * NS NS 
Feed cost (Rs) *** *** NS *** NS NS ** 
Feed cost/ kg live  
weight gain  

*** NS NS NS NS NS ** 

 

Table 2. Effects of citric acid and phytase supplementation on growth performance of  broiler chicken fed either 15 

                 or 30% dietary rice bran 
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It was concluded that Citric acid (2%) could be included 

with RB (30%) without causing any adverse effect on 

growth performance, thereby minimizing the feed cost 

per kg of live weight gain.
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Interrelationships between Two Gait Scoring Systems, Tibia Ash Contents, Body Weights and Latency-To-Lie 

of Commercial Broiler Chicken

N.S.B.M.Attapattu*, N.M.Gunawardane and K.G.S.Chaminda,
Department of Animal Science, Faculty of Agriculture, University of Ruhuna , Mapalana,
Kamburupitiya, Sri Lanka

Abstract

Leg abnormalities are among the most serious welfare problems in broiler production.  Tibia ash content, latency-to-

lie and gait scoring systems are used to evaluate the status of leg health of broilers. Objective of this study was to 

determine the relationships between body weight, tibia ash, latency-to-lie and two gait scoring systems (6 point and 3 

point). A total of 90 broilers (Cobb) were observed individually for gait scores on day 53 and latency-to-lie times by a 

single observer.  Eighty three percent birds had at least detectable level of gait abnormality as of 6 point scale.  

According to the three point scale, only 14.2% birds were classified either having obvious or severe leg impairments.  

The percentage of broilers showing “complete lameness” or “severe impairment” was 2.8%.  The percentage of birds 

classified into scale 0 of three point system  was higher than the sum of percentages  of birds in scale “ 0” and scale '1' of 

the six point scale.  There was no significant correlation between gait scores and the body weight.  Tibia ash content 

reduced linearly with increasing (bad) gait socres of both scoring techniques.  Furthermore, no statistically 

significant relationship was detected between gait scores and the latency-to-lie time.  Indicating seriousness of the 

welfare problem that needs immediate attention, birds having severe leg abnormalities or complete lameness had as 

low as 7 seconds of latency –to-lie times.   It ws concluded that apart from aiding to identify best and worst cases, 

latency-to-lie time did not prove to be a good indicator to detect leg abnormalities.  Six point scoring techniques was 

proved to be better than three point scoring system to detect leg abnormalities of broilers. 

Key words: Broilers, Gait score, Kestin, Three point, Latency to lie,

Introduction

Welfare conditions of the broiler industry have become a 

serious public concern (Farm Animal Welfare Council, 

1992). Selection of broilers for rapid growth without 

giving a due consideration towards the welfare has 

resulted a series of leg problems such as locomotion 

difficulties, gait abnormalities, tibial dischondraplacia 

and lameness in broilers (Thorp, 1994).  Leg problems 

reduce the carcass quality and thereby the economic 

performance of broiler industry. Consequently, many 

welfare codes emphasize importance of maintaining 

broiler stocks without leg abnormalities.  

A number method has been used to evaluate the leg 

health of broilers.  For proper bone functions and to 

support the body weight bones should be strong.   The 

percentage of tibia ash is widely used as an indicator of 

the bone status of broilers.  Weeks et al. (2002) proposed 

latency-to-lie time as an indirect measure of the bone 

status of the broilers.   Alternatively, gait score systems 

proposed by Kestin et al. (1992) and Webster et al. 

(2008) involve evaluating the visual observations of 

how birds walk on a surface and thus are of subjective 

indicators.  In general it can be assumed that increased 

body weights have a negative effect on gait score. 

Furthermore, there may be interrelationships between 

different methods.  

Understandings about those relationships are of 

importance to develop more accurate but practical 

method to evaluate the leg health and abnormalities of 

broiler stocks.  Therefore, the objective of this study 

was to determine the relationships among body 

weight, tibia ash, latency-to-lie and two gait scoring 

systems. 
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Materials and Methods

A total of 90 broilers (Cobb) were raised under standard 

management conditions.  Birds were brooded for 10 

days.  A commercial (Preema Feed, Sri Lanka) broiler 

starter (until day 20 and finisher diet (from day 21) were 

fed ad libitum.  Birds were raised on a paddy husk litter.  

Birds were observed individually for gait scores on day 

53 and latency-to-lie times were determined on day 54.   

Scoring was done by a single observer.  Six point gait 

score system (Kestin et al., 1992) and three point system 

(Webster et al., 2008) were used.  Gait scores of the six 

point system were;  no detectable abnormality (0),  

detectable but unidentifiable abnormality (1), 

identifiable abnormality that has little effect on overall 

function (2), Identifiable abnormality that impairs 

function, obvious gait defect, which affects ability to 

move about (3), Severe impairment of function but still 

capable of walking, (4) and complete lameness (5).  

Scores of the three point system were; no impairment 

(0), obvious impairment (1) and severe impairment (2). 

Latency-to-lie data were recorded as described by 

Weeks et al. (2002). Birds were humanely slaughtered 

on day 55 and left tibias were analyzed for fat free tibia 

ash.  Relationships between body weight and gait scores, 

body weight and latency-to-lie times, gait score and tibia 

ash and tibia ash and latency-to-lie times were 

determined by using Kruscal Wallis test.  Statistical 

software MINITAB was used for the analysis. 

Results and Discussion  

Eighty three percent birds had at least detectable level of 

gait abnormality as of 6 point scale (Table 1).  In a similar 

study, Kestin et al. (1992) reported that 90% of the birds 

in an intensively reared commercial broilers stock 

showed at least detectable gait abnormalities.   

According to the 6 point scale 22.7% birds were 

classified lameness scale above 2 (from identifiable 

abnormality to complete lameness).  However, 

according to the three point scale, 14.2% birds were 

classified either having obvious or severe leg 

impairments.  The percentage of broilers showing 

“complete lameness” or “severe impairment” was 

2.8%.  Knowles et al. (2008) showed that 3.3% of the 

birds of a commercial broiler stock were completely 

lame and unable to walk. Findings of this study support 

the view of Kestin et al. (1992) that lameness and other 

leg disorders are among the serious welfare issues of 

broiler management.

There were broilers that could be classified into 

category five of the Kestin 6 point scale.  No birds were 

classified under scale 5 i.e. “severe impairment of 

function but still capable of walking, severe gait defect”. 

In contrast, birds were available for all three categories 

off the three point scale.  

Obviously, the six point scale was more descriptive and 

informative compared to the three point scale.  The 

percentage of birds in the highest category (complete 

lameness) of the 6 point scale and scale 3 (severe 

impairment) were similar. The three point scale system 

indicated that around 85% birds had no leg 

impairment. In contrast, according to the Kestin 6 point 

scale only 17% birds showed no detectable 

abnormality.  The percentage of birds classified as of 

having no impairment (scale 0) of three point scale 

(85%) was higher than the sum of percentages (77.1%) 

of birds in scale “ 0” (no detectable abnormality) and 

scale 1 (detectable but unidentifiable abnormality) of 

the six point scale.  The above observations indicate 

that some of the birds scale 2 (Identifiable abnormality 

that has little effect on overall function) of the 6 point 

system have classified as of having no impairment 

(scale 0) in three point system.   Results of this study 

suggest that the superiority of six point scale proposed 

by Kestin et al. (1992) over three point scale system in 

detecting and describing leg abnormalities of broilers.  

Kestin et al. (1992) identified that a negative 
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relationship between gait scores and the body weight.  

However, that was not the case in this experiment.  

Relatively lower body weight, provision of relatively 

higher spacing under deep litter system and the higher 

tibia ash content may be reasons for above discrepancy.

Tibia ash content reduced linearly (p<0.001) with 

increasing three point gait score (tibia ash=46.8-8.1 x 

gait score) and Kestin six point score (tibia ash=48.9 – 

3.5 x scale). 

No statistically significant relationship was detected 

between gait scores and the latency-to-lie time.  

However, there was a possibility to use latency-to-lie 

time to identify birds with no or severe gait problems.  

Indicating seriousness of the welfare problem that 

needs immediate attention, birds having severe leg 

abnormalities or complete lameness had as low as 7 

seconds of latency–to-lie times which means they 

spend more time lying on litter and that may lead to 

contact dermatitis problems such as breast blisters 

which are serious welfare problems.  Ideally, those 

birds should have been culled and thus the importance 

177

Table 1.  Body weights, latency-to-lie times and tibia ash contents of the broilers classified into different gait scores 

                  according to two systems  

Scoring system 

Kestin’s 6 point scale 3 point scale 

Scor
e 
 

Description  % of 
birds 

Body 
weight 
(g) 

LTL1 
(s) 

Tibia 
ash 
(%) 

Score Description  % of 
bird
s 

Body 
weight 
(g) 

LTL1 
(s) 

Tibia 
ash 
(%) 

0 No detectable 
abnormality 

17.1 2222 245 52 0 No 
Impairment 

85.7 2249 187 51 

1 Detectable but 
unidentifiable 
abnormality 

60 2262 157 50 1  Obvious 
impairment 

11.4 2125 125 46 

2 Identifiable 
abnormality that 
has little effect 
on overall 
function 

17.1 2174 180 51 2 Severe 
impairment 
 

2.8 2031 7 50 

3 Identifiable 
abnormality that 
impairs function, 
obvious gait 
defect, which 
affects ability to 
move about 

2.8 1905 281 32   

4 Severe 
impairment of 
function but still 
capable of 
walking,  

0 - - -  

5 Complete 
lameness 

2.8 2031 7 50  

 1.Latency-to-lie
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of adopting a proper culling practice is emphasized.  

Broilers classified as of having “no detectable 

abnormality” (6 point scale) had as high as 241 s latency-

to-time.  Birds having “no Impairment” (3 point scale) 

recorded the highest (187 s) latency-to-lie time 

compared to the others score categories of the 3 point 

system. 

It was concluded that six point gait system was found to 

be more accurate than three point system.  Tibia ash 

content reduced with increasing (bad gait scores).  Apart 

from aiding to identify best and worst cases, latency-to-

lie time did not prove to be a good indicator to detect leg 

abnormalities.  Proper culling policies should be 

adopted to improve the welfare status of broilers. 
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Abstract

Forty six shark species are known to be found in the seas around Sri Lanka and out of them six species are used to 

produce shark liver oil. Shark liver oil contains high levels of squalean and alkylglycerols (AKG) and other fatty acids, 

having high medicinal properties. Investigation on shark liver oil in Sri Lanka is scare and therefore, this case study 

was carried out with the main objective of identifying present situation of shark liver oil industry in Sri Lanka, its 

production, distribution, market, problems and constrains.  There are thirty producers of shark liver oil and two 

collectors in Sri Lanka and they are scattered in south, west and the east coastal areas of the country. Sri Lanka 

produces 1200 kg of shark liver oil annually and the total production is exported to Japan for purification and value 

addition processes. Result of the present study indicates a failure in earning an income through shark liver oil due to 

lack of a purification process in Sri Lanka.  Further investigations are suggested to develop a purification and value 

addition process for enhancing the shark liver industry for a better profit.

Key words: Shark liver oil, Fatty acids, Sri Lanka

Introduction

The total fish production of Sri Lanka was  486,170  MT 

in 2012 (Annon, 2012) and total shark production was 

approximately 5,000 MT (Hasarangi et al., 2008).The 

total weight of all species of shark captured in Sri Lanka 

is about 11,000- 12,000 per year (Sivasubramanium, 

1992). At present, the contribution of sharks to the total 

large pelagic fish production is less than 4% (Hasarangi 

et al., 2008). Over 60 shark species have been reported in 

marine fish landings in Sri Lanka where, about 12 

species are predominant (Hasarangi et al., 2008). These 

belong to five taxonomic orders namely Hexanchiformes, 

Squaliformrs, Orectolobiformes, Lamniformes and 

Carcharhinifor (Amarasooriya, 1997). Ten species of 

sharks have been identified as the common component 

of the catches (Amarasooriya, 1997). These species were 

silky shark (Carcarhinus falciformis), Oceanic whitetip 

shark (Carcarhinus longimanus), Sliteye shark (Loxodont 

macrorhinus), Pelagic thresher (Alopias pelagicus), 

Scalloped hammerhead (Sphyrn lewini), Blue shark 

(Prionace hlauca), spot tail shark (Carcarhinus sorrah), 

Bigeye thresher (Alopias superciliosus), Longfin mako 

(Isurus paucus) and Shortfin malo (Isurus oxyrhinchus) 

(Amarasooriya, 1997).

Shark liver oil is prompted as a complementary or 

alternative form of treatment for cancer and other 

diseases. The oil is taken from the liver of cold water 

sharks living in the ocean under poor light and 

anaerobic conditions. Shark liver oil is rich sources of 

suqalene and alkylglycerols (AKG).  Those chemicals 

are believed to contain anti-cancer properties. Liver oil 

of the deep sea shark is also known to contain  vitamin 

A, D  and E. Kinsella (1987) reported that omega 3 3

polyunsaturated fatty acids (PUFA) are increasingly 

being recognized as a pharmaceutical drug for a 

number of  pathophysiological  and chronic 

degenerative diseases such as coronary heart disease, 

high blood pressure, thrombosis and arthritis. It is 

generally believed that PUFA found in shark liver oil 

reduces the incidence of coronary heart disease and 

strokes in humans. 

Shark liver usually consists of about one fourth of the 

total weight of the fish (Shenoy and Dey, 1984). Mature 

shark is around 4kg in weight and 150 cm in length. In 

Sri Lanka, shark liver oil could be used to prepare food 

grade oil which could be utilized as nutritional 
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supplement, especially for children with vitamin A 

deficiencies (Jayasinghe et al., 1998). Shark liver oil can 

be used in production of pharmaceuticals. There is a 

great potential for the improvement of shark liver oil 

industry for the export market in raw form or as value 

added product. Therefore, this study was conducted to 

identify present status of shark liver oil industry, to 

identify problems and constrains of the industry and to 

find the solution for those problems. 

Materials and Methods

The study was carried using all shark liver oil producers 

in the country as a sample.  Population details were 

available at the National Aquatic Resources Research 

and Development Agency (NARA), Colombo. The 

primary information was carried out through pre-tested 

questionnaire and laboratory analysis. Amount of shark 

liver oil production, unit price, production cost, 

production season, used body parts, utilization pattern, 

market availability and income generation from the 

shark liver oil industry, were used as criteria for the 

questionnaire. Secondary information was collected 

from the NARA and through the literature search.  Liver 

oil samples were analyzed for fatty acid profile in 

Industrial Technology Institute (ITI). Data were 

analyzed descriptively and Fatty acid composition was 

analyzed through the process given in Food chemistry 

vol. 87 (2004,) using  Methanoic HCl as Methylation 

agent. 

Results and Discussion 

Background of the shark liver oil Industry

Total Shark liver oil producers in Sri Lanka were around 

30 and all of them are registered under the National 

aquatic Resources Research and Development Agency 

(NARA), Sri Lanka, Shark liver industry is a seasonal 

industry, carried out from September to May annually. 

This has been introduced to Sri Lanka   by the Japanese 

fisherman whose identify has not been recorded. At 

present, this industry is performing without any 

progress and it is still at the preliminary stage.  Shark 

liver oil industry is carried out through small scale 

operation and there are only two collectors in the 

country. 

Distribution of shark liver oil production

In Sri Lanka, shark liver producers are scattered from 

west to south and in the east coasts. The highest 

production was recorded from Beruwala to Colombo 

coastal belt, and it was due to the high availability of 

shark species (which are used to produce liver oil) in 

this regions.

Distribution of Shark species

Six different shark species are mainly used to produce 

shark liver oil due to the high Squalene contents in their 

liver oil. In Sri Lanka, all these species are commonly 

named as 'Katumora'. Shark species and their Squalene 

percentage are given in Table 1. The Study reveals that 

80kg of shark liver oil were obtained from 100 kg of 

fresh shark livers. 

Fatty acid composition of the Produce

More than one species were used in liver oil production 

from the sharks in Sri Lanka. Shark liver oil sample 

consisted of fatty acids coming from mixture of species.  

Table 2 indicates that fatty acid profile of the oil sample.

Shark species Squalene percentage (%) 
Glper shark (Centrophorus granulosus) 80 
Leafscale gulper shark (Centrophorus squamosus) 65 
Portugese Dogfish (Centrophorus coelolepis) 40 
Spiny Dogfish (Squalus acanthias) 16 

 

Table 1. Shark Species used in Liver oil production

180

International Symposium on Agriculture and Environment 2013
University of Ruhuna Sri Lanka



According to the table 2, shark liver oil sample contains 

high levels of Docosahexaenoic acid (9.28%) followed by 

oleic acid (1.07%). However, unknown fraction was also 

present at a considerable level (0.22%). Squalene (2, 6, 

10, 15, 19, 23-hexamethyl 2, 6, 10, 14, 18, 22-

tetracosahexaene) is the major economic ingredient of 

shark liver oil which include C-30 carbon chain. 

Therefore, further determination of fatty acid 

composition is essential. 

Production, market and usage

Large quantities of livers of deep sea sharks were used to 

produce shark liver oil while other fish fresh was used to 

produce dry fish. Total amount of oil produced is 

exported to Japan without purification. This is due to 

lack of facilities for the purification process in Sri Lanka. 

Shark liver oil has no demand in the local market. A small 

amount of shark liver oil is utilized by the local 

communities in Mannar, which is negligible when 

compare to the quantities exported. At present, there is 

Fatty acid Composition (%) 
Silky* Hammerhead* White tip* Shark liver 

oil sample** 
C 14:0 Myristic 3.67 1.51 4.71 0.05 
C 15:0 Pentadecanoic 0.95 0.48 0.98 0.02 
C 16:0 Palmitic 25.91 22.63 24.68 0.63 
C 17:0 Margaric 2.19 1.19 1.55 0.03 
C 18:0 Stearic 7.84 8.17 7.26 0.12 
C 16:1 Palmitoleaic 5.51 3.36 8.53 0.17 
C 18:1 Oleic 13.05 23.87 22.83 1.07 
C 20:1 Eicosenoic 0.98 2.21 2.44 0.10 
C 22:1 Erucic 0.27 0.11  0.03 
C 18:2 Linoleic 0.90 0.63 0.99 0.03 
C 18:3 Linoleic 0.41 0.61 . . 
C 18:4 Moroctic 0.38 0.19 . . 
C 20:2n6  . . . 0.01 
C 20:4n6 Arachidonoc 2.69 2.70 1.71 0.04 
C 20:4n3 Eicosatetraenoic 0.48 0.22  . 
C 22:4n6 Docosatetraenoic 1.31 1  0.03 
C 20:5n3 Eicosapentaenoic 4.17 2.85 3.48 0.06 
C 21:5n3 Monocosapentaenoic . 0.40  . 
C 22:5n6 Clupannodonic 2.33 2.31 1.72 . 
C 22:5n3 Cetoleic 5.2 2.87 1.26 0.13 
C 22:6n3 Docosahexaenoic 17.15 18.07 15.48 97.28 
Unknowns     0.22 
 

*Source: Jayasinghe et al., 1998, ** Data from present study

Table 2. Composition of major fatty acids in oils of different shark species

high demand from France, although total requirement 

cannot be fulfilled due to the low production. A total 

production of shark liver oil in Sri Lanka has been 

around 1200kg/year in 2012 and 1100kg/year in 

2011. Selling price per one kilogram of shark liver oil is 

1,200 rupees. After the Tsunami, the production was 

declined due to changing the season of shark caught.

Problems and Constrains

Usually shark species that are used to produce shark 

liver oil are living at more than 150 meters depth. 

Therefore, catching of sharks is very difficult, laborious 

and costly. This is the major limitation and the reason 

for the engagement of only a few individuals in shark 

liver oil industry. Shark liver oil has high demand in 

international market, but the production in Sri Lankan 

is not sufficient to fulfill this requirement. Therefore, 

development of a steady market is not a problem if 

there is a satisfactory production. Development of 

shark liver oil industry may lead to high income gains. 
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One of the major constrain is the lack of facilities in Sri 

Lanka to perform the shark liver oil purification process.  

As a result of this, shark liver oil produce has to be 

exported to Japan without any purification, which leads 

to a high loss of a large income earning to the country.  

Therefore, the purification process is an essential 

requirement for shark liver oil industry in the country.

In conclusion, shark liver oil industry in Sri Lanka is still 

at its beginning stage without any improvement. Oil 

purification process is an urgent requirement at the 

moment that may lead to the improvement of the 

industry.  Introduction and improvement of value 

addition with respect to shark liver oil is a future 

requirement for improvement of the Industry for which 

government intervention is highly expected.
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Introduction

Sustainable biofuel production systems are desirable for 

building sustainable societies, and will have an 

important role for producing biofuel feedstock in this 

century. However, there are several obstacles that need 

to be overcome for producing biofuel, including the 

energy required for production of the biofuel feedstock. 

In general, tillage consumes 30% of total energy 

required for crop production and no-tillage significantly 

reduces energy consumption. Developing successful no-

tillage systems is thus important for reducing energy 

consumption and maintaining soil organic matter in 

sustainable biofuel production.

Sweet sorghum as a new bio fuel crop

In recent years, bio-ethanol production derived from 

biomass (corn, sugarcane, etc.) has increased 

remarkably, especially in North and South America. By 

2010, approximately 19,500 mega gallons of bio-ethanol 

had been produced in the world (Renewable Fuels 

Association 2010). In Japan, “on-site models” (small 

scale/dispersion types) for biofuel crop cultivation in 

various areas are recommended. One of the most 

promising biofuel crops is sweet sorghum (Sorghum 

bicolor Moench), which has been used as a forage crop. 

Its many advantages include considerable sugar 

production in its stem, a short growing period, wide 

cultivation area (from the tropics to throughout the 

temperate zone), and no adverse effects on local food 

crop production and economies. In addition, sweet 

sorghum has a high ability to absorb nutrients from 

surrounding soil, including excess nitrogen and 

phosphorus. Sweet sorghum cultivation has therefore 

attracted much attention not only as a forage and bio-

remediation crop, but also for its potential for biofuel 

production.

The strategy for sustainable biofuel production should 

be compatible with increasing soil organic matter 

(SOM) to improve soil quality for sustaining biomass 

productivity and to reduce purchased inputs for 

production. These techniques will usually reduce 

chemical or organic nutrient inputs. In addition, 

cultivation of cover crops is a more attractive 

alternative because they add organic matter to the soil. 

These technologies should be used for biofuel 

production, but proper management techniques for 

no-tillage with cover crop are still not well understood 

for biofuel production.

Tillage systems for sustainable biomass 

production

Conventional tillage systems in Japan start with 

plowing to a depth of 30 cm with a moldboard plow or 

cultivating to a depth of 15 cm for rotary tillage in the 

fall or spring. Soils are then disked or cultivated in the 
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Fig. 1 Sweet sorghum production using No tillage seeder following potato production in Ibaraki University, Japan.

                   Potato cultivation                                        No-tillage seeding                                         Bio fuel production
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spring once or twice to further break down aggregates 

and smooth the soil surface before planting (Gu et al. 

2002). These treatments ensure the germination of crop 

seeds and enhance the mineralization of SOM; however, 

many scientists and farmers have recently recognized 

that the conventional tillage system stimulates 

decomposition of SOM and increases the potential for 

soil erosion by wind and water.

The effect of cover crop residue biomass on the power 

consumption of the no-tillage seeder is considerable. 

The power consumption increased with increasing 

cover crop residue biomass at all three PTO speeds. 

However, the increase in power consumption was higher 

at high speed than at medium and low speed. In addition, 

the power consumption was always highest at high 

speed and lowest at low speed for the same amount of 

cover crop residue biomass (Fig 2).

Conservation tillage systems, including no-till, leave 

more surface residue because the soil is not turned over. 

These systems create less potential for soil erosion and 

therefore conserve SOM. Many studies on ecosystems 

under long-term management involving conventional 

tillage (CT) and no-tillage (NT) practices have 

demonstrated that tillage causes a substantial decrease 

of SOM content and mineralization of carbon. Japanese 

soils, especially Andisols, usually show great soil organic 

carbon (SOC) stock which ranges from 30 to 60 g kg-1; 

Conservation tillage systems, including no-till, leave 

more surface residue because the soil is not turned over. 

These systems create less potential for soil erosion and 

therefore conserve SOM. Many studies on ecosystems 

under long-term management involving conventional 

tillage (CT) and no-tillage (NT) practices have 

demonstrated that tillage causes a substantial 

decrease of SOM content and mineralization of carbon. 

Japanese soils, especially Andisols, usually show great 

soil organic carbon (SOC) stock which ranges from 30 

to 60 g kg-1; therefore it is often difficult to increase 

SOC by adopting NT. There are reports that there was 

no significant difference in SOC content between NT 

and CT for upland field production in a 7-year 

experiment. On the other hand, SOC accumulation in 

paddy fields occurred earlier and increased to a greater 

extent compared with upland fields after adoption of 

the NT system. Ito (2002), for example, reported a 63% 

increase in SOC at 0 to 2 cm in the top soil layer 4 years 

after adopting the no-till system for paddy fields 

compared with the conventional tillage system in 

Furukawa, Japan. These results suggest that paddy 

fields have greater potential to conserve SOM because 

the decomposition of organic matter occurs more 

slowly under flooded conditions.

Cover crops are grown in addition to primary cash 

crops for the purpose of erosion control, organic N 

enrichment, conservation of soil organic matter, 

scavenging soil residual N, and nematode control 

(Komatsuzaki 2004). Ismail et al. (1994) evaluated the 

long-term effects of tillage in continuous corn cropping 

with a rye (Secalecereale L.) cover crop in Kentucky, 

USA. SOC in the top 30 cm did not change from 1975 to 

1980, but increased substantially from 1980 to 1989. 

Komatsuzaki and Mu (2005) evaluated the effects of 

tillage in continuous field rice cropping with rye and 

hairy vetch (Viciavillosa Roth) cover crops in the Kanto 

region of Japan. SOC in the top 0 to 2.5 cm increased 

compared with winter fallow 2 years after adopting 

cover cropping; however, other soil layers did not 

change.

Carbon and Nitrogen Dynamics for sustainable 

biomass production

The maintenance and improvement of soil quality in 

croplands are critical to sustaining agricultural 

productivity and environmental quality for future 

generations.　 A fertile soil provides essential 

nutrients for crop plant growth, supports a diverse and 

active biotic community, exhibits a typical soil 

structure, and allows for undisturbed decomposition. 

In general, an increase in soil organic matter (SOM) 

increases crop yield response and conserves water 

quality, thus improving soil quality. A study of soils in 

Michigan demonstrated potential crop-yield increases 
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Fig. 2 Effect of cover crop residue biomass on power
consumption of no-tillage seeder at different PTO 
rotational speeds (*P<0.05)
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of about 12 % for every 1 % of organic matter (Magdoff 

1998). Decreasing SOM, however, causes low soil fertility 

and low cation exchange capacity, resulting in additional 

fertilizer inputs to maintain economical yield.     

SOM, which includes a vast array of carbon compounds 

originally created by plants, microbes, and other 

organisms, helps to maintain soil fertility, and plays a 

variety of roles in the nutrient, water, and biological 

cycles. SOM is also critical for its function to support crop 

growth naturally, and provides a place for water, air, and 

biological ecosystems to exist in the soil. Proper soil 

management also has great potential to contribute to 

carbon sequestration by transferring atmospheric CO2 

into long-lived pools and storing it securely so that it is 

not immediately re-emitted. Soil management practices 

that improve soil quality through enhancing SOM and 

fertility will become more widespread, because soil 

management also determines the level of food 

production, and, to a great extent, the state of the global 

environment, and the current pressure on the land 

resources of the world is enormous (Komatsuzaki and 

Ohta 2007).

The strategy of soil management for sustainable agro-

ecosystems should be compatible with increasing SOM 

to improve soil quality for sustaining food productivity 

and to control soil residual nutrients that aggravate 

environmental problems. Cover cropping is a unique 

technique for improving the N cycle in cultivated soil 

because it scavenges the soil residual N and turn 

residuals into nutrients for subsequent crops 

(Komatsuzaki and Ohta 2007).  It has been reported that 

rye cover crops accumulated soil N as the soil residual N 

level increased, soil inorganic N distribution showed 

that inorganic N concentration at a 60–90 cm depth was 

significantly low for rye compared with hairy vetch and 

fallow at cover crop growth termination, and this soil 

inorganic N reduction was observed to occur year-

round. In addition, no-till with rye cover crop showed the 

highest increase ratio of soil carbon storage, although 

winter fallow showed a decrease in soil carbon storage 

during the 9 of the years experiment (Fig.3). 

Conclusions

Concern for soil management will become more 

widespread and noticeable because further increases in 

agricultural output are essential for promoting equity 

and maintaining global political and social stability. Soil 

micro- and macro organisms contribute a wide range of 

essential services to the sustainable function of all 

ecosystems by acting as the primary driving agents of 

nutrient cycling; regulating the dynamics of soil 

organic matter, soil carbon sequestration and 

greenhouse gas emission; modifying soil physical 

structure and water regimes, enhancing the amount 

and efficiency of nutrient acquisition by the vegetation; 

and by enhancing plant health. To meet the growing 

demand for and pressures on land and water 

resources, it will be necessary to develop and adopt 

eco-specific, eco-friendly and system-based soil 

management practices. However, for conventional 

agricultural practices, the planned biodiversity above-

ground is reduced with the intention of increasing the 

economic efficiency of the system. This impacts the 

associated biodiversity of the ecosystem – micro-

organisms and invertebrate animals both above and 

below ground lowering the biological capacity of the 

ecosystem for self-regulation and thence leading to 

further need for substitution of biological functions 

with agrochemical and petro-energy inputs.
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Fig. 3 Soil organic carbon (SOC) levels in the 0-30 cm 
layer, high N rate, 2003-2011 by (a) tillage system and
(b) cover crop management. Points lettered different 
in a given year denote significant differences at p<0.05
(Fisher's PLSD test).
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Abstract

Fish loss in freshwater ponds in Sundarban delta due to saline water intrusion during cyclones and storm surges is a 

serious climate induced risk for the farmers. This study tested whether problem can be solved through ecosystem 

based adaptation options. The study involved the assessment of eleven numbers of commonly cultured freshwater fish 

species for their sensitivities to salinity. In Salinity tolerance (MLS ) test, Macrobrachium rosenbergii exhibited 96h

maximum salinity tolerance (24‰), followed by Channa punctatus (18‰), Puntius javanicus (17‰), Puntius sarana, 

Cyprinus carpio (both 13‰), Labeo rohita (11‰), Ctenopharyngodon idella, Hypophthalmichthys molitrix, Catla catla 

(all 9‰) and Labeo bata (8‰). Growth performance study for different species at various sub-lethal salinities 

indicated that the freshwater fish tend to naturally adapt till a certain salinity level, but showed significant retardation 

in growth beyond that. The natural adaptability level was 5‰ for the species like Labeo rohita, Puntius sarana, 

Cyprinus carpio, Cirrhinus mrigala, Labeo bata, Ctenopharyngodon idella, Hypophthalmichthys molitrix, Catla catla; 

10‰ for Puntius javanicus,  Channa punctatus;  and 15‰ for  Macrobrachium rosenbergii. Post-flooding mortality 

recorded for freshwater species at different salinities (5, 10, 15 & 20 ‰) revealed that Macrobrachium rosenbergii was 

the most tolerant species and could withstand sudden saline water flooding followed by Channa punctatus, Puntius 

javanicus, Cyprinus carpio, Puntius sarana, Labeo rohita, Cirrhinus mrigala, Ctenopharyngodon idella, Catla catla, 

Hypophthalmichthys molitrix, and Labeo bata.  Therefore, culture of salt tolerant freshwater species can be an 

ecosystem based adaptation option in freshwater aquaculture for the areas vulnerable to saline water flooding.

Key  words: Adaptation, Ecosystem, Salinity Tolerance, Survival

Introduction 

Climate change is one of the greatest threats of the new 

millennium as it alters the function, diversity and 

productivity of the ecosystem. Sundarban, the delta of 

Ganges and Brahmaputra river systems, is the largest 

river-mouth system in the globe and is a UNESCO World 

Heritage site. The biodiversity-rich ecosystem of 

Sundarban in India is highly vulnerable to climate-

induced risks like sea level rise, salinity intrusion, land 

erosion, cyclone, storm surge etc. Here the people 

depend heavily on functioning ecosystem which 

provides their livelihoods. Climate change is one of the 

major causes of changes and deterioration in 

ecosystem services and its impact will most likely 

increase in the future. At the same time, functioning 

ecosystems help people to mitigate and more 

importantly to adapt to climate change which is 

referred to as “Ecosystem-based Adaptation” (EbA). In 

Sundarban, inhabited islands are protected by man-

made embankments against ingression of saline water 

and inside these islands freshwater aquaculture is very 

much prevalent. The embankments are very much 

vulnerable to breach and overtopping during high 

intensity weather events like cyclones and storm 
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surges. The areas inside the islands often suffer huge 

crop (agriculture and fish) loss due to saline water 

ingression. In this study Ecosystem based Adaptation 

(EbA) option was considered as a solution to above 

climate change impact. This involved the testing of 

salinity tolerance of various freshwater culture fish and 

prawn species and ranking them based on the tolerance 

level. This information can be used in selecting the 

suitable salt-tolerant fish species for the freshwater 

areas vulnerable to saline water flooding.   

Materials and Methods

The study involved 11 numbers of commonly cultured 

freshwater fish species, e.g.  Labeo rohita, Puntius 

sarana, Cyprinus carpio, Macrobrachium rosenbergii, 

Cirrhinus mrigala, Labeo bata, Ctenopharyngodon idella, 

Hypophthalmichthys molitrix, Catla catla, Puntius 

javanicus and Channa punctatus to assess the sensitivity 

of these species to salinity through (i) salinity tolerance 

trial, (ii) assessment of natural adaptive capacity to 

salinity and (iii) field trials on effect of saline water 

flooding. The basic salinity tolerance of the species was 

carried out in the laboratory (in aquaria of size 30 cm X 

20 cm X 20 cm) Median Lethal Salinity (MLS ) test to 96h

determine the salinity at which 50 % of test species 

survived for 96h. Observations of the fish species under 

salinity stress conditions in relation to mortality, 

swimming behaviour and feeding were recorded. 

Natural adaptive capacity of the species was tried out 

through growth performance study at various sub-lethal 

salinities (0, 5, 10, 15 and 20 ‰ depending upon the 

species) in FRP tanks (180 cm X 60 cm X 60 cm) for 30 

days duration in wet laboratory. Response of the species 

to sudden saline water flooding was assess in the field (in 

earthen ponds of size 0.02ha and putting different 

species in different hapa) by flooding the freshwater 

ponds artificially with saline water to obtain the 

resultant salinities of 5, 10, 15 and 20 ‰ (after 4 weeks 

of culture). Forty numbers of fishes were kept in each 

hapa. Post-flooding mortality was recorded. Based on 

above findings, the trial species were ranked for their 

composite tolerance. 

Results and Discussion 

In Salinity tolerance (MLS ) test Macrobrachium 96h

rosenbergii exhibited maximum salinity tolerance 

(24‰), followed by Channa punctatus (18‰), Puntius 

javanicus (17‰), Puntius sarana, Cyprinus carpio 

(both 13‰), Labeo rohita (11‰), Ctenopharyngodon 

idella, Hypophthalmichthys molitrix, Catla catla (all 

9‰) and Labeo bata (8‰). Irrespective of species, at 

high salinity, fish started surfacing and with gradual 

increase the swimming became erratic, then lethargic 

and motionless at lethal levels. Feeding rate reduced at 

high salinities and fish stopped feeding at lethal levels. 

The similar results have been reported by Pillai et al., 

2003 for Labeo rohita.

Study for different species at various sub-lethal 

salinities indicated that the natural adaptability level 

was 5‰ for the species like Labeo rohita, Puntius 

sarana, Cyprinus carpio, Cirrhinus mrigala, Labeo bata, 

Ctenopharyngodon idella, Hypophthalmichthys 

molitrix, Catla catla; 10‰ for Puntius javanicus,  

Channa punctatus;  and 15‰ for  Macrobrachium 

rosenbergii. This can be corroborated with the findings 

reported by Garcia et al. (1999), Sahoo et al. (2003), 

Mateen et al. (2004) and Schofield et al. (2011).

Post-flooding mortality recorded for freshwater 

species at different salinities (5, 10, 15 & 20 ‰) 

revealed that Macrobrachium rosenbergii was the most 

tolerant species and could withstand sudden saline 

water flooding followed by Channa punctatus, Puntius 

javanicus, Cyprinus carpio, Puntius sarana, Labeo 

rohita, Cirrhinus mrigala, Ctenopharyngodon idella, 

Catla catla, Hypophthalmichthys molitrix, and Labeo 

bata.  M. rosenbergii remained unaffected at all salinity 

190

International Symposium on Agriculture and Environment 2013
University of Ruhuna Sri Lanka



levels, whereas L. rohita, C. carpio & P. sarana remained 

unaffected upto 10 ‰. Therefore, culture of salt tolerant 

freshwater species can be an ecosystem based 
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Freshwater Species  Median Lethal 
Salinity (MLS96h 

in ‰) 

Natural 
Adaptability 
Level 

(‰ Salinity) 

Field Adaptability Trial 

through saline water flooding 

Composite 
Salt 
Tolerance 
Rank 

100 % mortality 

(h after flooding) 
Salinity level 
(‰) 

L. rohita  11 5 98 15 6 

P. sarana  13 5 168 15 5 

C. carpio  13 5 6 20 4 

M. rosenbergii  24 15 Indefinite 20 1 

C. mrigala  10 5 14 15 7 

L. bata  8 5 20 10 11 

C. idella  9 5 46 10 8 

H. molitrix  9 5 28 10 10 

C. catla  9 5 40 10 9 

P. javanicus  17 10 6 20 3 

C. punctatus  18 10 48 20 2 

 

Table 1. Lethal salinity, Salinity Adaptability Level and Composite Tolerance Rank of few freshwater species 

        

Sp. 

Mortality Starting (h) Highest Mortality (h) Complete Mortality (h) 

10 ‰ 15 ‰ 20 ‰ 10 ‰ 15‰ 20‰ 10 ‰ 15 ‰ 20 ‰ 

C. mrigala  28 4 0 34 10 0 36 (50%) 14  0 

L.  bata  14 6 0 16 8 0 20 10  0 

C. idella  24 6 0 30 12 0 36 12  0 

C. catla  20 8 0 28 12 0 30 14  0 

P. javanicus  - 34 0 - 34 0 - 42 (40%)  0 

H.  molitrix  18 8 0 26 12 0 28 12  0 

C. punctatus  - 34 0 - 42 0 - 42 (20%)  0 

L. rohita  - 16 1  22 2 - 98  4 

P. sarana  - 16 1  22 3 - 168  3 

C. Carpio  - 16 1  28 12 - 168 (50%)  12 

M. rosenbergii - - - - - - - -  -  

 

Table 2. Post-flooding mortality recorded for freshwater species at different salinities 

adaptation option in freshwater aquaculture for the 

areas vulnerable to saline water flooding.
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Fig 1. MLS  test96h Fig 2. Natural Adaptability Trial Fig 3. Saline water flooding

Note: 1. The values are in hours (duration). 
          2.  - Indicates no mortality.  
          3. Figure in the parenthesis indicates the % of 

     mortality
          4. The numbers of fishes used in the experiment 

     are 40 in each hapa
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Effect of Different Mulching Materials on Productivity of Papaya (Carica papaya) and Soil Moisture Availability

A.G. Chandrapala, S.H.S.A De Silva and H.A.P Jayalath
Regional Agricultural Research and Development Centre, Department of Agriculture, Aralaganwila

Abstract

Mulching is the process or practice of covering the soil/ground to make more favorable conditions for plant growth, 

development and efficient crop production. Effects of different mulching materials on the productivity of papaya and 

soil moisture availability was conducted at the Aralaganwila Research Station during 2005/06 maha to 2006 yala 

seasons in a Non Calcic Brown soil. Six mulching materials and a control (without mulch) were tested in a randomized 

completely block design with four replicates as follows: T1; (Rice straw)-8t/ha, T2; Gliricidia (Gliricidia sepium)- 

8t/ha, T3; Guinea grass (Panicum maximum) - 8t/ha, T4; Ipil ipil (Leucaena leucocephala)- 8t/ha, T5 - Control (No 

mulch), T6- Polythene mulch, T7- Straw (2t/ha) + Gliricidia (2t/ha) + Guinea grass (2t/ha) + Ipil-Ipil (2t/ha). The 

highest crop growth and yield was recorded by the treatment of Straw (2t/ha) + Gliricidia (2t/ha) + Guinea grass 

(2t/ha) + Ipil-Ipil (2t/ha). Highest soil moisture availability in the surface soil was also recorded by the same 

treatment. Other than above treatment, only Guinea grass 8t/ha (T3) recorded the higher papaya yield than the 

control. Based on the results it can be recommended to use the mixture of mulching materials at the rate of 2t/ha each 

among the treatments tested to achieve higher papaya yield and soil moisture availability.

Key words : Mulching, Papaya, Soil moisture, Papaya yield

Introduction 

Limitation of water resources is a cause of decreasing of 

crop production in agricultural systems especially in dry 

zone of Sri Lanka. Many approaches have been proposed 

to provide crop water requirements and alleviate the 

impacts of water shortage on plant production. 

Fallowing and mulching are the two commonly used 

methods of organic matter management and thereby 

nutrient recycling in tropical farming systems. Surface 

a p p l i e d  m u l c h e s  r e d u c e  s o i l  e r o s i o n  a n d  

evapotranspiration, thus enhancing the potential for 

increasing water conservation, which is highly 

important for improving dry land crop production.  

Mulching ameliorate soil moisture deficits and 

extremely high soil temperature regimes. Mulching in 

addition has also been shown to improve water 

infiltration, reduce evaporation and run-off, control 

weeds and improve soil structure (Chopra and 

Chauhadry, 1980).

Soil mulching has been reported to influence soil 

organic matter content, activity of microorganisms, 

availability of soil nutrients, control of soil erosion and 

soil compaction. Soil microorganisms are active in the 

plant residue types of mulches especially at the soil 

surface where both the soil and mulch are moist. The 

nitrogen-fixing bacteria require nitrates for their 

metabolism while breaking down organic matter. 

Mitchell and Lanini, (1999) reported that the use of 

mulch materials with different C/N ratios (which vary 

from low/moderate to high) produced differences in N 

mineralization, C and N formation in soil. Therefore, 

the objectives of this study were to examine the 

suitability of different mulch materials on growth and 

yield of papaya and soil moisture availability.

Materials and Methods

The effect of mulching materials on the productivity of 

Papaya (Carica papaya) and soil moisture availability 

was studied from 2005/06 maha to end of the 2006 

yala season at the Regional Agricultural Research and 

Development Centre, Aralaganwila, (DL  Agro 2b
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Ecological Zone) Sri Lanka under Non-Calcic Brown soil. 

The study area has distinctly uni-modal rainfall pattern 

with an average rainfall of 1100 mm. The texture of the 

soil of the experimental site was sandy clay loam with 

slightly acidic in reaction. Six mulching materials were 

tested in a randomized complete block design with four 

replicates. Treatments used were T1: 8t/ha of Rice straw, 

T2: 8t/ha of Gliricidia (Gliricidia sepium), T3: 8t/ha of 

Guinea grass (Panicum maximum), T4: 8t/ha of Ipil ipil 

(Leucaena leucocephala), T5: Straw (2t/ha) + Gliricidia 

(2t/ha) + Guinea grass (2t/ha) + Ipil-Ipil (2t/ha),  T6: 

Straw (1t/ha) + Gliricidia (1t/ha) + Guinea grass (1t/ha) 

+ Ipil-Ipil (1t/ha),T7: Polythene mulch. Each treatment 

plot was consisted four papaya plants (variety Rathna) in 

3m x 3m spacing. Mulching materials were applied 

uniformly half meter away from the base of the papaya 

plants and covering the rest of the plot. Chemical 

fertilizer application and other crop management 

practices were done according to the recommendation 

of the Department of Agriculture (Anon. 1990). Equal 

amount of irrigation water was applied to the each 

treatment plot using a bucket. Plant height was 

measured at 3 months after planting. Fruit yield was 

measured both as number of fruits per tree and total 

weight of fruit per plant. Irrigation was practiced in 

weekly interval. Surface (0-15 cm) soil moisture content 

was measured at two months intervals using 

gravimetric method just before the irrigation.

Results and Discussion

There was a total of 923.5 mm of rainfall received 

during the experimental period. Out of that, 619.4 mm 

rainfall was received during the maha season and the 

balance was received during inter monsoon and the 

yala season.

Plant height of papaya at 3 months after planting was 

significantly higher in both Straw (2t/ha) + Gliricidia 

(2t/ha) + Guinea grass (2t/ha) + Ipil-Ipil (2t/ha) and 

Gliricidia 8t/ha treatments. However, increased plant 

height recorded under Gliricidia (8t/ha) was not 

reflected in the fruit yields (Table 1) and the reason 

might be the fast decomposition of gliricidia leaves and 

resulting nutrient release before papaya trees attaining 

the reproductive stage.

Highest fruit yield per tree was recorded by the mulch 

combination of Straw (2t/ha) + Gliricidia (2t/ha) + 

Guinea grass (2t/ha) + Ipil-Ipil (2t/ha). However, it was 

on par with the mulch treatments of Guinea grass and 

Ipil-ipil. Among the treatments, only the Straw (2t/ha) 

+ Gliricidia (2t/ha) + Guinea grass (2t/ha) + Ipil-Ipil 

(2t/ha) treatment and Guinea grass (8t/ha) recorded a 
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Treatments Gro wth and yield Gr avimetric so il moisture % 
(months  after planting) 

Fruit  yield /tree 
(kg) 

Fruits/tr ee Plant height 
(cm) 

2 
month 

4 
month 

6 
month 

8 
month 

T1 5.8b c 10.5b 116.6ef 14.2b 14.7ab 7.3ab 7.7 b 

T2 5.1c 9.0b 143.3a 11.1cd 11.5cd 5.1e 5.5 de 

T3 10.5ab 12.0ab 133.0b c 12.7bc 13.7b c 6.8b c 7.2 bc 

T4 8.0abc 8.5b 127.3cd 12.3c 13.2bcd 6.4cd 7.0 bc 

T5 12.6a 15.2a 145.0a 16.6a 16.6a 7.5a 8.9 a 

T6 6.8b c 8.2b 119.0def 11.7cd 12.5b c 5.8d  5.8 d 

T7 4.4c 7.5b 109.0f 9.8d 10.1d 4.2f 4.9 e 
SED 2.2 2.1 4.6 0.9 1.0 0.3 0.4 
CV % 37.4 29.7 4.4 8.8 9.9 6.5 7.7 

 

Table 1. Plant height, fruit yield, and gravimetric soil moisture content under different mulching treatments 

Means within a row bearing same superscripts are not significantly different (p>0.5)
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fruit yield higher than the control. Highest fruits per tree 

was also recorded by the treatment of Straw (2t/ha) + 

Gliricidia (2t/ha) + Guinea grass (2t/ha) + Ipil-ipil 

(2t/ha). It was the only treatment which recorded the 

higher number of fruits per tree than control. This may 

probably due to the nutrient release pattern of the 

different mulching materials  with different 

decomposition rates as compared with the other organic 

mulches which might have lack of variety of 

decomposition and synchrony of nutrient release and 

crop demand. Selecting and mixing prunings of different 

quality is a possible option for improve synchrony when 

prunings are used as a source of N for crops. 

Application of high quality prunings can result in release 

of N too soon leading to higher losses, whereas, poor 

quality prunings release nitrogen too slow to satisfy 

requirement of crops. The underline principle behind 

mixing the prunings of different quality is that since N 

release is linked to protein binding capacity of the 

prunings, mixtures of prunings with low and high 

protein binding capacities can have the effect of delaying 

N release from high quality prunings with low protein 

binging capacity. Accelerated N release can occur later as 

the Pholyphenols are degraded. It is also hoped that in 

case that the prunings of different quality releases N 

independently, early nitrogen requirement by crop is 

met from the high quality prunings, whereas, the 

requirement during later stages of growth is satisfied by 

the slow- decomposing low quality prunings.    

Mulching may also have synergistic effects with fertilizer 

use. Crop residue mulches with low C:N ratios had more 

beneficial effects than those with high C:N ratios. On an 

Ultisol in eastern Nigeria, the yield of plantain and 

bananas was drastically improved by residue mulch. 

Gravimetric soil moisture content of surface (0-15cm) 

soil were highest under the treatment of Straw (2t/ha) + 

Gliricidia (2t/ha) + Guinea grass (2t/ha) + Ipil – ipil 

(2t/ha). Gliricidia mulch showed lower surface soil 

moisture content from the beginning of measurement 

which was similar to the control treatment. This may 

probably be due to the higher decomposition rate of the 

Gliricidia leaves and the majority of the applied 

Gliricidia mulch might have decomposed within the 

first few weeks after application (De Costa, and 

Atapattu, 2001). Compared to the other organic 

mulches, straw mulch recorded relatively higher 

surface and sub surface soil moisture content, however, 

inferior to the  Straw (2t/ha) + Gliricidia (2t/ha) + 

Guinea grass (2t/ha) + Ipil – ipil (2t/ha) treatment. The 

recalcitrant nature of the straw might have shown 

some resistant to decomposition as well as it might 

have acted as a sponge and might have absorbed much 

of the rain water and irrigation water. It was also 

reported that straw mulch can be considered as an 

agronomic input with the potential to ameliorate stress 

by reducing evaporation of moisture from the soil and 

increasing infiltration rate. While the season progress 

there was a declining trend of surface soil moisture 

content. Polythene sheet mulch however, failed to 

maintain a relatively higher soil moisture range 

throughout the growth period. Although, it might have 

minimized the soil moisture evaporation, it also might 

have reduced the rainwater infiltration by acting as a 

barrier. Lowest soil moisture status was obtained 

under no mulch treatment (control) throughout the 

seasons. The improved soil moisture regimes might 

have enhanced the growth of papaya plants possibly 

through greater soil moisture and nutrient uptake.

Conclusion

This study showed that Papaya responded to mulching 

mixture. The advantages derived from mulching 

mixture were reflected in improved plant height, fruit 

yield and soil moisture availability.
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Abstract

Total concentrations and spatial distribution of heavy metals and their relationship with soil properties in soils are 

important in sustainable soil management. Therefore, a study was conducted to examine the total concentration of 

Cu, Pb, Ni, Zn and Cd and their relationships with soil properties and spatial distribution of these elements in 

Madawachchiya-Ranorawa- Elayapattuwa- Hurathgama-Nawagattegama soil association of the dry-zone of Sri 

Lanka. Soils were analyzed for organic carbon (OC), pH, EC, clay %, total Cu, Pb, Ni, Zn and Cd. Measured OC, pH, EC and 

clay ranged between 0.12-1.90 %, 4.1-8.0, 0.02-0.41 dS/m and 2-42%, respectively. The concentrations of Cu, Pb, Ni, 

Zn and Cd concentrations ranged from 1.6-33.0, 2-19, 1.6-32.0, 7-71 and 0.13-1.22 mg/kg, respectively. Significant 

correlations were observed between total Cu, Pb, Zn and OC in the soil. Total Pb was correlated with the clay %. 

Significant negative correlation was observed between Zn and EC. Principal Component Analysis (PCA) showed high 

loadings of Cu, Ni, Zn and OC on PC1 whereas Cd and clay on PC3. Lead had high loadings on both PC1 and PC3.  Soil pH 

and EC showed high loadings on PC2. Significant correlation among Cu, Pb, Ni and Zn indicated a common source of 

origin for these four metals while Cd is having different source of origin. Similar spatial distribution pattern of total 

Pb, Ni, Cd and OC were observed. Clay% and OC content were the two important soil properties affect on the 

accumulation and distribution of analyzed heavy metals in these soils.

Key  words: Dry zone, Principal component analysis, Soil maps, Soil pollution 
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Introduction

Accumulation of heavy metals in soils is of great concern 

due to their persistence and toxicity. Parent material 

(lithogenic) and anthropogenic inputs are found to be the 

main sources of heavy metals in soils. Anthropogenic inputs 

are associated with industrialization and agricultural 

activities such as atmospheric deposition, waste disposal, 

waste incineration, urban effluent, traffic emissions, 

fertilizer application and long-term application of 

wastewater in agricultural land. Apart from these sources, 

concentration and accumulation of trace elements in soils 

are related to some soil properties (Qishlaqi and Moore, 

2007). Knowledge of accumulation of trace elements and 

their relationships with soil properties are important in 

environmental monitoring. Therefore, it is important to 

investigate the level of trace metal accumulation and their 

relationship with soil properties. Statistical techniques such 

as Principal Component Analysis (PCA) and correlation 

analysis can be used as tools for monitoring of current 

environmental quality of agricultural soils in terms of heavy 

metal accumulation and for predicating the future soil 

contamination (Qishlaqi and Moore, 2007). Correlation 

analysis enables to identify strength linearity between a 

soil property and a trace element whereas PCA can be used 

to identify the soil properties which are highly correlated 

with different groups of trace elements. 

Further, information on spatial distribution of the trace 

elements in a region may help to identify accumulation of 

trace elements in area wise (Zhang et al., 2008) and it is an 

important prerequisite in the remediation of trace element 

polluted soils. Information related to the spatial 

distribution of trace elements is less available in Sri Lanka. 

Gil et al. (2010) reported that the variability of heavy 

metals in soil is associated with the variability of physico-

chemical properties of soils. Therefore, objectives of this 

study were to determine the concentrations and spatial 

distribution of Cu, Pb, Ni, Zn and Cd in soils and their 

relationships with soil properties in a selected soil mapping 
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unit of the dry-zone of Sri Lanka. An attempt will be made to identify the source of heavy metals by studying the correlations 

among metals and soil properties. 
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Figure 1. Spatial distribution of (a) Cu (b) Pb (c) Ni (d) Zn and (e) Cd (f) Clay and (g) OC in the soil association.
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PCA identified clay percentage and OC content were 

correlated with the trace elements in soils. Figure 1f and 1g 

shows the spatial distribution of clay and OC in the soil 

association.  Characteristic pattern of Pb, Ni and Cd 

accumulation was observed in the northern part of the area 

(Figure1b, 1c and 1e). This characteristic pattern was not 

much prominent for Cu (Figure 1 a). Distribution of OC of 

that area also had a higher value compared with the other 

parts of the area (Figure 1g). Organic matter content is one of 

the most important factors that control the accumulation, 

mobility and bioavailability of heavy metals in soils due to 

their high adsorption capacity (Qishlaqi and Moore, 2007). 

Therefore, reason for this characteristic accumulation 

pattern might be OC in soils. Although Cd and Pb showed a 

relationship with clay% of the soils, with PCA, we couldn't 

observe a similar distribution patterns for Cd and clay maps. 

However there were some areas where the distribution 

pattern of Cd and Pb tally with the distribution of clay in the 

area (Figure 1f) indicating an accumulation in soils over the 

time. 

Observed Cu, Pb, Ni, Zn and Cd concentration ranges were 

1.6-33.0, 2-19, 1.6-32.0, 7-71 and 0.13-1.22 mg/kg 

respectively. Simple correlation analysis resulted significant 

correlation between total Cu, Pb, Zn and OC indicating high 

strength of linearity. Total Pb was correlated with clay%. 

Significant correlations were found among Cu, Pb, Ni and 

Zn whereas no correlation was fund with Cd suggesting 

there different sources of origin.  Copper, Ni, Zn and OC 

were associated with the PC1 indicating their high 

correlation whereas Cd was correlated with clay%. Lead 

showed correlations with both clay and OC of the soils. 

Similar spatial distribution patterns for total Pb, Ni and Cd 

with OC were observed. Clay% and OC content were found 

to be two soil properties which affect on the accumulation 

and distribution of analyzed trace elements in these studied 

soils. 
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Abstract

Detailed information on spatial variability of soil properties is important for the decision making in site specific soil 

management and land use planning. Available coarse scale classical soil maps are insufficient to provide information 

for such requirements. Therefore, the soil variability needs to be investigated to provide detail soil information. The 

objectives of this study were to spatially characterize soil properties in a dry zone soil catena and to determine the 

impact of present land uses on the variability of soil properties. A dry zone catena consists of uncultivated lands and 

cultivated with paddy and vegetable lands was selected as a study area. Latin hypercube sampling technique was used 

to collect 58 soil samples. Soil samples were analyzed for pH, electrical conductivity (EC), cation exchange capacity 

(CEC) and texture. Summery statistics were calculated and statistical tests were performed to determine the land use 

impacts on soil properties. Semivariograms for each property were calculated and theoretical models were fitted 

using Variowin software. Continuous maps were constructed using ordinary point kriging interpolation technique. 

Normality test indicated that all the properties were normally distributed. Large coefficient of variation values 

indicated a considerable heterogeneity of soil properties within the catena. The relative nugget effect (RNE) values of 

pH (8.25 %), EC (7.41 %), sand (12 %), CEC (50.9 %), silt (50.5 %) and clay (29 %) revealed a high to moderate 

spatially structured variability for soil properties. Range of spatial dependencies of soil properties ranged from 193 to 

650 m. Kriged maps further explained the variation of soil pH, EC and CEC in uncultivated and cultivated land uses and 

clay and silt enrichments were observed in vegetable lands and paddy lands, respectively. 

Key  words: Dry zone catena, Soil properties, Spatial variability, Variograms

Introduction

Understanding the degree of the variability of soil 

properties at the field scale is important in planning and 

implementing agricultural practices while minimizing 

environmental damages. Soil spatial variability is 

resulted by natural factors as well as by anthropogenic 

factors such as soil management. Earlier, scientists 

assumed that the variation of soil properties at short 

distances is random and therefore variation has been 

described using classical statistical models. Spatial 

dependencies were observed for soil properties those 

were sampled at greater distances rather than the 

samples collected very close to each other (Viera et al. 

1981). Presently, the application of soil inputs is made 

based upon the blanket recommendation. In the 

presence of short-scale soil variability, parts of the field 

may expose to over and under applications. This can be 

resulted in losses and accumulations of soil inputs. 

However, in the most parts of the world, the short-scale 

soil variability of agricultural fields is unknown. 

Therefore, to improve the efficiency of present day crop 

management, soil variability of agricultural fields must 

be spatially characterized. This study was conducted to 

spatially characterize soil properties of a dry zone 

catena and to determine the impact of present land 

uses on the variability of soil properties.

Materials and Methods

A catena (94 ha) situated in a map unit in dry zone of Sri 

Lanka, was selected for this study (central coordinates 

8° 7'57.07” N latitude and 80° 7' 51.22” E longitude). 

Land uses of the area were uncultivated, paddy fields 

and vegetable cultivation. Sampling was done using 

Latin hypercube sampling technique. All the sampling 

points were georeferenced using a GPS receiver 

(Garmin GPS etrex10). Collected 58 top soil samples (0 

– 30 cm) were prepared for the laboratory analysis.

Soil pH (1:2.5 soil: 1 M KCl) and electrical conductivity 

(EC) (1:5 soil: water) were analyzed using pH and EC 

meters respectively, and the soil texture was 

determined using the pipette method. Cation exchange 

capacity (CEC) was determined using calcium as the 

index ion. Data analysis was performed using SPSS 

(V.13) statistical software. Summery statistics and 

normality test (Kolmogorov-Smironov test) were 
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performed for soil properties. The differences of soil 

properties across land uses were investigated by 

comparing means. Isotropic semivariograms for soil 

properties were calculated and theoretical variogram 

models were fitted using Variowin software. The 

Relative Nugget Effect (RNE) (nugget semivariance / sill 

semivariance) is used to explain the strength of spatial 

correlation (Camberdella et al. 1994). Spatial 

distribution maps of soil properties were constructed 

using ordinary point kriging interpolation technique by 

GSLIB software.

Results and Discussion

The Kolmogorov-Smironov tests revealed that all the soil 

properties except EC were normally distributed. The 

clay, silt and sand content of the area ranged from 1.5 to 

25.0 %, 2 to 26.6 and 57.4 to 84.0 %, respectively. Mean 
-1values of the pH, CEC and EC were 5.9, 5.94 cmol (+) kg  

-1and 0.08 dS m , respectively. Soil pH of the area can be 

classified as slightly acidic. Among the analyzed soil 

properties, EC showed the largest variation (CV= 107 %) 

where as the sand content showed the smallest variation 

(CV= 9.5 %). According to the classification of coefficient 

of variation by Hillel (1980) sand showed low (<10 %) 

variability, clay, silt, pH and CEC showed medium (10-

100 %) variability while EC showed a large variability 

(>100 %). Different CV ranges suggested that soil 

properties different in the degree of heterogeneity 

within the catena.

The spatial behavior of soil properties can be evaluated 

through their semivariograms. Spherical model was 

found as the best model for experimental variograms of 

soil pH, EC, CEC and sand content. The spatial 

dependence of a variable occurs within the distance 

that explains by range. The range of spatial dependence 

for pH (598 m), EC (590 m) and sand (290 m) 

suggested strong spatial correlations. These properties 

showed a less variability over longer distance than the 

other measured properties. Relative Nugget Effect for 

pH (8.3 %), EC (7.4 %) and sand (12 %) indicated 

strongly structured spatial dependencies (< 25 %) 

(Cambardella et al. 1994). These strong spatially 

dependent properties may be controlled by intrinsic 

variation in soil characteristics such as mineralogy 

(Ayoubi et al. 2007). The RNE (50 %) value for CEC 

showed a medium level of spatial dependency. 

Exponential model was found as the best model for clay 

and silt. Ranges of spatial dependence for clay, silt and 

sand were 193, 290 and 290 m in distance respectively. 

Clay (RNE: 29 %) and silt (RNE: 50 %) are medium 

spatially structured (Cambardella et al. 1994).

Soil pH in paddy soils in this particular dry zone catena 

ranged from 5.2 to 7.9. The higher content of 

exchangeable basic cations and high evaporation 

during dry season could contribute to the increase in 

soil pH in this area. Exchangeable basic cations in soil 

solution come up during dry season and could 

accumulate in surface soils. 

-1The EC values in paddy (0.19 dS m ) soils were 

significantly (p = 0.05) different with uncultivated 
-1 -1(0.06 dS m ) and vegetable (0.04 dS m ) soils. The 

-1 critical level of EC for paddy is 0.12 dS m as reported by 

Bandara et al. (2005). EC values in some parts of paddy 

grown areas were higher than the critical level. Soluble 

salts containing in irrigation water from Rajanganaya 
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Figure 1. Kriged maps for (a) Soil pH (b) Clay content in the selected dry zone catena
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catchment could have contributed to higher EC values in 

paddy lands of this catena compared with other land 

uses. 

Kriged map of CEC showed higher values in paddy (7.1 
-1 -cmol (+) kg ) soils than in the vegetable (4.8 cmol (+) kg

1 -1) and uncultivated (5.05 cmol (+) kg ) soils.  Soil pH also 

followed the same spatial pattern. Significant differences 
-1were observed in CEC in uncultivated (5.05 cmol (+) kg ) 

-1and paddy soils (7.1 cmol (+) kg ), and paddy (7.1 cmol 
-1 -1(+) kg ) and vegetable (4.8 cmol (+) kg ) soils (p = 0.05).  

Clay content (Figure 1b) of paddy soils (11.83 %) was 

lower than the vegetable (13.07 %) and uncultivated 

(14.82 %) areas. Sandy patches were observed in some 

of the vegetable and uncultivated areas. The silt content 

was higher in paddy fields. A slight slope was observed 

from middle part of the paddy fields towards to northern 

part of the area. Transport of silt towards the paddy 

lands and accumulate there. It might be the reason for 

silt enrichment in paddy lands. The RNE values 

demonstrated that soil pH (8.3 %), EC (7.4 %) and sand 

(12 %) are strongly spatially correlated while clay (29 

%), silt (50.5 %) and CEC (50.9 %) are moderately 

spatially correlated. Soil pH, EC and CEC showed a 

significant difference in paddy and vegetable cultivated 

lands. Kriged maps exhibited a spatial variability of soil 

properties further strengthening the variability 

revealed by variograms. This study showed a 

considerable short-scale variability of soil properties 

that have to be considered in determining the 

requirement of soil inputs for crop cultivation. 
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Abstract

Combined use of organic amendments (OA) with mineral fertilizer is a feasible method of nutrient management to 

deal with soil fertility decline, soil organic matter depletion, crop growth and yield reduction. To study the effect of 

different nutrient management strategies on different soils, a greenhouse experiment was set-up in a complete 

randomized design (CRD). Organic amendments, cattle manure-saw dust (CS) incubated for two months and bio-char 

(BC) produced from saw dust. Soil samples were collected from fields in Wagolla (WG) and Peradeniya (PD). Site-

specific fertilizer recommendation was developed for each soil. Shoot and root biomass of one month old maize (Zea 

mays) was measured in OA+mineral fertilizer added soils , soil+fertilizer-only (SF) and soil-only (S) treatments. Each 

soil was different in available plant nutrients and nutrient fixing ability. Shoot biomass ranged from 1.11 to 

3.17g/plant and from 0.89 to 2.04g/plant in WG and PD soils, respectively. Root biomass varied from 1.08 to 

1.99g/plant and from 0.81 to 2.13g/plant in WG and PD soils, respectively. Shoot and root biomasses were 

significantly higher (P<0.05) when soil was mixed with fertilizer alone or OA + fertilizer compared to soil-only 

treatment. The CS+SF treatment showed the highest shoot biomass in both soils and significantly high root biomass in 

PD soil. In BC+SF treatment shoot and root biomass was reduced by 13% and 25%, respectively compared to SF. 

Difference in nutrient management strategies and soil characteristics affected soil's capacity to support crop growth. 

Plant growth support capacity of soil was enhanced by CS +SF combination.

Key  words: Bio-char, Biomass, Fertilizer, Maize, Saw dust. 

 

 

Introduction 

Use of organic amendments and mineral fertilizers in 

combination has beneficial effects on soil properties and 

crop growth (Chivenge et al. 2011). Simultaneous use of 

organic and mineral nutrient resources has its 

drawbacks; positive results may not be obtained always. 

Plant nutrient availability in soil can be hindered by 

diverse mechanisms and by alteration of soil properties 

influencing nutrient availability. 

Studies have been conducted in Sri Lanka on the effects 

of organic amendments of differing quality on the 

productivity of different crops. In a study conducted 

using different OA in combination with mineral fertilizer, 

conflicting results were obtained; Gliricidia improved 

growth and yield significantly, coir dust addition caused 

a significant yield drop and application of cow dung or 

rice straw did not produce noticeable yield increase 

(Kendaragama, 1999). Hence improvement in crop 

 

performance with the incorporation of organic 

amendments cannot be expected at all times. Effects of 

different organic amendments on plants vary 

depending on many factors; climate, soil type, soil 

environment, composition and quality of organic 

amendment (Chivenge et al. 2011).

The objective of the study was to determine the effect of 

different nutrient management strategies on two 

different soils using a greenhouse experiment. 

Materials and Methods

2Soil samples were collected from a field (110m ) in 

Wagolla located in the Low-country Wet Zone (LCWZ) 

2and a field (380m ) in Peradeniya located in the Mid-

country Wet Zone (MCWZ). The soil order is Ultisol. 

Samples were collected using the grid random 

sampling method and a representative composite 

sample was prepared for each site. Soils were air-dried 

and sieved through a 2mm sieve. 
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Soil pH was measured in soil: water suspension (1:2.5) 

and the organic matter (OM) content by digestion with 

acid dichromate followed by titration with ferrous 

ammonium sulphate. Cation Exhange Capacity (CEC) 

was analysed using an ammonium acetate buffer 

solution at pH 7. Soil texture was determined by the 

pipette method and all analyses were performed in 

triplicates.

Organic amendments used were cattle manure-saw dust 

at 2:1 ratio (incubated two months prior to application) 

and bio-char. Incubation was carried out at room 

temperature and aerobic condition to facilitate partial 

decomposition of the material through the activity of 

mesophilic microorganisms. Saw dust was from Alstonia 

macrophylla. Bio-char was prepared using saw dust by 

slow pyrolysis method at the Department of Soils and 

Plant Nutrition of the Rubber Research Institute of Sri 

Lanka.

Site-specific fertilizer recommendations were 

developed for each soil based on soil nutrient analysis 

and sorption studies followed by a greenhouse study 

using maize as test crop. A separate greenhouse 

experiment was set-up in triplicates in a CRD using 

maize (Hybrid variety – Sampath) as the test crop. Plastic 

pots were filled with 200g soil mixed with mineral 

fertilizer at rates developed for each soil and organic 

material at the rates of 1% w/w. Soil mixed with mineral 

fertilizer alone (SF) and soil-only (S) were also included 

as treatments. Four seeds were planted per pot and 

thinned out for two plants after one week. Plants were 

harvested after one month and oven dry weight of 

shoots and roots were measured.

Data were statistically analysed using SAS 9.1. and the 

Duncan Multiple Range Test was performed to 

compare means for treatment effects. 

Results and Discussion 

Texture of both soils was sandy clay loam and OM 

contents of WG and PD soils were 2.1% and 1.7%, 

respectively. WG soil was slightly acidic with pH of 5.1 

and pH of PD soil was 6.1 The CEC of WG and PD soils 

was 10.5 cmol(+)/kg and 16 cmol(+)/kg, respectively. 

Additional amount of each plant nutrient required to 

achieve its optimum level was different for each soil 

due to the difference in available nutrients and nutrient 

fixation capacity. Both WG and PD soils exhibited P 

fixation but K fixation was observed only for PD soil. 

Compared to the optimum nutrient treatment 

developed, WG soil showed noticeable reduction in 

plant dry matter of 41%, 39%, 31% and 27% in the 

absence of Mg, P, N and K applications, respectively. In 

PD soil the dry matter reduction of 28%, 18% and 11% 

was evident in minus treatments of K, P and Zn, 

respectively.  

Amending soil with fertilizers alone or combination of 

OA and fertilizers resulted in significantly higher shoot 

and root biomass compared to no amendments (Table 

1). Biomass of plants grown in soils revealed that two 

soils were significantly different in terms of the 

response to amendments (P<0.05).
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Treatment # Shoot dry weight (g/plant) Root dry weight (g/plant) 
WG PD WG PD 

S 1.11b 0.89b 1.08C 0.81C 
SF 2.69a 1.78a 1.99A 1.54B 

CS+SF 3.17a 2.04a 1.59B 2.13A 
BC+SF 2.57a 1.64a   1.71AB 1.31B 

 
# S-soil only, SF-soil+fertilizer, CS-cattle manure+saw dust, BC-bio char. Fertilizer (F) was developed separately for 

each soil based on soil nutrient analysis and sorption studies followed by greenhouse experiments. Means with 

similar letters in a given column are not significantly different. (P>0.05, n=3).

Table 1. Shoot and root biomass of maize plants under different treatments in soils from Wagolla (WG) and 
                     Peradeniya (PD)
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The highest shoot dry weight was observed in CS+SF 

treatment in both soils. Growth of aboveground 

vegetative plant parts is dependent on the available N in 

soil. The additional supply of nutrients and/ or the 

release of nutrients by the organic materials over time 

might have improved shoot biomass under CS combined 

with mineral fertilizers. Steiner et al. (2007) found that 

combination of organic materials with mineral 

fertilizers enhance plant growth and grain yield of rice 

and sorghum compared to mineral fertilizer only 

treatment and cattle manure addition increased soil 

nutrient concentrations and improved crop yield. The 

addition of high C/N material like saw dust to soil causes 

N immobilization. This was not observed in the present 

study as indicated by improved plant biomass with the 

addition of saw dust incubated with cattle manure. This 

may be due to the reduction of C/N ratio of saw dust by 

mixing it with cattle manure and the incubation process. 

It was observed that when cattle manure was mixed with 

high C/N materials rice straw and wood shavings at 2:1 

ratio and incubated for two months, the C/N ratio 

reduced from 46 to 14 and from 37 to 16, respectively 

(unpublished data). Bio-char treatment reduced the 

shoot biomass compared to the SF treatment in both 

soils. N immobilization by bio-char might have resulted 

in biomass reduction. Lehmann et al. (2003) reported a 

significant decrease in N uptake by cow pea plants and 

lower N availability in both Anthrosol and Ferralsol soils 

when soil was amended with charcoal. 

Dry weight of root was significantly increased in CS+SF 

treatment in PD soil. The availability of P in soil might 

have improved due to addition of saw dust. In the study 

of Gagnon and Simard (1999) the use of wood bedding in 

dairy manure compost reduced P immobilization during 

incubation.  In WG soil BC application resulted in higher 

root biomass compared to CS addition. Lehmann et al. 

(2003) observed significantly high P availability in 

Anthrosol amended with charcoal than Ferralsol. The 

 

organic amendment CS combined with mineral 

fertilizer shows potential to improve plant growth. The 

observed effects in this study should be tested at field 

level to establish the possibility of using these 

strategies for improved crop performance in the future.

Difference in soil characteristics and nutrient 

management strategies affected ability of soil to 

support crop growth. Cattle manure-saw dust 

combined with mineral fertilizer generally improved 

the capacity of soil to support plant growth. 
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Abstract

Soils and their management options are considered as location and situation specific. An experiment was conducted 

to identify beneficial nutrient management practices to improve soil fertility for selected low productive fields. Two 

sites were selected from Mahailluppallama (MI) at Dry zone Low country, (DL1b) and Kundasale (KS) at Intermediate 

zone Mid country (IM3) agro-ecological zones. Soil samples were analysed for initial soil properties such as pH, 

electrical conductivity (EC), soil organic matter (OM), CEC and texture by standard methods. Treatments for MI were 

site specific fertilizer (SF), biochar applied at 0.5% by weight with SF (BC+SF), rock powder applied at 5% by weight 

with SF (RP+SF), and a soil only control (C) while for KS, SF, BC+SF, incubated cattle manure and saw dust applied at 

1% by weight with SF (CS+F,) and C were the treatments. The experiment was a complete randomized design with 

four treatments conducted under greenhouse conditions. For MI and KS, pH 7.1 and 5.6, texture sandy clay loam and 

sandy loam, CEC 16 and 13.5 cmols /kg, OM 1.5 and 1.3%, and EC 0.12 and 0.10 dS/m, respectively. Plant height and +

plant dry weights were highest in BC+F and RP+F treatments than control and SF treatment for MI soil. For KS all the 

amended treatments showed significantly higher growth parameters than the control, but no significant difference 

among the amended treatments. T

Key words: Biochar, Low productive lands, Rock powder, Site specific nutrient management 

his study showed that biochar and rock powder with site specific fertilizers are 

valuable amendments for improving soil fertility in MI soils while site specific fertilizer alone improves soil fertility in 

KS soils. 

Introduction

Balanced supply of nutrient is an important aspect in 

crop productivity. Result of inadequate supply of 

nutrient and improper agricultural practices lead to 

develop low fertile lands in Sri Lanka. Because of the 

insufficient supply of mineral nutrients, yields of the 

annual crops in Sri Lanka are identified as lesser than the 

world average production (Bandara et al., 2006). Low 

productive infertile soils are exist all-around the world 

and many of these soils are low in organic matter and 

nutrients but this soil can be made productive by using 

appropriate agronomic practices. Many research have 

been conducted to find out the nutrient supplying power 

of the organic amendments internationally and locally. 

Combined use of chemical fertilizers and organic 

amendments illustrate overall soil fertility development 

in different food crops grown in Sri Lanka. Benefits of 

a

 

From an 

environmental point of view rock powder application 

pplication of organic matters such as green manures, 

farm yard manures have frequently been shown to 

increase soil fertility. These benefits usually last only 

for one or two growing seasons due to the rapid 

mineralization of organic matter under the hot, humid 

tropical environment (Sukartono et al., 2011). Biochar, 

a more stable source of carbon, remains in the soil for 

hundreds or even thousands of years. The beneficial 

effects of biochar on soil properties have been reported 

by many researchers and recently have attracted 

considerable interest as a sustainable technology to 

improve soil fertility in the tropics. Appling rock 

powder to ameliorate soil fertility problems are also 

investigated by many researchers. 
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is none polluting due to the slow release of nutrient to 

the soil solution (Priyono and Gilkes, 2008) and it could 

facilitate better synchronization of release and uptake of 

nutrients. Therefore objective of this research was to 

identify beneficial nutrient management practice for low 

productive fields to improve soil fertility.

Materials and Methods

Soils were collected from field crop research institute 

Mahailluppallama, dry zone low country (DL1b) where 

soil is Reddish Brown Earth (Alfisols) and from 

university farm Kundasale (KS), intermediate zone mid 

country (IM3) where soil is belongs to Reddish Brown 

Latosolic soils (Entiols). Low productive fields were 

selected based on available farm records. Soil samples 

were collected at 0-20 cm depth using a grid method to 

prepare a representative composite sample. Soil sample 

were analyzed for pH, organic-matter (OM), cation 

exchange capacity (CEC) electrical conductivity (EC) and 

texture. Available nutrients were determined using 

s t a n d a r d  p r o c e d u r e s .  O p t i m u m  f e r t i l i z e r  

recommendation for MI and KS soils were formulated 

using modified missing element technique (Portch and 

Hunter, 2002). Site specific fertilizer recommendations 

for MI 150 mg/kg N, 50 mg/kg P, 100 mg/kg K, 5 kg/ha S 

and 4 kg/ha Zn and 150 mg/kg N, 50 mg/kg P, 100 mg/kg 

K, 5 kg/ha S, 4 kg/ha Zn and 2mg/kg Cu for KS.

Rock powder, biochar and cattle manure incubated with 

saw dust was selected as amendment to correct fertility 

problems. The experiment was a complete randomized 

design with four treatments and maize was grown as 

tested plant. For MI treatments were site specific 

mineral fertilizer (SF), biochar applied at 0.5% by weight 

with combination of site specific mineral fertilizer 

(BC+SF), rock powder applied at 5% by weight with 

combination of site specific mineral fertilizer (RP+SF) 

and a soil only control (C) where treatments for KS were 

SF, BC+F, incubated cattle manure and saw dust applied 

at 1% by weight with combination of site specific 

mineral fertilizer (CS+F) and C. Biochar used for this 

experiment was made by using saw dust and rock 

powder was collected from commercial rock crushing 

plant. Cattle manure and saw dust was incubated at 2:1 

ratio by weight for one month prior to application. 

Amendments were analysed for pH available N, 

available P and available K by standard methods. 

Twenty eight days and 72 days after planting plant 

height were obtained. After 72 days plants were 

uprooted and dry matter yield was obtained.

Results and Discussion

The pH of MI soil was in neutral condition with pH 7.1 

and pH of the KS soil was 5.6 with a slightly acidic in 

reaction. Texture of the KS field was sandy loam and MI 

field belongs to the sandy clay loam. Both soils had 

moderate CEC where 16 cmols /kg and 13.5 cmols /kg + +

reported for MI and KS, respectively. Organic matter 

content was 1.5% and 1.3% for MI and KS,  respectively. 

The EC in MI soil was 0.12 dS/m EC where in KS soil was 

0.10 dS/m. Both fields were deficient with N, P, S, Ca and 

Zn when compared to the optimum nutrient 

concentrations validated by (Kumaragamage and 

Indraratne, 2011). 

Changes in soil pH due to the addition of 

biochar have been cited as the cause of positive and 

negative plant responses . 

Chemical analysis results of biochar indicated that 

biochar can provide high amount of K and P to the soil. 

Kumaragamage and Indaratne (2011) reported that 

many Sri Lankan soils are at deficient concentration of 

K. Therefore biochar can be use as a better amendment 

to correct the K deficient problems in Sri Lankan soils. 

The chemical analysis of rock powder showed that, 7.8, 

The chemical analysis of homogenous biochar samples 

showed that the pH, available N, available P and 

available K was 8.7, 58 mg/kg, 113 mg/kg and 1736 

mg/kg. 

(Sukartono et al., 2011)
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37 mg/kg, 21 mg/kg and 211 mg/kg for pH, available N, 

available P and available K accordingly. Rock powder can 

also provide considerable amount of K to the soil and pH 

of the rock powder was at slightly alkaline condition. 

Chemical analysis of cattle manure incubated with saw 

dust sample showed that the pH, available N, available P 

and available K was 7.8, 37 mg/kg, 154 mg/kg and 2456 

mg/kg. Cattle manure incubated with saw dust 

amendment provide high P and K to soil.

Plant height was significantly lower in treatment C than 

the  SF, BC+SF and RP+SF at 28 days after planting for MI. 

At the end of the experiment RP+F treatment showed 

highest plant height compared to other treatments 

where lowest height was observed in C treatment for MI. 

Previous research also found that application of rock 

powder increase plant yield and uptake of K by crop 

(Priyono and Gilkes, 2008). Plant height did not show 

any significant effect among the amended soils though 

all the amended soils were superior to the control.  

Treatments of BC+SF and RP+SF significantly increased 

the plant dry matter yield compared to the C and SF 

treatments in MI soil. Several researches have been 

reported positive effect of biochar application on crop 

growth and yield (Sukartono et al., 2011). But in KS soil 

there were not any significant differences observed for 

plant height among SF, BC+SF and CS+SF treatments in 

both sampling points. All the amended soils (SF, BC+SF, 

CS+SF) were superior to the control for KS. Highest dry 

matter yield was obtained for SF and CS+SF treatments 

in KS soil.
211

Treatment Plant height (cm) Dry weight  
(g/plant) 

28 days 72 days 

MI KS MI KS MI KS 

Control 46b* 47b 95b 84b  13 c 16b 

SF 73 a 70a 103ab 107a 28b 30a 

BC+SF 75 a 70a 107ab 108a 35a 28a 

RP+SF 81 a NA 111a NA 36a NA 

CS+SF NA# 71a NA 104a NA 30a 

 

Table 1. Treatment effect on plant dry weight and plant height  

* #Means followed by the same letters are not significantly different (P>0.05); not applicable 

 This study confirms that biochar and rock powder with 

site specific fertilizer are valuable amendments for 

improving soil fertility and to sustain production for MI 

soil. For KS soil site specific fertilizer could improve the 

soil fertility.  Therefore site specific nutrient 

management is necessary to improve soil fertility in 

low productive lands. 
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Seed Crop of Bitter Gourd as Influenced by Soil Application of Phosphorus and Micronutrient Spray
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Abstract

An experiment was conducted on seed production and seed quality aspects of bitter gourd. The experiment 

comprising of five levels of phosphorus (0, 25. 50, 75 and 100 Kg P O /ha) and three levels of Micronutrients (water 2 5

spray as control, Solubor as a source of Boron and Agromin as a source of Boron+Zinc+Molybdenum), was laid out in 

factorial randomized block design with three replications. Phosphorus (different levels) and micronutrients (boron 

alone and mixture of boron, zinc and molybdenum) had good influence on vine length, days to female flowering, days 

to ripe fruits harvest, number of fruits per plant, number of seeds per plant, seed yield per hectare, 100 seed weight, 

percent germination, seedling length and seed vigour index. Application of phosphorus @ 75 Kg P O /ha and Agromin 2 5

@ 2 ml/l was resulted maximum seed yield and improved most of the seed quality parameters of bitter gourd. Seed 

production of bitter gourd may be a viable economic option for the farmers' of this locality. 

Key  words: Bitter gourd, Momordica charantia L., Phosphorus, Micronutrients, Boron

Introduction

Bitter gourd (Momordica charantia L.) is one of the 

important members of the cucurbitaceae family that is 

mainly cultivated for its fruits which are rich source of 

minerals and vitamins. Additionally, every part of the 

plant is used medicinally for curing diabetes, malaria 

and cancer. Balanced nutrition is an important factor for 

obtaining high seed yield in all crops. Inorganic 

fertilizers are readily available sources of plant nutrients 

that can be added to the soil to retain nutrient balance.  

Nutrient requirement of seed crops may vary from what 

they are required when grown only for fruit production. 

Among the major plant nutrients, phosphorus occupies a 

key place in balance fertilizer use programme. Adequate 

phosphorus nutrition enhances many aspects of plant 

physiology, including fundamental processes of 

photosynthesis, flowering, fruiting, maturation, embryo 

formation etc. (Brady and Roy 2002). Seed phosphorus 

content directly affects plant shoot and root growth only 

during the early stages germination and seedling 

growth. Micronutrients are even essential plant 

nutrients, though required in very small quantity, but 

impart a quantum affect on the growth and development 

process of the plant. Micronutrient deficiencies in 

vegetable crops have lead to appearance of many 

disorders (De et al. 2004; De and Rai 2005). Seed is the 

most common reproductive material used for 

perpetuation of crops. One of a farmer's most critical 

management decisions is the selection of seed source 

and variety. Seed crops mostly grown in warm and dry 

weather so as to facilitate precise ripening of fruit and 

then harvesting of good quality seed material. Bitter 

gourd is a traditional crop of lateritic belt of eastern 

India. It is grown almost throughout the year except 

during peak winter. It has ready demand and better 

market return any time in the year, particularly during 

early season of spring-summer. In bitter gourd, seeds 

are commercially used for propagation. Thus, growing 

bitter gourd as a seed crop is getting special attention in 

regional crop production system. This region 

experiences a hot and dry summer and hence, it seems 

congenial to grow bitter gourd for both green fruit and 

seeds. Keeping all these points in view the experiment 

was designed with the objectives to assess the effect of 

phosphorus and micronutrients on production and 

quality of bitter gourd seeds.
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Materials and Methods

The experimental site was situated in the sub-humid, 

semi-arid, subtropical lateritic belt of West Bengal, India 

with the hot summer and moderately cold and short 

winter. The experiment was conducted during spring-

summer season of 2012 at the Horticulture Farm of Palli 

Siksha Bhavana (Institute of Agriculture), Visva-Bharati, 

Sriniketan (West Bengal). There are mainly three 

seasons in this region, namely Summer season or pre-

kharif (March to June) Wet or rainy season or kharif (July 

to October) Winter or rabi season (November to 

February). The experiment comprised of five levels of 

phosphorus (0, 25. 50, 75 and 100 Kg P O /ha) and three 2 5

levels of micronutrients (water spray as control, Solubor 

as a source of Boron and Agromin as a source of 

Boron+Zinc+Molybdenum), was laid out in factorial 

randomized block design with three replications. A well 

accepted popular local cultivar was chosen to run for the 

experiment. The seed of bitter gourd were soaked in 

water overnight and then sown directly in the field 

during first week of February, 2012. on Standard doses 

of nitrogen @ 80 kg /ha and potash @ 50 kg/ha, and 

Farm Yard Manure @ 15 t/ha were applied.  Entire dose 

of phosphorus as Single Super Phosphate (60% P O ) 2 5

was applied as basal during final bed preparation. 

Solubor @ 2 g/l and Agromin @ 2 ml/l were sprayed 

twice (40 and 50 days after sowing) during the course of 

investigation. Standard intercultural operations were 

adopted during the crop growing period to ensure 

healthy plant growth. The observations on various traits 

were recorded from five randomly selected competitive 

plants in each treatment and replication. Data recorded 

in the field (vine length, days to female flowering, days to 

ripe fruits harvest, number of fruits per plant, number of 

seeds per plant, seed yield per hectare) as well as in the 

laboratory (100 seed weight, percent germination, 

seedling length and seed vigour index) were subjected to 

statistical analysis. 

Results and Discussion

Analysis of data revealed that phosphorus (different 

levels) and micronutrients (boron alone and mixture of 

boron, zinc and molybdenum) influenced the growth, 

flowering, yield components and yield of bitter gourd. 

Phosphorus application at 50 or 75 kg/ha recorded 

highest vine length. In cucumber, Al-Sahaf and Al-

Khafagi (1990) recorded increase in vine length with 

increased rate of phosphorus application. Higher doses 

of phosphorus (75 or 100 kg/ha) induced early seed 

harvesting. Phosphorus also had prominent effect on 

seed quality such as 100 seed weight, germination, 

seedling length and seed vigour index. Boonmanop 

(1997) reported that combination of 30, 20 and 10 kg 

N, P O , and K O/rai gave highest germination and 2 5 2

germination index in bitter gourd. Application of 

Agromin (combination of  boron,  zinc and 

molybdenum) induced early seed harvest. It produced 

increased number of fruits per plant and recorded 

maximum vine length. Micronutrient also played a fair 

role on seed quality improvement. Phosphorus and 

micronutrients had marked influence on seed yield per 

hectare. Maximum seed yield per hectare was 

registered with 75 kg phosphorus application, which 

was at par of 100 kg phosphorus application. It seems 

that at 75 kg P O /ha plants fulfill all its requirements 2 5

for growth and development. Additional application 

beyond this level brings no further improvement in 

yield. It is a common phenomenon in any crop nutrition 

programme that application of fertilizers beyond its 

optimum level showed negative trend. The highest fruit 

yield (6.8 t ha-1) and seed yield (122.5kg ha-1) better 

seedgermination percentage,  shoot and root length 

and the highest vigor of bitter gourd were recorded at 

80 kg/ha. Boron alone could not increase seed yield but 

it was increased with the spraying of Agromin 

(combination of boron, zinc and molybdenum). 

Maximum seed yield per hectare was noticed in 

combined treatment of P M  i.e. phosphorus @ 75 75 B+Zn+Mo

214

International Symposium on Agriculture and Environment 2013
University of Ruhuna Sri Lanka



Kg P O /ha and Agromin @ 2 ml/l. Economics of seed 2 5

production of bitter gourd was worked out. Treatment 

combination of phosphorus @ 75 Kg P O /ha and 2 5

Agromin @ 2 ml/l gave maximum net return of seed 

crop. It may be concluded that seed production of bitter 

gourd is a viable economic option for the farmers' of 

this locality.
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Treatments 
Vine 

length 
(cm) 

Days to 
first 

female 
flower 

opening 

Days to 
first 
ripe 
fruit 

harvest 

No. of 
fruits 
per 

plant 

No. of 
seeds 

per 
fruit 

Seed 
yield 
per 

hectare 
(Kg) 

100 
seed 

weight 
(g) 

% 
germination 

Seedling 
length 
(cm) 

Seed 
vigour 
index 

Phosphorus 

P0 1.09 62.20 92.16 11.57 4.09 375 14.5 65.8 6.0 395 

P25 1.20 64.53 91.03 13.91 4.66 411 15.9 65.7 9.5 616 

P50 1.29 62.20 88.38 15.47 4.45 463 16.7 72.6 10.1 737 

P75 1.29 62.10 82.21 15.75 6.27 497 16.8 72.5 10.6 779 

P100 1.14 63.33 83.36 13.41 4.72 490 16.0 67.4 6.3 425 

C.D. 0.0 5% 0.05 NS 2.83 1.00 0.74 30 0.7 3.5 1. 69 

Micronutrients 

Mcontrol 1.13 63.76 88.38 12.65 5.23 423 15.3 65.0 7.4 478 

MBoron 1.18 62.72 88.10 13.88 4.74 442 15.9 68.9 8.3 577 

MB+Zn+Mo 1.29 62.14 85.74 15.54 4.55 477 16.6 72.5 9.7 716 

C.D. 0.0 5% 0.04 NS 2.19 0.77 NS 23 0.56 NS 0.8 53 

Phosphorus x Micronutrients 

P0 x Mcontrol 1.04 60.80 92.00 10.25 3.21 338 14.0 64.2 4.3 277 

P0 x MBoron 1.06 62.40 93.32 12.27 4.41 379 14.5 65.8 6.3 419 

P0 x MB+Zn+Mo 1.16 63.40 91.17 12.18 4.67 407 14.9 67.5 7.3 488 

P25 x Mcontrol 1.12 64.60 92.23 13.61 5.53 386 15.2 60.8 8.7 528 

P25 x MBoron 1.27 64.80 91.50 13.32 4.08 421 16.3 66.6 10.1 674 

P25 x 
MB+Zn+Mo 

1.22 64.20 89.37 14.82 4.36 427 16.1 69.6 9.3 647 

P50 x Mcontrol 1.32 65.40 89.42 13.59 5.31 429 15.7 67.5 8.5 574 

P50 x MBoron 1.17 60.60 89.73 14.91 4.00 442 16.2 74.1 9.9 735 

P50 x 
MB+Zn+Mo 

1.22 60.60 86.00 17.91 4.03 517 18.0 76.3 11.8 903 

P75 x Mcontrol 1.11 63.30 83.67 13.50 6.91 457 15.9 66.6 9.0 601 

P75 x MBoron 1.27 63.00 82.62 15.00 6.46 470 16.8 70.8 9.5 673 

P75 x 
MB+Zn+Mo 

1.48 60.00 80.00 18.75 5.45 565 17.6 80.0 13.3 1063 

P100 x 
Mcontrol 

1.06 64.70 84.57 12.28 5.45 423 15.9 65.8 6.2 411 

P100 x MBoron 1.13 62.80 83.35 13.89 4.75 495 15.9 67.3 5.7 384 

P100 x 
MB+Zn+Mo 

1.24 62.50 82.17 14.07 4.24 471 16.2 69.2 6.9 481 

C.D. 0.0 5% 0.09 NS NS 1.73 1.28 52 NS 2.5 1.9 119 
 

Table 1. Influence of Phosphorus and Micronutrients in bitter gourd.
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Evaluation of the Recent Nitrogen Fertilizer Recommendation for Rice Variety Bg 300 in Dry Zone of Sri Lanka 
through a Modelling Approach
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Abstract

In most regions of Sri Lanka, rice is grown with intensive management under both irrigated and rainfed, low-land 

puddled conditions. Apart from use of high yielding improved rice varieties recommended by the Department of 

Agriculture, and timely management of pest and diseases; high rates of nitrogen (N), phosphorus and potassium 

fertilizers are applied to attain high grain yield. Nitrogen is recommended to be applied in three splits i.e. basal 

dressing at the time of planting and top dressings at tillering and panicle initiation to increase the N-use efficiency. 

Farmers apply excess amounts of N because of the availability of subsidised N fertilizers. Based on the latest research 

findings and to improve the efficiency and effectiveness of N application, the Department of Agriculture recently 

recommended an application of four splits of N without the application of basal dressing. Therefore, in this simulation 

modelling study yield response of a widely grown Sri Lankan rice variety Bg300 under two N application 

recommendations; with and without the addition of basal dressing was analyzed using the simulation model APSIM. 

Results revealed that yield obtained through the new recommendation was similar to that of the previous 

recommendation. 

Key  words: APSIM, Fertilizer, Nitrogen, Rice.

Introduction

Paddy rice (Oryza sativa L.) is the staple food for Sri 

Lankans and is cultivated as a wetland crop in all 

districts. The total land area devoted for paddy rice 

cultivation is estimated to be around 708,000 ha 

(Department of Census and Statistics 2011). In the major 

part of the island, rice is cultivated during Yala (rain from 

the first inter-monsoon from March-April and the south-

west monsoon from May to August) and Maha (rain from 

the second inter-monsoon from September-October and 

the north-east monsoon from October-February) 

seasons.

Inorganic fertilizer prices increase in the world market 

continuously. Sri Lanka does not own resources with 

good quality to produce inorganic fertilizers required for 

the rice crop, and all required fertilizers are imported 

annually. Amount of urea fertilizer imported to the 

country is greater than that of other fertilizers. In order 

to make the rice farming more viable and profitable to 

farmers, the Sri Lankan government provides urea at a 

subsidised rate. Therefore, government spending on 

urea is huge and farmers frequently used to apply over 

doses. 

Sri Lankan government Department of Agriculture has 

been conducting research on the ways to increase the 

fertilizer-use efficiency of rice without a significant 

yield loss and also to reduce the amount of fertilizer 

import. It is proposed that one way of increasing N-use 

efficiency is through the cut-down of urea from the 

basal-dressing while increasing the number of splits as 

top dressings (Table 1). The objectives of the current 

fertilizer recommendation were to get the maximum 
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Table 1. Urea fertilizer recommendation (kg/ha) for Bg300 grown in the dry-zone low country

Time of application                                         Previous recommendation                   New recommendation (2013)
(weeks after broadcasting)
Basal dressing
2
4
6
7
Total

12.5

87.5
-
125
-
225

-

50
75
65
35
225
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nutrient-use efficiency, minimize the environment and 

health hazards, and get the optimum yield under 

different climatic conditions. 

Management of the availability of major nutrients such 

as N, phosphorus and potassium along with 

micronutrients is needed for optimum growth and yield 

of the crop (Dhanapala 2000). Nitrogen management of 

rice growing soils in Sri Lanka is the most important 

factor as the return from rice crop depends on its proper 

management. Therefore, in this study the yield response 

of a widely cultivated rice variety Bg300 in two nitrogen 

fertilizer recommendation was studied for an area with 

high yield potential in Sri Lanka.  

Materials and Methods

Parameterization of the APSIM Model 

The APSIM version 7.3 was used to parameterize the 

APSIM-ORYZA module for Sri Lankan rice varieties. 

Phenological parameters for Bg300 was used from 

published literature (Rathnayake and Malaviarachchi 

2011; Suriyagoda and Peiris 2011). The oryza.ini file in 

APSIM was modified accordingly to simulate the rice 

productivity at Maha-Illuppallama area (DL ) in the Dry 1b

zone of Sri Lanka. Soil characteristics of the study area 

(i.e. Great soil group Low Humic Gley-LHG, Ketagal Ara 

series) were extracted from the available literature 

(Mapa et al, 2010). Daily weather data (maximum and 

minimum temperatures, rainfall and sunshine hours) 

from January 1976 to December 2011 for Maha-

Illuppallama were collected from the Natural Resource 

Management Center (NRMC) of the Department of 

Agriculture, Peradeniya. 

Model testing 

The secondary data on yield were collected from the 

Field Crops Research and Development Institute 

(FCRDI) at Maha-Illuppallama. Fertilizer and 

management practices were identified according to the 

recommendations of the Government Department of 

Agriculture of Sri Lanka. Planting dates, planting 

method (direct seeding), and fertilizer management 

strategies were adjusted in the model simulations as 

data collected from the research station. The simulated 

yields and phenology were used to compare the 

observed and predicted values once simulated using 

the appropriate weather data. Crop yields collected 

from literature were used to validate the model. 

Simulated and observed data were plotted on a 1:1 

graph between predicted and observed values for 

Bg300. The statistical expressions used for comparing 

the simulated and field measured data were the 

coefficient of variance (CV), root mean square error 

(RMSE) and coefficient of residual mass (CRM) (data 

not shown). 

Definition of Scenarios Modelled

Sri Lankan Department of Agriculture has been 

conducting research trials on the ways to increase the 

fertilizer-use efficiency of rice without a significant 

yield loss. Conducting multi-locational field 

experiments for several seasons and different locations 

consume much of the resources. In such instances, use 

of a well parameterised model to test the effectiveness 

and efficiency of a new management practice will 

provide added advantages. Therefore, a well 

parameterised rice model under Sri Lankan context 

was used in the current simulation to test the efficiency 

of new recommendation of urea fertilizer application. 

In this modelling exercise the yield response of Bg300 

was simulated for previous and present urea fertiliser 

recommendations as given in Table 1. 

Results and Discussion

The zero origin (1:1) graphs of the relationship 

between model simulated and field-observed data 

illustrates that for short term rice variety (Bg300) 

APSIM has simulated similar yields for corresponding 
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2observed yields with coefficient of determination of R = 

0.64 (Fig. 1A). The analysis of the past 11 years of yield  

data with respect to the two fertilizer recommendations 

revealed that the average grain yield of Bg300 was 4500 

kg/ha for both old and newly recommendations (Fig.  

1B).   
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Figure 1. A: Observed and simulated yield of Bg300 rice varieties grown during Yala and Maha 

seasons at Maha-Illuppallama B: The simulated grain 

yield of Bg300 during Maha seasons under previous and 

new nitrogen recommendations 

Rice cultivation in the dry zone of Sri Lanka show that 

nitrogen fertiliser applied at a higher rate (12.5 kg N / 

ha) as the basal application is not efficiently utilized by 

the rice crop and most of the fertilizer nitrogen applied 

was wasted. The grain yield of rice is dependent on the 

total biomass production. Hence, the total biomass 

production should be increased to increase the grain 

yield. Maximum biomass production could be obtained 

only if the N is not limiting at any stage of growth. 

Furthermore, N uptake by the crop varies with the age of 

the crop. At the early stages of the crop growth, amount 

of N taken up by the crop is low. As a result the amount of 

N available in the soil is adequate to reach the crop 

demand and application of high rates of additional N as 

the basal is not required. However, as the rice crop grows 

the amount of N required by the crop is much higher than 

its initial growth stages and the provision of adequate 

amounts as split fertilisers is required to attain a higher 

growth and yield while maximising the N-use 

efficiency. Our results from the simulation study reveal 

that the new N fertiliser recommendation for Bg300 in 

the dry zone areas is effective as the previous 

recommendation. 
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Extending the Soil Database of the Dry Zone of Sri Lanka to Cover the Northern Region
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Abstract

With the agricultural development in the Northern region of Sri Lanka, there is a need to characterize the soils for land 

use planning and environmental applications. The objective of this study was to characterize the soils  in  the 

Northern region of Sri Lanka to extend the soil data base of the Dry zone, specially the Calcic Red Latasols and Calcic 

Yellow Latasols, the two major soils occurring in the  Jaffna district.  These soils were identified, benchmark sites were 

selected and the landscape features were recorded with soil profile descriptions. Soil physical and chemical 

properties were studied in each horizon of the soil profile using standard procedures. The excessively drained Calcic 

Red Latasols occur in all areas other than then depressions of the Karst plains while the Calcic Yellow Latasols which 

are imperfectly drained occur in depressions of the land unit. The results reveled that Calcic Red latasols show a sandy 

loam texture while the Calcic Yellow latasols are slightly heavier showing a sandy clay loam texture. The soil 

eordibility factor of the Calcic Red Latasols and Calcic Yellow Latasols were 0.21 (medium risk) and 0.31 (high risk), 

respectively. Soil conservation measures to reduce erosion by water are needed for the latter.  Both the soils show 

susceptibility to wind erosion and conservation practices such as mulching is recommended to overcome this 

problem during the dry periods. The saturated hydraulic conductivity of Calcic Red Latasols was very rapid showing 

the danger of leaching of inputs as fertilizers and pesticides to ground water easily.

Key  words: Calcic Red latasols, Calcic Yellow Latasola, Jaffna 

Introduction 

The soil survey conducted by the Soil Science Society of 

Sri Lanka for the Dry Zone was limited only down to 

Madawachchiya in North Central Province (Mapa et al., 

2010) due to inaccessibility to the Northern region 

during that time. With the development of the Northern 

area, there is a need to extend the soil database to cover 

areas North of Madawachhiya. At present these areas are 

accessible and many new agricultural projects have been 

initiated without proper planning. As the Northern 

region was predominantly an agricultural area, 

information on its soil resource is needed for planning 

and management of agriculture in sustainable manner. 

Having a soil database will facilitate proper land use 

planning, soil series based fertilizer recommendations 

and environmental conservation in these areas. 

Therefore, a research project was initiated to study the 

morphology and to characterize, classify and map the 

soils of the Northern region of Sri Lanka.  The objective of 

this paper was to present the results obtained for the 

two major soils, Clacic Red Latasols and Calcic Yellow 

Latasols occurring in the Jaffna District of Sri Lanka.

Materials and Methods

In this study, the Northern area of Sri Lanka to the north 

of Madawachchiya was considered. The major soil 

series of this area were identified based on topography, 

parent material, climate, vegetation and documented 

past information. A benchmark site showing average 

characteristics for each soil series were selected for 

further study. The characterization of the landscape 

and soil profile description was done according to FAO 

method (1999). Physical and chemical properties were 

measured for disturbed and soil core samples obtained 

from each horizon using three replicates. The soil 

physical properties measured include soil colour, 

texture using pipette method, bulk density by core 

sample method and saturated hydraulic conductivity 
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using constant head device method (Dane and Topp, 

2002). The chemical parameters characterized were pH 

using a pH meter with a glass electrode, electrical 

conductivity (using an EC meter), and organic carbon 

using Walkley-black method (Sparks, 1999). These 

results, with combination of similar results obtained for 

many other soil series were used to extend the soil 

database for the Dry Zone of Sri Lanka to the Northern 

region.

Results and Discussion 

Calcic Red Latasoils, Calcic Yellow Latasols,  Solodized 

Solonetz,  Red Latasols, Yellow Latsols, Grumusols, soils 

on recent marine calcareous sediments, soils on old 

alluvium, alluvial soils of variable drainage and texture, 

and Regosols on recent beach sands are the Great Soil 

Groups found in the Northern area of Sri Lanka. The 

major soils occurring in Jaffna district are Clacic Red 

Latasols and Calcic Yellow Latasols, which are described 

here as they have been not studied in detail in the past. 

When the distribution of these two Great Soil Groups in 

the landscape is considered, the Calcic Red Latasols 

occur in all areas of Karst plains other than the 

depressions. The Calcic Yellow Latasols occur on the 

slope bottoms and at dispersions of the land unit. Both 

these soils occur overlying limestone and show 

variable soil depths. Four genetic soil horizons were 

identified in each sol profile.  The Calcic Red Latasols 

were excessively drained with dark red to dusky red 

colour with sandy loam textures and weak, fine, sub-

angular blocky structure. The Calcic yellow Latasols 

were imperfectly drained yellowish brown coloured 

soils with sandy clay loam textures and moderate to 

strong, medium, sub-angular blocky structure. Some of 

the selected characteristics of Calcic Red Latasols and 

Calcic Yellow Latasols occurring in Jaffna district are 

shown in Table 1.
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Horizon Depth 

(cm) 

Clay 

(%) 

Textural class Bulk Density 

(Mg/m3) 

Ks# 

(cm/h) 

pH 

(1:2.5) 

EC+ 

(mS/cm) 

OC* 

(%) 

Calcic Red Latasols 

A1 0 - 12 18.06 Sandy loam 1.66 33.17 5.40 0.046 1.24 

AB 12 - 35 19.47 Sandy loam 1.61 ---- 5.15 0.042 1.13 

B2 35 - 65 19.77 Sandy loam 1.70 35.04 5.73 0.032 0.13 

B3   65 - 125 20.13 Loam 1.80 18.55 5.62 0.043 0.13 

Calcic Yellow Latasols 

Ap    0 - 7/10 11.88 Sandy loam 1.80 2.47 7.28 0.104 1.82 

B1t 7/10 - 30 20.50 Sandy Clay loam 1.71 -- 7.31 0.081 1.26 

B2t  30 - 85 26.68 Sandy Clay loam 1.65 -- 7.62 0.082 0.33 

BC   85 - 130 29.53 Sandy Clay loam 1.51 -- 7.67 0.095 0.28 

 
( #Ks= saturated hydraulic conductivity:   +EC=Electrical conductivity;   *OC = Organic carbon)

Table 1. Selected soil properties of major horizons in Calcic Red Latasols and Calcic Yellow Latasols occurring in

                     Jaffna District.
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The data obtained for Calcic Red Latasols and Calcic 

Yellow Latasols were added in extending the soil 

database of the Dry zone of Sri Lanka to Northern region. 

The results showed that Calcic Red Latasols do not have 

any argillic horizon in the soil profile. Clacic Red Latasols 

showed sandy loam texture and very rapid saturated 

hydraulic conductivity (Ks). The Calcic Yellow Latasols 

showed argillic horizons at 7/10-30 cm and 30-85 cm 

depth increments, and the soil textural class was Sandy 

Clay Loam. As this soil showed higher clay contents, the 

saturated hydraulic conductivity was lower. The soil 

erodibility factor (K factor), estimated using soil 

erodibility monograph proposed by Wischmeier and 

Smith (1978), for Calcic Red Latasols and Calcic Yellow 

latasols were 0.21 and 0.31 respectively. This indicates 

the risk of water erosion in Calcic Red Latasols is 

medium, whereas that in Calcic Yellow Latrasols is high. 

This is due to the differences in many parameters as silt, 

very fine sand, sand, organic matter content, structure 

and permeability which are used to estimate the soil 

erodibility factor..   The soil erodibility factors 

documented for Sri Lankan soils range from 0.48 to 0.17. 

In managing Calcic Yellow Latsols, conservation 

measures in reducing erosion by water become 

important. Both these soils show susceptibility to wind 

erosion during the dry periods due to the sandy loam 

texture, and therefore, mulching using organic residues 

has to be practiced as a conservation measure. As the 

saturated hydraulic conductivity of Calcic Red Latasols is 

very rapid there is a risk of leaching of agricultural 

inputs, which can lead to pollution of groundwater easily. 

Therefore, agricultural inputs as fertilizers and 

pesticides should be applied cautiously. Both the soils 

did not show any limitations with relation to salinity,  as 

documented for the other dry zone soils, while the 

organic matter content was low due to rapid 

decomposition. 

It could be concluded that the two major soils 

occurring in Jaffna district, the Calcic Red latasols and 

Calcic Yellow Latasols showed sandy loam and sandy 

clay loam textures, respectively. The soil erodibility 

factor was medium in  Calcic Red Latasols and in  Calcic 

Yellow Latasols the erodibility factor was high and 

need to use soil conservation measures.. Both of these 

soils are susceptible to wind erosion and therefore 

mulching should be practiced during the dry season 

when soil is exposed. The saturated hydraulic 

conductivity of the Calcic Red Latasols was very rapid 

resulting in leaching of inputs to ground water, which 

will reduce the use efficiency of inputs and increase the 

environmental pollution.
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Abstract

With the increasing demand for natural rubber, the Government of Sri Lanka (GOSL) explores the possibilities of 

expanding rubber cultivation in to non traditional areas of the country. Drought is considered as one of the main 

environmental threats in those areas that limits the growth and development of young rubber plants. The present 

study was conducted to mitigate the drought stress of rubber nursery plants by applying Salicylic Acid (SA) as stress 

tolerance mediator with irrigation. The study was conducted at Monaragala sub-station, Rubber Research Institute of 

Sri Lanka under protected conditions during the dry months  February  July in 2013. The experimental design 

was Complete Randomized Design (CRD) with six replicates. Each replicate was arranged with ten nursery plants. 

There were five different methods of SA applications as SA (0.5 mM) application at 50% depletion as soil drench, at 

50% depletion as foliar applications, irrigated at 50% depletion without SA application (HF), regular irrigating at 

10% depletion (RG) and drought stressed at 90% depletion (DR). Measurements were recorded on plant growth, 

physiological and water relations parameters. Plants which were regular irrigated (RG) and plants which were 

treated with Salicylic Acid as soil drench (50% + SA S) showed a significantly (p<0.05) higher diameter than the other 

treatments and it has shown that the application of SA as soil drench with irrigation at 50% depletion alleviates the 

negative effects and enhances the plant growth under severe drought stress. Stomatal conductance (g ) was reduced s

strongly under severe drought condition at 90% depletion with compared to other treatments. This indicated that 

application of SA had positive effects on stomatal conductance and relative water content. In conclusion, the drought 

stress decreased the plant growth severely and application of 0.5 mM concentration of SA is found to be a promising 

and feasible option in irrigation scheduling, alleviating drought stress of rubber nursery plants in the Intermediate 

Zone of Sri Lanka.  

Key words: Depletion level, Diameter, Drought stress, Rubber, Salicylic Acid

from to

Introduction 

The demand for Natural Rubber (NR) in Sri Lanka is 

increasing, with increasing consumption of rubber, 

locally and globally. The total rubber extent of the 

country is about 125,200 ha in year 2011. To meet the 

global demand, NR production has to be increased up to 

200,000 MT by the year 2016 with a continuous 

production increase rate of 5%, annually (MPI, 2011). 

Therefore, the GOSL explores the possibility of planting 

rubber in non-traditional areas such as Moneragala and 

Ampara Districts in the Intermediate zone and Vavunia 

and some areas in the Northern Province. To meet the 

requirement of planting materials in those areas, large 

scale nurseries should be maintained under the 

government, Regional Plantation Companies (RPCs) 

and by private sector.

The annual average rainfall in Moneragala district 

ranges from 1250 mm to 2622 mm with dry seasons 

prevailing from February to March and from May to 

September, every year (Wijesuriya et al., 2010). 

Wijesuriya et al. (2010) revealed that there were high 

tendency for the occurrence of dry spells with varying 

lengths of 5, 10, 15 and 20 days within a year. Moisture 
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stress reduces plant growth and crop yield more than all 

the other combined stresses especially in nursery 

conditions. Therefore, irrigation is necessary to ensure 

high quality plant production and high productivity in 

large scale rubber nurseries (Nakandala  et al., 2008).  

In the recent stress physiological studies as reported by 

Senaratna et al. (2000) the acetyl salicylic acid (Aspirin) 

and salicylic acid (SA) derivatives induce multiple stress 

tolerance in many plants. As SA is a naturally occurring 

plant hormone, it has an ability to withstand 

environment stresses by activating defense mechanisms 

and adjusting their cellular metabolism in many plant 

species. Application of SA exogenously modulates 

intracellular antioxidant enzymes including peroxidase 

(POD), superoxide dismutase (SOD), and increase plant 

tolerance for biotic and abiotic stresses. (Habibi, 2012 

and Senaratna et al., 2000). 

Therefore, a considerable interest has been awakening 

to apply salicylic acid to rubber nurseries with irrigation 

as a feasible option to increase plant health under water 

stress (Nakandala et al., 2012). This paper discusses the 

deep investigation of applying SA exogenously with 

irrigation to alleviate the negative effects of drought 

stress in rubber nursery plants, minimizing the 

irrigation requirement of rubber nurseries under 

adverse climatic conditions in the Intermediate zone of 

Sri Lanka. 

Materials and Methods

A young budding rubber nursery was established at 

0 / //Monaragala sub-station (latitudes - 06 50 06 N and 

0 / //longitudes – 081  18  55 E), Rubber Research Institute 

of Sri Lanka. The experiment was carried out under 

protected conditions (with photo synthetically active 

-2 -1radiation (PAR) of 800 – 1200 µmol m s  and average 

0day/night temperature of 32/21 C). The area belongs to 

the agro-ecological region; IL 1c (Low country 

intermediate zone) (Wijesuriya et al., 2010). Major soil 

group of the region is Reddish Brown Earth soils. 

The experimental design was Complete Randomized 

Design (CRD) with six replicates. Each replicate was 

arranged with ten nursery plants. There were three 

different methods of Salicylic Acid application in 

between plants which were irrigated regularly at 10% 

depletion level in every other day as control (RG) and 

drought (DR) imposed plants at 90% depletion level 

when the plants were irrigated at 12 days of irrigation 

interval. The concentration of 0.5 mM Salicylic Acid 

was applied at 50% depletion level as soil drench (50% 

+SAS) , and at 50% depletion level as foliar spray (50% 

+ SAF). Plants were irrigated at 50% depletion without 

application Salicylic Acid (50%) as a treatment. The 

study was conducted during the dry months  

February  July in 2013 under protected conditions.

  

Germinated seeds were transplanted in black 

polythene bags of 7”x18”dimentions. Field capacity 

(FC) of soil was measured gravimetrically and fertilizer 

applications were practiced as recommended 

throughout the study period. Available soil moisture 

content in 10 cm depth of the poly bags was measured 

daily using a theta probe (? T Model DL6). Plants were 

treated with 100 ml of 0.5 mM concentration of 

salicylic acid as soil drench and foliar spray at 50% 

depletion level (Nakandala et al., 2012).

Plant growth parameters such as diameter, leaf area, 

biomass, relative growth rate (RGR) were measured for 

the period of three months. Stem diameter was taken 

every two weeks by using a digital vernior caliper. Leaf 

area was measured monthly on whole leaves in the 

plants using a leaf area meter. Biomass of the whole 

plant was measured before and after treatment 

application and RGR was calculated. Physiological and 

water relations parameters such as stomatal 

from

to
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conductance, chlorophyll contents, Relative Water 

Content (RWC), were measured in every two weeks, 

throughout the study period.

Weather data collection and data Analysis

Daily rainfall, maximum and minimum temperatures, 

Relative humidity and wind velocity were recorded from 

the nearby weather station. Data was analyzed using SAS 

statistical software package. 

Results and Discussion

Effect  of Salicylic acid on growth parameters

Figure 1 shows the SA effect on plant diameter for three 

months period.  

Plants which were subjected to drought stress (DR) 

showed a significant (p<0.05) lower diameter increment 

compared to all the other treatments. Plants which were 

irrigated regularly (RG) and plants which were treated 

with salicylic acid at 50% depletion level as soil drench 

(50% + SA S) illustrated significantly (p<0.05) higher 

diameter than plants treated with 50% depletion (HF) 

and 50% + SAF (Figure 1).

Results showed that the application of SA as soil drench 

at 50% depletion level has significant effect on drought 

regulation than on foliar application. Drought stress 

significantly reduced the growth of plant as it was 

observed in other crop species. This is due to the loss of 

turgor of plant cells and reduced stem enlargement 

(Habibi, 2012). 

Similar results were obtained for other growth 

parameters; leaf area and biomass assimilation of 

plants (g/week). Plants which were regular irrigated 

and treated with SA as soil drench at 50% depletion 

level, showed higher leaf area and biomass 

assimilation when compared to other treatments 

(Results are not presented). But, there was significant 

(p<0.05) decline of leaf area on drought stressed plants 

due to drying or senescence of lower mature leaves and 

wilting of new leaves in the upper whirls. Results 

showed that the application of SA as soil drench with 

irrigation at 50% depletion alleviates the negative 

effects of drought stress and enhance the plant health 

of rubber under severe drought periods in the nursery. 

In recent studies, it has been shown that the exogenous 
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application of SA modulates intracellular antioxidant 

enzymes including peroxidase (POD), superoxide 

dismutase (SOD) that increase plant tolerance for biotic 

and abiotic stresses (Habibi, 2012). 

Moisture depletion patterns

The objective of this study was to minimize the irrigation 

water requirement while enhancing the plant growth 

and health under adverse climatic conditions. The 

results obtained for soil physical properties of the 

3potting media were bulk density (1.28 g/cm ), true 

3density (2.45 g/cm ) and the Field Capacity (FC) of about 

19.05%. Irrigation was done at 10, 50 and 90% depletion 

levels. Treatments were applied at 50% depletion level 

of potting media of each plant. In this level, moisture 

content was half of the field capacity and plants were 

subjected to mild stress. Salicylic acid was applied at this 

level to see the effect of SA on growth of plants which 

were under mild stress. Drought was imposed at 90% 

depletion level and plants were re-watered at their 

wilting points as life saving method.

Water relations and physiological variation of plants 

on application of Salicylic acid

Stomatal conductance (g ) and relative water content s

(RWC) were directly affected with available soil 

moisture conditions. The stomatal conductance was 

highest in the well watered plants and lowest in drought 

stressed plants. Stomatal conductance was significantly 

reduced under severe drought conditions and 

subsequently, Relative water content of plant leaves was 

also reduced. However, there was no significant 

difference (p<0.05) between other treatments except in 

50% + SA. The results obtained on RWC showed that 

plants which were applied with SA could maintain 

higher RWC compared to other plants. Application of 

Salicylic Acid had positive effects on stomatal 

conductance and relative water content. Habibi (2012) 

proved that the reduction of g  inhibits supply of CO  and s 2

reduces CO  assimilation that resulted low relative 2

growth rate of plants which were on drought stress. 

This study highlights that the drought stress decreased 

the plant growth severely and application of 0.5 mM 

salicylic acid as soil drench enhanced plant 

performances by adjusting various physiological 

processes of plants which are negatively affected by 

drought stress. Therefore, an exogenous application of 

salicylic acid with irrigation is found to be a promising 

and feasible option in irrigation scheduling, alleviating 

drought stress of rubber nursery plants in the 

Intermediate Zone of Sri Lanka.
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Abstract

High input agriculture could lead to accumulation of heavy metals in soils. This research is undertaken to compare the 

total concentration of Cd and Pb in selected rice-vegetable cultivations of wet and dry zones of Sri Lanka, and to 

develop relationships between heavy metal concentrations and soil properties. Soils were collected from mid country 

wet zone (WM3b) and low country dry zone (DL1b). Important soil properties, total Cd and Pb were determined using 

standard methods. Geometric mean values for WM3b were Cd 0.84 mg/kg, Pb 10.1 mg/kg and for DL1b were Cd 0.45 

mg/kg and Pb 8.1 mg/kg. Significantly higher (P<0.05) Cd concentration was observed in wet zone than that of dry 

zone but the difference in Pb for two zones were not significant. The obtained Pb values did not exceed the lower limit 

of the European Union set standards. Few soils exceeded lower limit of Cd (1 mg/kg) with less than 6.5 soil pH 

indicating the possible environmental threat. Among the tested soil properties, organic matter (OM) showed a 

significant positive correlation with total Cd concentration in soil (r=0.54; p=0.006). There was no significant 

correlation between other properties with total Cd or Pb in soil. Weak relationships between soil properties and 

heavy metal concentrations indicated anthropogenic metal contamination due to use of fertilizers and agrochemicals 

in rice-vegetable systems. This study emphasizes importance of investigating sources of heavy metals and 

bioavailability of heavy metals of agricultural soils in Sri Lanka.

Key words:  Agricultural soil, Anthropogenic, Contamination, Heavy metal, Soil properties

Introduction

The heavy metals in soil may be derived from 

anthropogenic activities as well as natural activities. 

Heavy metals occur naturally in soils in trace amounts. 

However some soils contain high levels of heavy metals 

due to anthropogenic activities. Heavy metal contents of 

agricultural soils can affect human health. Therefore, 

contamination of soils by heavy metals is one of the most 

serious environmental problems. 

Sri Lanka is an agricultural country and Rice-Vegetable 

cropping systems in Sri Lanka receive a large quantity of 

agro-chemicals throughout the growing season. Most of 

the Sri Lankan farmers use fertilizers, organic manures 

and pesticides at levels higher than the recommended 

doses. Chemical fertilizers, manures and pesticides 

contain heavy metals either as active ingredients or as 

impurities. Recently, Sri Lanka has been reported for soil 

and crop contamination by heavy metals (Premarathna 

et al., 2011).

Rice and vegetables are economically important crops 

and major components of the daily diet of Sri Lankans. 

Heavy metals in the soil can be easily transferred into 

foods by plant uptake. Therefore, investigations of 

heavy metals in soils of rice-vegetable systems will be 

important for environmental protection and 

agricultural sustainability. The present study was 

undertaken to compare Cd and Pb concentrations in 

selected rice -vegetable cultivations of wet and dry 

zones in Sri Lanka and to determine the relationship 

between concentrations of Cd and Pb with some 

important soil properties. 

Materials and Methods

Soils used for this study was collected from 24 rice-

vegetable cropping systems of Sri Lanka. Fifteen soil 

samples were collected from mid country wet zone 

(WM3b) where the soil type was mainly Ultisols. Nine 

soil samples (alfisols) were collected from low country 

dry zone (DL1b). Soil samples were collected at 0-30 
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cm depth, air dried at room temperature and sieved 

through a 2 mm sieve. Soil analyses were done for pH, 

Cation Exchange Capacity (CEC), Electrical Conductivity 

(EC), Available Phosphorus (P), Organic matter 

percentage (OM), soil texture and total Cd and Pb. Soil pH 

was measured by glass electrode method at soil: KCl 

solution ratio of 1:2. Electrical Conductivity was 

measured using a conductivity meter at soil: water ratio 

of 1:5. Cation Exchange Capacity of the soils was 

determined using ammonium as index ion (at pH 7.0). 

Available phosphorus content was measured by the 

Olsen's method. Organic matter was determined by 

modified Walkey and Black method and soil clay 

percentage was determined by the pipette method. The 

total Cd and Pb concentration in the soil were 

determined by 2g of air-dried soil digested with 20 ml 

0 4M nitric acid at 80 C in a water bath for 4 hours. Lead 

concentrations were measured using atomic absorption 

spectrophotometer and Cadmium was measured by 

atomic absorption spectrophotometer coupled with 

graphite furnace (Varian, AA140/240/280).  

The obtained data were statistically analyzed using 

Minitab by running mean separation, ANOVA and 

correlation matrix. 

Results and Discussion

A significant difference was observed between wet zone 

and dry zone cropping systems in soil pH, CEC, and clay 

%. Comparatively acidic pH was observed for WM3b 

soils probably due to high rainfall in the wet zone. Higher 

EC values observed in WM3b than the DL1b might be a 

result of the application of high inputs of fertilizers, 

manures and liming materials in the wet zone cropping 

system.  Low decomposition rate and manures 

application were the major reasons for high organic 

matter content in WM3b than DL1b. Higher available P in 

wet zone than in dry zone indicates the high P usage in 

these fields which could be an indicator of over use of 

fertilizers (Pitumpe Arachchige and Indraratne. 2011).

According to the European community set standards, 

maximum permissible level of total Pb in soil is 50-300 

mg/kg. The Pb values (4.6 - 23.0 mg/kg) did not exceed 

the lower limit (50 mg/kg) of the set standards. 

Possible source of Pb could be motor vehicle emissions 

since there was no significant difference between wet 

and dry zone soils. There was a significant difference 

between geometric mean concentrations of Cd in rice-

vegetable cropping systems of dry and wet zones. The 

European Community set standards for the maximum 

concentration of Cd is 1 or 3 mg/kg. Soil properties 

such as clay %, CEC, OM % and pH will determine 

whether to use lower limit or upper limit for 

environmental studies. Forty seven percent of the 

studied fields in WM3b and 11% of fields in DL1b were 

above the lower limit of maximum allowable 

concentration of Cd. Few soils exceeded Cd lower limit 

of 1 mg/kg with pH of the soil less than 6.5 indicating 

the possible environmental threat due to Cd mobility in 

such soils. Adsorption of Cd strongly depends on soil 

pH, where under acidic conditions Cd mobility is 

increased (Holm et al., 2003), facilitating plant up take. 

Hence soils with pH less than 6.5 and Cd greater than 1 

mg/kg could pose an environmental threat. 

Application of higher amounts of synthetic fertilizers, 

animal manure, pesticides and number of years of 

cultivation could result in the accumulation of trace 

metals in soil.
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Correlation analysis revealed that a significant 

relationship exists with OM% and the total Cd 

concentration of soil (r=0.54; p=0.006) but not with any 

other soil property. There was no significant correlation 

between total Pb content and soil properties. 

Anthropogenic metals showed a weak relationship with 

soil properties as a consequence of their external 

sources and heavy metals from an anthropogenic source 

are more mobile than lithogenic metals (Chen et al., 

1999). Lithogenic metals are better correlated with soil 

properties, indicating an important interaction with 

some components such as organic matter, carbonates or 

clay (Mico et al., 2008). However, contamination could be 

taken place by human activities such as applying 

chemical and organic fertilizers and pesticides in the 

study area. Therefore, Cd and Pb found in agricultural 

soils in wet and dry zones of Sri Lanka could have 

lithogenic as well as anthropogenic sources. 

This study provides evidence of higher accumulation of 

total Cd in WM3b than DL1b rice-vegetable cropping 

systems. Fields with pH less than 6.5 and Cd greater 

than 1 mg/kg could pose an environmental risk. The 

observed Pb values in rice-vegetable cropping systems 

did not exceed the permissible limits imposed by the 

European community. A significant relationship was 

observed between soil organic matter percentage and 

total Cd concentration in soil. The weak relationship 

between soi l  propert ies  and heavy metal  

concentrations could be mainly due to anthropogenic 

sources of metals. This study identified few hot spots 

for Cd, especially in the WM3b, indicating the necessity 

of further investigations of sources of heavy metals and 

possible control measures to reduce the risk to food 

chain transfer of toxic heavy metals.

Properties Range Mean  + SD 

------------------------------------------         Dry zone -------------------------------- -- -- -- --------- 

Cd (mg/kg) 0.12 - 1.18 *0.45 ± 0.39b# 

Pb (mg/kg) 4.6 - 12.0 *8.14 ± 2.65a 

pH 4.8 – 6.9 5.58 ± 0.67a 

CEC 17 – 31 23.92 ± 4.79a 

Clay% 25 – 42 33.93 ± 5.35a 

EC 15 - 216 61.77 ± 65.60a 

Available P (mg/kg) 3 – 67 20.35 ± 22.33a 

Organic matter% 0.2 – 3.3 1.92 ± 1.01a 

-------------------------------------- Wet zone ----------- -- -- -- -- -------------------------------- 

Cd (mg/kg) 0.13 - 1.34 *0.84 ± 0.35a 

Pb (mg/kg) 4.7 -23.0 *10.12 ± 4.44 a 

pH 3.7 - 5.8 4.39 ± 0.53b 

CEC 14 - 27 18.37 ± 3.35b 

Clay% 20 - 39 29.04 ± 5.67b 

EC 58 - 810 165.80 ± 183.08a 

Available P (mg/kg) 10 - 68 31.05 ± 15.28a 

Organic matter% 1.2 - 3.7 2.38 ± 0.68a 

 

Table 1. Selected soil properties and Cd and Pb concentrations of the dry and wet zone soils

* #Geometric Mean, SD=Standard deviation,  same letters indicate that the numbers are not significantly different at 

5% probability level
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Abstract

The adaptation of pathogens to a changing climate may prove to be one of the most important challenges under 

different climatic changes. The aim of this paper is to summarize limited number of researches on the influence of 

climate change on bacterial diseases of food crops, determining of future weaknesses in the pathogens that may be 

exploited in designing management strategies.

Key  words: Climate, Plant, Bacteria, Environment, Disease management

Introduction

Changes in environmental conditions are known to 

affect plant disease symptoms for long time and are 

implicated in 44% of new disease emergence. There is 

potential for an overall increase in the number of 

outbreaks and northward migration of a wide variety of 

pathogens in the northern hemisphere as a result of 

global warming. Some pathogens may be more harmful 

in a new environment, and new phenotypic strains or 

pathogenic races often arise in response to changing 

climate or the deployment of resistant host cultivars. 

Therefore, it is important to consider pathogen 

evolution and the effectiveness of resistant plant 

varieties for an accurate assessment of diseases on food 

crops in the future.

The major climate-change factors likely to influence 

plant disease severity and spread include: increased 

atmospheric CO , heavy and unseasonal rains, increased 2

humidity, drought, cyclones and hurricanes, and 

warmer winter temperatures. Changes to any one (or 

all) of these climatic factors may influence the 

distribution and biology of plant pathogens with 

positive, negative or neutral effects.The evidence for 

global warming is quite broad, including, major shifts in 

recorded temperature and precipitation, melting 

glaciers and reduced snow cover, and more frequent 

and severe storms and droughts. Studies have shown 

that global warming is caused primarily by heat-

trapping greenhouse gas emissions. Industrial activity, 

from the burning of fossil fuels such as coal, oil, and gas, 

generates CO  and other gases which trap the sun's rays 2

in the atmosphere and enhance the natural 

'greenhouse effect'. Concentrations of CO , the prime 2

greenhouse gas, have increased 30% during the past 

100 years. Increased CO  may modify pathogen 2

aggressiveness and / or host susceptibility, affecting 

the initial establishment of the pathogen on the host. 

Together, an increase in plant canopy size (especially in 

combination with humidity), and an increase in host 

abundance and biomass can increase the size of 

pathogen populations.

Changes in rainfall patterns and temperature increases 

may alter current land use for crops, resulting in novel 

plant pathogen or pest problems. Conversely, climate 

change may restrict the prevalence of a pest / pathogen 

or a crop, subsequently, restricting the occurrence of 

disease infestation. 
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Soil is a highly complex ecosystem comprising numerous 

biological processes, for example effects on pathogens, 

beneficial and nonpathogenic components of microbial 

complexes, each affects differentially by climate 

variables. Pathogens respond differentially to nutrient 

availability however, it is still not clear how the further 

complication of climate change will affect this. 

Water limitation, use of excessive amounts of irrigation 

and its quality are normally the rate-limiting factors for 

plant growth. This has direct effects on crop production, 

but with many indirect effects through effects on 

p a t h o g e n  a n d  i n te ra c t i o n s  w i t h  b e n e f i c i a l  

microorganisms. Furthermore, cold and drought stress 

and stress-relief can affect disease resistance 

expression.

Bacteria are spread to their host plants mainly by water 

usually in the form of rain splash, and insects. Moisture is 

the most important factor in the development of 

bacterial diseases. For multiplication of bacterial 

pathogens and their infection to the host plant often 

require close to 100% relative humidity. These moist 

conditions usually occur during overnight dewfall. 

Optimal temperature for pathogens at this time is 

particularly important.Under temperate climatic 

conditions, night-time minimum temperatures are 

expected to increase in degrees more than day-time 

maximum temperatures. Direct, multiple effects on the 

epidemiology of plant bacterial diseases are expected, 

including the survival of primary inoculum, the rate of 

disease progress during a growing season, and the 

duration of epidemics.

Climate influences all stages of host and pathogen life 

cycles as well as development of disease. Disease 

management strategies depend on climate conditions. 

This review focuses on the discussion of different 

aspects related to the effects of climate change on plant 

bacterial diseases and contingent control approaches 

for the future.

Climatic Effects on Plant Pathogenic Bacteria

There is little information available currently on the 

potential effects of climate change on plant bacterial 

pthogens. Some plant bacterial diseases have been 

increasing in different regions under varying climatic 

conditions in the world. First possible reason is global 

warming. A common trait among them is an optimum 

growth temperature of 32-36 °C; most grow well up to 

41°C, whereas, most other plant pathogenic bacteria 

grow best at lower temperatures. An increase in 

extreme weather conditions, including extended heat 

waves, long periods of rain, and storms such as 

hurricanes appear to favor these high-temperature 

bacteria. There has been a gradual increase in the mean 

global temperature over the past century. If such 

conditions continue, damage caused by these emerging 

heat-loving plant pathogenic bacteria are be expected 

to increase. 

Higher temperatures and irregular rainfall increase the 

risks of bacterial infections of potato such as 

Pectobacterium carotovorum sub sp. carotovorum and 

Dickeya chrysanthemi and the increased spread of 

Ralstonia solanacearum. The common R. solanacearum 

race 3 biovar 1 strain is found in solanaceous crops 

throughout the tropics and subtropics, and is a limiting 

factor in commercial production of tomatoes and 

potatoes. R. solanacearum race 3 biovar 1 causes 

damage in warmer tropical climates while biovar 2 

infects during relatively colder weather making it an 

additional threat to the major potato producing areas 

in temperate climates. The nursery diseases caused by 

R. solanacearum and Xanthomonas sp. should remain 

the most important diseases in the future for 

eucalyptus, because they are favoured by high 

temperatures. Under field conditions, diseases caused 
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by R. solanacearum and Xanthomonas sp. will require 

special attention because they are also favoured by high 

temperatures.

Rising temperature can also boost effectiveness of some 

resistance genes, such as Xa7, which is more effective 

against Xanthomonas oryzae pv. oryzae at high 

temperatures.

Leaf scald disease (Xanthomonas albilineans) and ratoon 

stunting disease (Leifsoniaxyli sub sp. xyli) on sugarcane 

may undergo increased spread via severe storms and 

cyclones. 

Bacterial blight caused by Xanthomonas axonopodis pv. 

manihotis is the most important disease of cassava 

(Manihot esculenta), limiting production and causing 

losses of 50–100% in susceptible cultivars. In regions 

where the current temperature is above the bacterium's 

optimum temperature (22-26 °C), the importance of the 

disease will tend to remain similar or lower because 

rising projected temperatures will be unfavourable to it.

For some regions where current temperature is below 

the optimum, the increase in temperature will favour the 

occurrence of epidemics. The impact of climate change 

on citrus diseases and predicted that for citrus 

variegated chlorosis caused by Xylella fastidiosa, under 

future scenarios of climate change in Brazil.

Symptoms of diseased plants may be aggravated by 

increased temperature and during the period of water 

deficit. With rising temperatures, there should also be a 

change in the abundance of leaf hoppers. Citrus 

huanglongbing (= greening; Candidatus Liberibacter 

spp.) can also show an increase in intensity under more 

favourable conditions for the vector (Diaphorina citri). 

The dynamics of plant–pathogen interactions are 

affected by the changes in gene expression. Variation in 

the plant transcriptome may result in changes in the 

stress response that can shape a plant's ecological 

interactions. Oxidative bursts caused by acute O  3

treatments also affect antagonistic and synergistic 

interaction between the plant growth regulators 

ethylene, salicylic acid, jasmonic acid and abscisic acid. 

As part of the infection strategy, P. syringae pv. tomato 

virulence factor coronatine mimics jasmonic acid and 

inhibits stomatal closure to enter internal leaf tissue. 

Increasing temperatures from 22 to 28 °C reduced the 

effectiveness of both basal and R-gene mediated 

resistance in Arabidopsis thaliana when challenged 

with virulent and avirulent strains of P. syringae pv. 

tomato, respectively.

Acidovorax avenae sub sp. citrulli has emerged over the 

past 20 years as a major seed borne pathogen on 

several cucurbits including watermelon, melons, and 

pumpkins. Watermelon fruit blotch diseae has become 

widespread during periods of increased hurricane 

activity and warmer, wetter seasons and is a serious 

problem with crops grown under centre pivot 

sprinkler irrigation.

A. avenae sub sp. avenae was described for the first time 

in oats, then on sweet corn in the USA, and on rice in 

South East Asia, China, Africa and Italy. Surveys showed 

the disease to be present in late season during periods 

of abnormally warm weather; currently crop loss 

estimates are only 1–2% but that should increase with 

increasing temperatures. The occurrence of higher 

than normal temperature in Europe and the rice 

growing area of Italy during the past few years favors A. 

avenae sub sp. avenae. The pathogen, bacterial blight of 

corn and wheat, is much more severe at higher 

temperatures. Under greenhouse conditions, good 

infection occurs with daytime temperatures of 30–35 

°C whereas very poor infection occurs at 21 °C or less. 
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A. anthurii, recently has been described causing severe 

losses in Anthurium spp. in tropical West Indies. A. 

valerianellae are normally found during hot, wet 

weather and in the warmer parts of the world. In 

contrast, this newly proposed species has been reported 

from lamb's lettuce (Valerianella locusta) a cool season 

crop in southern France. 

The occurrence of B. glumae in rice has become much 

more prevalent in southern South Korea due to recent 

increased summer temperatures. Bacterial leaf stripe of 

sorghum, caused by B. andropogonis, is common in 

sorghum and often causes yield loss in warm, humid 

growing areas. The plant grows under very high 

temperatures and the disease occurs in nursery stock 

grown under overhead watering. The emergence of B. 

glumae, B. gladioli, B. caryophylli, B. andropogonis and B. 

agaricicolais occur under an optimum growth 

temperature of 32–36 °C and  most grow well at 41–42 

°C. In contrast, few other plant bacteria grow well above 

36 °C (Bradbury, 1986). 

Extreme weather conditions, including extended heat 

waves, continual periods of rain, and storms such as 

hurricanes favor diseases caused by above heat-loving 

bacteria. 

Milder winters may reduce frost and/or freezing 

damage to sub-tropical crops such as citrus and winter 

vegetables growing in transition areas, but insect 

vectors such as sharp shooters and aphids will flourish 

and the transmission of plant diseases are expected to 

increase as well. The milder winters in the USA have 

resulted in a significant increase in the spread of Xylella 

fastidiosa, the causal agent of Pierce's disease of grape.

Milder and shorter winters are expected to have little 

effect on soil-borne bacterial pathogens, however, 

survival of host or debris-borne and vector-borne 

primary inoculum is expected to increase. Soil-borne, 

bacterial plant pathogens, such as Agrobacterium 

tumefaciens, may build up their populations in host 

plants and could be released into the soil where they 

can survive as primary inoculum in the next season. On 

perennial hosts, bacteria, such as Erwinia amylovora on 

apple, over winter on infected host tissues, and 

primary inoculum is spread from host to host in the 

next season. On annual hosts, bacteria such as 

Pseudomonas syringae pv. phaseolicola, Pseudomonas 

syringae pv. tomato and Xanthomonas campestris pv. 

vesicatoria arise from infected seeds and possibly also 

survive in debris, soil, and weeds. Bacteria are spread 

to their host plants mainly by water, usually in the form 

of rain splash, and insects. In humid wet conditions, 

infected plant tissues can exude masses of bacteria that 

are spread from host to host by rain splash and insects. 

Therefore, the warmer drier summers expected with 

climate change should limit bacterial diseases. 

However, bacteria often enter hosts through wounds 

and the expected increase in frequency and intensity of 

summer storms with high winds, rain, and hail will 

increase wounding of plants and provide moisture for 

the spread of bacteria.Vector-borne bacterial 

pathogens, such as Pantoea stewartii, survive in insect 

vectors, and these vectors act as the source of primary 

inoculum in the next season. The predicted higher 

winter temperatures associated with climate change 

would result in increased survival of corn flea beetles, 

the source of primary inoculum for Stewart's disease. 

Summers are expected to be drier, and flea beetles 

prefer dry weather and do poorly in prolonged wet 

periods. In addition, severity of Stewart's disease is 

increased by high temperatures.

In warm climates, bacterial plant pathogens that cause 

soft rots in plant tissues of a wide range of plant species 

in the field and after harvest during transit or storage, 

e.g. Bacillus spp. and Erwinia chrysanthemi, are 
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projected to increase their distributions. Conversely, the 

distributions of bacterial pathogens, which cause soft 

rot in temperature climates, e.g. Pectobacterium 

atrosepticum and Clostridium spp. are projected to 

contract.

Climatic Approaches in Management of Plant 

Bacterial Diseases

Climate change affects disease management with regard 

to timing, preference and efficacy of chemical, physical 

and biological measures of control and their utilization 

within integrated pest management (IPM) strategies. 

Prediction of future requirements in disease 

management is of great interest for agro-industries, 

extension services and practical farmers.  A 

comprehensive analysis of potential climate-change 

effects on disease control is difficult because current 

knowledge is limited and fragmented. Effective crop 

protection technologies are available and will provide 

appropriate tools to adapt to altered climatic conditions, 

although the complexity of future risks for plant disease 

management may be considerable, particularly if new 

crops are introduced in an area. Potential beneficial 

effects of climate change, such as longer growing 

seasons, fewer frosts and shifted precipitation patterns, 

must not be neglected, as they could counteract the 

presumed enhancement of particular diseases. 

Accumulation of minor genes and race non-specific 

resistance to pathogens by conventional breeding 

programmes will remain equally important to achieve 

durable resistance in diverse environments. Preventive 

plant protection measures may become particularly 

important under climate change. Disease-forecasting 

models based on weather data can help to identify the 

meteorological factors (and the time period) which are 

significantly correlated with the disease. These types of 

disease-forecasting models can be combined with 

general circulation models in order to simulate future 

scenarios of disease epidemics, although most general 

circulation models operate on larger scales of 

resolution.

Different types plant bacterial pathogens are likely to 

be affected in different ways by climate change-

induced shifts in their geographical distributions, 

those of their vectors and hosts. Increased mean 

temperatures are projected to increase the global 

distributions of heat loving bacteria such as Ralstonia, 

Acidovorax, and Burkholderia. Conversely, predictions 

are for an decreased distribution of cold-loving 

pathogenic Pseudomonas.

There is a need for more sophisticated 'big picture', 

modeling studies that establish where climate change 

is likely to result in damaging bacterial epidemics in 

region where the pathogens concerned were 

previously considered of little importance. Research in 

native plant communities is needed to better 

understand the likely influences of different climate 

change scenarios on epidemic arising from new 

encounters with introduced bacteria or vectors. 

Qurantine measures to minimize the chances that 

pathogens become introduced with cultivated plants 

when these are moved to locations previously 

unsuitable from them would become increasingly 

valuable in this regard. There is no information 

concerning the possible effects of elevated 

concentrations of the greenhouse gasses nitrous oxide 

or methane on any of the biological parameters 

associated with bacterial diseases of plants. In 

addition, research on the influences of CO on bacterial 2 

enfections of plants was minimal. Also, we don't have 

information about effects of climate change on several 

biological parameters, e.g. pollen transmission, ability 

to multiply within vectors, biological and control 

measures against bacterial pathogens. Addressing 

these deficiencies concerning the influences of 

greenhouse gasses should be an important focus for 
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future research. Further research is needed on over the 

effects of drought and flood on bacterial pathogens, the 

probability that their epidemics would be mitigated or 

enhanced .Quantitative analysis of climate change on 

pathogens of these crops is largely lacking, either from 

field or laboratory studies or from modeling-based 

assessments. Systematic quantitative analysis of these 

effects will be necessary in developing future disease 

management plans, such as plant breeding, altered 

planting schedules, chemical and biological control 

methods and increased monitoring for new disease 

threats.
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Germination Behavior of Weedy Rice at Different Sowing Depths under Field Conditions
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Abstract

Weedy Rice (Oryza sativa complex) becomes the most dominant and competitive weed in Sri Lanka. Seed shattering 

and seed dormancy have enriched the soil seed bank. Weedy rice seeds remain longer period in soils at different depths 

and that contribute to the success of weedy rice as a “weed.” Hence study about the level of longevity, dormancy and 

germination behavior of weedy rice under the conditions similar to those of field conditions is important to implement 

efficient control measures. In this study, weedy rice seeds were collected from 6 infested locations from Matara district 

and two widely grown improved varieties (At 362 and Bg 379-2) were included as check lines. Thirty panicles were 

randomly collected from each location and 5 seeds from each panicle were taken and mixed thoroughly. From that 100 

seeds were randomly selected for each test with 3 replicates for viability and germination testing. Seeds of the weedy 

and cultivated rice were placed separately in nylon bags and buried at 15 and 30 cm depths (in soil). Seed germination 

and viability were tested before burial and in two week intervals after burial. Both weedy rice and improved rice 

varieties showed more than 85% viability before burying. Weedy rice seeds could remain viable under soil for more 

than 24 weeks compared with the improved rice varieties, which did not remain viable beyond 16 weeks after burial in 

both depths tested. Viability and germination ability were always higher in seeds buried at 30 cm depth when 

compared with those buried at 15 cm depth for both weedy and improved rice.  These results help to understand the 

persistent nature of weedy rice and it will help to adopt efficient control measures for weedy rice.

Key words:  Weedy rice seeds, Viability,  Germination,  Burial depths

Introduction

Weedy rice, locally known as WalVee/ UruVee, is the most 

dominant and competitive weed that occurs in rice fields' 

worldwide. At present weedy rice is spread over all rice 

growing areas in Sri Lanka. Weedy rice is the main 

competitor with cultivated rice, affecting both growth and 

yield, especially with regard to space and nutrient uptake 

(Zainudin et al., 2010). The superior competitive ability of 

weedy rice over cultivated rice has contributed to its rapid 

spread within the country. Weedy rice is morphologically 

and behaviorally very similar to cultivated rice but has 

some key differences: shattering seed dispersal, red 

pericarp pigmentation, and the ability of seeds to persist in 

the soil (Deloucheet al., 2007). The management of weedy 

rice infestations is much more difficult than that of other 

rice weeds because of the high biological similarity with 

cultivated rice and the extended germination over a 

long period of rice growth (Fogliattoet al., 2010).  Lack 

of a selective herbicide for the control of weedy rice, or 

other effective measures, has made its control a subject 

of national significance. Higher levels of seed 

shattering and seed dormancy have enriched the soil 

seed bank of weedy rice in infested fields. A part of soil 

seed bank may germinate as soon as conditions are 

favorable (e.g. ,  soil  moisture,  oxygen,  and 

temperature), while the other part will germinate at 

later dates or when other factors change.  The variable 

and prolonged periods during which seeds remain 

dormant are major factors that contribute to the 

success of weedy rice as a “weed.” Strategies for the 

control of weedy rice are diverse and their 

implementation depends on the specific site 
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conditions. However, any control measure should aim to 

reduce the weedy rice seed bank in soil in the medium or 

long term (Labrada., 2010). Weedy rice seed banks 

therefore play an important role in determining the 

severity of infestation in rice fields. In this context, 

studies about the germination behavior of weedy rice 

under conditions similar to those of field conditions are 

important to formulate efficient control measures.

Materials and Methods

Sample collection

Weedy rice seeds were collected from 6 weedy rice 

infested locations (Thihagoda, Hakmana, Mulatiyana, 

Pitabeddara, Kotapola and Akuressa) from Matara   

district. Thirty weedy rice panicles were randomly 

collected from each location.  Five seeds were collected 

from each of the 30 panicles of a one location. The seeds 

were mixed well and 100 seeds were randomly selected 

for viability and germination testing. The same 

procedure was done for other populations too. In 

addition to weedy rice, two widely grown improved 

varieties (At 362 and Bg 379-2) were also included in the 

study as check lines. 

Viability test

Germination and viability were tested in weedy rice and 

two improved varieties before conducting the 

experiment. After soaking the seeds for 18 hours in 

water 100 seeds were selected and they were split into 

two halves through embryo. Split seeds were kept in the 

1% triphenyl-tetrazolium chloride (TTC) solution for 

two hours in dark conditions and thenTTC stained 

seeds were counted as viable seeds.

Germination test

Rice seeds were soaked in water for 24 hours and kept 

covered by cloth bags for further 24 hours. Then the 

seeds were kept on a moistened filter paper in a Petri 

dish and incubated under natural light. The numbers of 

germinated seeds were counted (as seeds had radical 

appearing).

Burial test

The experiment was conducted during 2013 in the rice 

field of the experimental garden at Faculty of 

Agriculture, University of Ruhuna. Weedy rice seeds 

collected from different locations were mixed well to 

get a representative sample, and they were put into 

separate nylon bags. Each bag contained 200 seeds. 

The seeds of two cultivated rice varieties also put into 

separate nylon bags and buried at 15 and 30 cm depths 

in soil. All the simulations had three replicates. Over a 

period of 24 weeks, the buried seeds bags were dug up 

at two week intervals commencing from the fourth 

week after burying (WAB) and tested for their viability 

and germination ability. 

Results and Discussion

Both weedy rice and improved rice varieties showed 

more than 85% viability and more than 80% 
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Figure 1. Effect of burial time and depth on the germination ability (1.a) and viability (1.b) of weedy rice and 
                   improved rice varieties
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germination before burying. The difference between 

viability and germination of weedy rice was low, thus it 

can be concluded that the degree of seed dormancy of 

weedy rice was not very high in this area.

Germination percentage of improved rice buried at 

15cm and 30cm depth was 45% and 50%,  respectively 

at  4WAB and it declined sharply to zero at 16WAB 

(Fig.1.a). The results followed a similar pattern for the 

two improved rice varieties. Germination percentage of 

weedy rice buried at 15cm and 30cm depth was 60% and 

70%, respectively by 4WAB and it declined gradually to 

32%and 35%, respectively by 24WAB. Viability 
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Weedy rice seeds at 15 cm depth

Weedy rice seeds at 30 cm depth

Improved (At 362) seeds at 15 cm depth

Improved (Bg 359) seeds at 30 cm depth

Figure 2. Comparison of seed viability in weedy and 

                   improved rice at two different depths (15 cm 

                   &30 cm) at 12  WAB by using TTC test.

percentages also followed a similar pattern (Fig.1.b) 

for improved and weedy rice buried at 15 cm and 30 cm 

depths.

These experiments revealed that weedy rice seeds 

could remain viable under soil for more than 24 weeks 

compared to the improved rice varieties, which did not 

remain viable beyond 16 WAB.  Viability and 

germination ability of seeds always higher in deep soil 

(30cm) compared to surface soil (15cm depth) for both 

weedy and improved rice (Fig. 2). These results 

support the observations of the persistent nature of 

weedy rice. Further, the findings highlight the 

importance of management measures to decrease the 

weedy rice soil seed bank of infested fields and of long-

term strategies to minimize the soil seed bank of weedy 

rice.
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Abstract

According to several climate predictions, the crop production in the sub humid tropical regions seems to be 

threatened by climate change mainly by the reduction in water availability due to heated atmosphere and erratic 

rainfall. Thus, adaptability of crops through identification of genotypes which produce better yields under less water 

environments especially during minor seasons is important in order to ensure the food and nutritional security of the 

country. Here, five mung bean genotypes were assessed for their yield and yield related performances under well 

watered and rainfed (water stress) conditions. Results revealed that the presence of genotypic variations in mung 

bean on yield and yield parameters under water stress can be used in breeding programs followed by further 

investigations on the above traits.  

Key words: Climate change, Genotypic variations, Mung bean genotypes, Water stress, Yield parameters

Introduction

Sri Lanka has achieved self sufficiency in its major cereal 

crop, rice and there is an increasing concern on other 

field crops (OFCs), especially grain legumes because of 

their nutritive values and other benefits in small holder 

cropping systems. Mung bean (Vigna radiata) is a 

popular grain legume which is commonly grown in the 

minor rainy season (Yala), of the dry zone and the 

productivity is mainly limited by unexpected terminal 

droughts i.e. a water stress period that develops in the 

middle of the season and gradually increases in 

magnitude without being relieved until the end of the 

season (Ludlow and Muchow, 1990) at important 

growth stages of this crop (De Costa et al., 1999). This 

unexpected drought incidences are likely to be 

exacerbated especially during the minor seasons in the 

tropics due to negative impacts of climate change on 

rainfall (UNEP, 2012). According to FAO, (2013) climate 

change match crops are expected to be the major 

solution for future food and nutritional security issues. 

Thus, this field study was carried out as a part of 

screening of mung bean genotypes for future water 

limited environments via studying their yield related 

performances under water stress.

Materials and Methods

This field study was carried out at Maha Illuppallama 

o ' o '(8 6.65  N and 80  27.84  E), Sri Lanka during the minor 

rainy season of 2012. Mung bean breeding lines (MIMB 

901, MIMB 902 and MIMB 903) and two local varieties 

(MI 6 and Ari) were evaluated under two irrigation 

regimes (irrigated and rainfed). The irrigation was 

given to all plots at four days intervals until the second 

week after seeding to ensure the proper establishment 

of crops. After that irrigation was continued to 

irrigated plots every four days in the first four weeks 

and every seven days thereafter, until eight weeks after 

sowing according to the recommendations 

(Anonymous, 1990). Irrigation was stopped after the 

second week to the crops in the rainfed regime. All the 

crops were grown under existing agronomic 

management package of mung bean given by 

Department of Agriculture, Sri Lanka except irrigation. 

Treatments were arranged in a split plot design with 

three replications.
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Soil moisture was determined gravimetrically over the 

growth period. During the reproductive growth of mung 

bean, five plants were randomly selected from the 

central area of a sub plot and the number of flowers was 

counted on a daily basis from flowering to one to two 

weeks before the harvest. Number of successfully 

formed pods and number of seeds per pod were counted 

at harvest. Flower abortion percentage was computed as 

the ratio between the number of flowers failed to form 

pods and the total number of flowers. Hundred seed 

weight and seed yield were measured at the harvest. The 

central plot was harvested in three picks and number of 

plants was counted to estimate the yield. The first pick 

was done at 54 days after sowing (DAS), the second at 64 

DAS and the final pick was at 78 DAS. Harvest index was 

calculated as the ratio between sum of seed dry weights 

of all three picks and the total plant dry weight at final 

harvest which included pod husk weights from all 

picks. The data were analyzed by analysis of variance 

procedure and least significant differences (LSD) at 

0.05 probability was used for mean separation by using 

SAS 9.1 software package.

Results and Discussion

The gravimetric soil moisture content in the rainfed 

plots reduced from second week after sowing since 

there was no irrigation (Figure 1). The cumulative total 

of the rainfall from seed sowing to harvest was 2.3 mm 

(Source: Department of Meteorology, Maha 

Illuppallama). Thus the drought under the rainfed 

condition could be considered as terminal drought. 

250

Figure 1. The changes in gravimetric soil moisture content (%) in the adopted irrigation regimes
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As given in the Table 1, water stress significantly 

increased flower abortion and significantly reduced 

number of pods per plant, number of seeds per pod and 

seed yield in the rainfed crops. In contrast the impact of 

drought was not evident on hundred seed weight and 

harvest index. The genotype × irrigation interaction 

effects were significant on number of pods per plant and 

seed yield which indicates different genotypes perform 

differently to well water supply and water stress on 

those parameters. Even under well watered condition 

mung bean crops showed about 26% flower abortion on 

average which is a common phenomenon to most of the 

legumes according to Liu et al. (2003). The genotype 

MIMB 902 showed maximum flower abortion (more 

than 50 %) thus resulted lowest number of pods under 

rainfed regime. Flower drop was lowest to the 

genotype MIMB 903 under water stress. Genotypic 

variations were not observed on number of seeds per 

pod. However, MI 6 had highest seed weight, MIMB 901 

and MIMB 902 had moderate while ARI and MIMB 903 

had lowest seed weights under water stress regime. 

Regarding yield performances under rainfed regime, 

MIMB 903, ARI and MI 6 achieved significantly higher 

yield as in their order with comparatively higher 

harvest indices while MIMB 902 had lowest yield with 

lowest harvest index. In contrast, MIMB 903 developed 

only a moderate yield even with a comparatively higher 

harvest index.
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Table 1. Seed yield and yield related parameters of mung bean genotypes as affected by irrigation regimes

Note: LSD = LSD (p=0.05) for the comparisons of genotypes within a water regime (means with same letters are not G 

significantly different); LSD = LSD (p=0.05) for the comparisons of mean values between water regimesW 

ab1010.0  ± 310
a1017.3  ±  319
a1185.3  ±  356

b731.0  ±  108
ab912.7  ±  87

971.3

278.4

a29.7  ± 3.2
a31.0  ±  2.6
a31.3  ±  2.5
a27.3  ±  2.3
a28.0  ±  1.7

29.5

8.55

4.6

6

a26.3  ± 2.3
ab4.0  ±  4.4

a25.7  ±  1.2
b20.3  ±  2.9
ab25.3  ±  2.5

24.33

5.17

a7.36  ± 0.80

a6.73  ±  1.06

a7.19  ±  0.99

a6.08  ±  0.72

6.52 ±  1.04

6.78

1.69

Irrigated             Rainfed

Number of seed per pod

Irrigated             Rainfed

Harvest Index (%)

a8.48  ± 1.07

a8.61  ±  1.04

a10.22  ±  1.15

a8.19  ±  1.35

a8.37  ±  1.05

8.78

1.53

2.07

11.85

a7.77  ± 1.35

a8.63  ±  1.86

a7.87  ±  1.02

b6.50  ±  2.25

a7.73  ±  0.45

7.7

12

Irrigated             Rainfed

Number of pods per plant

Irrigated             Rainfed

-1Seed yield (kg ha )

ab2138.7  ± 187
a2785.0  ±  162
a2782.7  ±  522
b1526.0  ±  474
a2661.3  ±  368

2378.7

734.1

677.5

17.5

bc13.97  ± 1.55

a22.33  ±  0.90

bc15.67  ±  2.87

c13.47  ±  1.51

ab18.23  ±  4.32

16.73

6.67

4.63

14.33

Percentage of flower a bortion

a7.06  ± 0.41

c5.64  ±  0.34

b6.37  ±  0.26

b6.23  ±  0.26

c5.77  ±  0.41

6.22

0.42

ab42.7  ± 5.6

b44.1  ±  6.1

b42.4  ±  9.7

a55.2  ±  7.5

ab38.4  ±  6.8

44.51

13.21

Irrigated             Rainfed

Hundred seed weight (g)

Irrigated             Rainfed

ab20.9  ± 8.3

b10.8  ±  5.5

ab28.8  ±  12.5

a42.3  ±  12.5

ab28.3  ±  18.2

26.24

16.17

22.21

23.17

a6.79  ± 0.16

c5.49  ±  0.32

b6.08  ±  0.32

b6.27  ±  0.34

c5.37  ±  0.32

6

0.54

0.51

2.97

MI 6

ARI

MIMB 901

MIMB 902

MIMB 903

Mean

LSDW

LSDG

CV (%)

Genotype

MI 6

ARI

MIMB 901

MIMB 902

MIMB 903

Mean

LSDW

LSDG

CV (%)

Genotype
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Results verified the presence of genotypic variations of 

mung bean especially on yield and yield related traits   

under terminal drought that frequently occurs in the 

minor season (Yala) of the low country dry zone of Sri 

Lanka. The genotypes which develop high number of 

pods and produce high seed yield with high harvest 

index while having less flower drop under water stress 

may be useful to incorporate into breeding programs. 

However confirmatory studies are required along with 

the evaluation of other important traits at several 

locations prior to use these valuable reproductive traits 

for mung bean crop improvements.
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Some Parasitoids of Rice Pests Collected from Insecticide-Free Rice Fields in Sri Lanka 
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Abstract

Insect pest problem in rice have become much more frequent and complexes in the last three decades mainly due to 

the expansion of growing areas over time and space. Continuous availability of food source helps pests to multiply 

rapidly. Naturally occurring parasitoids of rice pest play a key role in suppressing the pest population in considerable 

level. Evaluation of biology and population dynamics of parasitoids in rice eco-systems is a prerequisite to implement 

biological control programs. Therefore, Eggs, larval, pupal and adult parasitoids were collected in four pesticide free 

paddy fields i.e. Batalagoda, Kuliyapitiya, Narammala and Madampe in agro-ecological zone IL1a of Sri Lanka. 

Collected specimens were preserved in ethanol (70%) and morphological characters were examined under the 

dissection microscope. The specimens were identified using published keys and identified species were illustrated. 

Nine species of parasitoids belonging to Order Hymenoptera and Diptera were collected during the survey. 

Hymenopteran wasps were belonged to family Ichneumonidae i.e. Amauromorpha accepta schoenobii (Viereck), 

Xanthopimpla flavolineata (Cameron), Charops bicolour (Szepligeti); Braconidae, i.e. Stenobracon nicevillei 

(Bingham), and Scelionidae, i.e. Gryon nixoni. Both Dipteran parasitoids were belonged to family Tachinidae. 

Composition of parasitoid community was varied in different localities of the agro-ecological zone showing highest 

diversity in Batalagoda area. Gryon nixoni (Masner) was found to be the most abundant parasitoid species and 

parasitism was highest (54 %) in Narammala area. Further investigations are needed to find the potential use of 

identified parasitoids in conservation and mass rearing program in rice fields.

Key words: Biological control, Parasitoids, Rice pests

Introduction

Rice is the staple food of over half of the world's 

population and  In Sri Lanka, is the predominant crop 

both in terms of land use and dietary importance. The 

total area under rice at present is about 780,000 ha, 

approximately 12% of the total land area. Insect pest is 

one of the major constraints in rice cultivation and they 

have become much more frequent in the last three 

decades (Heinrichs, 1994). Rice growers mainly depend 

on insecticides for pest control, which causes several 

problems such as development of insecticide resistance 

to the pest insects, environmental pollution and harmful 

effects on the non-target organisms including the 

natural enemies of the target pests (Ooi and Shepard, 

1994). Therefore, lower use of insecticides, promoting 

biological control system is the growing concern across 

the rice growing nations in the world (Schoenly et al., 

1998).

Natural enemies are often important biological control 

agents of various insect pests of rice ecosystem. There 

are many parasitoid species inhabited in the system 

that attack the eggs, larvae, and pupae of rice pests, so 

that they play an important role in regulating rice 

insect pest populations. Parasitoids considered to be of 

major component in food webs in rice ecosystem and 

are useful in indicating the complexity of trophic 

relationships in pest/natural enemy systems. More 

detailed information are required to indicate which 

taxa are responsible for the highest levels of pest 

mortality and which offer scope to be manipulated to 

enhance their impact by habitat management .

Information on species diversity, biology and 

population dynamics of parasitoid fauna is a 

prerequisite to initiate a biological control program in 

rice fields. Paucity of data on parasitoids associated in 
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rice ecosystem is the major constrain in implementing a 

successful biological control in Sri Lanka. It is important 

to identify potential effective parasitoid species for mass 

culture in laboratory condition and subsequent field 

introduction. Therefore, the current study was 

conducted to generate baseline data with respect to 

species diversity of parasitoids and there host species in 

Intermediate Low country of Sri Lanka.

Materials and Methods

Eggs, larval and puapal parasitoids of rice insect pest 

were surveyed during 2012 (Yala)  in four pesticide free 

paddy fields belonging to agro-ecological zone IL1a 

located at Batalagoda Kuliyapitiya, Narammala and 

Madampe. Egg, larval, and pupal parasitoid were 

handpicked and adult parasitoids were collected by 

sweep netting. Sampling was started from three weeks 

after transplanting and continued throughout the 

season at two weeks intervals. The captured adult 

insects were immobilized using Ethyl Acetate and 

temporally stored in labeled sampling vials in 70% 

Ethanol. Parasitized adult, pupa and egg stages were 

stored in plastic bottles (250 ml) enclosed 
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with perforated lids. Collected mummified insects and 

cocoons were transferred separately into plastic vials 

(25 ml) having wet cotton plugs. The egg stages were 

placed in separate test tubes. Vials and test tubes were 

kept in laboratory conditions (27 ºC, 80% RH). The 

number of parasitoids and host species emerged from 

the eggs were recorded and the parasitism percentage 

was calculated. The emerged adult insects were 

collected using aspirator and kept in labeled vials 

containing 70% Ethanol. Morphological characters of 

the adult parasitoids were detected using dissecting 

microscope. Adult parasitoids were also slide mounted 

on Canada balsam for the identifications. Prepared 

specimens were examined at higher magnifications 

(x10, x40) with illuminated light under light 

microscope. The specimens were identified up to most 

possible taxonomic position using Barrion and 

Litsinger (1994) and Heinrich (1994).

Results and Discussion

Ten species of parasitoids were found belonging to 

order Hymenoptera and Diptera during the survey. 

Charops bicolour (Hymenoptera: Ichneumonidae) 

parasitize both yellow stem borer and rice army worm 

 

Host species Parasitoid species Family Order 
Type of 

Parasitoid 
Yellow stem borer  
 

Charops bicolour (Szepligeti) Ichneumonidae Hymenoptera Larval parasotid 
Amauromorpha accepta  schoenobii 
(Viereck) 

Ichneumonidae Hymenoptera Larval parasitoid 

 
Stenobracon nicevillei(Bingham) 

 
Braconidae 

 
Hymenoptera 

 
Larval Parasitoid 

 
Rice armyworm 
 

 
Charops bicolour (Szepligeti) 
 

 
Ichneumonidae 

 
Hymenoptera 

 
Larval parasitoid 

  
Rice leaf folder  
 
 

Xanthopimpla  flavolineata 
(Cameron) 

Ichneumonidae Hymenoptera Larval parasitoid 

Rice bug  
 

Gryon nixoni (Masner) 
 

Scelionidae Hymenoptera Egg parasotoid 

Others Tachinidae species a Tachinidae 
species b Ichneumonidae species a 
Ichneumonidae species b 

Tachinidae 
Tachinidae 
Ichneumonidae 
Ichneumonidae 

Diptera Diptera 
Hymenoptera 
Hymenoptera  
 

Pupal Parasitoid 
Larval parasitoid 

Table 1. Parasitoids species and their respective host species collected during the study
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and this was the most common parasitoid in Kuliyapitiya 

and Narammala areas. Parasitoids diversity was highest 

in Bathalagoda and lowest diversity was recorded in 

Madampe area (Table 1).

Amauromorpha accepta schoenobii (Viereck) 

Body was medium sized reddish black in colour and in 

the gaster tergite III and apical one-third – half of tergite 

II is reddish colour. Tergite 1 is red or sometimes 

blackish in part. Tergite IV and V of male are entirely 

reddish colour. Mid and hind coxa are red in colour and 

except apex is narrowly black. Coxa of fore leg and 

trochanters of all legs are black in colour. Femora of hind 

leg are black to blackish brown basally. Tarsus of hind leg 

is blackish and tibia is pale basally. Male insect consist 

subtegular ridge and a pair of white marks on face. 

Female insect has ovipositor with a preapical dorsal 

notch. This species attacked on Scirpophaga inferens, 

Chilo suppressalis, S. innotata, and Scirpophaga 

incertulas.

Xanthopimpla flavolineata Cameron 

Medium sized stout wasp, yellow orange in colour with 

black markings on each abdominal segments.  The body 

is coarse textured and ovipositor is black. Body and legs 

are yellow colour. Fore wing has recurrent vein. There 

are no black spots on the abdominal segments, which is 

presence on other Xanthopimpla species. Abdomen is 

entirely without paired black spots. Ovipositor without a 

preapical dorsal notch. Ovipositor sheath 4.8 times as 

long as wide with base. This wasp parasitizes stem borer 

larvae larvae in dry land and wet land environments. 

Charops bicolor (Szepligeti) 

Medium sized dark yellowish colour body. The abdomen 

is greatly enlarged at the end. Fore wing has 

characteristic recurrent vein. Trochanters are two 

segments. Hind femur is yellowish brown and base of 
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tarsus I is yellow. The petiole is wholly reddish and 

mesopleuron is closely rugose. This parasitoid is 

reported to attack also on S. Incertulas and S. Innotata.  

Another 2 species of hymenopteran parasiotids were 

collected belongs to family Ichneumonidae (Species A 

and B). However the species level identification were 

not possible due to lack of keys and those specimens 

were sent for expert identification.

Braconids are large and beneficial group of parasitic 

Hymenoptera. The adults are relatively small and a 

great many are more stout-bodied than the 

Ichneumons. They resemble Ichneumons lacking a 

costal cell, but differ in that they have not more than 

one recurrent vein (Borror and Delong, 1964). Many 

species in this family have been considerable value in 

the control of insect pests. One braconid wasp were 

collected and identified during the study.

Stenobracon nicevillei (Bingham) 

Body medium to large, 9-15 mm long, gaster elongate, 

ovipositor very long, 2 times as long as body. Dorsal 

side predominantly yellow-orange, gaster apically 

black, wings yellowish grey with yellowish brown 

veins, apical margins brown, fore wing with three 

blackish brown spots, and hind wing with two fuscous 

spots. Vertex of female is largely black or with black 

band. Sixth and fifth metasomal tergites of female are 

thblack, tergites 6 and anterior half of 7  blackish in male. 

Face of male narrow and head completely blackish 

dorsally except near antennal sockets. Antennal scape 

is ovoid and protruding ventrally. This wasp is common 

in dry lands, searching among rice plants for larvae of 

yellow and pink stem borers. The long ovipositor 

allows it to deposit a single egg into a stem borer larva 

inside the rice stem. One wasp emerges from each 

larval host.
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Gryon nixoni (Masner)  

Gryon nixoni was found to be the predominant egg 

parasitoid. Similar findings were reported also by 

Nugaliyadda et al., (2000).  Of the 237 paddy bug egg 

Location No.egg 
collected 

No. paddy bug 
emerged 

No. Parasitoid 
emerged 

No. un-hatched 
eggs 

Level of 
parasitism 
(%) 

Batalagoda 74 37 28 9 37% 
Madampe 11 9 - 3 0% 
Narammala 65 21 36 8 55% 
Kuliyapitiya 87 38 37 12 42% 
 

Table 2. No of egg collected and the parasitism percentage of eggs by the G. nixoni

collected, 101 (42%) were parasitized by Gryon nixoni. 

G.nixoni was found all areas except in Madampe. The 

percentage parasitism was highest (55%) in Narammala 

area.

Two Dipteran insect parasitoids were found through 

rearing of mummified larvae and pupal cases collected 

in the field. Both were belonging family Tachinidae.  

Majority of the tachinids are reported to be parasitic on 

other insects, and therefore, this is the most beneficial 

family of Diptera to use in biological control programs. 

They were deposited their eggs directly on the body of 

their host.

With these results it is revealed that the most of the 

parasitoid species in rice ecosystem are belongs to order 

Hymenoptera and order Diptera. Parasitoid community 

is varying with different locations of an agro-ecological 

zone.  As some parasites (i.e Gryon nixoni) are showing 

higher level of parasitism, further investigation may be 

useful to identify the possibility of mass rearing and 

releasing of identified parasite species to the rice 

ecosystem. 
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Abstract

Insect diversity plays an important role in agro-ecosystem in relation to stability and productivity; therefore, 

conservation of biodiversity is important for long-term viability of agro-ecosystems. Biodiversity in farm lands is 

threaten by some practices carried out by the growers such as extensive application of non-selective weedicides, 

misuse of insecticides, extensive ploughing, burning of crop waste etc. In order to conserve the biodiversity, it is 

necessary to promote the eco friendly practices such as low or no use of pesticides, organic manure application, 

enhance plant diversity, and soil and water conservation.  Biodiversity improvement through these practices has 

been recorded elsewhere but local data are scant. Hence, the objective of this study was to assess the biodiversity; 

diversity of carabid beetles in multiregional homegardens that were managed as eco-friendly, nutritional home 

gardens in comparison with conventionally managed home gardens. Field study was carried out during 2009-2012 in 

selected three villages: Kumaragama, Katuwanayaya and Elisonkanda in Hambantota district. Carabid beetles were 

sampled from four conventional and four eco-friendly nutritional home gardens in each village using pitfall traps. Of 

the insects collected, 164 carabids that were belonging to five genera: Bembidion, Cicindela, Harpalus, Pheropsophus, 

and Scarites were identified. Pheropsophus sp. were more abundant (36.5%) followed by Scarites spp. (9.7%).  
2Carabid abundance was significantly higher in eco-friendly homegardens (X  =72.8 df=1 p<0.001) than in 

conventional home gardens. Carabid species diversity also followed the same trend. There was a significant variation 
2among the sampling locations: Katuwanayaya, Elisonkanda and Kumaragama in terms of total carabid number (X  

=16.9 df=2 p<0.001).  The study revealed higher diversity and abundance of carabids in eco-friendly home gardens in 

compared to the conventional home gardens. 

Key words: Carabid diversity, Home gardens, Ecological farming, Dryzone, Sri Lanka 

Introduction

Insect diversity plays an important role in agro-

ecosystem especially in relation to stability and 

productivity (Schoowalter, 2006).  Therefore, 

conservation of diversity is important for long-term 

sustainability of the agro-ecosystem (Minor, 2005).  

Biodiversity in farm lands is threaten by some practices 

carried out by the growers such as extensive application 

of non-selective weedicides and insecticides, extensive 

ploughing, burning of crop waste etc. (Altieri et al., 

2005). In addition, insecticide application is associated 

with several environmental and health issues.  Misuse of 

pesticides could enhance resistance development in 

insects, pest resurgence and secondary pest outbreaks, 

demanding frequent application of insecticides. This 

leads to destruction of natural enemies living in the 

ecosystems.  Moreover, pesticide residues on 

agriculture produce creates health problems through 

chronic and acute poisoning. Hence, insect pest 

management in agro-ecosystem with low or no use of 

insecticide together with strategies that enhance plant 

diversity, soil and water conservation and promotion of 

using organic manure is a timely need to manage these 

i s s u e s .   H av i n g  t h i s  ove ra l l  o b j e c t ive ,  a  

nongovernmental organization transformed several 

farmlands (home gardens) in the southern dry zone of 

Sri Lanka, into nutritional home gardens incorporating 

eco-friendly practices as described by Weerakkody et 

al. (2011).  It was expected that the insect diversity 

would be enhanced with time together with plant, 

animal and microbial diversity.  
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Carabid beetles (Coleoptera: Carabidae) are incredibly 

diverse group of insects with over 40,000 species 

worldwide. In Sri Lanka, this group is represented by 

525 species that belongs to 140 genera (Erwin, 1984). 

Members of this family are considered to be mostly 

opportunistic feeders that consume a variety of foods, 

but the majority has been observed as predators. These 

predators consume a wide assortment of soil dwelling 

insects, including caterpillars, wireworms, maggots, 

ants, aphids, and slugs. Therefore, carabid beetles play 

an important role in agro-ecosystems, controlling a 

variety of pest organisms. 

The objective of this study was to assess the diversity of 

carabid beetles in multiregional homegardens that were 

managed as eco-friendly, nutritional home gardens in 

comparison with conventionally managed home 

gardens.

Materials and Methods

Field study was carried out during 2009-2012 in 

selected four villages: Kumaragama, Katuwanayaya and 

Elisonkanda in Hambantota district.  In each village, 

eight farmer fields were selected and four of those were 

maintained as eco-friendly nutritional home gardens 

(Weerakkody et al., 2011) whereas, other four fields 

were maintained as conventional home gardens without 

project interventions. Pest management in nutritional 

home gardens was being done using nonchemical 

methods. The management strategies includes, frequent 

crop examination followed by manual removal of 

infestation, wood ash dusting, soap water spraying, 

application of herbal decoction "puncha kavuya", 

addition of biochar, maintain of flowering plants on field 

boarders and mulching of soil. Cowpea (Vigna 

unguiculata (L.) was cultivated in a section of each  home 

garden.  Size of the cowpea plot ranged from 3 perch to 

10 perch depending on the size of the home gardens (0.2-

0.5 ha).  Cowpea fields were sampled to assess the 

ground dwelling insect populations using pitfall traps. 

Pitfall traps were installed using 200 ml plastic cups. 

Those were buried in a way, the rim of the cup (5 cm) 

was levelled with soil surface facilitating insects to 

walk into the trap.  Cups were half filled with 

concentrated salt solution to avoid the decaying of trap 

content and covered with a rain guard to avoid rain 

water collection and to keep the predators away.  The 

traps were run for three consecutive days in the field 

and emptied.  There were four traps in each field, and 

all the traps were installed in the same day and 

emptied, three days after installation.  The trap content 

was strained using a tea strainer and cleaned with 

water after removing other debris. The insects were 

stored in 70% ethanol in plastic vials and labelled with 

collection data.  The insects gathered were then 

examined under dissecting microscope (x10 - x70) in 

Entomology laboratory of Dept. of Agricultural Biology, 

Faculty of Agriculture, University of Peradeniya and 

sorted into different taxonomic groups.  The carabid 

beetles were identified upto genus level using available 

taxonomic keys (Erwin, 1984; Andrews, 1928), and 

sketches and photographs available online.  The data 

were analysed using loglinear analysis in SYSTAT ver 

13. Shannon-Weaver diversity index (H') was 

calculated to compare the species diversity in tested 

locations.

Results and Discussion

Of the insects collected in pitfall traps, 164 beetles 

(ground beetles) belonging to five genera: Bembidion, 

Cicindela, Harpalus, Pheropsophus, and Scarites of the 

Family Carabidae were identified.  There were 71 

beetles with similar morphology belonging to Family 

Carabidae, but the genus was not determined as per the 

available resources.   Pheropsophus sp. were more 

abundant (36.5%) followed by Scarites spp. (9.7%).  

Abundance of other genera is less than 5%. The 

undermined genus was the most abundant which 

represent 43.3% (Table 1).
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The species diversity was high in eco-friendly home 

gardens in Katuwanayaya and Elisonkanda villages 

(Table 2). This indicates that the below ground 

environment of those fields are very favourable for the 

inhabiting insects. Conversely, low H' values (Table 2) in 

conventional home gardens reflects that the soil is much 

more degraded due to cultivation practices resulting less  

suitable habitats for carabids. 

There was a significant variation between the two field 

types: conventionally managed field (Conventional) and 

nutritional home garden, managed using eco-friendly 

practices (Eco-friendly) in terms of total number of 

2carabid beetles (X  =72.8 df=1 p<0.001). 

Eco-friendly home garden had 75% of total beetles. This 

suggests that the practices carried out in eco-friendly 

home gardens which includes mulching, maintaining 

flowering plants in field boarders, and no application of 

synthetic agrochemicals  had influenced positively for 

carabid abundance.  Carabids are generalist predators 

that play a major role in natural suppression of pest 

populations.  They feed on adults and immature insects 

259

of suitable size for them. High abundance of carabid 

beetles in organically grown fields compared to 

conventional fields had been well established 

(Dritschilo et al., 1980), but not with local data.

There was a significant variation among the sampling 

locations:  Katuwanayaya,  El isonkanda and 

2Kumaragama in terms of total carabid number (X  

=16.9 df=2 p<0.001).  However, the interaction 

between sampling locations and the field type was not 

significant; indicating that the general trend of having 

high carabid abundance in eco-friendly homegardens 

remains the same across the sampling locations.  

Hence, it can be suggested that the practices followed 

through project intervention were influencing to 

conserve the carabid abundance irrespective to the 

geographical location. In addition, Carabid number 

significantly varied among the home gardens (farmer 

fields) in a given management practice: conventional 

or eco-friendly. 

Further, the interaction between home garden and field 

2type was also significant (X  =24.9 df=3 p<0.001).  

Further, the interaction among field type (conventional 

or eco-friendly)  x homegarden (farmer) x sampling 

2locations (village) was also significant (X  = 34.7 df=6 

p<0.001). This reflects that the level of implementation 

of suggested practices, land size, crop diversity in the 

home garden were influencing the carabid abundance.  

Carabidae genus 

Total no. of 

insects 
Cultivation system 

Conventional (%) Eco-friendly (%) 

Bembidion sp. 5 (3.0 %) 
0.61 2.44 

Cicindela sp. 6 (3.7%) 
0.61 3.05 

Harpalus sp. 6 (3.65%) 
2.44 1.22 

Pheropsophus sp. 60 (36.58%) 
15.24 21.34 

Scarites sp. 16 (9.75%) 
3.05 6.71 

Unidentified sp. 71 (43.29%) 
4.88 38.41 

 

Table 1. Carabid beetle species and their abundance in two agricultural ecosystems in Southern Dryzone of 
                  Sri Lanka. 

Location 
Cultivation system 

Conventional Eco-friendly 

Katuwanayaya 0.41 1.04 

Elisonkanda 0.99 1.12 

Kumaragama 1.17 0.62 
 

Table 2. Shannon-Weaver diversity index (H') of 
                 carabid beetles in study areas
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This variation may be associated with the dedication of 

the farmer for the project work, enthusiasm on 

ecological farming, awareness on hazards associated 

with synthetic insecticides, active participation on 

project meetings etc.  

With these results, it can be concluded that there is a 

general trend of promoting carabid beetles in eco-

friendly home gardens as an effect of practices that were 

carried out in eco-friendly home gardens.  This enriched 

diversity of carabid fauna is useful in ecologically based 

pest management. However, the data considered here is 

not sufficient to identify which practices are influential 

in promoting carabid beetles.
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Abstract

Traditional rice (Oryza sativa L.) varieties possess many important traits such as medicinal and nutritional 

properties, drought and pest resistance, salt tolerance, etc. Efficient plant regeneration culture and transformation 

protocols are important in utilizing such genes. Therefore, the aim of this study was to optimize an efficient protocol 

for callus induction and transformation of selected Sri Lankan traditional rice varieties. Dahanala, Kaluheenaty, 

Kalubalawee, Madael, Kahatawalu, Kaharamana, Gonabaru, Alwee, Wannidahanala, Kottiyaran, BG380 and H4 

varieties were selected for the study. Twelve different concentrations of 2,4-D and kinetin combinations in MS basal 

medium were used to determine the effect of above hormone concentrations on callus induction. Calli were 

transformed using Agrobacterium mediated transformation. For calli transformation Agrobacterium tumefaciens 

GV3101 containing pBI121 vector harboring GUS gene was used. Efficiency of transformation through GUS 

expression was calculated for each variety. There was a significant difference in response with respect to 12 

treatments used for callus induction of tested varieties except Gonabaru. Varieties Kaluheenaty, Madael, Gonabaru, 

Kottiyaran and H4 have shown the best callus induction for the same combination of hormones (2.5mg/L 2,4-D and 

0.5 mg/L kinetin). Other six varieties showed best callus induction for different combinations with majority of them 

being in the range of 2.5mg/L 2,4-D and 0.5 mg/L kinetin. In accordance with previous work on indica rice 

regeneration, our results also showed that callus induction was genotype dependant. Higher GUS expression 

efficiencies starting from 100% were reported for most varieties. Results of this study indicate the possibility of using 

optimized hormone concentrations and Agrobacterium mediated transformation for selected Sri Lankan traditional 

rice varieties in future genomic studies.

Key words: Agrobacterium, Callus induction, Rice, Transformation

Introduction

As a major food, rice (Family: Poaceae) has high demand 

with the increasing population which creates an 

enormous need to increase yield. Rice varieties with high 

yielding and improved nutritional value can be obtained 

through genetic modifications. There are records of 

more than thousand traditional rice varieties in Sri 

Lanka, some of these are Heenati, Dahanala, 

Hodarawalu, Kuruwee, Kuruluthuda, Mawee, Polael, 

Rathel, Suwadel. Most of the traditional varieties have 

been reported to have nutritional or medicinal 

characteristics and resistance to harsh environments. 

However, the knowledge about such genes is limited and 

requires functional genomic studies. Transformation 

can be applied as a technique to identify new genes and 

their functions could be introduced into new rice 

varieties. Method for production of transgenic varieties 

involves in-vitro plant regeneration and genetic 

transformation methods. Among transformation 

methods, simplest and easiest is the Agrobacterium 

mediated transformation. 

Information on amenability for transformation could 

be a great help in studying expression of genes in these 

traditional varieties. Therefore, this research provides 

information for functional analysis of important genes 

of Sri Lankan traditional rice varieties which can 

improve the production of improved rice varieties.
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Materials and Methods

Traditional rice varieties Dahanala, Kaluheenaty, 

Kalubalawee, Madael,  Gonabaru, Kahatawalu, 

Kaharamana, Alwee, Wannidahanal, Kottiyaran, BG 380 

and H4 were obtained from Rice Research and 

Development of Institute, Bathalegoda, Sri Lanka.

Callus induction medium

MS basal medium (Murashig and Skoog, 1962) 

supplemented with  di f ferent  concentrat ion 

combinations of 2,4-Dichlorophenoxyacetic acid (2,4-D) 

and kinetin was used for the callus induction (Table 1).

Vector and Agrobacterium strain

Agrobacterium tumefaciens strain GV3101 harboring 

pBI121 was used for transformation of rice calli. 

Callus induction

Seeds were de-husked and surface sterilized using 0.1% 

(w/v) HgCl and 20% NaOCl. Then seeds were 2 

transferred to MS medium. Ten replicates were prepared 

for each variety and it was repeated. Surface area of each 

calli was measured using an indirect method under 

sterilized condition.

Calli transformation

An hour prior to co-cultivation, calli were transferred 

into plasmolysis medium (½ MS + 4% sucrose). 

Overnight culture of Agrobacterium was pelleted by 

centrifugation (5000 g, 10 min) and suspended to an 

OD 600 of 0.2 in plant inoculation medium (½ MS + 

3.0% sucrose + 200 µM acetosyringone). Plasmolyzed 

calli were transferred to inoculation medium. Calli 

were incubated for 10 min shaking and 20 min 

stationary. Calli were blotted on sterile filter papers 

and transferred to co-cultivation medium (½ MS + 3.0 

% sucrose + 8.0 g/L agar + 200µM acetosyringone). 

They were co-cultivated for 2 days under darkness. 

Then calli were transferred to MS medium 

complemented with 500 µg/mL cefotaxime. 

Gus analysis

Calli were dipped in 100 µg/ml solution of 5-bromo-4-

0chloro-3-indolyl-â-D-glucuronide XglcA at 37 C under 

darkness for 24 hours. Then number of blue calli with 

blue spots was recorded. Transient transformation 

efficiency was calculated according to following 

formula.

Experimental design and Data Analysis

Randomized Complete Block Design (RCBD) was used 

for the callus induction. Data were analyzed using 

Kruskal-Walis test in SPSS package. Least Significant 

Difference (LSD) was obtained for the analysis of the 

transformation efficiencies using SAS software 

package 9.1.3. 

Results and Discussion 

Effect of growth regulators on callus induction

Eleven varieties out of twelve showed a significant 
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Medium                         Growth hormone 
2,4-D (mg/ L) Kinetin (mg/ L) 

1           0               0 
2           0              0.5 
3           0               1 
4           2               0 
5           2               0.5 
6           2               1 
7           2.5               0 
8           2.5               0.5 
9           2.5              1 

10           3              0 
11           3              0.5 
12           3              1 

 

Table 1. Concentration combinations of 2,4-D and 

                  Kinetin used for callogenesis

Number of callus with blue spots

Number of total callus

Transformation 

efficiency 
= x 100%
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difference for different hormone combinations (p<0.05). 

Gonabaru did not show a difference in effect among 

different combinations of growth regulators (p>0.05).  

The reason for this result could be the best hormone 

combination for Gonabaru was not included in the tested 

combinations. Requirement of another factor also could 

be a reason for this result. 

Kaluheenaty, Madael, Gonabaru, Kottiyaran and H4 

showed best callus induction for the combination  of 2.5 

mg/L 2,4-D and 1 mg/L kinetin. Dahanala and Alwee 

showed best callus induction with 3 mg/L 2,4-D.  

Kalubalawee and Wannidahanala showed best callus 

growth with the combination of 3 mg/L 2,4-D and 1 

mg/L kinetin. Combination of 2 mg/L 2,4-D and 0.5mg/L 

kinetin was the best for callus induction of Kaharamana. 

But BG380 variety exhibited the best callus induction in 

MS medium with 2.5 mg/L 2,4-D and kinetin 0 mg/L 

(Table 2).

Embryogenic callus induction is dependent on the 

interaction between the genotypes and growth 

hormones. Most reports show that 2,4-D is sufficient as 

the only growth regulator in callus induction medium 

according to Afrasib and Jafar (2011). In this study 

BG380, Alwee and Dahanala varieties showed best 

callus induction with the combinations having only 

2,4-D. BG380 gave best callus initiation with 2.5 mg/ L 

2,4-D and Dhanala gave best callus initiation with 

3mg/ L 2,4-D. Additionally, several varieties have 

shown callus induction responses only with 2,4-D.
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Variety Best hormone combination  Mean of transient transformation 

efficiency (%) 2,4-D (mg/L) Kinetin(mg/L) 

Dahanala 3.0 0 98.3 

Kaluheenaty 2.5 0.5 91.6 

Kalubalawee 3.0 1.0 96.5 

Madael 2.5 0.5 89.9 

Gonabaru 2.5 0.5 61.6 

Kahatawalu 3.0 0.5 45.0 

Kaharamana 2.0 0.5 76.6 

Alwee 3.0 0 100 

Wannidahanala 3.0 1.0 86.6 

Kottiyaran 2.0 0.5 64.9 

BG380 2.5 0 68.3 

H4 2.5 0.5 45.0 

 

Table 2. Best hormone combination for callus induction

 and mean value of transient transformation efficiencies

LSD = 21.329

A requirement for a specific combination of auxin and 

cytokinin for callogenesis has also been reported in 

several studies. Afrasib and Jafar (2011) reported 

about the use of MS medium supplemented with 2, 4-D 

and Kinetin for best callus induction of rice.

Effect of genotype on callus induction

Best hormone combination for callus induction varied 

with the genotype of tested rice varieties. This result 

indicated that callus induction of different varieties 

have been differently affected by hormones. There are 

several reports which have indicated about the same 

effect for indica rice varieties (Agrawal et al., 2006: 

Hussain et al., 2010).
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Efficiency of genetic transformation of callus 

Transformed calli showed blue color which facilitates 

the clear identification of transformed calli from non 

transformed calli. Highest transformation efficiency was 

obtained for Alwee (Table 2) and it was 100%. Lowest 

was 45% for H4 and Kahatawalu. Higher efficiencies 

were recorded for most varieties. In the formula which 

was used to calculate transient transformation 

efficiencies, calli having at least one blue spot were 

counted as transformed calli. Counting of callus with at 

least one blue spot and the detection of transient 

expression could be reasons for higher efficiencies. In 

transient expression, gene constructs which are not 

integrated to plant cell genome can give a positive result. 

Therefore, transient transformation also could be 

another reason for detecting higher transformation 

efficiencies. 

For the accurate detection of transformation efficiencies, 

it should be calculated at the regeneration level. Sahoo et 

al. (2011) have obtained transformation efficiencies 

ranging between 40-46% which was lower than 

efficiencies at callus level.  

Conclusions

Majority of the tested varieties (Kaluheenaty, Madael, 

Gonabaru, Kahatawlu, Kaharamana, Kottiyaran and H4) 

showed best callus induction in MS basal medium with 

2.5 mg/L 2,4-D and 0.5 mg/L kinetin. Agrobacterium 

mediated transformation is efficient for transformation 

of the selected traditional rice varieties. Tested twelve 

varieties showed higher transformation efficiencies 

ranging from 45% - 100%.
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Assessment of  Genetic Diversity of Cowpea Germplasm based on Morphological Characters 

   M.C. Millawithanachchi, S.N.K. Saranasinghe,  A.P. Bentota  and N.T. Prathapasinghe

Grain Legumes and Oil Crops Research and Development Center Angunakolapellassa, Sri Lanka

Abstract

Cowpea is a grain legume well adapted for low input agriculture systems in subsistence farming. Development of 

suitable cowpea varieties with better yield attributes will be beneficial for the cowpea growing farmers. Diversity of 

the germplasm collection is critical for selecting parents for the hybridization program in crop improvement with 

higher yield potential and wide adaptability. Sixty one cowpea accessions received from Plant Genetic Resource 

Centre, Gannoruwa, Sri Lanka, were evaluated with three released varieties in three rows lines during 2010 Yala 

season. Lines were assessed for twenty one morphological characters based on the cowpea descriptor of Plant 

Genetic Resource Centre of the Department of Agriculture. Hierarchical cluster analysis followed by K - mean cluster 

analysis based on principal components of morphological characters reviled that there was a considerable amount of 

variation to be exploited in cowpea breeding program. Pod length, ten seed length, ten seed width and days to 

flowering showed considerable variation among the tested accessions. The recommended varieties Dhawala, MI 35 

and Bombay were clustered together between 5-10 Euclidian distance while two major clusters were joint at 20-25 

Euclidian distance. 

Key  words: Cowpea, Genetic diversity, Principal component analysis, Cluster analysis 

Introduction

Cowpea [Vigna unguiculata (L). Walp] is a grain legume 

which adapted for marginal water regimes of rainfed dry 

zone of Sri Lanka. The number of improved varieties 

suitable for rainfed condition is not sufficient for the 

varietal requirements of the farmers. Therefore, 

identification of appropriate genetic base for the 

improvement of this crop is essential. Germplasm with 

wider genetic base provides buffer and resilience 

against climatic changes and ensures sustainable food 

security. Understanding of the richness and diverseness 

of genotypes within the same species is an important 

primary knowledge to guide the selection and 

improvement in a breeding program. Consequently 

narrow genetic base of germplasm may increase the 

potential for vulnerability to biotic and abiotic stresses 

(Adewale et al., 2011). Collection of locally available 

germplasm and assessment of level of diversity within 

the collection would provide important guidance for the 

future hybridization and selection programs. Genetic 

distance between pair of genotypes offers the basis for 

understanding the structure of diversity of any intra-

species populations. It constructs an all-to-all matrix to 

describe the each sequence pair of genotypes (Adewale 

et al., 2011).

Materials and Methods

Sixty-one cowpea accessions received from Plant 

Genetic Resource Centre (PGRC), Gannoruwa were 

evaluated along with released varieties Waruni, 

Dhawala and MI 35 in three rows of 3 m length as non-

replicated trial at Grain Legumes and Oil Crops 

R e s e a r c h   a n d   D e v e l o p m e n t   C e n t e r,  

Angunukolapellessa in 2010 Yala season. Totally sixty 

four genotypes were assessed for 21 morphological 

characters based on the cowpea descriptor of PGRC, 

Department of Agriculture. In each row, 15 cm distance 

was maintained between plants and row spacing was 
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45 cm. All the agronomic practices were done according 

to the Department of Agriculture recommendations. 

Hierarchical cluster analysis was performed using Ward 

method based on principal component analysis (PCA) 

with SPSS 10.0 software. Further, cluster relationships 

were computed by K-mean cluster analysis and scatter 

plots were obtained between first four factor scores of 

multivariate analysis (Musvosvi, 2009).

Results and Discussion

The mean, minimum and maximum values of the 

measured characters were mentioned in the Table 1. Pod 

length, ten seed length, ten seed width and days to 

flowering showed considerable variation among the 

tested accessions. In genetic diversity studies of cowpea 

conducted by Omoigui et al. (2005), it was observed 

higher variations for  shoot weight, 100-seed weight, 

days to flower and plant height.  Pod length, seed length, 

clour of flowers and raceme positioning were associated 

with the first PC while seed shape, testa texture, seed 

width, plant pigmentation, immature pod pigmentation 

and pod curvature contributed for the variation of PC 02. 

Seed crowding, number of seeds per pod, Twining 

tendency, growth habit and growth pattern were the 

contributors for PC 03. Cumulative variation explained 

by the first six Principal Components was 61.4% (Table 

2). 

Two major clusters were identified for hierarchical 

cluster analysis which were linked together at a 

Euclidian distance of 15- 20 (Figure 1). CP 60, CP 75, CP 

100 and CP 19 were the most distantly related 

accessions to the rest and joined with main cluster in 

Euclidian distance in between 20-25. Four clusters 

were formed between 15 - 20 Euclidian distances. The 

recommended varieties Dhawala, MI 35 and Bombay 

were clustered together between 5-10 Euclidian 

distances. According to Cheng-Dao Li et al., 2001, the 

 narrow genetic base of the elite germplasm has 

 increased the potential vulnerability to pests and 

 abiotic stress. Better knowledge of the genetic 

 similarity of breeding materials could help to long-

 term planning of breeding programs. Furthermore, 

 monitoring the genetic variability within the gene pool 

of elite breeding material could make crop 

 improvement more efficient by the directed 

 accumulation of favored alleles by careful selection of 

elite parents. Therefore, between cluster selection will 

be a good alternative for determining parents to have 

better genetic gain in subsequent generation 

advancements of crosses. 

Scatter plots of PCA 01 and PCA 02, PCA 03 and PCA 04 

were presented in Figure 02. The scatter plot of PCA 02 

and PCA 04 was illustrated better demarcation of eight 

clutters. 

Conclusion 

In hierarchical cluster analysis, two major clusters 

were joined together at Euclidian distance of 20-25. 

266

Character  Mean SE ± Minimum  Maximum  

Pod length (cm) 10 pods 14.8 0.4 9.75 23.1 

Seed length (mm) 10 seeds 70.1 1.3 50 100 

Seed width (mm) 10 seeds 50.6 1.0 35 80 

Number of seed per pod 13.0 0.2 9 18 

Days 50% flowering 44.7 0.8 31 80 

 

Table 1. Mean and variation of morphological characters of cowpea 
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Variable   PC1 PC2 PC3 PC4 PC5 PC6 

Seed Shape 0.07 0.50 0.16 -0.47 0.41 0.22 

Testa texture -0.02 0.66 0.06 -0.33 0.24 0.33 

Seed coat color pattern -0.09 0.11 0.13 0.61 0.29 -0.12 

Eye pattern -0.72 0.14 0.29 0.39 -0.25 0.07 

Eye color -0.76 0.05 0.18 0.32 -0.22 0.12 

Seed crowding -0.39 0.06 0.47 0.02 0.16 -0.08 

Pod length (cm) 10 pods 0.73 -0.03 -0.23 0.37 -0.12 0.04 

Seed length (mm) 10 seeds 0.56 0.34 -0.32 0.43 -0.16 0.18 

Seed width (mm) 10 seeds 0.39 0.72 0.00 0.20 -0.14 0.02 

Number of seed per pod 0.23 0.06 0.32 -0.14 0.10 -0.67 

50% flowering 0.28 -0.36 0.18 0.08 0.54 0.15 

Colors of the flowers 0.34 0.08 0.15 0.08 -0.27 -0.24 

Twining Tendency  0.42 -0.12 0.50 0.28 -0.04 0.40 

Plant pigment  0.15 0.44 0.30 -0.14 -0.45 0.08 

Raceme position 0.51 -0.21 0.26 0.11 0.22 0.27 

Pod attachment in to peduncle -0.34 0.19 -0.22 0.16 0.43 0.32 

Immature pod pigment -0.03 0.62 0.43 -0.09 -0.09 -0.04 

leaf shape -0.28 0.11 -0.38 0.17 -0.10 0.38 

pod curvature 0.09 0.48 -0.19 0.20 0.21 -0.39 

Growth habit  0.25 -0.33 0.49 -0.31 -0.38 0.35 

Growth pattern  0.07 -0.02 0.70 0.40 0.24 -0.07 

Component  

      Eigen value  3.23 2.51 2.24 1.82 1.57 1.521 

Percentage of variance 15.40 11.94 10.69 8.68 7.47 7.244 

Cumulative percentage  15.40 27.35 38.03 46.71 54.18 61.427 

 

Table 2. Loadings of each variable to principal component and the Eigen values, and percentage variation explained 
                 by each component
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Figure 1. Hierarchical clustering of cowpea accessions based on morphological characters
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 Figure 2. Scatter plots of first four factor scores of principal components 

The recommended varieties Dhawala, MI 35 and 

Bombay were grouped together between 5-10 Euclidian 

distances.  CP 60, CP 75, CP 100 and CP 19 were 

identified as distantly related accessions from the rest. 

Considerable variation observed between tested 

accessions would be useful to consider in future 

breeding programs. 
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Use of  ITS  Region for Molecular Differentiation of Exobasidium vexans Causing Blister Blight in Tea
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Abstract

Blister blight caused by biotrophic fungus Exobasidium vexans Massee is the most problematic leaf disease in tea 

(Camellia sinensis (L.) O. Kuntze) However, there is little information available on the genetic variation of E. vexans in 

Sri Lanka. Understanding the molecular make-up of the pathogen and pathogen population will be helpful for 

identifying virulent strains, developing and deploying cultivars with durable resistance and development of 

appropriate disease control strategies. This study was carried out to develop a method to collect pathogen materials 

for DNA analysis and to test the feasibility of using Basidiomycetes specific ITS-1F and ITS-4B primers for studying 

molecular diversity of E. vexans. DNA was extracted using DNeasy® mini extraction kit from Basidiospores of E. 

vexans collected by spore fall technique and pure cultures of Pestolotia  theae, Cladosporium sp. (Ascomycetes) and 

Poria hypolateritia (Basidiomycetes) for comparisons. PCR assays were carried out using ITS-F and ITS-4B primer 

pairs. The primer pair preferentially amplified a prominent and reproducible region (700 bp) for both of E. vexans and 

P. hypolateritia but not the two ascomycetes fungi tested. The excised bands of E. vexans collected from Talawakelle 

and P. hypolateritia were then used as templates in a second PCR, using the same primers and the re-PCRed product 

was sequenced”  The DNA sequences of both species showed higher similarity (>80%) with the DNA sequences of 

Basidiomycetes fungi in the Genbank.  ITS sequences of E. vexans showed 77-89% homology with other Exobasidium 

spp. when subjected to BLAST analysis confirming the accuracy of the amplified region.  The results of this study 

suggest that ITS-1F and ITS-4B primer pair can be successfully used to discriminate E. vexans from mixed templates 

and to study the genetic diversity of this pathogen in Sri Lanka. 

Key words:  Basidiomycetes, Blister blight, DNA sequencing, E. vexans, Tea 

Introduction 

Exobasidium vexans is a destructive pathogen that 

causes Blister blight in tea in almost all tea-growing 

areas of Asia. As infection is directly to harvestable 

shoots used for manufacturing of black tea, crop loss 

caused by this pathogen is enormous especially under 

misty and rainy weather conditions besides adversely 

affect the quality of made tea.  The pathogen also attacks 

young shoots that emerge after pruning, badly affecting 

the recovery of the pruned bushes. The symptoms start 

with small yellowish translucent spots then infected 

area slowly become sunken into a shallow depression on 

the upper side of the leaf and on the corresponding 

under-side they become convex, forming the typical 

blister lesion. Blistered tissues turn into necrotic spots 

after releasing spores (Gadd and Loos, 1949). 

Tea is grown under different climatic conditions and 

varieties of recommended tea cultivars are available in 

Sri Lanka. Blister blight seems to infect tea in almost all 

tea growing areas and a cultivar showing total resistant 

to blister blight has not been identified so far. Disease 

control is virtually impossible, if the high variability 

exists within the pathogen population. Despite its wide 

distribution and seriousness, information on genetic 

variability of E. vexans is limited in Sri Lanka.  One of the 

reasons attributed for this is E. vexans is an obligate 

pathogen hence cannot be cultured in pure form in the 

laboratory and large-scale multiplication is therefore, 

not possible.  Therefore, it is required special methods 

to collect sufficient materials for extracting DNA for 

subsequent molecular analysis. 
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The preliminary investigation of genetic diversity of E. 

vexans using RAPD markers showed high variation with 

respect to different locations and different cultivars 

(Kumari et al., 2010). The major drawback of the above 

method is poor repeatability due to the nature of the 

primers used. 

The Internal Transcribed Spacer (ITS) regions are 

widely engaged in fungal classification. ITS are 

sequences located in eukaryotic rDNA repeat between 

the small subunit, 5.8S, and the large subunit coding 

regions. Studies on restriction site variation in the rDNA 

in populations have shown that, while coding regions are 

conserved, spacer regions are variable (Grades and 

Burns, 1993). They are useful for phylogenetic analyses 

among related species and/or among populations 

within a species.

In this study it was aimed at developing a methodology 

for collection of sufficient basidiospores of E. vexans and 

to test the feasibility of using basidomycetes specific ITS 

primers ITS-1F and ITS-4B for molecular differentiation 

of E. vexans. 

Materials and Methods

Fungal material

Basidiospores were collected from mature blisters by 

modifying spore fall technique described by Sharma and 

Chakraborty (2004). Shoots with well-developed 

sporulating lesions collected from Talawakelle, Nuwar 

Eliya, Passara and Ratnapura were selected and dipped 

in conical flasks containing sterile 2% sucrose solution. 

The leaves with the sporulating blisters were placed 

horizontally (ventral side) with the support of a sterile 

microscopic slide over a wide mouth sterile glass bottles 

(50 ml capacity) containing 2 ml of 6% sterile sucrose 

solution in the way allowing spores to be fall into the 

sucrose solution.  Similarly the spores were collected in 

to several bottles. The whole setup was covered by a 

moisture chamber made by glass bell jar and incubated 

oat Room Temperature (23 C) for collection of 

basidiospores. After 24–48 h of incubation, the 

basidiospores deposited on the sucrose solution were 

collected into 1.5 ml eppendorf tubes by centrifugation 

at 4000 g for 5 minutes. The collected spores were 

ostored at -80 C until use. 

Besides, a culture of  Cladosporium sp. and P. theae  

were isolated on potato dextrose agar (PDA) from 

necrotic tissues following blister blight infection and P. 

hypolateritia from red root disease lesion following 

surface sterilization with 1% NaOCl for 1 min. Seven 

day old monosporic cultures grown on PDA at 27±2 °C 

were used for DNA extraction for comparison 

purposes.  

DNA extraction and PCR

DNA was extracted from the collected spores of E. 

vexans and pure cultures of Cladosporium sp. and P. 

theae and P. hypolateritia using DNeasy® plant mini 

DNA extraction kit (QIAGEN) following manufactures' 

protocol.  PCR was carried out in 25 ìl reaction 

volumes each containing 2 µM ITS-1F and ITS-4B 

primers, 2 mM MgCl , 2 mM dNTP-mix, 1X PCR buffer 2

(Promega) and 2 units Taq DNA Polymerase 

(Promega). Cycling parameters were 1 cycle of 95 °C for 

5 min of initial denaturation followed by 30 cycles of 

0denaturation at 94 C for 4 min, primer annealing at 55 

o oC for 1 min, extension at 72 C for 90 sec and final 

extension for 7 min. PCR product was separated and 

visualized on silver stained PAGE with 100 bp 

molecular weight marker.  A prominent band at 700 bp 

of E. vexans and P. hypolateritia was excised using 

sterile sharp blade and re-PCRed. The re-PCRed 

products were sequenced using AB3500DX genetic 

analyzer. The obtained sequences were subjected to 

BLAST analysis. A phylogenetic tree was constructed 

by using DNADist Neighbor-Joining method in 

BioEdit(version 3.6a2.1).
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Results and Discussion 

E. vexans as an obligate pathogen, the main body of the 

fungus is within the infected plant parts.  Basidiospores 

are produced in tremendous numbers in a distinct 

hymenium that appeared as a white, felt-like layer. A 

mature blister lesion can produce about 2 million spores 

in 24 h (Huysman, 1952). Though several authors time to 

time reported culturing this pathogen on artificial 

media, success and repeatability of those methods 

remain questionable. Hence, basidiospores are the only 

reliable fungal structures that could be collected for in 

vitro studies. Sharma and Chakraborty (2004) described 

a method for collecting basidiospores from mature 

blister for inoculation purpose. Here, we made 

modifications to the method described in Sharma and 

Chakraborty (2004) in order to get enough fungal 

material for extraction of DNA. 

The modified spore fall technique yielded germinating 

basidiospores in the sucrose solution which is free of 

plant DNA. Spore palette of 2-5 mm height from the 

bottom of 1.5 µl eppendorf tube was enough for 

extracting DNA from E. vexans using DNeasy® DNA 

extraction kit and yielded good quality DNA. Generally, 

monoconidial cultures are used for molecular studies of 

fungi in order to maintain uniformity and purity.  In the 

absence of such purification, there are chances of 

contamination with other leaf surface inhabiting fungi 

and bacteria in the collected basidiospores. Here, we 

used Basidomycetes specific ITS-1F and ITS-4B (Grades 

and Burns, 1993) primers to amplify E. vexans together 

with possible phylopllane contaminants Cladosporium 

sp. and P. theae belong to Asocomycetes and a 

Basidomycetes tea root pathogen, P. hypolateritia, as a 

positive control to test the specificity of the primer pair. 

In order to optimize PCR conditions, a series of 

incrementally higher annealing temperatures and series 

of DNA quantities were tested.  Annealing at 55°C gave 

the cleanest results when about 25 ng of DNA of E. vexans 

was used. However, the primer pair showed higher 

sensitivity to P. hypolateritia and even 3 ng of DNA was 

sufficient. The primer pair efficiently amplified the 

Basidiomycetes, E. vexans and P. hypolateritia. 

Amplification of DNA of Cladosporium sp. and P. theae 

resulted in either no product or extremely faint 

product.  The results showed that the Basidiomycetes 

specific ITS-1F and ITS-4B primer pair is suitable for 

amplifying E. vexans from mixed template total DNA 

sample which may contain possible contamination of 

phylloplane Ascomycetes.  

To identify the target region of the rDNA, specific bands 

of of E. vexans and P. hypolateria were sequence 

characterized. E. vexans yielded a sequence of 650 bp 

while P. hypolateria resulted a sequence of 780 bp. All 

the BLAST hits were Basidiomycotina when query 

sequence was E. vexans and P. hypolateria separately 

(for E. vexans: total hits 95 hits, 53 organisms,  

similarity 90-82%; E value, 0 to111e-1, coverage 98-

58%,  and for P. hypolateria: total 78 hits, 34 organism 

95-84% similarity E value 0, coverage 97-79%).

Pair wise comparison of E. vexans with neucleotide 

sequences of 26 Exobasidium spp. available in Genbank 

showed 87-77% similarity. Similarity with E. camellia 

known to cause disease in other Camellia sp. and E. 

rhododendri known to cause blister blight in 

Rhododendron in Sri Lanka showed 77% and 80%, 

respectively confirming accuracy of the region 

amplified. E. vexans sequence obtained from this study 

(TRI F Ev) and Genbank sequence of this species 

(KC442794.1) clusterd separately from other 

Exobasidium spp. (Figure 1) while P. hypolateritia 

formed an out-group. 

Conclusion

In conclusion, the developed spore fall technique is 

easy and suitable for collecting basidiospores of E. 

vexans from naturally infected tissues for DNA 

extraction using DNeasy® extraction kit. ITS-1F/ITS-

4B preferential amplification of E. vexans in a possible 

mixed template showed its suitability for the use in 

molecular differentiation of this serious pathogen of 

tea. 
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Figure 1. Unrooted neighbour joining phylogenetic tree for the obtained E. vexans (Tri F Ev), P. hypolateritia (TRI 

                   F Poria) and other Exobasidium spp. sequences available in Genbank. 
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Allometric Relationship among Leaf and Floral Parameters in Anthurium andraeanum Variety “Tropical 

Red”: Simple Indication of Floral Display
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Abstract

Anthurium is a popular tropical cut flower grown commercially both for export and local markets.  Flower size plays a 

vital role in deciding the price of the finished product. Corner's rule in plant form indicated that, leaf size and 

inflorescence size are correlated. It is hypothesized that in Anthuriums, flowers and leaves that are produced 

alternatively in a bush should possess the above traits and would beneficial for growers, in determining aspects of 

floral display (inflorescence size) by observing allometry at the level of leaf size. This study mainly aimed to explore 

the simple allometric relationships in Anthurium andraeanum variety “Tropical red” considering leaf and floral 

morphological traits. Study was conducted in Kandy District, Sri Lanka. Relevant measurements were taken from ten 

Anthurium growing farms. Ten plants were measured at each location and size related parameters of both leaves and 

flowers were taken. Regression analysis was done using natural log in allometric analysis. Results showed significant 

relationships among most parameters measured. Leaf area, leaf length, leaf width, lobe length and petiole length 

showed significant positive correlations with pedicel length, spathe length and spathe width. However spadix length 

of Anthurium did not show significant relationships with leaf parameters. Reproductive effort of plants was also 

visible in tested Anthurium cultivar and without natural log values, graphs indicated, there should be a minimum leaf 

length of 5 - 10 cm to initiate flowers. Therefore, relationships between allocation and allometry are obvious. In 
2conclusion, leaf sizes and flower sizes are allometically related traits (R  – 0.7072) in Anthurium andraeanum variety 

“Tropical red”.

Key words:  Anthurium andraeanum, Corner's rule, Plant allometry, Reproductive effort

Introduction

Corner (1949) has shown that, stoutness of twigs is 

inversely related to the degree of branching and leaf and 

inflorescence sizes are related to the branch thickness. 

These rules have tested for the vegetative structures at 

the inter-specific level but studies for the reproductive 

structures are scares (White, 1983). Thus, a logical 

argument can be developed using the Corner's rule that 

the leaf size and inflorescence size are correlated to each 

other since branch thickness correlates to both leaf and 

inflorescence size. This simple corollary has been tested 

for several species those contain leaves and reproductive 

structures on the same shoots.

Allometry can be further described in allocation point of 

view (partitioning) as a size dependent process. 

Allometry is the quantitative relationship between 

growth and allocation. Weiner (2004) has shown that 

many allocation patterns follow allometric trajectories, 

thus allocation is a function of plant size. When plants 

are grown in isolation, relationship between stem 

diameter, height and plant mass generally show simple 

allometry (linear relationship). However, when plants 

are competing, these relationships become curvilinear 

or discontinuous (Waite and Hutchings, 1982).

This study was implemented using Anthurium 

andraeanum variety “Tropical red” to test the simple 

allometric relationship of leaves and flowers. 

Anthurium andraeanum is a popular tropical cut flower 

0 0which can be grown well in 21 C – 30 C temperature 

and at about 70 - 75% relative humidity. The rainfall 

should be more than 1500mm. Cultivation of 

Anthuriums is done under 75% shade nets since it is a 
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shade loving flowering plant. High radiation and 

temperature results in sun scorching of the leaves and 

flowers (Wijesundara, 2005).Understanding the 

unexpected hidden links between vegetative and 

reproductive features of Anthuriums will help the 

growers to forecast the floral sizes by observing the leaf 

sizes using simple allometry of the leaves so that 

necessary management steps can be taken to adjust 

them since flower size is one of the key concerns in the 

grading and price determination in the global 

Anthurium market. 

Materials and Methods

The selected site for the study was Kandy District which 

is located in the Central province, Sri Lanka. The agro 

ecological region is WM3. It receives annual rainfall of 

about 2066mm and the daily mean temperature is about 

024.7 C. Data were collected at different locations in 

Kandy District, namely Danthure, Katugasthota, 

Amunugama, Hanthana, Wattaranthanna, Minigamuwa, 

Ankumbura and Peradeniya where Anthuriums are 

grown under uniform conditions. 

2As leaf parameters: leaf area was calculated in cm  using 

the grid method. All the length measurements were 

taken in centimeters using a measuring tape. Leaf length 

was measured from the lobe end to the leaf tip. Leaf 

width was measured at the place where petiole connects 

to the leaf as it was the widest place in the leaf. Lobe 

lengths were taken from the lobe end to the place where 

petiole connects to the leaf. Finally petiole length was 

measured from the emerging point of the leaf from the 

rhizome to the place where petiole connects to the leaf.

As floral parameters: pedicel length was measured from 

the emerging point from the rhizome to the flower 

spathe. Spathe length was measured from the spathe tip 

to where pedicel joint to the spathe. Spathe width was 

measured from the place where the spadix of the flower 

emerged as it was widest place in the spathe. Spadix 

length was measured from the base of the spadix to the 

tip of it. Leaf sizes were regressed against the 

inflorescence sizes using the natural log values as 

usually used in the allometric analysis.

Results and Discussion 

White (1983) argued that relationship between leaf 

size and inflorescence size is less general in different 

plant taxa due to the differences in the plant 

architecture. Accordingly the taxa which have separate 

vegetative and reproductive shoots will overcome the 

constraints of allometry by manipulating leaf size and 

inflorescence size.

Anthuriums which produce its flowers in the 

inflorescence called spadix follow the white's 

argument showing no significant allometric 

relationship between the sizes of spadix with the leaf 

parameters (Table 1).Thus, spadix is considered as a 

rigid character which shows no relationship with the 

leaf sizes. Since spadix contains the genetic 

information of the plant, it supports the reproductive 

mechanism of the flower independently from the other 

factors.  Some allocation patterns show relatively fixed 

allometric trajectories, since allometry is related 

quantitatively to the growth and allocation in plants, 

proving the above relationship (Weiner, 2004).

In commercial point of view, Anthurium is a cut flower 

that consumers prefer the size of colorful spathe. The 

spathe shows simple allometric relationships with the 

leaves. Spathe length, spathe width and the pedicel 

length were positively correlated with the size related 

parameters of the leaves such as leaf area, leaf length, 

leaf width, lobe length and petiole length. Thus, it is 

evident that allometry can be seen between the leaves 

and spathe of Anthurium variety “Tropical red”
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edicel length  0.789 0.753 0.833 0.856 0.881 

Spathe length  0.861 0.814 0.866 0.927 0.833 

Spathe width  0.88 0.856 0.845 0.896 0.662 

Spadix length  0.454 0.457 0.483 0.384 0.594 

 

Table 1. Correlation matrix of leaf and flower parameters. 

2Parameter (cm)              Leaf area (cm )    Leaf length (cm)   Leaf width (cm)     Lobe length (cm)    Petiole length (cm)

Corrlation coefficients shown in bold letters are significant at 5 %

Anthurium flowers are bisexual and born in the spadix. 

The flowers do not mature at the same time. Thus cross 

pollination through insects, wind or by artificial means 

needs to happen for seed set. The allometric patterns 

between leaf and floral parameters have implications to 

the insect pollination purpose, because the colorful 

spathe should be proportionately large enough parallel 

to the leaf size to visualize the spathe clearly to the 

insects to accomplish the pollination successfully. In 

order to do that, flower spathe should grow larger when 

the leaf enlarges. The results show clear indication of 

positive relationship between leaf size and floral size 

parameters supporting this idea (Figure 1).

Many studies have reported that plants change their 

reproductive allocation patterns in response to the 

competition. Plants grown in higher densities give 

priority to develop their vegetative structures (stems 

and leaves), but individually grown plants which do not 

have to compete with other plants give priority to 

produce their reproductive structures (flowers). This 

Figure 1. Relationship between leaf length and 

                   spathe length of Anthurim andraeanum 

                   variety “Tropical red”

phenomenon can be explained much simply through 

allometry between reproductive and non-reproductive 

biomass (Waite and Hutchings, 1982). Since 

Anthuriums were grown in individual pots in 

commercial scale, competition between the plants are 

assumed to be less. Thus the simple allometry between 

the leaf and floral parameters exist unchanged. 

According to the results, the average leaf length should 

be 5-10 cm to initiate flowers. This implies that, there 

should be a minimum leaf size for reproduction and the 

reproductive effort increases with time. These results 

on allometry may have practical applications in 

determining the time of flower initiation, potential 

flower size which can be used for the benefit of growers 

and plant taxonomists. Since the leaf and floral 

characteristics are correlated and determined the size 

of the spathe depending upon the leaf size, leaf size 

should be maintained according to the required spathe 

size. Proper shade level maintenance is quite 

important since the plant prefer 70-75% shade to 

flowering (Wijesundara, 2005). In large scale 

Anthurium farming, required quality and sizes of 

flowers can be achieved by practicing the 

recommended management and the fertilizer 

applications. 

It can be concluded that, flower size and leaf size of 

Anthurium andraeanum variety “tropical red” are 

allometrically related and results support the Corner's 

rule. Further studies are required using different 

varieties grown in other Agro Ecological Regions to 

generalize this simple allometric relationship to 
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indicate floral display and reproductive effort to the 

whole species.
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Induction of Polyploids from Purple Coneflower (Echinacea Purpurea L.) Through Colchicine Treatments
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Abstract

In this study petiole explants were obtained from in vitro grown diploid E. purpurea (Purple coneflower: Asteraceae) 

plantlets and shoots were regenerated by culturing the explants on MS basal medium containing 0.3 mg/l BA, 0.01 

mg/l NAA and four different concentrations (30, 60, 120 and 240 mg/l) of colchicine for 30 days or 120 mg/l of 

colchicine for various durations (7, 14, 21, and 28 days). The regenerated shoots were induced to root on MS basal 

medium with 0.01 mg/l NAA, then the root-tips of the regenerated shoots were sampled and the chromosome number 

of the root tip cells was counted. Completely Randomized Design (CRD) was used with 5 replicates. It was found that a 

treating duration longer than seven days was necessary for the induction of tetraploid shoots, and treating the 

explants with 120 mg/l colchicine for 28 days was the most efficient conditions for the induction, yielding 23.5% 

tetraploid among all the regenerated shoots. These newly established protocols in organogenesis, doubling the 

chromosome number of diploid E. purpurea plants have high applicable values for genetic improvements of the crop. 

Key words:  Purple coneflower, Colchicines, Diploid, Tetraploid

Introduction

The importance of polyploid plants in agriculture is well 

documented (Lewis, 1980). Nevertheless, only few cases 

of polyploid medicinal plant have been reported (Gao, 

1996). Inducing polyploid plants by tissue culture is 

advantageous because of high affectivity and 

convenience in comparison with traditional methods 

(Gao et al., 1996).

The manipulation of ploidy is a valuable tool in 

improving crops and also very useful tool in plant 

breeding, that has been used to overcome hybridization 

barriers (dissolving interploid blocks), restore hybrid 

fertility by the creation of allopolyploids, develop sterile 

cultivars (meiosis being prevented by complications due 

to the presence of multiple homologues chromosomes), 

enhance pest resistance and disease tolerance in 

allopolyploids by the additive effect of defense chemicals 

inherited from both parents, and create larger plants 

with enhanced vigor (Stebbins, 1971). Polyploids 

usually show different morphology compared with 

diploids, the amount of differences being very 

dependent on the plant species, the degree of 

heterozygosity, the ploidy level, and the mechanism 

relating to gene silencing, gene interactions, gene dose 

effects and regulation of specific traits and processes 

(Leitch and Bennett, 1997). Out of many applicable 

methods, the use of chemicals to induce changes in 

chromosome number has been well established. 

Colchicine is the most frequently used and the most 

efficient agent to induce chromosome doubling in 

plants. Varying environmental conditions are also 

suspected of inducing the appearance of mixoploidy 

(Sikdar and Jolly, 1994).        

Moreover, the treatment is lengthy, laborious, 

carcinogenic effect and uneconomical due to a greater 

consumption of colchicine during the treatment. 

Polyploids often generate variants that may contain 

useful characteristics. In addition, by doubling the gene 

products, polyploids provide a wider germplasm base 

breeding studies to obtain superior new varieties for 

the commercial production. For those benefits, we 

described via these experiments the main factors 

influencing the efficiency in doubling the chromosome 
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number, colchicine concentration and treatment 

duration in the regeneration medium. The aim was to 

establish effective methods for doubling chromosome 

number and obtaining pure tetraploid plants with 

higher mass production from diploid E. purpurea plants.

Materials and methods

 Induction of chromosome doubling

Comparison of the effects of the different concentrations 

of colchicine 

Petiole explants (5-10 mm) excised from the sterile 

diploid E. purpurea were cultured on MS basal medium 

containing 0.3 mg/l BA with 0.01 mg/l NAA and different 

concentrations of filter sterilized colchicine (0.0, 30, 60, 

120, 240, 480 mg/l) which was dissolved in 2% DMSO. 

Explants were pre-cultured on shoot regeneration 

medium for one week to heal the cutting wound and 

initiate cell division, and then transferred to shoot 

regeneration medium with colchicine. After 30 days 

interval colchicine treated petiole explants were 

transferred to the same medium without colchicine. 7-

10 explants were cultured in one bottle.

Comparison of the effects of different duration of 

treating of colchicine 

From the results of above experiment choose the best 

colchicine concentration to double the chromosome 

number and conduct the following experiments to 

investigate the effect of treatment duration to produce 

the polyploids. 

Prepared 30 bottles of regeneration medium (0.3 mg/l 

BA + 0.01 mg/l NAA) supplemented with 120 mg/l 

colchicine and transferred the explants from day 7, 14, 

21, 28 and 35 to fresh medium with the same 

composition without colchicine and cultured 40 days.

 Root induction of regenerated plants

Healthy and robust regenerated shoots longer than 1.5 

cm were cut from the mother tissues and cultured to 

MS medium with 0.01 mg/l NAA for the initiation of 

roots and further growth of the intact regenerated 

plantlets. 

Observations of chromosomes and determination of 

ploidy level

Fifty regenerate plants were randomly selected 

actively growing root tips about 5-10 mm in length 

were excised. These root tips were pre-treated with 

0.01% colchicine solution at room temperature for 2-3 

hours. Then they were transferred to fixing in Carnoy's 

solution containing acetic acid: ethanol (95-100%) (1: 

3, v/v) for at least 24 hours. Then root tips were 

°hydrolyzed in 1 N HCl for 05-10 min at 65 C. Root tips 

were stained with one drop of carbol fuchsin solution 

for 1-2 minutes, squashed under cover glass and cell 

samples of the root tips were observed for 

chromosomes under a microscope (Leica DLMB2). 

Data analysis

All experiments were arranged Complete Randomized 

Design (CRD) with 5 replicates. Statistical analysis was 

carried out using the Student Newman-Kuells Means 

Separation Test of SAS program (9.1.3).  

Results and discussion

Increasing the chromosome number of the explants 

after colchicine treatments depended on the 

concentration and on the duration of the treatment. 

Effects of the different concentrations of colchicine

The regeneration rates in the colchicine treatments 

were lower than those of the control, epecially at higher 

concentrations and longer durations. The first visible 

effect was shoot regeneration ability and growth of 

buds delayed significantly on colchicine containing 

medium compared with non treated regeneration 

medium (Fig. 1), especially higher concentrations and 
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longer durations inhibited more heavily. Shoot 

regeneration from petiole explants generally took place 

after one month of culture on regeneration medium, and 

the regenerated shoots could continue grow on the same 

medium for another 10 days without declining in 

activity. Colchicine also delayed the regeneration 

progress and induced noticeably more callus on the 

cutting surface of the explants. After a month of growth, 

all untreated explants had significantly higher number of 

shoots than colchicine treated explants where as 

colchicine treated explants had shorter shoots 

comparing to the control. The highest concentration 

(480 mg/l) and maximal treatment duration (35 days) 

prevented completely the regeneration of explants. 

When treated with high colchicine concentration for 30 

days, the percentages of explants that died increased. 

Non growing, brown buds were considered to be dead. 

The surviving calluses were subcultured to the MS basal 

medium after 30 days in order to develop buds and/or 

plantlets. Explants survived on the media with 

colchicine concentrations of 0.0, 30, 60, 120, 240 mg/l 

showed 97.5%, 67.5%, 50%, 20% and 7.5% 

regeneration respectively. However, all of the explants 

treated with 480 mg/l colchicine died. 

30 mg/l was not effective because only a low portion 

cells had doubled chromosome numbers. 120 mg/l 

colchicine in the medium exhibited the best doubling 

effects; among 51 plantlets examined, chromosomes in 

11 plantlets were confirmed to have been completely 

doubled. Colchicine at 60 and 240 mg/l was also 

effective, being able to induce complete chromosome 

doubling in 5.9 - 7.8% of the examined plantlets, but in 

comparison with 120 mg/l, these two concentrations 

were lower efficiency.

Effects of different duration of treating of colchicine

In the above experiments, 120 mg/l colchicine 

treatment induced chromosome doubling with the 

highest frequency. In this experiment, explants were 

inoculated on media supplemented with 120 mg/l 

colchicine for various durations. It was clear that 

longer duration treatments of colchicine inhibited the 

regeneration efficiency. No shoots survived from the 

too highest treatment duration (35 days) and the all 

explants died without showing regeneration. The 

surviving calluses were sub-cultured to the MS basal 

medium without colchicine after 7, 14, 21 and 28 days 

interval to develop buds and/or plantlets. All of the 

colchicine treated explants survived, showing 72.5%, 

60%, 47% and 17.5% regeneration respectively. 

However with all explants which were treated 35 days 

had 100% lethality. When increasing the treatment 
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Figure 1. Cultures of petiole explants on regeneration medium containing 0.3 mg/l BA and 0.01 mg/l NAA  a. for 40 

                   days without subculture b. for 40 days after being cultured on a medium containing 0.3 mg/l BA, 0.01 mg/

                   l NAA and 120 mg/l colchicine for 30 days
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duration, the percentages of explants that survived were 

reduced simultaneously.

Roots were sampled from plantlets growing from the 

regenerated shoots and chromosome number of the 

root-tip cells was counted. The highest percentage 

(23.5%) of tetraploid induction occurred in the 

regeneration medium treated with 120 mg/l colchicine 

for 28 days. However, 14 and 21 days treated explants 

also generate a substantial number of tetraploids 

(11.7% and 19.6%) whereas no tetraploid observed in 

treatment for 7 days. Thus, this method provides an 

efficient technique by which colchicine can be utilized 

economically for the mass induction of tetraploids.

Petiole explants with 120 mg/l colchicine for 28 days 

was more effective for the induction of tetraploids in 

purple coneflower.
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Abstract

A major problem encountered in tropical agriculture is the reduced soil fertility due to monoculture. Therefore, there 

is a need to improve productivity of soil by using environmental friendly methods. Rice (Oryza sativa L.) is the major 

staple food in the tropics and green gram (Vigna radiata L. variety; MI 5) is a major legume which is intercropping with 

rice. Radish (Raphanus sativus L.) is a popular vegetable with edible root and leaves. Present study was focused on 

investigating the effect of green gram and radish, on vegetative growth of improved rice varieties AT 401 and AT 402 

under in vitro conditions. Seeds of two rice varieties, green gram and radish were cultured in Murashige and Skoog 

basal Medium (MS). Treatments were; AT 401 with green gram, AT 401 with Radish, AT 402 with green gram, AT 401 

with radish, green gram with radish, sole AT 401, sole AT 402, sole green gram and sole radish. Completely 

Randomized Design (CRD) with three replicates was used. Statistical analysis was carried out using the Student 

Newman-Kuells Means Separation. Height, weight of each plant and number of tillers in rice varieties were recorded 

30 days after planting. Vegetative growth of rice varieties AT 401 and AT 402 were significantly enhanced by 

intercropping with radish when comparing to the sole AT 401 and sole AT 402 showing, mean plant weight (0.3g, 

0.31g) and number of tillers (5, 7) respectively. It was reduced with green gram under in vitro conditions displaying 

mean plant weight (0.2g, 0.08g) and number of tillers (1, 1),  respectively. 

Key words: Oryza sativa varieties AT 401, AT 402, Vigna radiata, Raphanus sativus, Intercropping, In vitro

Introduction

Rice (Oryza sativa L.) is a major staple food crop in the 

tropics (Ogutu et al, 2012). It is the most important crop 

occupying 34% (0.77 /million ha) of the total cultivated 

area in Sri Lanka. Sri Lanka currently produces 2.7 

million tons of rough rice annually and satisfies around 

95% of the domestic requirement (Department of 

Agriculture, 2006). There are several improved 

cultivated rice varieties in Sri Lanka. Among them AT 

401 and AT 402 are two improved cultivated rice verities 

issued by Department of Agriculture, Ambalantota. The 

variety AT 401 is recommended for coastal saline area 

while AT 402 recommended for dry and intermediate 

zones with assured supply of water (Department of 

Agriculture, 2006). Radish (Raphanus sativus L., 2n=18) 

is a common vegetable in Asia and also most parts of the 

world. This plant produces edible root with different 

shapes. Apart from culinary purposes, radish has diverse 

medicinal properties as well (Mohomad et al, 2009). In 

Sri Lanka, Radish is one of the vegetables that can be 

grown in all agro ecological regions throughout the 

year if adequate moisture is available. Two varieties, 

Japan ball Rabu and Beeralu Rabu are recommended 

for upcountry and low country, respectively 

( D e p a r t m e n t  o f  A g r i c u l t u re ,  2 0 0 6 ) .  C ro p  

diversification through intercropping has long been 

recognized as a kind of biological insurance against 

risks and abnormal rainfall behavior in dry 

environment. It increases the cropping intensity, 

productivity, profitability, optimized utilization of soil, 

water, nutrients and sunlight. Besides increased 

overall productivity and income, intercropping of 

legumes with cereals helps in conserving moisture by 

reducing runoff, improving physical properties of soil 

and building-up of soil fertility. Legumes like green 

gram/black gram being short duration herbs may 

constitute potential intercrop in rice under rain fed 

conditions (Lawrence and Gohain, 2011). Legumes 
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such as green gram (Vigna radiata L), cowpea etc. and 

non-legumes such as vegetables are intercropped with 

rice; however, there are no reports for rice inter cropped 

with radish in Sri Lanka. In vitro study is needed before 

establishing field experiment regarding those facts to get 

an idea about those relationships. Therefore, the current 

study was undertaken to in vitro investigate the effect of 

green gram and radish on the growth of improved 

cultivated rice varieties AT 401 and AT 402.

Materials and Methods

Plant source

Seeds of rice (AT 401, AT 402), green gram and radish 

(Beeralu) were purchased from the Seed and Planting 

Material Division, Department of Agriculture, Sri Lanka.

Preparation of culture media

Murashige and Skoog Medium (MS medium) without 

hormones was used to prepare aseptic cultures. Prior to 

the addition of agar, the pH of the medium was adjusted 

to 5.8-6.0 with 1N NaOH or 1N HCl solution and 

-2autoclaved for 20 min at 121°C and 1.06 kg cm . , 

Establishment of aseptic cultures

Seeds were surface-sterilized by washing tap water, 

soapy water, immersing in 70% ethanol for 3 minutes, 

three times from distilled water and soaking in a 20% 

Clorox for 20 minutes, respectively. Sterilized seeds were 

then rinsed three times in sterilized distilled water and 

inoculated on a medium. The seeds were cultured under 

light for 10 days (Dahanayake et al, 2010).

Each treatment and controls had three replicates with 4 

plants/bottle and 2 plant varieties/bottle.

Data collection and analysis

Experiment was arranged according to the Completely 

Randomized Design (CRD). Aseptic seedlings were 

evaluated 30 days after initiation. Height and weight of 

seedlings in different treatments were recorded. 

Statistical analysis was carried out using the Student 

Newman-Kuells Means Separation Test of SAS program 

(9.1.3).

Results and Discussion

The data in the Table 1 indicated mean plant height 

(8.46cm), mean plant weight (0.30g) and mean 

number of tillers (5) were significantly different in AT 

401 with radish comparing to others. Lowest mean 

height (4.61cm) was observed from the cultures which 

were containing AT 401 with green gram and lowest 

mean weight (0.09g) was observed from cultures 

which were containing AT 401 only.

Furthermore the data (Table 1) revealed that mean 

plant heights of rice cultivar AT 402 were not 

significantly different with green gram as well as 

radish. However mean weights and numbers of tillers 

were significantly different from AT 402 mono cultures 

and cultures with radish. Mean plant weight (0.31g) 

and number of tillers (7) in AT 402 which were with 

radish was highly significantly different from AT 402 

sole cultures and cultures with green gram. Mean plant 

heights of AT 402 in sole AT 402, AT 402 with green 

gram and AT 402 with radish were not significantly 

different.
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Treatments no Treatments Treatments no     Controls 

1 AT 401 + Green gram           6                 AT 401 + AT 401 

2 AT 401 + Radish           7                 AT 402 + AT 402 

3 AT 402 + Green gram           8                 Green gram + Green gram 

4 AT 402 + Radish           9                 Radish + Radish 

5 Radish + Green gram  
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Mean plant heights of green gram (GG) were not 

significantly different in each treatment (sole GG, AT 

401+GG, AT 402+GG). However maximum mean plant 

weight of green gram (0.75g) was observed from green 

gram with AT 402.

 

Highest mean plant height of radish was observed from 

radish with both rice varieties (AT 401 and AT 402) 

15.83cm and 16.33cm, respectively. The plant heights 

which obtained from sole radish and radish with green 

gram were lower than it. 

The mean height and mean weight of green gram and 

radish were not significantly different from sole green 

gram and sole radish cultures. Therefore, the growth of 

radish was not affected by green gram and the growth of 

green gram was not affected by radish in in vitro 

conditions. However, results may be different under field 

conditions. Therefore, it can be investigated under field 

conditions to confirm the results obtained under 

laboratory conditions. There were no reports available 

about green gram intercropping with radish and rice 

intercropping with radish in field level. Therefore, 

those in vitro results (highest number of tillers) open a 

pioneer avenue to investigate rice and radish 

intercropping in in vivo conditions. Since number of 

tillers in AT 401 and AT 402 were remarkably high 

when cultured with radish. Glucosinolates is the major 

chemical which contain in radish (Paul et al, 2006) and 

it may have caused this significant difference of 

vegetative growth in rice cultivars and it is to be 

confirmed with further studies. In rice, high number of 

tillers means more panicles for plant and consequently 

the final yield is increased. Mean plant height and mean 

plant weight of radish were highest when cultured with 

rice varieties. That results revealed growth of radish 

was increased due to rice cultivars. Radish can be 

grown in all agro ecological regions throughout the 
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 Treatments Height (cm)  Weight (g) No of Tillers 

Effects on AT 401 AT 401 6.45b 0.09c 1b 

AT 401+GG 4.61c 0.20b 1b 

AT 401+Radish 8.46a 0.30a 5a 

Effects on AT 402 AT 402 12.21a 0.12b 1b 

AT 402+GG 10.63a 0.08b 1b 

AT 402+Radish 8.82a 0.31a 7a 

Effect  on Green Gram 
(GG) 

GG 21.78a 0.11b - 

AT 401+GG 21.62a 0.20b - 

AT 402+GG 19.17a 0.75a - 

Radish+GG 22.88a 0.08b - 

Effect  on Radish Radish 14.33b 0.25a - 

AT 401+Radish 15.83a 0.26a - 

AT 402+Radish 16.33a 0.26a - 

Radish+GG 14.50b 0.25a  

 Means fallowed by the same lower case letters in each column are not significantly different at 5% level in Duncan's 

Multiple Range Test.

Table 1. Effect of rice + green gram, rice +radish intercropping on vegetative growth of rice (AT 401, AT 402) and 

                 radish + green gram intercropping on vegetative growth of radish and green gram.
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year if adequate moisture is available in Sri Lanka. 

Beeralu rabu the variety which were used for present 

study is recommended for low country in Sri Lanka. 

(Radish: Raphanus sativus  L) and AT 401 is 

recommended for coastal saline area while AT 402 

recommended for dry and intermediate zones with 

assured supply of water (Department of Agriculture, 

2006). AT 401 and AT 402 belongs four to four and a half 

month age rice group (Rice, 2006). Thus there is a 

possibility to intercrop radish with these two selected 

rice varieties. Intercropping of rice and, radish may be an 

effective method to enhance both rice and radish yields 

and this can be tested under in vivo conditions.

As reported by Lawrence and Gohain (2011), plant 

heights of rice differ significantly due to intercropping 

with green gram under in vivo conditions. Same results 

were observed in the present study with highest plant 

height was recorded in sole rice plots and lowest was 

recorded when rice was planted with green gram. 

Furthermore Ogutu et al. (2012) and Jabbar et al. (2010) 

stated that the intercropping rainfed rice with legumes 

significantly reduced the grain of rice yield. Cowpea 

(Vigna unguiculata) caused significant yield reduction in 

grain rice of associated rice crop when compared to sole 

crop. The significant yield reduction was also observed 

in rice and common bean intercrop (Ogutu et al., 2012). 

Most of legumes have reduced rice yields compared to 

sole rice cultivation. Similar results were observed in the 

present study for rice varieties AT 401 and AT 402.

The growth of rice varieties (AT 401 and AT 402) were 

enhanced due to intercropping with radish and were 

reduced by green gram under in vitro conditions. Growth 

of green gram with radish has not affected the growth of 

each crop.
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Leaf Spot Diseases in Banana (Musa spp.) and their Control (in vitro)
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Abstract

Banana cultivators encounter difficulties and confusion in distinguishing foliage diseases and controlling them. An 

experiment was conducted from January to April in 2013, in Sri Lanka focusing on Black Sigatoka, Yellow Sigatoka, 

Septoria and Cordana leaf spot diseases. Test series were carried out at field level to study symptom development and, 

at laboratory to observe isolated pathogens under microscope. Symptoms with reddish brown specks which turning 

black were belonged to Black Sigatoka and oval shape spots were characteristic to Septoria leaf spot disease. 

Brownish streaks with yellow colour halo can be used to identify Yellow Sigatoka disease and oval shape spots with 

characteristic concentric zonations were due to Cordana leaf spot disease. Also cylindrical shaped spores with basal 

scar on the apex were produced by Mycosphaerella fijiensis (Black Sigatoka disease) and it has six to eight septa. 

Larger, cylindrical shaped spores with eight to ten septa that were developed by M. musicola (Yellow Sigatoka 

disease). Spores of M. eumusae (Septoria disease) were cylindrical and straight with four to five septa. Solitary, 

pyriform conidia were belonged to Cordanamusae (Cordana disease). For disease control five treatments including 

Tebuconazole, Bitertatanol, Carbendazim, Chlorothalonilwere tested (in-vitro) in a CRD experimental design. 

Tebuconazole and Carbendazim were recorded as the most effective chemicals for Yellow Sigatoka, Black Sigatoka 

and Septoria leaf spot diseases. 

Key  words: Cordana, Mycosphaerella, Septoria, Sigatoka, Symptoms

Introduction

Banana (Musa spp.) of family Musaceaeis a major fruit 

crop in the tropics and subtropics that makes a vital 

contribution to the economies in many countries. Asia, 

Latin America, Eastern and Southern Africa are the 

major banana producers in the world. Extent of banana 

cultivation is 48,044 ha, total production is 383,784 Mt, 

and 2649 Mt (0.7%) is exported (Anon, 2011). 

Among the fungal diseases of banana, Black Sigatoka leaf 

spot disease, Yellow Sigatoka leaf spot disease, Cordana 

leaf spot disease, and Septoria leaf spot disease are the 

most prevalent in Sri Lanka. 

Currently, Black Sigatoka is the most important disease 

of banana which is caused by the Ascomycota, 

Mycosphaerella fijiensis (Udugama, 2002). The disease 

was first recorded from the Sigatoka district, Fiji Island 

in 1963 (Mourichon et al., 1997) and in 1995 from Sri 

Lanka (Udugama, 2002).Black Sigatoka causes early 

drop of the entire leaf and resulting loss of 

photosynthetic area leading slower filling of fingers, 

premature ripening offingers, reduced yields and 

finger size. Yield loss has been estimated to be up to 

33% during the first crop cycle and up to 76% in the 

second.

Yellow Sigatoka leaf spot disease which is caused by 

Mycosphaerellamusicola was the most important leaf 

spot disease of banana before the spread of Black 

Sigatoka. Yellow Sigatoka was first recorded from Java 

in 1902 (Mourichon et al., 1997) and in 1919 from Sri 

Lanka (Udugama, 2002). 

Cordana leaf spot disease is a common, but usually 

innocuous disease of banana which is caused by 

Cordanamusae. It was first recorded in 1902 from Java. .

In year 2000, Septoria leaf spot disease was identified 

in Sri Lanka which is caused by Mycosphaere 

llaeumusae (Udugama, 2002). At present, it appears to 

be the predominant leaf spot disease in Thailand, and is 
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common in Peninsular Malaysia, Southern India and Sri 

Lanka (Jones, 2000).

Poor knowledge on proper selection and excessive usage of 

ineffective chemicals increase the cost of production. Also it 

is highly harmful to the environment. Objectives of this 

experiment are; correct identification of diseases in the 

field, differentiation of the causal organisms and leaf spot 

symptomsand selection of suitable fungicide for long term 

solution.

Materials and methods

Location

This experiment was carried out at the Department of 

Horticulture and Landscape Gardening of the Faculty of 

Agriculture and Plantation Management of Wayamba 

University of Sri Lanka, Makandura, Gonawila from January 

to April in 2013.

Sample Collection

Infected leaves of each disease were randomly collected 

from the Regional Agricultural Research and Development 

Centre, Makandura, Gonawila.

Field Study

Development of characteristic symptoms of each disease 

was observed under the field conditions from initial stage 

to severe stage.

Laboratory Investigation

Microscopic Observation

Infected leaves were chopped in fresh form and examined 

under stereo microscope for their spores.

Humid Chamber Method

Infected leaves were kept in moist chambers at room 

otemperature (25 C) under normal light conditions for 

five days. The mycelia and spore shapes were observed 

under the microscope.

Culture Media Performance

Collected samples were washed with 1% NaOCl 

solution and then three times with distilled water. 

Sections of two millimeter of sterilized leaves were 

placed on petri dishes containing Potato Dextrose Agar 

(PDA). All the in vitro steps were carried out under 

aseptic conditions. Cultured Petri dishes were 

oincubated at 27±2 C for seven days. 

Efficacy of Chemicals

Foliar fungicides that were commonly used in 

commercially were tested to compare its efficacy on 

each disease. The treatments used in the experiment 

for each disease under in vitro conditions are given in 

Table 1.

Experimental Design

Complete Randomized Design (CRD) was used with 

five treatments and seven replicates.

Data Collection

Inhibition radial growth was measured after 

incubation period of three days until the colony growth 

was stabilized.

Data Analysis

The data generated from the experiment were 

statistically analyzed using SAS 9.20 programme.

 

Number Treatments Dosage 

T1 Tebuconazole 0.35 ml/L 

T2 Bitertatanol 1.00 ml/L 

T3 Carbendazim 0.70 g/L 

T4 Chlorothalonil 2.00 ml/L 

T5 Control - 

Mycelial plugs of the fungus were placed on agar containing test chemicals. Growth measurements were taken from 

third day until colony showed stable growth.
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Koch's Postulation

Healthy leaves were kept in moist chamber and 

inoculated with the spore suspension of the each disease 

to confirm the respective causal organism. The spore 

concentrations of the solutions were greater than 

610 spores/ml.

Results and discussion

Field Study

Black Sigatoka Leaf Spot Disease

Field study showed that symptoms of Black Sigatoka leaf 

spot disease begin as yellowish colour tiny specks that 

quickly turn reddish brown on the lower surface of the 

leaf lamina. As they progress, tiny specks elongated, 

widen, becoming streaks and more clearly visible on 

lower leaf surface than upper surface. The streaks were 

expanded in size and change colour to very dark brown 

or almost black and clearly visible from the upper side of 

the leaf. The streaks continued to enlarge and become 

more elliptical in shape as it broaden and a water-soaked 

border developed around the edges. The spots were 

becoming slightly depressed and water soaked border 

was developed in to a yellow halo around it. Finally, 

centre of each spot becoming dry and pale grey in colour 

with a distinctive black border surround it. Spots remain 

visible even after the death and desiccation of the leaf 

due to the dark border encircling each of the individual 

spots. Where infection was heavy, the streaks were 

overlapped and fused to give a black appearance to large 

areas of the leaf, collapsedand become necrotic.

Yellow Sigatoka Leaf Spot Disease

Appearance of very small light green dots or dashes was 

identified as initial symptoms of Yellow sigatoka leaf 

spot disease in the field. These small dots or dashes 

elongated into a light green streak of several millimeters 

long and change the colour to rusty brown. The streaks 

became elongated and widen slightly with a poorly 

defined border.  As described by Udugama (2002), the 

streaks become more elliptical and definite spot with a 

sunkendark brown centre. It was often surrounded by a 

yellow halo. Finally, spots had grey, dried out centre and 

an obvious black margin which remains even after the 

leaf had dried out. 

Septoria Leaf Spot Disease

At initial stage, tiny brown streaks of Septoria leaf spot 

disease helps to distinguish it from Sigatoka diseases. 

Streaks continued to expand and become oval to 

elliptical shape. They were darkened and a grey colour 

center with dark border was developed as they mature. 

The mature lesions were larger and oval shaped 

(Udugama, 2002).

Cordana Leaf Spot Disease

Cordana leaf spot showed pale brown, oval shape spots 

of several centimeters long. Udugama (2002) indicated 

that, light grey colour necrotic center of the spot had 

characteristic concentric zonations and these lesions 

were surrounded by bright yellow colour haloes.

Laboratory Investigation

Black Sigatoka Leaf Spot Disease

Black colour mycelia were visible on cultures and sub 

hyaline, obclavate to cylindrical shape spores were 

observed under the microscope. They were straight or 

slightly curved at apex with six to eight septa. As 

reported by Udugama (2002), dark, basal scar on the 

apex in spores confirmed M. fijiensis.

Yellow Sigatoka Leaf Spot Disease

White fungal mycelia were developed and sub hyaline, 

cylindrical to obclavate shape conidia was observed on 

cultures. According to Ploetz et al. (2003), they were 

straight or slightly curved at apex, with eight to ten 

septa that confirmed the presence of M. musicola. 

These conidia were larger than conidia of M. fijiensis.

Septoria Leaf Spot Disease

Black colour mycelia were developed in the cultures. As 

described by Ploetz et al. (2003), sub hyaline, 

cylindrical and straight conidia with four to five septa 

were observed under microscope. Conidia were 

shorter than other Mycosphaerella spp. 
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Cordana Leaf Spot Disease

White mycelium was produced on leaf samples in the 

moist chamber. Solitary, pyriform, two celled, sub 

hyaline and smooth conida were observed under 

microscope which were similar to characters described 

by Ploetz et al. (2003). Conidia are infective and 

disseminated by wind (Ploetz et al., 2003).

Efficacy of Chemicals

Bitertatanol and Tebuconazole are broad spectrum, 

systemic, triazole fungicides with a protective, curative 

and eradicative activity. Triazoles inhibit ergosterol 

biosynthesis. Ergosterol is the major sterol in the most 

fungi which essential for membrane structure and 

function. Carbendazim is a systemic fungicide belongs to 

the benzimidazole group andinhibits mitosis and cell 

division. Chlorothalonil is a chloronitrile, non-systemic, 

foliar fungicide with protective action. 

All the fungicides tested showed significant effect on in vitro 

fungal development. Results revealed that Tebuconazole 

and Carbendazim had capability of completely suppressing 

the pathogens of M. fijiensis, M. musicolaand M. eumusae. 

The highest colony diameter was recorded in control 

treatment for each disease. Bitertatanol and Chlorothalonil 

shownsignificantly less colony growth compared to 

control. The colony diameter of M. fijiensis and M. eumusae 

on Bitertatanol were significantly lesser than 

Chlorothalonil. There was no significant difference of 

colony diameter of M. musicolaon Bitertatanol and 

Chlorothalonil (Table 2).

Selection of several effective fungicides for alternative 

application is important to avoid resistant development.  

Treatment 
Colony Diameter (cm) 

M. fijiensis M. musicola M. eumusae 

T1 Tebuconazole 0.00 0.00 0.00 

T2 Bitertatanol 1.17c 1.04b 1.10c 

T3 Carbendazim 0.00 0.00 0.00 

T4 Chlorothalonil 3.32b  2.50b 3.02b 

T5 Control 11.00a 7.17a 11.00a 

 

Table 2. Effect of chemicals on colony development of pathogen

Cultural Practices such as removal of infected leaves, 

increase space between plants to reduce humidity and 

providing efficient drainage system are important to 

control leaf spot diseases in commercial production.

The results suggest that Tebuconazole and 

Carbendazim were capable to completely suppress the 

M. fijiensis, M. musicolaand M. eumusaeunder in vitro 

conditions. However, the chemical control along with 

proper cultural practices in the field could boost the 

results in managing the foliage diseases. Therefore, it is 

necessary to carry out further testing to determine the 

effectiveness of Tebuconazole and Carbendazim in the 

field.
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Abstract

Heat processing techniques are used to destroy problematic microorganisms present in the raw milk. Most of the 

vegetative bacterial cells are easily destroyed during the pasteurization temperature but, heat resistant spores can 

survive and create problems than vegetative cells affecting the shelf life, flavour and quality of fluid milk. Therefore, 

the present study was conducted to find out the existing population level of spore-forming bacteria in milk, to identify 

the best management practices to ensure low contamination of raw milk under the present situation. Thirty farmers 

were randomly selected from extensive, semi - intensive and intensive systems according to their management 

practices. From each category, ten farmers were selected from Polonnaruwa, Medirigiriya and Katuwanwila chilling 

center areas, that belong to Milco (Pvt) Ltd. Samples were collected at the point of milking. All samples were analysed 

for mesophilic, psychotropic and proteolytic spore forming bacteria. Results were analyzed using one-way ANOVA. 

Mean psychotropic, mesophilic and proteolytic spore count of raw milk samples at farmer level were 2.38, 2.93 and 

2.47 log cfu/ml, respectively. Spore forming bacterialcountswere significantly different (p<0.05) in extensive and 10 

semi intensive systems from intensive system. Main findings suggest that due to the routine management practices 

applied in extensive and semi-intensive dairy farming in Polonnaruwa area systems appear to cause high level of 

contamination of raw milk especially with problematic psychotropic, mesophilic and proteolytic spore forming 

bacteria. 

Key  words:  Management systems, Spore-forming bacteria, Thermal processing

Introduction

Quality of milk largely depends on the presence of its 

micro flora as milk presents a highly suitable medium for 

growth of bacteria. Although, high temperature 

treatments like Ultra High Temperature (UHT) process 

are used to obtain commercial sterile products and 

spoilage of these products occasionally can be observed. 

During the UHT process, most of the vegetative bacteria 

are destroyed but heat-resistant spores can survive. 

Spores can get into the milk at different level and the 

presence of spore creates problems than vegetative cells 

affecting shelf life, flavour and quality of fluid milk 

(Scheldemanet al., 2004).  

Bacillus and Clostridium species are the commonly found 

spore-forming bacteria in milk that have been 

contaminated by soil, water, plant product, food utensils, 

food handlers, air, dust and animal feed (Jay, 2001). The 

total number of these bacteria in a product depends on 

the initial load in raw milk, the processing temperature 

employed and the extent of post processing 

contamination (Kumar and Raju, 1989). These 

organisms are associated with defects such as spoilage 

of UHT and pasteurized milk (Jay, 2000), sweet 

curdling and bitty cream caused by proteinase, lipase 

and phospholipase enzymes (Janstova et al., 2004). An 

important characteristic of Bacillus spp. is the ability of 

its vegetative cells to produce thermo-resistant extra 

cellular enzymes (Janstova et al., 2004). Due to their 

proteolytic and lipolytic activity they can affect the 

nutritional and sensory attributes such as flavour, 

texture of the products even if viable bacteria are not 

present. 
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Adequate information is not available regarding the 

a e r o b i c  m e s o p h i l i c ,  p s y c h o t r o p i c  a n d  

measophilicproteolytic spore-forming bacteria count in 

milk produced in different management systems under 

tropical climates, i.e. Sri Lanka. Hence, this study was 

conducted to enumerate the spore-forming bacteria in 

raw milk under three management conditions, and to 

identify the best management system for low-level of 

raw milk contamination under available situation

Materials and Methods

The present study was carried out in the laboratory of 

Condensed Milk Factory, Milco (Pvt) Limited at Gallela. 

Two hundred samples of raw, fresh, whole cow milk 

were collected from three chilling centre areas including 

Polonnaruwa, Medirigiriya and Katuwanwila where 

milk is processed at Condensed Milk Factory in Gallela. 

Thirty farmers were randomly selected for the 

experiment and those were classified based on their 

management practices as extensive, semi-intensive and 

intensive. From each category, ten farmers were selected 

from three chilling centre areas for the study. Samples 

were collected as the clusters of three framers and milk 

was collected at the point of milking. All samples were 

transported and kept at 0 °C until microbial analysis was 

completed.

All samples were analysed for the measophilic spore 

forming bacteria count (MSFBC), psychotropic spore 

forming bacteria count (PSFBC) and proteolytic spore 

forming bacteria count (ProSFBC) according to the 

procedure described by Laird et al. (2004). 

Differences of the means of bacterial counts among 

three management systems were determined using 

one-wayANOVA performing Duncan's Multiple Range 

Test for mean separation with the help of SAS version 

9.1.3 statistical package (SAS Institute Inc., Cary, NC, 

USA)

Results and discussion

Regardless to the management system, the mean 

PSFBC at the point of milking was 2.38 log cfu/ml. This 10

observation was lower than the values reported by 

Chung and Cannon (1971), who reported 0.30 to 2.84 

log cfu/ml. The mean MSFBC of milk was 2.93 log10 10 

cfu/ml and this value was lower than the values 

reported by Kumar and Raju (1989) that was 3.20 log10 

cfu/ml. The ProSFBCof raw milk was 2.46 log cfu/ml. 10

The higher counts of spore-forming bacteria in raw 

milk samples may be attributed to the contamination of 

raw milk with soiled bedding, fodder, roughages, dung, 

dust and unhygienic conditions during milking. 

As shown in Table 1, bacteria count of measophilic, 

psychotropic and proteolytic spore formers have 

similar pattern of presence based on management 

system at farmer level. 

The ubiquitous nature of aerobic spore-forming 

bacteria leads to numerous points of potential entry 

into raw milk (Magnusson et al., 2007). Cow's teats 

become soiled with dung, mud and bedding material 

such as straw or sand. In extensive system, teats and 
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Management System Mean MSFBC 
(log10cfb/ml) 

Mean PSFBC 
(log10cfb/ml) 

Mean ProSFBC 
(log10cfb/ml) 

Extensive  3.06a ± 0.01 2.53 a ± 0.03 2.69 a ± 0.02 
Semi Intensive 3.05a ± 0.02 2.45 a ± 0.04 2.61 a ± 0.025 
Intensive 2.74b ± 0.03 2.20 b ± 0.03 2.15b ± 0.045 
 

Mean values showing different superscript are different (p<0.05)

Table 1.Mean values of measophilic spore forming bacteria count (MSFBC), psychotropic spore forming bacteria 

count (PSFBC) and proteolytic spore forming bacteria count (ProSFBC) in raw milk at farmer level under three 

management systems.
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udder are not washed & wiped before milking. Counts of 

bacteria and spores in bedding for dairy cattle have been 

found to correlate with the counts found in the bulk tank 

milk (Magnusson et al., 2007). If cow is bedded on sand 

and pasture, teats are washed but apparently clean teat 

surface can have a higher number of spore formers and 

those can contaminate the milk (Bramley and Mckinnon, 

1990). The aerobic thermoduric bacteria on teat surface 

are almost entirely Bacillus spores with spore counts 

2 5ranging from 10 -10  per teat depending on 

environmental conditions. Therefore, high number of 

spore forming bacteria in extensive system may be due 

to the soiling of udder and teats with bedding materials, 

dust mud and faeces.  In semi-intensive system, most of 

the time farmers wash the udder and teats before 

milking but they do not wipe it with a towel. Therefore, 

the microorganisms present in teats and udder directly 

mix with the milk. As a result of that, there are high 

numbers of spore-forming bacteria similar to the 

extensive system and semi-intensive system.   

In extensive system, cleaning of milking equipment is not 

practiced compared to the intensive system. Milking 

equipment can act as reservoirs or entry points for 

potentially highly heat resistant spores into raw milk. 

Farmers take milk to one milking bucket and then pour 

to transporting vessels. Therefore, high level of spore 

forming bacteria in extensive system may be due to the 

improper cleaning of milking equipment. 

Aerial contamination is also possible in extensive system 

compared to intensive system. In extensive system, 

dusty and unclean environment is present. Most of the 

farmers collect milk to the bucket with a large opening. 

This may increase the possibility of milk contamination 

with aerial contaminants. In addition, most of the time, 

milk is poured to transporting vessel within the milking 

area leading to the increment of aerial contamination. 

Contamination of spore-forming bacteria from water 
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supplies is also possible when farmers rely on 

untreated water. A wide variety of saprophytic 

microorganisms derived from soil, or vegetation may 

be present, including Bacillus spores (Bramley and 

Mckinnon, 1990) contaminating the milk with water 

supplies. Therefore, this also may be a reason for the 

high number of spore forming bacteria present in raw 

milk. 

Condition of the floor may largely affect the 

contamination of spore forming bacteria in milk. In 

extensive system, possibility of teats and udder is 

soiled with the bedding materials, mud and dung is 

high. Availability of water for routine practices may 

affect the contamination of raw milk with spore 

forming bacteria. Because, in extensive system 

washing of udder, teats, hands of milker and milking 

equipment cannot be observed. This may cause the 

high number of spore-forming bacteria in extensive 

system compared to the other two systems.

The results suggest that the routine management 

practices applied in extensive and semi intensive dairy 

farming in Polonnaruwaarea, caused a high level of 

contamination of raw milk especially with the 

problematic spore forming bacteria.
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Abstract

Nutmeg (Myristica fragrans Houtt.) pericarp oil contains 16 monoterpenes (60%), 9 monoterpene alcohols (29%), 8 

aromatics and other minor components. Myristicin is a phenylpropene, a natural organic compound present in small 

amounts in the essential oil of nutmeg which has the ability to stimulate the brain.  Arthritis, constipation, fatigue, 

muscle aches, nausea, neuralgia, poor circulation, rheumatism and slow digestion can also be treated with essential 

oils in nutmeg. Therefore, a study was carried out to develop different flavoured beverages with a medicinal value 

using nutmeg pericarp and to compare the consumer acceptance of these. Non flavoured, strong nutmeg flavoured 

(by adding kernel), ginger flavoured and cardamom flavoured beverages were developed using peeled and un-peeled 

fresh nutmeg pericarps. Maroon and brown food grade colouring agents were added for the improvement of colour. A 

sensory evaluation was carried out using a panel of 20 untrained panelists to check the consumer acceptance of taste, 

colour, smell, astringency, overall quality and purchasing intention using a five-point hedonic scale. The data were 

analyzed using non-parametric Freidman and Mann-Whitney tests. There was no significant difference (P>0.05) in 

the consumer acceptance between the beverages made from peeled and unpeeled pericarps. Peeled and unpeeled, 

non flavoured and ginger flavoured beverages with maroon colour showed the highest consumer acceptance of all 

tested sensory parameters. 

Key  words:  Beverage, Flavours, Nutmeg pericarp, Sensory evaluation 

Introduction 

Nutmeg (Myristica fragrans Houtt.) tree yields two 

spices, the kernel of the seed, and the mace which is the 

net like leathery outer growth (aril) covering the shell of 

the seed.  Nutmeg seeds contain 20% to 40% of a fixed oil 

commonly called nutmeg butter. This oil contains 

myristic acid, trymiristin, and glycerides of lauric, 

tridecanoic, stearic, and palmitic acids. Nutmeg also 

yields 8% to 15% of an essential oil. The essential oil 

contains myristicin, elemicin, eugenol, and safrole. Mace 

oil appears to have higher myristicin content than the 

nutmeg oil.  Myristicin is a phenylpropene, a natural 

organic compound present in small amounts in the 

essential oil of nutmeg which has ability to stimulate the 

brain (Andrew, 1996).  According to Lawless (1995), 

arthritis, constipation, fatigue, muscle aches, nausea, 

neuralgia, poor circulation, rheumatism and slow 

digestion also can be treated with essential oils in 

nutmeg.  There is anti-microbial effect of nutmeg due to 

the compounds trimyristin, myristic acid and myristin 

in the volatile oils which may be a contributing factor 

for its gastrointestinal supportive effects (Anon, 2011). 

Although unknown to many, nutmeg pericarp also 

contains oil with 16 monoterpenes (60%), 9 

monoterpene alcohols (29%), 8 aromatics and other 

minor components. The components are similar to 

those in Nutmeg (kernel) and mace oil but different 

substantially in concentration (Chempakam et al., 

2008). The sabinene, myristicin and safrole 

concentrations are much low, while the terpinen-4 

content is much higher than in nutmeg and mace oil 

(Choo et al., 1999). However, without much use nutmeg 

pericarps are mostly wasted under trees due to lack of 

awareness about its industrial applications and the 
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medicinal and nutritional values among growers. 

Therefore, this study was carried out to develop nutmeg 

beverages from pericarp and to evaluate consumer 

acceptance. This effort aims to introduce a medicinal 

drink to the local market as a value added product. 

Furthermore, it is aimed at creating an additional source 

of income to the growers by minimizing the wastage of 

nutmeg pericarp.

Materials and Methods  

Preparation of Beverage                                        

Fresh matured nutmeg apples were harvested, washed 

and immersed in 3% salt solution for three minutes. The 

fruits were then cut into halves and seeds were removed. 

Cleaned pericarps were ground into pulp using a pulper 

(Model number: IS 4250, Serial number: 400818/318, 

India). 2.25 L of cool clean water, 1.5 Kg of sugar and juice 

of one lemon fruit were added to 1Kg of nutmeg pericarp 

pulp and mixed thoroughly using a wooden spoon. The 

mixture was transferred into a plastic can and 1.6 g of 

fresh granular active bakery yeast was added for 

fermentation leaving about an inch of head space. The 

can was tightly closed and shaken well by hand to 

disperse the yeast grains. The can was kept under room 

°temperature (approximately 30 C) for 48 h and stored in 

0the refrigerator at 4 C for another 24 h. Then the pulp 

was strained and the beverage was subjected to different 

treatments as given below (Table 1). 

Evaluation of the effect of nutmeg pericarp peel on the 

acceptance of beverage. 

Ginger flavoured, cardamom flavoured, strong nutmeg 

flavoured (by adding kernel) and non flavoured 

beverages were prepared using peeled and non peeled 

nutmeg pericarps according to the following treatments. 

T4 and T8 were selected for further developments. 

Evaluation of the effect of colour on the acceptance 

of beverage.

Maroon and brown colouring agents (Essence Lanka 

Pvt. Ltd) were added to the selected treatments at the 

rate of 2ml/250ml of beverage. 

Sensory Evaluation

Twenty untrained panelists carried out the acceptance 

test for freshly prepared beverage samples using a five-

point Hedonic Scale (Peryam and Pilgrime, 1957) for 

colour, smell, taste, astringency, overall quality and 

purchasing intention. 

The Scale of Acceptance (Five-Point Hedonic Scale)
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Treatment Sample 

T1 Peeled/ non flavoured 

T2 Peeled/cardamom flavoured (2ml/250ml) 

T3 Peeled/ nutmeg flavoured (2g/250ml) 

T4 Peeled/ ginger flavoured (2ml/250ml) 

T5 Unpeeled/ginger flavoured (2ml/250ml) 

T6 Unpeeled/cardamom flavoured 

(2ml/250ml) 

T7 Unpeeled/ nutmeg flavoured (2g/250ml) 

T8 Unpeeled/non flavoured 

 

Table 1. Treatments of experiment 1 

Treatment  Sample 

T9 Peeled/ginger flavoured/maroon 

T10 Peeled/ginger flavoured/brown 

T11 Unpeeled/non flavoured/m 

T12 Unpeeled/non flavoured/brown 

 

Table 2. Treatments of experiment 2
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5 – Like extremely, 4 – Like, 3– Neither like nor dislike, 2 – 

Dislike, 1 – Dislike extremely 

Statistical Analysis

Data were analyzed with non - parametric analysis 

method (Friedman test and Mann Whitney test) with 

the Minitab 15 statistical package for Windows.

Results and discussion  

From the treatments in experiment 1, T4 and T8 were 

selected for further developments based on the results 

of overall quality in the consumer acceptance test 1. 

According to the results, T4 showed the highest 

preference for overall quality among the panelists and 

T8 was selected as it showed the best results among 

unpeeled beverages. After the improvements done in 

experiment 2, all the sensory attributes showed better 

results.

In experiment 1, all sensory properties considered 

scored 3 (neither like nor dislike) whereas, after 

improvements in second experiment in colour and 

smell, sensory properties except colour could score 4 

(like). According to the remarks written by the panelists 

a deeper colour was preferred.  However, statistical 

analysis showed that there was no significant effect 

(P<0.05) of peel on smell, taste, astringency, overall 

quality and purchasing intention.  Significant 

differences (P<0.05) were shown in all sensory 

attributes other than colour and smell in flavoured 

experiment (Table 3). After improvements in 

 Experiment  Sensory Properties    

 Colour Smell Taste Astringency Overall 

quality 

Purchasing 

intention 

1 3.5000 3.2650 3.5625 3.5000 3.9 063 3.5938 

2 3.6250 4.0000 4.0000 4.0000 4.0 000      4.0000 

Table 3.  Grand median of acceptance for Nutmeg Beverages in experiment 1and 2

experiment 2, a significant difference (P<0.05) was not 

shown in any of the attributes except for colour.  

There was no significant peel effect on flavoured or 

coloured beverage. Therefore, nutmeg pericarps with 

peel can be used to prepare the beverage. The ginger 

flavoured maroon coloured nutmeg pericarp beverage 

and non flavoured maroon coloured beverages showed 

the highest preference among the panelists. 
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Abstract

A study was carried out to develop and to evaluate the consumer acceptance of non flavoured, coffee flavoured and 

cocoa flavoured cashew butter from roasted and roasted and partially cooked cashew nut pieces with either olive oil 

or margarine. A sensory evaluation was carried out using a panel of 20 untrained panelists to check the consumer 

acceptance of taste, colour, smell, texture, overall quality and purchasing intention. The data were analyzed using non 

parametric Friedman test. Sensory data revealed that non flavoured butter made from roasted cashew nut pieces with 

olive oil and, from roasted and partially cooked cashew nut pieces with margarine showed the highest acceptance 

compared to coffee and cocoa flavoured butter. Both smooth and crunchy textures were equally accepted. 

Key  words: Butter, Cashew nut pieces, Sensory evaluation

Introduction 

Cashew (Anacardium occidentale L) is becoming an 

important cash crop in Sri Lanka where there is a great 

potential for increased production for the local and 

export markets. The total extent of cashew in 2011 was 

about 30,000 ha and it has high potential for growing in 

the dry areas of the island due to its tolerance to 

moisture stress over long periods (Surendra, 2012). 

Cashew kernel is consumed as a snack or used for 

confectionaries. Cashew kernel curry is also famous in 

Sri Lanka as a tasty traditional dish. A range of value 

added cashew products such as garlic coated, salted, 

roasted, spicy, devilled, burned, cashew toffees and 

cashew cookies and Cashew wine (Cazsholeena) from 

cashew apples have been developed by Sri Lanka 

Cashew Cooperation (Surendra, 2012). 

Cashew nut is highly nutritious and provides a 

substantial amount of energy. The kernel contains 21% 

protein, 46% fat and 25% carbohydrate. A good 

proportion of vitamin E and traces of other vitamins are 

also present in cashew (Ohler, 1979). The fats and oils 

in cashew nuts are 54% monounsaturated (18:1), 18% 

polyunsaturated (18:2), and 16% saturated  (9% 

palmitic acid {(16:0) and 7% stearic acid (18:0)}. These 

fats and oils contribute substantially to the energy 

content. Cashews, as with other tree nuts, are a good 

source of antioxidants. Alkyl phenols, in particular, are 

abundant in cashews. Cashews are also a good source 

of dietary trace minerals copper, iron and zinc (Anon, 

2013).

Although cashew nuts obtain a high value in the 

market; broken pieces of different sizes do not receive 

the same price. Therefore, this study was carried out to 

add value to cashew nut pieces by making butter. 

Cashew butter is particularly known for calcium, iron, 

protein, magnesium, "B" vitamins and zinc and can be 

used in place of peanut butter or as an ingredient in 

cookies, spreads or other dishes. Thus, this study was 

aimed at diversification of value added products from 

cashew nuts to encourage small scale entrepreneurs 

who find it difficult to maintain a high standard of 

quality in nut production.
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Materials and Methods

Preparation of cashew nut butter

1.Using roasted or roasted and partially cooked 

cashew nut pieces

Shelled cashew nut pieces were roasted for 13 minutes 

at 145°C in an oven. The cashew nut pieces were then 

quickly cooled to room temperature using suction fans, 

to prevent the nuts from over cooking and to ensure that 

the natural oils remain (Dera, 2010). A portion of roasted 

cashew nut pieces were partially cooked by boiling them 

in water for 7 minutes to soften the nut pieces with the 

objective of producing a  smoother texture. Roasted and 

partially cooked cashew nut pieces and only roasted 

cashew nut pieces were separately ground to a uniform 

coarse textured paste using a warring commercial 

blender (Model number: IS 4250, Serial number: 

400818/318, India). Then 2% Salt and 6% sugar were 

added to cashew nut paste respectively and mixed 

thoroughly. 

2.     Using olive oil or margarine

Hydrogenated vegetable oil is considered a stabilizer as 

it keeps the natural cashew nut oil from separating from 

the butter and rising to the top of the jar (Dera, 2010). 

Thus, oil separation of cashew butter was prevented by 

adding olive oil or margarine separately at the level of 

5% each; according to the treatments of experiment 1 

and 2 (Table 1). Oil separation was controlled further by 

keeping the product under refrigeration conditions. The 
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desired textures were produced by mixing butter 

further using a commercial blender.

Preparation of flavoured cashew nut butter

Powdered coffee and cocoa were added in the amount 

of 2% each to cashew butter made using above 

methods according to the treatments in the experiment 

1 and 2 (Table1). 

Sensory evaluation

Twenty untrained panelists carried out the acceptance 

tests for both experiments 1 and 2. Cashew butter 

2developed under different methods spread on 2 cm  

size pieces of bread were presented to the panelists. 

Sensory evaluation was conducted using the Hedonic 

scale on colour, smell, taste, texture, overall quality and 

the purchasing intention using a structured five point 

hedonic scale (Peryam and Pilgrime, 1957).

The Scale of Acceptance (Five-Point Hedonic Scale)

5 – Like extremely, 4 – Like, 3– Neither like nor dislike, 2 

– Dislike, 1 – Dislike extremely 

Selection of most accepted treatments for further 

improvements

According to the results of consumer acceptance test 1, 

four treatments were selected and improved for the 

second and third consumer acceptance tests (table 2).

Treatment Sample 

T1 Roasted/margarine added/non flavoured 

T2 Roasted/olive oil added/non flavoured 

T3 Roasted and partially cooked /margarine added/non flavoured 

T4 Roasted and partially cooked /olive oil added/non flavoured 

T5 Roasted and partially cooked /olive oil added/coffee flavoured 

T6 Roasted and partially cooked /margarine added/coffee flavoured 

T7 Roasted and partially cooked /olive oil added/cocoa flavoured 

T8 Roasted and partially cooked /margarine added/cocoa flavoured 

 

Table 1. Treatments of experiment 1 and 2
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Results and Discussion 

Experiment 1: Evaluation of the consumer 

acceptance of roasted, non flavoured cashew butter 

and roasted and partially cooked different flavoured 

cashew butter

Medians of acceptance ranks of each treatment were 

pooled and the Grand median of acceptance rank was 

taken. There was a significant difference in the overall 

quality among all treatments (Table 3). 

Experiment 2: Evaluation of the consumer acceptance 

of olive oil added cashew nut butter and margarine 

added cashew nut butter

According to the consumer acceptance results, olive oil 

added roasted cashew nut butter and margarine added 

partially cooked cashew nut butter were accepted. When 

the median rank of acceptance was considered; olive oil 

added treatment showed a slightly higher median rank 

than margarine added cashew nut butter for purchasing 

intention. However, margarine added treatments were 

also selected for further improvements as low cost 

options for small scale entrepreneurs.

Results revealed that roasted, olive oil added, non 

flavoured (T2) and roasted and partially cooked, 
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margarine added, non flavoured (T3) butter were the 

most preferred showing a median rank of acceptance 4 

(like). They were of a lighter colour than the flavoured 

butter. Coffee and cocoa powder changed the creamy 

colour of cashew butter into a darker brown, which was 

not preferred by many. The lower acceptance of 

flavoured butter showed that the panelists preferred 

original cashew flavour over a combination of flavours 

(cashew + cocoa and cashew + coffee). Therefore, T2 

and T3 were selected and their textures were improved 

further according to the comments made by the 

panelists (Table 2). Crunchy butter was developed by 

mixing partially ground cashew nut pieces with 

cashew nut paste and smooth textured butter was 

developed by further grinding the paste until it 

becomes very smooth.

Non flavoured butter made from roasted cashew nut 

pieces with olive oil and roasted and partially cooked 

cashew nut pieces with margarine showed the highest 

acceptance. Both smooth and crunchy textures were 

equally accepted. 

 

Treatment Sample 

T9 Roasted/non flavoured/olive oil added/crunchy 

T10 Roasted/ non flavoured/olive oil added/smooth 

T11 Roasted and partially cooked / non flavoured/margarine added/crunchy 

T12 Roasted and partially cooked / non flavoured/margarine added/smooth 

 

Table 2. Selected and improved treatments from the 1st consumer acceptance test

 

Acceptance test Color  Smell Taste Texture Overall 

quality 

Purchasing 

intention 

 

1 

2 

 

0.0000* 

0.025* 

 

0.009 

0.049* 

 

0.0000* 

0.009* 

 

0.0009 

0.017* 

 

0.0000* 

0.321 

 

0.0578 

0.181 

(* Significantly different at 0.05 level)

Table 3. Probability values of acceptance of all treatments of consumer acceptance test 1 and 2
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Problems Associated with On-farm Storage Conditions of Paddy in Sri Lanka
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Abstract

Rice being the staple food, paddy is the major agricultural crop cultivated in Sri Lanka. Storage is essential as the 

harvest is seasonal. But the post harvest loss of paddy during storage is as high as 4 - 6 %. This study was conducted to 

assess the present status of the on farm storage of paddy in the north central province. Data were collected through a 

field survey using a questionnaire, key informant interviews and secondary data sources. The study revealed that of 

the average total harvest of 4,917 kg of paddy per season 51% was stored. The majority of the participants stored their 

harvest in a separate room inside the house itself and used any available free space or separate warehouse build 

outside their houses. The average capacity of these storage spaces were 7,203kg of paddy while the average amount 

stored was 3,199 kg. The average percentage of respondents who used the total capacity was 52%. The participants 

stored paddy for consumption and for sale at a later stage. The main problems of storage was insect pest attacks and 

other problems were less ventilation, keeping of unsuitable things in the storage facility with paddy, darkness inside 

and not stacking problems. The average post harvest loss during storage was 5%. Therefore, it can be concluded that 

although farmers store nearly half of their harvest at on farm level both qualitative and quantitative losses takes place 

due to improper practices and conditions of storage.  

Key words:  Farmers, Paddy, Post harvest loss, Storage, Problems 

Introduction

Sri Lanka has an agricultural economy with the 

agricultural contribution for the GDP being 11.1% in 

2012. Rice being the staple food, is the major agricultural 

food crop cultivated in Sri Lanka. In 2012, the paddy 

production in Sri Lanka was 3.85 million mt. The 

contribution to the national GDP in 2012 of paddy was 

1.5% which was the highest of all agricultural crops 

cultivated in the country (Central Bank, 2013). 

Loss assessment studies conducted in Sri Lanka have 

shown that nearly 15 to 20 % of paddy is lost during 

postproduction operations due to adoption of improper 

post harvest techniques (Department of Agriculture, 

2013). A major loss of grain in the post harvest system 

occurs during storage particularly at farm level due to 

improper and inadequate storage facilities. Studies on 

the assessment of storage grain losses have revealed that 

approximately 4 to 6% of paddy is lost during storage at 

farm level (Fenando, 1988). 

However, the need for grain storage arises because 

harvests are seasonal and the consumers want their 

food at a fairly constant rate throughout the year. A 

regular supply of food for daily consumption can only 

be assured and maintained through storage. Therefore, 

excess grain has to be preserved in order to use in the 

off-season to ensure food security. According to 

Palipane (2000), almost 50% of all food grain produced 

is stored on- farm for several months in Sri Lanka.

Improving proper storage techniques may help in 

increasing farmers' income not only by reducing these 

qualitative and quantitative losses but also through 

sale of produce during off season at higher prices. In 

addition, improvement of on farm storage will assist in 

alleviating the problem of inadequate storage capacity 

in the country. Therefore, in depth studies at farm level 

are needed to understand the present status of the 

paddy storage conditions in the country. 
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Materials and Methods

North Central Province is one of the major paddy 

producing areas in Sri Lanka. Of the total 30 Divisional 

Secretariat divisions of the province, 10 Divisional 

Secretariat divisions (33% of total DS divisions) were 

proportionately selected from both districts on random 

basis. Of these divisions 150 paddy farmers from 30 

villages were selected randomly for this study.    

Both quantitative and qualitative data were gathered 

through a field survey using pre-tested semi-structured 

questionnaire. Furthermore, data were collected from 

key informant interviews such as Agricultural 

Instructors of the Department of Agriculture, and 

relevant officers of the Institute of Post Harvest 

Technology (IPHT). The presidents and other office 

bearers of the farmer organizations of the selected 

villages were also used as key informants. Information 

was also taken from direct observations and from 

secondary sources such as research and other reports of 

the IPHT. Data were analyzed using MS Excel.

Results and Discussion

According to the key informant interviews, at the point of 

harvesting, the farmer had no other option but to sell the 

produce to pay off the debts leading to less amount of 

paddy remaining to be stored for future use. All these 

participants (100%) of the study cultivated paddy at 

commercial scale. The average family size of them was 4 

while it ranged from one to seven. The average age of the 

participants was 48 years and ranged from 22 to 71 

years while the mode being 50 years. The majority of 

respondent farmers (66%) had passed G.C.E. (O/L) 

while 3% have attended less than grade six, 13% have 

received education in between grade six and 10, and 1% 

educated beyond G.C.E.(A/L).

The participants claimed to have an average total harvest 

of 4,917 kg of paddy, while it ranged between 1,575kg 

and 7,500kg per season. The study reveals that of the 

harvest 51% was stored in average. Palipane (2000) 

also had given a similar value. The majority of the 

participants (61%) storied their harvest in a separate 

room inside the house itself and 21% stored paddy in 

any available free space within the house. These places 

were the kitchen and the living/dining rooms. 6% 

chose to store in both these places. Only 12% of the 

participants had a separate warehouse build outside 

their houses. 14% of the participants had improved 

their stores to make them suitable to store paddy. Some 

of these improvements were plastering the walls, 

cementing the floors, covering void areas with wire 

mesh to prevent entry of rodents and construction of 

pellets for stacking paddy bags.  

 an average total harvest of 4,917 kg of paddy, while it 

ranged between 1,575kg and 7,500kg per season. The 

study reveals that of the harvest 51% was stored in 

average. Palipane (2000) also had given a similar value. 

The majority of the participants (61%) storied their 

harvest in a separate room inside the house itself and 

21% stored paddy in any available free space within 

the house. These places were the kitchen and the 

living/dining rooms. 6% chose to store in both these 

places. Only 12% of the participants had a separate 

warehouse build outside their houses. 14% of the 

participants had improved their stores to make them 

suitable to store paddy. Some of these improvements 

were plastering the walls, cementing the floors, 

covering void areas with wire mesh to prevent entry of 

rodents and construction of pellets for stacking paddy 

bags.  

The capacity of these storage spaces had been on 

average 7,203 kg of paddy. The mode was 5,000 kg and 

the capacity ranged from 840 kg to 30,000 kg of paddy. 

But the amount that they stored was considerably less 

than the storable capacity. The average amount of 
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paddy being stored was 3,199 kg, while the mode and 

median both had been 2,000 kg; it ranged between 240 

kg and 20,000 kg of stored paddy. The average 

percentage who used the total capacity was 52%, mode 

was 100% and median percentage was 40% while it 

ranged between 3% and 100% of the total capacity. And 

only 26% of the participants claimed that the storage 

space was not sufficient. 

Of the total amount stored, the main purposes were for 

consumption and for sale at a later stage. Details on 

proportions stored are indicated in table 01.

When the problems associated with the storage 

conditions were assessed, participants responded to 

having six main problems during storage; presence of 

insect and rodent attacks to the stored paddy, less 

ventilation inside the storage facility, keeping of 

inappropriate things (such as broken chairs, boxes, old 

bags, wooden planks, etc.) in the storage facility with 

paddy, darkness inside the place and not stacked 

properly. Similar problems were reported by 

Adikarinayake, (2005) during the on-farm paddy 

storage. The percentages of the respondents claiming to 

have the insect attacks were 59% and having rodent 

attacks were 85%. This indicates the major problem in 

these storages was pest attacks which might have been 

facilitated by the presence of the other four problems. A 

21% claimed that their stores have less ventilation and 

52% said that they had unsuitable things such as broken 

furniture, unused utensils, wooden planks, etc. in the 
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paddy store. They admitted that this was due to having 

insufficient space in their houses. 30% of the 

respondents claimed that inside of their storage 

facilities were dark and 46% said that they had not 

stacked the paddy properly by stacking the paddy 

leaning to the wall. All these problems must have 

contributed to the post harvest loss. According to the 

respondents the average quantitative post harvest loss 

was 5% of the total stored paddy in each season. Other 

than the quantitative loss the study revealed that 

qualitative parameters were also being lost during 

storage. All respondents admitted that the colour, taste 

and odour of rice deteriorated with storage of paddy.  

According to the key informants, one of the main 

essential components in order to reduce the loss was to 

improve the knowledge, skills and attitudes of the 

beneficiaries. Only 23% had received training on grain 

storage. 

According to the study the participants were storing an 

average of 51% of their harvest. The major problem 

they faced was pest attack during storage and the total 

average post harvest loss during the storage period 

was 5%. The study should continue to assess the 

storage conditions in depth and in other parts of the 

country as well while continuous awareness and 

storage improvement programs should be conducted 

in order to improve the storage conditions of paddy and 

to reduce the post harvest loss.   

Criteria For consumption For Selling 

Amount of paddy (kg) % from total 

amount stored 

Amount of 

paddy (kg) 

% from total amount 

stored 

Average  591 32 2349 68 

Median 500 25 1370 75 

Range  100 - 4000 2-100 0-18950 0-98 

 

Table 1. Proportions of paddy stored for different purposes
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Abstract

This study was conducted to assess the storage potential and to study physico – chemical changes of three important 

orange varieties in Sri Lanka. Fresh, fully matured fruits from three recommended cultivars (Arogya, Sisila and Bibile 

Sweet) were packed on perforated polythene bags and stored under two different storage conditions (room 
0 0temperature at 22- 23 C and in a refrigerator at 4-5 C). The stored fruits were examined for physico - chemical 

characters at weekly intervals up to five weeks storage period. Results revealed that Arogya fruits can be stored up to 
th5  week without deterioration at both room temperature and refrigerators, but Sisila and Bibile sweet fruits started 

rd thto deteriorate after 3   and 4   weeks at room temperature storage, respectively and the storage life can be extended 

up to 5 weeks under the refrigerated conditions. According to the results, the Titratable Acidity (TA) was decreased 

and the percentage weight loss, Total Soluble Solids (TSS), TSS/TA ratio and pH increased at room and refrigerated 

conditions.

Key words: Sweet orange, Water loss, Total soluble solids, Titratable acidity, Storage

Introduction

Citrus, the most economically important fruit crop in the 

world is widely grown in developed and developing 

countries and certainly constitutes one of the main 

sources of vitamin C. There is also increased demand for 

“high quality fresh citrus” driven by the World Health 

Organization recommendations. Citrus contains the 

largest number of carotenoids found in any fruit and an 

extensive array of secondary compounds with pivotal 

nutritional properties such as vitamin E, pro vitamin A, 

flavanoids, limnoids, polysaccharides, lignin, fiber, 

phenolic compounds, essential oils etc. 

Sweet orange (Citrus sinensis) is the most common 

among citrus fruits grown in Sri Lanka.  It occupies 

nearly 6057 ha in year 2011 with a production of 4517 

mt. As the domestic production is not sufficient to meet 

the national requirement, Sri Lanka has imported 6995 

mt of sweet orange in 2011 and expends about Rs. 410 

million (Agstat, 2012). 

Sweet orange has a seasonal and perishable nature. In 

Sri Lanka, the major season of fruit production is 

between April and September, while the minor season 

occurs between December and February. Fruit prices 

therefore, fluctuate along with seasonality, wherein 

prices of fruits drop drastically during periods of glut 

and increase during the “off season”. Therefore, 

extending storage duration without effect of fruit 

qualities is very much essential for good market prices 

for producers. A number of post harvest treatments 

like waxing, fungicidal dip and polythene film etc; have 

been used to extend the shelf life of fruits. However, the 

environmental consciousness among the scientists and 

layman has drawn attention towards increasing the use 

of chemicals on foodstuff and their deleterious effects 

on the environment and human being. The post harvest 

life of oranges varied with cultivars. Therefore, asses 

the storage potential of different cultivar is very much 

essential before using chemicals and other 

applications etc. Keeping in view the aforesaid facts, 

this experiment was undertaken to observe the storage 
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potential of three recommended orange cultivars 

(Arogya, Sisila and Bibile Sweet) under room 

temperature and refrigerated conditions. Furthermore, 

the study was intended to observe the fruit quality 

changes of three cultivars during the above two different 

storage conditions.

Materials and Methods

The study was carried out in the Division of Horticulture, 

Regional Agriculture Research and Development Centre, 

Bandarawela, Sri Lanka during June to November 2012. 

Fruits of Arogya, Sisila and Bibile Sweet were harvested 

from the research field and brought to the laboratory. 

Defect-free oranges were selected and cleaned with a 

wet-piece of cloth and allowed to air dry separately. Five 

fruits from each cultivar were randomly selected and 

immediately  assessed for  physico-chemical  

characteristics such as weight, firmness, peel thickness, 

peel weight, juice content, titratable acidity (TA) and 

total soluble solids (TSS). Remaining fruits of each 

cultivar were randomly divided into 14 lots. Each lot was 

placed in a perforated transparent polythene bag 

separately. Seven lots per each cultivar were randomly 

selected and stored under cold storage at 5ºC in a 

refrigerator and other 7 lots per each cultivar were 

stored under room temperature. At weekly intervals, 5 

fruits per each cultivar were randomly selected from 

fruits stored under cold storage at 5 ºC and under room 

0temperature (27 C). They were assessed for weight loss, 

peel thickness, peel weight, juice volume, pH, TSS, TA and 

TSS/TA ratio. The estimation of physiological loss in 

weight by weekly weighing of fruits and the deferential 

weight loss was expressed in percent with respect to 

storage time and storage conditions. Selected fruits were 

cut in half crosswise and thickness of the peel was 

measured in each fruit using a verniar calliper. Selected 

fruits were peeled separately using a sharp knife and 

weights of peels were measured separately using an 

electronic balance (CG 4102, Citizen Model). Five ml of 

squeezed orange juice was taken into a 10ml beaker 

and pH of the orange juice was recorded by using a pH 

meter (pH 510, Eutech instruments). The titratable 

acidity was determined by using standard 0.1N NaOH 

in the presence of phenolphthalein indicator. The total 

soluble solids content of the fruit juice was determined 

by using hand-held refractor meter (ATAGO H-50). 

Results were statistically analyzed in a completed 

randomized design.

Results and Discussion

Considering shelf life of Arogya, Bibile sweet and Sisila 

cultivars; different storage periods were recorded for 

room temperature storage and refrigerated storage 

except for Arogya fruits. Arogya fruits were stored for 5 

weeks under both room temperature and refrigerated 

condition without deterioration. However, Sisila fruits 

and Bibile sweet fruits stored under room temperature 

had deteriorated after 3 weeks and 4 weeks of storage, 

respectively but storage period of both cultivars had 

extended up to 5 weeks under refrigerated conditions. 

The percentage of weight loss was significantly 

(P£0.05) increased in “Arogya”, “Bibile sweet” and 

“Sisila” sweet orange cultivars throughout storage 

period under both room temperature storage and 

refrigerated storage. Maximum percentage of weight 

loss was observed in Sisila fruits stored under room 

temperature as 12.97% in third week of storage. 

Minimum percent of weight loss was observed in 

Arogya fruits stored under refrigerated conditions 

followed by under room temperature (Table 1). It was 

4.54% and 4.62% respectively even after fifth week of 

storage period. 

This trend in weight loss of orange fruits with storage 

period is in agreement with Tabatabaekoloor (2012). 

He reported that the weight loss of "Thompson" navel 

orange (Citrus sinensis) fruits increased with storage 

period under ambient (14ºC, 67% RH) as well as 
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refrigerated conditions (5ºC, 85% RH) at the end of 30 

days storage and the weight loss in ambient and 

refrigerated storage conditions was 13.9% and 4.7%, 

respectively.  
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Table 1. Effect of temperature on the physico –chemical characteristics of three orange cultivars

Refrigerated storage (5oC)  
Var. Arogya 
Storage period Weight 

loss% 
Peel 
thickness(
mm) 

Peel 
weight (g) 

pH Total 
soluble 
solids 

Titratable 
acidity 

TSS/TA 

Initial  
1 st week 
2 nd week 
3 rd week 
4 th week 
5 th week 
 

0.00d 
1.07c 
2.09bc 
2.38b 
4.06a 
4.54a 
 

0.88a 
0.69b 
0.65b 
0.61b 
0.56b 
0.53b 
 

63.55a 
57.74a 
57.06a 
54.02a 
53.58a 
50.87a 
 

2.75c 
2.78bc 
2.81abc 
2.84ab 
2.84ab 
2.87a 
 

13.2b 
13.9ab 
14.0ab 
14.1a 
14.2a 
14.3a 
 

2.00a 
1.95ab 
1.93ab 
1.87ab 
1.82ab 
1.77b 
 

6.64b 
7.14ab 
7.29ab 
7.59a 
7.81a 
8.06a 
 

Var. Sisila 
Initial  
1 st week 
2 nd week 
3 rd week 
4 th week 
5 th week 
 

0.00f 
2.03e 
3.96d 
5.85c 
8.45b 
11.16a 
 

0.57a 
0.52ab 
0.49ab 
0.43b 
0.42b 
0.41b 
 

33.72a 
30.54ab 
26.99bc 
24.52cd 
23.54cd 
21.17d 
 

3.13b  
3.14b  
3.16b  
3.20b  
3.39a 
3.40a 
 

12.9 a 
13.0 a 
13.1 a 
13.2 a 
13.3 a 
13.3 a 
 

2.00 a 
1.82 b 
1.74 b 
1.72 b 
1.72 b 
1.71 b 
 

6.46 b  
7.18 ab 
7.56a 
7.67a 
7.73a 
7.77a 
 

Var. Bibile sweet 

Initial  
1 st week 
2 nd week 
3 rd week 
4 th week 
5 th week 
 

0.00e 
1.25d 
2.22d 
3.37c 
5.95b 
8.72a 
 

0.55a 
0.48ab 
0.47ab 
0.44b 
0.43b 
0.43b 
 

46.44a 
39.72ab 
34.29b 
34.06b 
33.90b 
33.57b 
 

3.09b  
3.14b  
3.15b  
3.16b  
3.23b  
3.41a 
 

10.5d 
10.9cd 
11.1bc 
11.6ab 
11.8a 
12.0a 
 

1.68a 
1.67a 
1.65a 
1.63ab 
1.59b 
1.52c 
 

6.24e 
6.52de 
6.71cd 
7.08bc 
7.41b 
7.85a 
 

Room temperature storage (27oC) 

Var. Arogya 

Initial  
1 st week 
2 nd week 
3 rd week 
4 th week 
5 th week 
 

0.00d 
1.78c 
2.11c 
3.23b 
4.48a 
4.62a 
 

0.88a 
0.63b 
0.61b 
0.61b 
0.49b 
0.47b 
 

63.55a 
49.95b 
49.29b 
49.16b 
48.99b 
48.72b 
 

2.75d 
2.84cd 
2.86bcd 
2.91abc 
2.97ab 
2.68a 
 

13.20c 
13.80bc 
14.00ab 
14.10ab 
14.30ab 
14.60a 
 

2.00a 
1.88ab 
1.84ab 
1.68bc 
1.63c 
1.61c 
 

6.64c 
7.33bc 
8.06ab 
8.37ab 
8.83a 
9.21a 
 

Var. Sisila 
Initial  
1 st week 
2 nd week 
3 rd week 

0.00d 
3.67c 
6.96b 
12.97a 
 

0.57a 
0.52a 
0.40b 
0.39b 
 

33.72a 

27.71b 
25.09b 
23.06b 
 

3.13b  
3.19b  
3.38a 
3.43a 
 

12.9a 
13.0a 
13.1a 
13.3a 

 

2.00a 
1.66b 
1.66b 
1.55b 

 

6.46b 
7.81a 
7.91a 
8.54a 

Var. Bibile sweet 

Initial  
1 st week 
2 nd week 
3 rd week 
4 th week 
 

0.00d 
4.21c 
7.99bc 
9.77ab 
12.63a 
 

0.55a 
0.54a 
]0.48a 
0.47a 
0.42a 
 

46.44a 
33.06b 
32.37b 
31.57b 
30.78b 
 

3.08b  
3.36a 
3.37a 
3.39a 
3.45 a 
 

10.5a 
10.8a 
11.2b 
11.9a 
11.9a 
 

1.68a 
1.18b 
1.10bc 
1.08bc 
1.01c 
 

6.24d 
9.18c 
10.27bc 
11.09ab 
11.95ab 
 

 
* Mean values with same letters are not significant (p>0.05).

According to the results, peel thickness and peel weight 

of three sweet orange cultivars were decreased under 

both room temperature storage and refrigerated 

storage throughout the storage period and decrease of 

peel thickness and peel weight were higher in orange 
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fruits stored under room temperature than refrigerated 

condition. Reason for these trends in percentage weight 

loss, peel thickness and peel weight may be caused by the 

fruit transpiration in which water moved out and 

resulted in wilted peel and a shriveled appearance. 

However, weight loss % comparatively low in var. 

Arogya, under both room temperature and refrigerated 

storages and it may be due to its higher peel thickness 

than other two varieties. 

pH of all tested sweet orange cultivars increased at room 

temperature and in refrigerated storage during storage 

period and increase in pH was higher at room 

0temperature than refrigerated condition (5 C). 

Titratable Acidity (TA) of sweet orange fruits stored in 

0both room temperature and refrigerated (5 C) condition 

decreased throughout the storage period and the 

decreases in TA of all sweet orange cultivars were faster 

during storage under room temperature than at 5°C. 

Similar trend for room temperature storage was 

recorded in Gloria. et al. (2010) for Valencia and Navel 

orange fruits. Serry (2010) also observed that juice 

acidity of Washington Navel orange subjected to 

0Quarantine treatment (2 C and 90% RH) for two months, 

0followed by a marketing period at (20 C and 65% RH) for 

7 days had decreased gradually throughout storage 

period. 

The decline in citric acid content during storage of citrus 

fruit might be due to the utilization of organic acids for 

energy production. It might be due to the conversion of 

organic acids to sugar through gluconeogenesis. It was 

also possible that acids were used for alcoholic 

fermentation in harvested citrus (Echeverria & Burns, 

1988). Therefore, this may be leads to decrease in TA and 

increase in pH of sweet oranges during storage. 

 

Maximum initial TSS 13.2 was recorded in Arogya 

fruits and minimum initial TSS 10.5 was observed in 

Bibile sweet fruits. The initial TSS of Sisila fruits were 

12.9. Generally, Arogya and Sisila cultivars consider as 

sweeter than Bibile sweet. Our results also revealed 

that higher TSS values in Arogya and Sisila at 

harvesting stage than Bibile Sweet. Total Soluble Solids 

(TSS) and TSS/TA ratio of all tested sweet orange fruits 

stored under room temperature and refrigerated 

condition were increased throughout storage period 

and increase of TSS and TSS/TA ratio were faster in 

room temperature storage than refrigerated storage. 

According to the Gloria. et al (2010) increase in TSS and 

TSS/TA ratio of Valencia and  Navel oranges were 

recorded under room temperature condition. In 

Washington navel orange fruits subjected to 

0Quarantine treatment (2 C and 90% RH) for two 

0months, followed by a marketing period at (20 C and 

65% RH) for 7 days TSS and TSS/TA ratio were 

increased gradually throughout storage period (Serry, 

2010). 

Soluble solids comprise main component as sugar and 

in small quantities of the organic acids, amino acids and 

soluble pectin. TSS is generally used for sugar 

estimation. Normally TSS of sweet orange varies from 8 

to 12% in the juice and the titratble acidity ranges 

between 0.5 and 1.5 %. Oranges and mandarins usually 

have TSS/TA ratio of 8:1 as an optimal level for 

marketable fruits. In present study initial TSS and TA of 

all tested sweet orange cultivars were little bit higher 

than these values but during storage TA gradually 

decreased and TSS further increased. Initial TSS/TA 

ratio of all tested sweet orange cultivars was also lower 

than 8 however, it increased up to marketable level 

during both room temperature and refrigerated 

storage. The decrease in acid contents and the increase 

in TSS resulted in the increase in TSS/TA ratio of 

Arogya, Bibile sweet and Sisila orange fruits stored at 
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25°C and 5°C. During storage of orange, organic acids 

decreased faster than sugars so that the fruit was 

predicted to be slightly sweeter in holding. 

The results of this study showed that Arogya orange had 

better post – harvest characteristics and quality 

attributes when compared to Sisila and Bible Sweet 

oranges. Storing sweet oranges fruits under refrigerated 

condition apparently reduce the changes of physico 

–chemical characters of all varieties than room 

temperature storage and maintained higher fruit 

qualities. However, increase of TSS, TSS/TA ratio is not 

directly correlated to the sweetness and good fruit 

qualities. Therefore, further studies are needed to 

determine the effects of room temperature and 

refrigerated conditions on sensory attributes and 

consumer acceptance of Arogya, Bibile Sweet and Sisila 

fruits.
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Essential Oil
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Abstract

Cinnamon essential oil (CEO), as a naturally occurring plant preservative has a wide spectrum of antimicrobial and 

antioxidant activity for food borne pathogens. Present study evaluated the effect of CEO at three different 

concentrations (0.025%, 0.05% and 0.075%) on the shelf life of buffalo curd in plastic (High Impact Polystyrene) 

0containers under room temperature (27 C).CEO treated buffalo curd samples and the control were analyzed for 

chemical (pH and acidity) and microbiological (yeast and mould and viable total colony count) tests for 7 days of 

0 ststorage period (27 C ). Highest (P < 0.05) pH (1  day) was observed in 0.075% of cinnamon oil added buffalo curd and 

the lowest (P < 0.05) pH was noted in the control sample. Highest (P < 0.05) value for titratable acidity was observed in 

ththe control sample from the 4  day onwards. However, addition of Cinnamon essential oil did not significantly affect 

the total colony count. The control sample exceeded (P < 0.05) the recommended yeast and mold count (1233CFU/ml 

th± 98.6) on the 4  day of the storage period. Organoleptic properties (flavor, smell, color, texture and overall 

acceptability) were evaluated by five-point Hedonic scale and data were analyzed in Friedman test. Results revealed 

that 0.025% of CEO was the most acceptable treatment. In overall, 0.025% of CEO can be recommended in order to 

0increase the shelf life of buffalo curd up to 5 days in 27 C.

Key words: Buffalo curd, Cinnamon essential oil, Shelf life, Organoleptic properties 

Introduction

Buffalo curd is a traditional and nutritious dairy product 

in Sri Lanka. However, the shelf life of traditional buffalo 

curd is short, nearly around three days at room 

0temperature (27 -30 C) and the main problem of 

spoilage is continuous acidity development in the 

product due to fermentation process at room 

temperature. Yeast and molds are the major spoilage 

organisms in buffalo curd as the low pH of the product 

provides a selective environment for their growth. 

Reactions of those organisms are involved to change the 

physio-chemical structure of the curd in to undesirable 

condition. Commercially available antifungal chemical 

substances such as Notamicin, Potassium Sorbate, 

Sodium Sorbate, Propionic acid are used for the 

fermented dairy products. However, many health 

problems are caused by these chemical substances. 

Naturally occurring preservatives in spices are used for 

the preservation of perishable food from the ancient 

time. CEO has a wide spectrum of antimicrobial and 

antioxidant activity with potential of controlling 

pathogenic and spoilage bacteria and fungus in dairy 

products (Byoumi, 1992). Behrad et al. (2009) found 

that addition of cinnamon did not change yogurt 

fermentation but sustain the growth of Lactobacillus 

spp during refrigerated storage. Therefore, present 

study aimed to evaluate the effect of cinnamon 

essential oil at different concentrations on the shelf life 

0of the buffalo curd stored at room temperature (27 C). 

Materials and Methods

0Pasteurized (95 C for 5 minutes) buffalo milk was used 

0to produce the curd. The milk was cooled to 32 C and 

then 4% of the working culture (Streptococcus 

cremoris) was inoculated with the milk. Then the 
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mixture was thoroughly agitated and distributed into 

four equal batches. One batch with no CEO was taken as 

the control. The other three batches were treated with 

CEO at the following concentrations of 0.025, 0.05 and 

0.075 ml/L. Three replicates were used under each 

treatment.  All the curd samples were incubated at 32 ± 

02 C for 3 hours in 80g plastic cups. Incubated samples 

0were stored in room temperature of 27 C.

pH of the samples was measured using a digital pH meter 

during the 7 days of experimental period as described in 

AOAC (1984). The titratable acidity was determined by 

titrating 0.1M NaOH to a phenolphthalein (0.5%) end 

point and expressed as percent lactic acid according to 

the standard formulae (AOAC, 1984) during the 7 days of 

experimental period.

The total colony count was performed by using milk agar 

media. Colony forming units were calculated for each 

0plate after 24 hours incubation at 32 C and back 

calculated for CFU/ml using the following equation.

Potato Dextrose Agar was used as the culture media for 

yeast and mold test. The Yeast and mold count was 

performed for 5 days of experimental period. Three 

replicates were tested from each treatment per day. 

Colony forming units were calculated for each plate and 

back calculated for CFU/ml using the above equation.

Prepared curd samples were evaluated for the sensory 

attributes by using a panel of 20 judges. The samples 

were scored for organoleptic properties such as taste, 

color, smell, texture and overall acceptability according 

to a five point hedonic scale.

Statistical Analysis

pH, acidity, total fungal colony count and  total colony 

counts were statistically analyzed by using General 

Linear Model (GLM) of SAS 9.0 version and the model 

included replicates and treatment effects. Means were 

separated by the least significant difference (lsd) 

means separation test. Sensory evaluation of the 

products was done according to the Friedman test 

using Minitab 14 version. 

Results and Discussion    

Recommended ranges of total fungal colony count of 

curd or yogurt is < 1000 CFU/ml according to SLS 

standards. The Figure 1 shows CFU values of Yeast and 

Mould count of the buffalo curd treated with CEO 

during the 5 days of storage period in room 

0temperature (27 C). Colonies were absent in 0.025%, 

st nd0.05% and 0.075% on the 1  and 2  days. However, the 

control sample exceeded the recommended yeast and 

thmold count on the 4  day of the storage period 

(1233CFU/ml ± 98.6) and it was significantly (P < 0.05) 

higher compared to the other treatments. Interestingly, 

0.025%, 0.05% and 0.075% CEO added samples were 

not exceeded the recommended value even on the 

t h5 d ay  ( 4 6 6 . 6 7 ± 2 3 6 . 8 ,  4 3 3 . 3 3 ± 2 3 6 . 8  a n d  

423.33±236.8 respectively). Most of the fungus species 

related with the food are well grown on the surface 

environment (oxygen is fulfilled). Essential oil 

dissolves in the lipid phase of the food (Mejlholm and 

Delgaard, 2002).Therefore, it can be suggested that 

CEO is dissolved in the surface cream layer of the curd 

and reduced the fungus growth. 

pH decreased continuously in all the treatments 

throughout the 7 days of storage period and 

significantly (P < 0.05) different among the treatments 

stexcept on the seventh day. Highest pH on the1  day 

(4.47±0.01) was observed in 0.075% of cinnamon oil 

added buffalo curd and the lowest pH was noted in 

control (4.35±0.01), followed by 0.025% (4.4±0.01) 
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and 0.05% (4.46± 0.01).Gradually these values were 

decreased over the period and the highest pH values 

were always reported in 0.075% sample and lowest 

values were recorded in the control sample in all 6 days 

of period. However, there was no significant difference 

thamong the treatments on the 7  day of storage period. 

Mesophilic Bacterial fermentation of buffalo curd 

converts lactose in to lactic acid which resulted in 

development of acidity with storage time. The change in 

titratable acidity (TA) is a significant factor, since it 

affects the shelf life and acceptability of product. 

Recommended ranges of titrable acidity for curd or 

yogurt is 0.8% -1.25% according to the SLS. Increased 

acidity above the recommended levels results in 

undesirable acidic flavor of the dairy product and starter 

culture population gradually reduced. There was no 

significant difference (P > 0.05) among the treatments 

nd rdon the 2  and 3  days of storage. Significantly (P < 0.05) 

highest value for TA was observed in the control sample 

thfrom the 4  day onwards during the experimental 

period. The control sample exceeded the recommended 

titratable acidity on the 5th day of storage period 

(1.27±0.01). 0.025% CEO treated sample reached to the 

upper limit of recommended titratable acidity level on 

ththe 6  experimental day. Acidity level did not reach to the 

upper limit in 0.05% and 0.075% during the 

experimental period (TA was 1.24 both in 0.05% and 

th0.075% on the 7  day).

According to the total viable colony count test, there was 

no significant (P > 0.05) difference among the four 

different concentrations of CEO added buffalo curds, 

after the 24hrs of inoculation. Ismail et al, (2006) 

reported that lactic acid bacteria is relatively resistant to 

the inhibitory effect of spices and essential oils. 

Therefore, it can be suggested that the bacterial 

population in the curd was not suppressed by treated 

CEO concentration values of 0.025%, 0.05% and 0.075% 

after 24hrs from the inoculation.

According to the sensory evaluation, there was a 

significant difference among the treatments for taste of 

buffalo curd. 0.025% CEO added curd was the best in 

taste among the treatments according to the results of 

Friedman test. Cinnamaldehyde and phenolic 

compounds result in hot aromatic flavor. This may be 

the reason to observe lower consumer acceptance in 

higher concentrations of CEO (0.05% and 0.075%) 

added curd samples. Moreover, there was a significant 

difference among the treatments for smell of buffalo 

curd. According to the results 0.025% CEO added 

treatment was the best in smell. However, there was no 

significant difference among the treatments for color 

and texture of the buffalo curd. According to the results, 

0.025% added buffalo curd was the best in overall 

acceptability among the treatments.

Based on the results it can be concluded that all three 

treatments of CEO concentrations (0.025%, 0.05% and 

0.075%) extend the shelf life of the buffalo curd under 

0room temperature of 27 C. Further, the sensory 

evaluation studies revealed, 0.025% of CEO added 

buffalo curd was the most acceptable concentration. 

Therefore, 0.025% of CEO can be recommended to 

extend the shelf life and quality of buffalo curd. 
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0Figure 1. Variation of Total Fungal Colony Count of Buffalo curd during the storage at 27 C

T1- 0% CEO, T2- 0.025% CEO, T3- 0.05% CEO and T4 - 0.075% CEO Different letters (a,b) show statistically 

significant (P<0.05) differences among  the treatments.
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Effect of Hot Water Soaking on Hydration of Nadu Type Paddy Grains
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Abstract

Sri Lanka is an agriculture based country where rice plays a key role in food industry. Parboiling is one of the 

processing methods of paddy, which involves soaking as one of its processing steps. Hot water soaking is commonly 

practiced in commercial mills for different paddy varieties. However, it has not yet got popularity in Jaffna. An attempt 

was made to check the effect of temperature on hydration of Nadu type long paddy grains during soaking and 

consequent steaming. The hypothesis of the experiment was that increase in temperature of soaking water would 

increase paddy hydration, which intern reduces soaking time. Nadu type long grains were selected for experiment. 
0Different levels of temperature (40, 50, 60, 70 and 80 C) were used.  Three replicates were used for each temperature 

and cold soaking was set as a control. Soaking was done for 2 hours and steaming was performed thereafter under 

uniform condition. Moisture content of grain samples was determined by oven-dry method. Results revealed that 

higher temperature increased the paddy hydration during soaking and subsequently in steaming. Hot water soaking 

was the best option for processing Nadu type long grains in Jaffna as it increased paddy hydration during soaking and 

steaming. However, milling yield analysis has to be performed to determine the effects on colour of paddy grains and 

to set the  best temperature for hot water soaking without damaging milled rice quality.

Key words: Hot-water treatment, Hydration, Paddy, Soaking

Introduction

The Agriculture sector continues to be the main 

contributor to the economy of Sri Lanka (Rafeek, 2000). 

Rice is the single most important crop occupying 34 

percent of the total cultivated land area in Sri Lanka 

(Department of Agriculture, 2011) with a total 

production of 3.7 million tonnes in the year 2011 

(Department of senses and statistics, 2011).  Paddy 

grains are processed into rice either as raw or parboiled 

rice. The total number of rice mills in Sri Lanka is around 

7000. About 23 % of these rice mills practice parboiling 

process. Rice is the staple food in the country and 70% of 

population consumes it in parboiled form. Three major 

steps of parboiling process are soaking, steaming and 

drying. The main objective of soaking is to achieve quick 

and uniform water absorption. This water absorption 

may be increased to obtain a desirable moisture content 

of the soaked paddy, either by increasing the duration of 

soaking or soaking at an elevated temperature. During 

the parboiling process, 30-32 % moisture content (Wet 

basis-Wb) is achieved in soaked paddy for proper 

hydration, which may be achieved when the paddy is 

0soaked at ambient temperature (20-30 C) for 36-48 

hours (Wimberly, 1983). Cold soaking nevertheless 

requires a large quantity of water and is time and 

consuming as the process requires frequent water 

change. The amount of water required for soaking 

paddy is about 1.3 times the weight of paddy 

(Wimberly, 1983). Environmental pollution resulting 

from rice mill wastewater with high BOD values has 

become a huge problem in Sri Lanka. Hot water soaking 

of paddy in parboiling process can reduce soaking and 

steaming time in the parboiling process and can reduce 

the heat energy requirement in steaming of paddy due 

to the reduction of steaming time. Hence, a study was 

conduced to investigate the effect of temperature on 

hydration Nadu type long paddy grains. At present for 

local processers in Jaffna do not practice hot water 

soaking for processing harvested paddy in Jaffna.
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Materials and Methods

Soaking and Steaming

The hot water soaking of paddy was carried out in a 

thermo stable water bath. Nadu type long paddy grains 

were selected for the experiment. Clean paddy sample of 

1 kg was placed into container and 1300 ml of water was 

poured. The container was kept inside the thermo stable 

water bath at selected temperatures 40, 50, 60, 70, and 

080 C for 2 hours. Every 15 min 5g of paddy sample was 

taken up to 2 hours during soaking for moisture 

determination. Before taking samples paddy sample was 

thoroughly mixed. Steaming was done by using 

laboratory steamer. Soaked paddy was steamed for 

45minutes. Again in every 15 min 5g of paddy sample 

was taken up to 2 hours during steaming for the 

determination of moisture by oven-dry method. Samples 

0were kept in oven at 130 C for 24 hours. Both procedures 

were made triplicate for each experiment made in CRD.

Results and discussion

Figure 1 shows the relationship between moisture 

content (Wb) and soaking time (minute) of paddy 

samples soaked with different temperature values.

Moisture content increases with soaking time in all 

temperature conditions. However, as temperature goes 

up, hydration rate also goes up. This is because of 

increase in kinetic energy of both soaking water and 

paddy grains (Miah et al., 2002). Moisture content of 

around 30 % (Wb) was achieved for paddy samples 

0soaked at 80 C by 90 minutes of soaking duration. This 

is the highest among the rest. Hydration rate is very low 

in cold water soaking and it is around 16 % after two 

hours of soaking. Hot water soaking has increased 

hydration rate significantly compared to cold water 

soaking.

Figure 2 shows the relationship between the moisture 

content and steaming time of paddy samples soaked 

with different temperatures. Moisture content 

increases as steaming time goes up in all cases. Highest 

hydration was happened for paddy samples soaked at 

higher temperature and this indicates that soaking has 

strong influence on steaming. Paddy samples soaked 

with high temperature values had high initial moisture 

at the beginning of steaming and therefore reached 

highest moisture within lowest time. Hot water 

soaking increased hydration rate of paddy grains 

during steaming highly significant compared to cold 

water soaking However, colour of grains has to be 

monitored carefully to find out best temperature for 

developing commercial hot water soaking protocol for 

paddy processors in Jaffna.

Soaking water temperature has strong influence on 

hydration of Nadu type long paddy grains during 

soaking and steaming processes. As soaking 

temperature goes up, hydration rate increases. It could 

be useful for local processers in Jaffna to process such 
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Figure 1. Relationship between moisture content (%, 
wet basis) and soaking time (minute) during hot water 
soaking.

Figure 2. Relationship between moisture content (%, 
wet basis) and steaming time (minute)
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grains by hot water soaking rather practicing cold water 

soaking which consumes huge amount of water and long 

time to reach desired moisture content 30 % (Wb) for 

energy efficient parboiling process. Soaking time can be 

reduced considerably. It reduces amount of effluent 

generated compared to cold soaking. Cold soaking 

usually takes 36-72 hours to reach grain moisture 30 % 

o(Wb). However, Hot water soaking, above 50 C, takes 

only 2 hours to reach that value. It can be a best option to 

reduce effluent quantity as processors, in cold soaking, 

change water every either 12 or 24 hours to avoid 

fermentation.
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Abstract

Toddy distillery units produce a colour effluent which is  rich in organic material.  This effluent is one of the most 

environmentally unfriendly industrial product in the Jaffna district of Sri Lanka.  Therefore, effluent from distillery 

unit has to be treated before being discharged into the environment.  In this study, experiments were conducted to 

find out optimum dilution factor of effluent for wetland treatment to remove the organic loads from the effluent in 

constructed wetlands by using aquatic plants Eichhormia sp, Lemna sp Lemna minor  and Pistia sp. The experiments 

were conducted by different process like aeration, dilution, adjusting the pH by using lime and hydraulic retention 

time using aquatic plants to reduce the various parameters in effluent. Important chemical properties such as pH, 

dissolved oxygen, EC and TSS of fresh effluent were measured to identify the problematic parameter and to determine 

the dilution factor It was found that the dilution of 1, 2, 3, and 4 was not effective due to the lower pH and dissolved 

oxygen value. The aquatic plants, Eichhormia sp, Lemna sp, and Lemna minor were successfully survived in dilution 

factor of five after aeration and pH adjustment. Pistia sp failed to survive in five dilution. Removal efficiency of 

phosphate and nitrate were significantly differ in Lemna minor, Lemna and Eicchormia compared from control.  

Maximum phosphorus removal was in the range of 50-54% and nitrate by 32 to 35% was observed with six days 
3- -hydraulic retention time.  These highest reductions of PO  and NO  were achieved by Lemna minor in the dilution 4 3

factor of five.

Key  words: Constructed wetland, Dilution factor, Distillery effluent 

Introduction 

A large and increasing volume of wastewater is 

produced globally by the winery and distillery 

industries. Considerable amount of effluent is coming 

from the distillery units which are situated in Jaffna at 

Navally and Thikkam.  In the Northern part of Sri Lanka, 

especially in the Jaffna peninsula the distilleries are 

using, naturally fermented palmyrah and coconut sap 

called 'palmyrah toddy' and 'coconut toddy' respectively 

to obtain ethanol. Amara et al., (1990) stated that 

distillery unit generates 1.3 million liters of effluent 

annually and the principle waste is locally referred as 

“Coda”. Direct discharge of effluent from the toddy 

distillation units into the environment is causing 

significant environmental pollution in Jaffna peninsula.

 The fresh acidic spent wash produced from the 

distilleries are of high in temperature and have high 

Biological Oxygen Demand (BOD), and also consisting of 

large amount of suspended solids and high turbidity. 

Moreover, 88% of raw materials used in the distilleries 

are converted into waste and discharged into the water 

bodies without recommended treatments. Because of 

the above reasons, distillery industries have become a 

major source for the water pollution (Farid et al., 

2010). The disposal of large quantities of 

biodegradable waste into the water bodies without 

adequate treatment has been banded through the 

Environmental laws. 

Distillery industries have become a major source of 

pollution, because levels of constituents of distillery 

waste are often above the permissible standards 

specified by the Central Environmental Authority. Also 

discharge of untreated acidic spent wash can destroy 

There are no any sound management techniques 

proposed until now to overwhelm liquid waste 

management problem which is the major deadlock for 

376
Corresponding author:  velauthambama@yahoo.com

International Symposium on Agriculture and Environment 2013
University of Ruhuna Sri Lanka



producers. Recent study focused new strategy to manage 

this problem through the construction of wetlands to 

treat the nutritive effluent and reuse it for agriculture as 

an alternative for chemical fertilizer and irrigate the crop 

land (Sathish et al., 2013). Moreover, constructed 

wetlands can also be a cost effective and technically 

feasible approach for treating wastewater. Wetlands are 

often less expensive to build than traditional wastewater 

treatment unit and have low operating and maintenance 

expenses and can handle fluctuating water levels. 

Additionally, they are aesthetically pleasing and can 

reduce or eliminate odors associated with wastewater. 

However, the concentration of the distillery wastewater 

is too much for the direct application of the wetland 

treatment process .Therefore, this research is planned to 

find out the best dilution factor for wetland treatment.

Materials and Methods

Fresh effluent samples were collected directly from the 

outlet unit without accumulating in aerobic tank from 

Thikkam distillery in Jaffna into 20 liter plastic 

containers. The following aquatic plants, Eichhormia sp, 

Lemna sp, Pistia sp and Lemna minor were selected for 

this study because of their fast growing habit in fresh 

water and high nutrient feeding. According to the study 

of Amara et al., 1992 Eichhormia sp, Lemna sp Lemna 

minor and Pistia sp were used for biological treatment of 

distillery waste and stated that these plants were well 

survived to grow in effluent. Important chemical 

properties such as pH, dissolved oxygen, EC and TSS of 

fresh effluent were measured to identify the problematic 

parameter and to determine the dilution factor. For the 

experiments, the aquatic plants, which maintained in the 

plastic tanks were collected, cleaned and introduced in 

the constructed wetland. Approximately, 100 g of 

aquatic plants were used in each constructed wetland 

for this study. These experimental tanks were filled with 

effluent of 1000 ml. Triplicate of each experimental 

setup was maintained. The experimental setup were 

examined for a period of 7 days by 2 day intervals by 

using aquatic plants and conducted the study with 

various dilution factor (1, 2 ,5 ,10, 20). The dilution 

factor was used such that one part of effluent with 

various numbers of part of well water, thus, the ratio of 

1, 2, 5, 10 and 20 represents these parts of well water 

mixed with raw effluent. The pH was adjusted by using 

lime. The concentrations of the various parameters in 

effluent before and after treatment with different 

aquatic plants were determined as per the standard 

procedure stipulated. The percent of removals of 

various parameters by aquatic plants were calculated.

Results and discussion

The pH value of the fresh spent wash was an acidic 

nature varying from 3.2 to 3.4. Dissolved oxygen value 

of spent wash was less than 1 mg/l. EC values of the 

effluent ranged from 1.08 - 4.02 mS/cm. Complete 

death of aquatic plants were observed in the dilution 

factor of 5, 4, 3, 2, and 1 times with groundwater due to 

the lower pH and dissolved oxygen value. In the series 

of dilution, plants survived in dilution factor of 20, 

because of effluent was adjusted the pH of 7 by adding 

water. But 20 L of groundwater was used to dilute one L 

effluent. This dilution factor is not economical one in 

large industrial scale. 

Further the facts were used to improve the pH and 

increase the DO level. Even though effluent was aerated 

using air compressor for one hour, the system remains 

in an anaerobic condition with the DO level of less than 

one mg/l. The pH value of the effluent was adjusted to 6 

by adding lime to the effluent. Lime was selected for  

neutralizing the effluent because of it is more effective 

and low cost than KOH or NaOH. Then this effluent was 

diluted with ground water in 1, 2, 5, and 10 times. 

Aquatic plants survived in 10 times of dilution with 

water. Again dilution factor was further reduced to 5 

times in large scale treatment. Even further it could be 
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3- -Figure 1. Removal efficiency of effluent after two days for PO  and NO4 3

reduced in contracted wetland while flowing water.

Figure 1 shows the removal efficiency of the effluent 

with various type of plant. It was found that, Lemna 

minor shows higher removal efficiency compared to 

3-others. The removal rates of PO  in constructed wetland 4

were 2.35%, 48.24%, 25.88%, and 51.76%, respectively 

for control, Eichhormia sp, Lemna and Lemna minor. It 

was observed Eichhormia sp, Lemna and Lemna minor 

-produced the greatest reduction in NO .  The high 3

- removal rate of NO was found in Lemna minor as 3

-55.17% of NO  within two days. Eichhormia sp removes 3

3- -higher PO  than NO  whereas Lemna and Lemna minor 4 3

-  3 -remove higher NO than PO . The electrical 3 4

conductivity value was 1.869 mS/cm after dilution with 

water. It was reduced to 1.856 mS/cm, 1.797 mS/cm, 

1.592 mS/cm and 1.593 mS/cm for control, Eichhormia 

sp, Lemna and Lemna minor respectively. The pH  

reduced from 7.05 to 6.45 due to the absorption of 

minerals by plants. 

During the process of constructed wet land treatment, 

the problem was availability of water for dilution and 

disposal of wastewater from wetland. Particular amount 

of water was discharged from the outlet of distillery as 

waste during the processing time. Also normally the 

processing was during the months of April to August. 

Hence Yala rain water harvesting water could be used 

during the peak season of distillation. The large 

volume of wastewater could be used for producing 

valuable liquid fertilizer that reduces environmental 

hazards.  

Initial parameters of raw effluent were high in 

0temperature (80-85 C) large amount of suspended 

solids (1900 mg/l), high pH( 3.23-3.3), EC(4.02-

4.05Ms/cm), total phosphorus(37.6 mg) and 

nitrate(166.6 mg/l) were reported. The values of 

constituents of distillery waste and even diluted by 5 

times were often above the permissible standards 

specified by the Central Environmental Authority for 

the discharge of industrial effluents into land. 

 The dilution of 1, 2, 3, 4 and 5 was not effective due to 

the lower pH and dissolved oxygen value. The selected 

plants were successfully grown in further dilution 

series of 5 after the reduction of pH and aeration in lab 
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scale. And only one aquatic plant species was survived in 

the dilution factor of four. Aeration and pH adjustment 

were influenced on reduction of the dilution. But further 

reduction of the dilution could be obtained in field 

flowing constructed wetland. The aquatic plants, 

Eichhormia sp, Lemna sp, and Lemna minor were 

successfully survived in dilution factor of five. Pistia sp 

was failed to survive in five dilution. Lemna sp were well 

survived even in the dilution of four.

Removal efficiency of phosphate and nitrate were 

significantly differ in Lemna minor, Lemna and 

Eicchormia compared from control.  Maximum 

phosphorus removal was in the range of 50-54% and 

nitrate by 32 to 35% with six days hydraulic retention 

3- -time.  These highest reductions of PO  and NO  were 4 3

achieved by Lemna minor. 
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Abstract

The overall prevalence of diabetes in Sri Lanka is as high as 14.2 % for men and 13.5 % for women. Self-management 

education on food choices and meal planning for people with diabetes is important in the management of diabetes. 

The carbohydrate counting concept which is a simple and easily understandable method for food choices and meal 

planning has not been used as a nutrition educational tool in Sri Lanka. The aim of this study was to develop a nutrition 

educational tool using carbohydrate counting concept for adults with diabetes in Sri Lanka. Different types of 

educational tools were reviewed and a booklet was selected as the nutritional educational tool. The content validity 

and format of the draft booklet were proved in order to getting the right message and easily to read by the experts. The 

developed nutrition educational tool is colourful booklet with 13 cm in width and 20 cm in length.  The booklet is 

composed of 2 sections. The first section provides the general information on diabetes, and dietary management 

strategies of diabetes such as plate model and food exchange list.  The second section describes on types of 

carbohydrate, carbohydrate containing food groups, carbohydrate content in one portion exchange for each food 

groups and the steps of carbohydrate counting. The developed educational too is a self-help guide for estimating 

carbohydrate amount in commonly used Sri Lankan foods. The booklet also provides a preliminary guide illustrating 

the printed nutrition information material on carbohydrate counting for people with diabetes in Sri Lanka. 

Key  words: Diabetes, Meal planning, Carbohydrate counting, Educational tools, Booklet 

 

Introduction

In Sri Lanka, the number of people with diabetes is 

increasing. Diabetes self-management education is a 

process of teaching individuals to manage their diabetes 

and has been considered an important part of the clinical 

management of individuals with diabetes (Nagelkerk et 

al., 2006). 

Self-management education on food choices and meal 

planning for people with diabetes is important in the 

management and prevention from the complications of 

diabetes. There are different educational tools for 

educating on meal planning and food choices for people 

with diabetes. Carbohydrate counting that focuses on 

the total amount of carbohydrate as the primary nutrient 

affecting postprandial glycaemic response is one of the 

meal planning approaches used on clients who have 

diabetes. Carbohydrate counting concept allows variety 

in food choices to fit a person's preferences and 

lifestyle (Anderson et al., 1993). The study of Sheard et 

al. (2004) showed that the total amount of 

carbohydrate consumed is a strong predictor of 

glycaemia response, and thus, monitoring total grams 

of carbohydrate, whether by use of exchanges or 

carbohydrate counting, remains a key strategy in 

achieving glycaemia control. 

Although nutrition therapy is one of the most 

challenging aspects of diabetes care (Nagelkerk et al., 

2006), less attention is given in Sri Lanka to provide 

education on dietary management of diabetes. As a 

result many people with diabetes may not know how to 

select the appropriate foods and how to select the 

correct amount of foods that help to manage their 

diabetic condition. The development of a simple 

nutrition education tool by using carbohydrate 

counting concept may be an effective tool for control 
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and management of diabetes as well as may help to cut 

down the expenses for health and to improve the quality 

of the life of the people with diabetes.

 The aim of this study was to develop a simple nutrition 

educational tool based on carbohydrate counting 

concept for providing knowledge and guidelines on 

estimating carbohydrate amount in the foods consumed 

by diabetic people. 

Materials and Methods

The carbohydrate counting concept is a new approach 

for Sri Lankans. Information on diabetes management 

was reviewed in detail particularly of dietary 

management. From the different types of educational 

tools available, an appropriate design of a booklet was 

selected as an educational tool. This educational booklet 

was published by Daly et al. (1995) including 

“Carbohydrate counting, Getting started: Level 1” and 

“Carbohydrate counting, moving on: Level 2”. The book 

on “Nutrition Guide” for Sri Lankan (Wikramanayake 

and Gunerathne, 2000) was also used to develop the 

model educational tool.

The contents of the booklet are divided into 2 sections. 

The first section contains general information about 

diabetes. The second section, focuses on carbohydrate 

containing foods, methods of counting carbohydrate, 

and steps for counting carbohydrate.

The data of carbohydrate contents of commonly eaten 

carbohydrate rich foods in Sri Lanka were gathered from 

Sri Lanka Food Composition Tables, Asian Food 

Composition Tables, research findings related to 

nutritional values of Sri Lankan Foods and Food labelling 

of several food products in Sri Lanka. Carbohydrate 

containing food items were categorized into 4 food 

groups; starch, fruit, milk and vegetables. Snacks and 

desserts are also included under the relevant food group 

according to their nutrient composition.

After gathering data of carbohydrate content and 

serving size of foods, the food items were weighted for 

an exchange portion, afterward the photographs of the 

foods were taken. The pictures would be presented in 

the booklet. First, the booklet was developed in English 

language and then translated into Sinhala language.  

Three experts in the field of nutrition and dietetics 

reviewed the completed content and wording, as well 

as illustrations of the booklet. Furthermore, ten people 

with diabetes justified the format and presentation of 

the entire booklet. This step aimed to confirm the 

undertandability, creditability, and relevance of the 

message before the actual booklet was produced. The 

consistence of the illustrations with massage was 

agreed. All the people with diabetes, who validated the 

booklet, agreed positively with the booklet and had a 

few comments on some parts.

Results and Discussion

The developed nutrition educational tool is a colourful 

booklet for giving knowledge about carbohydrate 

counting concept for adult people with diabetes. 

Commonly consumed carbohydrate rich food items 

included under each carbohydrate containing food 

category for developing the educational tool. 

The booklet was composed of 2 sections. The first 

section was the general information on diabetes, and 

dietary management strategies of diabetes such as 

plate model and food exchange list.  The second section 

was on types of carbohydrate, carbohydrate containing 

food groups, carbohydrate content in one portion 

exchange for each food groups and the steps of 

carbohydrate counting.   
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 Starchy foods              Rice, Bread, Biscuits, Corn, Yams, Sting hoppers, Hoppers,

                                         Yellow rice, Green gram, Rotti, Cake, Kaum, Pittu,

                                         Thalakaralie, Pan cake, Sweet potato, Coconut toffee, 

                                        Mungbean, Attirasa, Sugar, Jam, Honey, Dhal,                                                                                                         

                                                    Potato, Papadam

Fruits                             Rambuttan, Banana, Papaya, Mangusteen, Mango, 

                                         Fruit juice, Water melon, Jack fruit, Peryas, Rose apple,

                                                    Orange, Graphs, Pine apple                                              

Milk and milk product          Milk, Ice-cream, Yogurt, Milk toffee, Milk powder  

Vegetables                               Beans, Pumpkin, Carrot, Kale, Jerkin, Gotukolla, Cabbage

    Food category                                                        Food items                          

 

The content validity and format of the draft booklet were 

proved in order to get the right message and easily to 

read by experts. There were some suggestions that in the 

photos, too many photos and colour in the booklet. 

Experts also had comment about format of booklet 

namely font size in content which were advised to 

increase the size. All experts advised to change the 

sequence of contents and few words in order to 

encourage health promotion behaviours. 

Furthermore, ten people were also justified the format 

and presentation of the booklet. Their suggestion was to 

present the information in simple Singhala language 

which also accounted to develop final booklet.   

Figure 1. The nutrition educational tool model: Booklet for carbohydrate counting for people with diabetes in 

                    Sri Lanka 

The booklet provided preliminary guide to illustrate 

the printing nutrition information material on 

carbohydrate counting for people with diabetes. 

The booklet was comparable in term of topics to the 

information of Rickheim  et al (2000) who mentioned 

the suggested topics to be covered at self-management 

education intervention for diabetes which might being 

with a brief review of diabetes, management, the goal 

to control blood glucose levels, impact of food on 

glucose, carbohydrate counting, how to use nutrition 

facts on food labels and lifestyle behaviours for 

management of diabetes. As this tool was the first 

attempt to introducing the carbohydrate counting 
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concept for the target audience, given all the information 

on carbohydrate under the separate section. 

Several important considerations such as short 

sentences with simple words, few words on a page, use 

of illustrations were taken in to account when 

constructing the booklet.  From previous study, the 

appearance of printed materials was thought to be 

crucial factor in determining whether people read or 

disposed of them. Therefore, the developed educational 

tool was follow to the characteristics of the efficient 

printed materials. These characteristics included 

content characteristics such as the use of short 

sentences with simple words, and the appropriate use of 

the awareness massages to motivate audiences, and 

design characteristics such as the use of headings, 

optimizing material into paragraphs, using a sufficiently 

large font, use of underlying, arrows, and bold face print, 

colour coding, and colour illustration. 

The booklet was different from other traditional printed 

materials and it was developed for easy to understand 

using a colourful and pictorial format which stimulated 

the target population who had literacy skills to read it. 

One exchange portion of commonly consumed 

carbohydrate rich food photographs were included 

under each carbohydrate containing food groups 

(starchy, fruits, milk, and vegetables) to estimate the 

number of exchange portions of foods that readers' 

consumed. Each carbohydrate containing food groups' 

one exchange portion contain carbohydrate amount was 

given. 

This developed educational tool was included 

commonly consumed carbohydrate rich food items. It is 

important to include seasonal food items that are rich in 

carbohydrate and will be able to use this educational tool 

to estimate carbohydrate amount in seasonal foods. 

In conclusion,  the developed colourful nutrition 

education booklet on carbohydrate counting concept is 

a preliminary guide to illustrate printed nutrition 

information material on carbohydrate counting for 

people with diabetes in Sri Lanka and it is important to 

counting carbohydrate in commonly Sri Lankan 

consumes foods.
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Abstract

Many children at schooling age skip their breakfast leading to poor nutritional status which in turn affects their 

learning process. Therefore, it is important to explore ways to provide the essential nutrients. The focus of this study 

was to introduce an energy and nutrient dense snack which is low in volume utilizing rice bran, fruits and nuts. Rice 

bran is a nutrient rich by-product which currently remains unutilized for human consumption. Rice bran was heat 

stabilized by microwaving for 3-5 minutes and roasting for 2 minutes. Preliminary experiments were carried out to 

determine the optimum quantity of rice bran and a suitable fruit for the snack. The formulated snack bar contained 

high carbohydrate (49.6%) and fat (16.9%) compared to the snack bars available in the local market. It is concluded 

that an energy rich snack bar can be developed to fulfill the considerable daily nutrient requirement of the schoolers 

utilizing the locally available low cost rice bran and fruits and nuts 

Key words:  Nutrition, Rice bran, Schoolers, Snack bar

Introduction

There is mounting evidence indicating that most 

schoolers in Sri Lanka skip their breakfast. Skipping the 

breakfast may potentially cause different nutritional and 

health problems and potentially affects their learning 

process. The nutritional status of children of school age 

in Sri Lanka has not improved over the past ten years. 

Malnutrition also remains as a serious problem among 

children in Sri Lanka. Recent demographic and health 

survey report has shown that there are regional 

disparities in nutritional status indicating the necessity 

of improving nutritional status of especially 

marginalized populations (Silva et al., 2009). The daily 

calorie requirement of school age boys varies between 

1950 kcal and 2190 kcal while the daily calorie 

requirement for girls varies between1950 kcal and 1970 

kcal. However, this requirement is not currently met by 

most of the children at schooling age. 

Approximately 0.16-0.33 million MT of rice bran is 

produced per year in the country which is currently used 

as an ingredient for making animal feed. Rice bran 

contains proteins such as albumins, globulins, 

prolamins and acid soluble glutelins, lipids and dietary 

fibre and vitamin B complex (Jyothilakshmi, and 

Prakash, 1997). Despite the nutritional superiority it 

remains unutilized in the country. 

In this backdrop, the present study was focused on 

developing an energy and nutrient dense snack 

utilizing rice bran, peanuts, raisins, dates, dried fruits, 

sugar and milk powder. 

Materials and Methods

Rice bran was obtained by milling and stabilizing red 

raw rice. Wheat flour, peanut, sesame, milk powder, 

kithul treacle, sugar, raisins, dried pineapple, papaya, 

mango and strawberry (1.18mm size), vanilla and fruit 

flavors were purchased from the local market. Rice 

crisp was prepared by heating paddy. Rice bran was 

heat-stabilized in a microwave oven  for 3-5 minutes 

followed by roasting for 2 minutes.
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Preliminary tests were carried out to formulate the 

snack bar recipe. Rice bran quantities (5, 7.5, 10, 12.5, 15, 

17.5, 20 and 22.5% w/w) were selected for preliminary 

experiments  The best quantity of rice bran was selected 

based on a sensory evaluation carried out using 25 semi-

trained panelists after developing the snack. In the next 

stage, the suitability of four different dried fruits: 

pineapple, papaya, mango and strawberry were tested. 

The formulated snack products were evaluated for 

sensory evaluation using 25 semi-trained panelists and 

the results were analyzed using Freidman test on 

Minitab. The formula that received highest rank for 

overall quality was selected and snack bar was produced 

following the selected recipe. The snack bar was 

packaged using triple laminated aluminum foil and a 

storage study was carried out. Moisture, protein, fat and 

ash contents of the prepared snack bar were determined 

using standard AOAC (1984) methods. Total calories, 

carbohydrates, amino acids, vitamins, fatty acids and 

mineral content were calculated using secondary data 

available. 

Results and Discussion 

The initial sensory evaluation showed that the snack bar 

containing 10% and 15%  rice bran showed the 

optimum color, texture  and mouth feel. Therefore, 10% 

and 15% of rice bran quantities were selected. In the 

next phase, the suitability of four different dried fruits: 

strawberry, pineapple, mango and papaya were 

evaluated. Prepared Snack samples were evaluated for 

color, texture, flavor, taste, appearance and overall 

acceptability. Pineapple incorporated snack bar showed 

significantly higher (p<0.05) rank for color, texture, taste 

and overall acceptability while mango incorporated 

snack bar was ranked the best flavored snack bar. Both 

papaya and strawberry incorporated snack bars 

received significantly low (p<0.05) ranks in the sensory 

analysis. Therefore, pineapple was selected to develop 

the final product.

.

The final product contained 3.8% moisture, 7.1% ash, 

16.9% crude fat, 49.6% carbohydrates, 12.3% crude 

protein and 7.9% crude fiber. The rice bran 

incorporated energy rich snack bar contained 

significantly higher (p<0.05) content of ash, crude fat 

and crude fat compared to the snack bars available in 

the local market. The snack bars available in the local 

market contained comparatively lower amount of 

carbohydrates (38-43%). Calculation of the calorific 

value based on the quantities of ingredients added 

revealed that the snack bar contained 316.1 calories in 

100 g (47.415 kcal in 15 g of snack bar). 
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Abstract

Sri Lanka is an agricultural country which depends on rice as the staple food. Rice carbohydrates are the most 

digestible among all cereal grain carbohydrates and also enriched with high fiber content. However there is still a big 

demand for wheat flour and the requirement is completely met through imports. It is important to consider whether 

rice flour could be substituted for the wheat flour. The major objective of the present study is to introduce a rice based 

product and rice based cake premix which can be a successful alternative for wheat based cake. Preliminary trials 

were carried out to determine the best rice flour percentage and selection of the best rice flour particle composition 

for rice cake preparation. Mixing was done at 5 min intervals to find best mixing time and to find the best recipe for 

100% rice flour cake by changing the ingredients (Sugar, Margarine and Baking powder) levels. Three types of cake 

were prepared and a sensory evaluation was done to select the most acceptable sample. Data were analyzed using 

Kruskal-Wallis non parametric one way ANOVA. Proximate analysis and microbiological analysis were carried out for 

the most preferred cake premix. Finally, the best cake premix was selected through sensory evaluation and shelf-life 

was determined. The premix cake with 100% rice flour was selected as the best product because of its significantly 

(p<0.05) higher sensory properties. Total Plate Count of the cake premix was less than 4×103 CFU. The percentage of 

moisture, carbohydrate, protein, fat, crude fiber and ash of the final product were 24.8%, 60.3%, 6.7%, 6.5%, 1.3% and 

0.43%, respectively. The cost reduction was approximately 2.34% than wheat cake. The shelf-life of cake premix is 3 

months. 

Key  words: Cake, Wheat flour, Rice flour, Sensory properties 

Introduction

Cake is one of the most popular, palatable and important 

food items consumed by people in the world. Cake is a 

form of food, typically a sweet, baked dessert which 

consists of flour, sugar, eggs and butter or oil. Cake is 

based on flour derived from the wheat (Triticum vulgare) 

kernel extract of which is used in baking industry and 

mainly consist of starch and protein (Pyler,1973)  and it 

has lower levels of vitamins, minerals and dietary fibers. 

The principal parts of wheat flour are gluten and starch. 

Many people have celiac disease condition that is caused 

by a reaction to gliadin and gluten protein found in 

wheat.

There is an escalation of price of wheat flour and to fulfill 

the demand of bakery products, wheat flour is required 

to be imported from wheat producing countries and as a 

result a considerable portion of foreign exchange is 

spent (Cauvain and Young, 1999). 

Sri Lanka is an agricultural country which depends on 

rice as the staple food. Rice carbohydrates are the most 

digestible amongst all cereal grain carbohydrates and 

also enriched with high fiber content (Kent and Amos, 

1957). It is more suitable for diabetic and gastritis 

patients. Rice flour is a great substitute for people who 

are gluten intolerance. The favorable balance of amino 

acids in the rice flour and their good digestibility by the 

humans make it a valuable raw material to be used in 

cake production and also rice is a traditionally 

preferable product and considerably cheaper than 

wheat grain (Guinard and Mazzucchelli, 1996). 

Therefore, the objective of this study is to introduce a 

rice based product and rice based cake premix.
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Materials and Methods

Wheat flour cake was made by using wheat flour (100 g), 

margarine (100 g), sugar (100 g), eggs (2) and baking 

powder (2.5 g). Above ingredients were weighed by 

using an electronic balance (Eat Smart Precision Pro 

Multifunction Digital Kitchen Scale, USA) Sugar and 

margarine were put in the bowl and mixed with an 

electronic mixer about 10 min. Then eggs were added 

one by one to the mixture and it was mixed well about 20 

min. Then flour with baking powder mix was added to 

the mixture and it was mixed well about 5 min. Final 

mixture was very white and light in texture. Finally 

vanilla flavor was added to the mixture and was mixed 

well. After that mixture was poured in to pan and level 

the surface. It was baked using electric oven at 180°C for 

about 40 min. Rice flour particle size was <180µm sieve 

which was used for this experiment. Cake formulations 

were done with the variation in rice flour (Table1) and 

three replicates were made for each formulation. 

According to sensory evaluation, Cake prepared with 

100% rice flour was selected as the best. Rice flour 100 g, 

Sugar 100 g, Margarine 125 g, Egg 2 and Baking powder 

5 g were found as the best recipe for the best rice flour 

cake and 30 min after addition of the rice flour was 

selected as best mixing time. After that rice flour (500 

g), sugar (500 g) and Baking Powder (25 g) were mixed 

thoroughly and was packed into polythene air tightly 

(18 packs). Then the packed samples were kept in dry 

place. Finally they were checked in 2 weeks, 4 weeks, 6 

weeks, 2 months, 10 weeks and three months interval 

by making cakes with three replicates in each pack for 

finding the shelf-life of premix pack. Finally three types 

of cake were prepared (Wheat cake, Rice cake and 

Premix cake) and sensory evaluation was done for 

taste, crumb texture, crust color, height and overall 

acceptability.

Data were analyzed using Kruskal-Wallis non 

parametric one way ANOVA (STATIX Ver.2 software). 

Proximate analysis (Moisture, Carbohydrate, Protein, 

Fat, Fiber and Ash) was carried out for the most 

preferred cake and microbiological analysis was done 

for the best cake. Finally, the best cake premix pack was 

selected through sensory evaluation and determine it 

shelf life.

Results and Discussion

The results of the sensory evaluation of Wheat cake, 

Premix cake and Rice cake are presented in Table 1.The 

highest sensory scores for taste, crumb texture, crumb 

texture, height and overall acceptability were recorded 

by the premix cake sample (Table2).Premix cake 

sample was significantly different (P<0.05) from wheat 

and rice cake samples and it reveals that prepared 

premix cake is the best product among the others. 
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Rice flour % Wheat flour % 

10 90 

20 80 

30 70 

40 60 

50 50 

60 40 

70 30 

80 20 

90 10 

100 00 

 

Table 1. Composition of rice flour and wheat flour 

                  which were used in cake preparation.
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According to the nutrient analysis, 100g of rice premix 

cake contains 24.78% moisture, 60.31% carbohydrates, 

6.68% protein, 6.5% fat,1.3% fiber and 0.43% ash.

Number of yeast and moulds and total plate counts of the 

developed rice premix cake were determined during the 

storage time. Numbers of yeast and moulds count are

less than 10 CFU/g up to six days. Moreover, the number 

of total microbial population of developed cake premix is 

3 less than 4×10 CFU/g. According to the SLS standards 

for cereal based products, the acceptable range of yeast 

2 4 and moulds is 10 -10 CFU/g and the acceptable range of 

5 6 total plate counts is 10 -10 CFU/g. The microbial counts 

observed in the developed product are well within the 

acceptable range. Therefore it revealed that the product 

is safe for human consumption for six days of storage 

period at ambient temperature.

Out of three cake types, premix cake with 100% rice 

flour was selected as the best product because of its 

significantly (p<0.05) higher sensory properties. The 

percentage of Moisture, Carbohydrate, Protein, Fat, 

Crude fiber and Ash of the final product were 24.78%, 

 

 

 

60.31%, 6.68% , 6.5% ,1.3%  and 0.43% respectively. 

The raw material cost of final product was 

Rs .229.00/kg and the cost  reduction was 

approximately 2.34% than wheat cake. Shelf life of cake 

premix is about three months. It can be concluded that 

the developed cake premix can be used to make 100% 

rice flour cake successfully with lower production cost 

and rich in nutritional and sensory properties.
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   Sam ple Taste Crum b Texture Crust color Height Overall acceptability 

   Wheat cake 27.4
ab

   2 3.2
b 

 22.2
b

 24.0
a

 20.0
b

 

   Premix cake 
39.6

a

 39.2
a

 37.1
a

 37.0
a

 46.6
a

 

   Rice cake 24.4
b

 29.1
ab

 32.2
ab

 30.5
a

 24.9
b

 

 

Table 2. Sensory results (mean ranks) from three types of cakes.

Means with the same superscript letter are not significantly different (P>0.05) at 5% level from one another.
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Abstract

Soil moisture is an important bio-physical parameter that is used as an interface for the land surface and for the 

atmosphere, particularly in agricultural perspective. Cultivation of paddy is a major livelihood activity associated 

with seasonal rainfall and the supplementary irrigation in Vavuniya District. This study aimed towards the estimation 

of soil moisture content using remote sensing technology (SEBAL- Surface Energy Balance Algorithm for Land) for 

paddy fields in Vavuniya District after the Maha season during the period of March to July 2012 associated with MODIS 

products and meteorological data from Vavuniya meteorological station. It was clearly identified except in July, 

estimated soil moisture content at the top layer (0 - 15 cm) showed both under-estimation and over-estimation. Other 

estimation of soil moisture correlated perfectly with measured soil moisture content. The obtained   root mean 

square error (RMSE) for each month during the study period lies in the range of 5-10 % except in July (12.58%). 

Therefore, this estimation could be used to estimate the soil moisture content up to 15 cm from surface to this region. 

From the estimation of soil moisture content using SEBAL algorithm, estimated moisture content lies in between 30-

40 % during March & April. Then, there was a sudden drop of moisture content in May (10-20%) and increased to 

about 26% in June. Hence, there is a possibility of using residual soil moisture with the supplementary irrigation for 

the cultivation of crops such as vegetable, chili, oil crops and onion.

Key  words: Paddy fields, Remote sensing, SEBAL methodology, Soil moisture content, Validation

Introduction

Soil moisture content is an essential data for 

hydrological works and for the cultivation practices in 

which, crops utilize the water or the available moisture 

that present in the soil. The utilization pattern of 

moisture varies with cultivation seasons. In rainy 

seasons (Maha) crops dependent upon the utilization of 

seasonal rain fall while in Yala season, crops utilize the 

small extent of rain water with the supplementary 

irrigation. The main objective of this study was to 

estimate the temporal and spatial variations of soil 

moisture of paddy lands in the study area using remote 

sensing technology after Maha season. This is required 

for improving utilization of soil moisture, crop 

diversification in paddy lands and predictions 

particularly for supplementary irrigation.
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Figure 1.  Map of Vavuniya District and Study area
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Study area is situated from Komarasankulam to 

Poovarasankulam (29 X 20 km) in Vavunia District 

(Figure 1). Study area covers 20 sampling points 

maintaining minimum distance of 500 m. The general 

landscape of study area with 3% to 4% of slopes 

contains minor and medium water sheds and catchment 

basins. Reddish brown earth, Low humic glay and 

Alluvial soils which occupy the concave valleys and 

bottom lands are the main soil groups. The cultivation of 

subsidiary food crops obtain water mostly from 

seasonal rain fall and from shallow dug wells which have 

been constructed at the size of 4 m to 6 m diameter and 

about 9 m depth.

Materials and Methods

Location identification and soil sampling

The study area was demarcated to identify the soil 

sampling locations during field visits generally 

considering paddy growing area using GPS. The soil core 

samples were collected at 0-15 cm depth as ground truth 

for all analysis synchronizing with satellite overpass. 

The meteorological data were collected from Vavuniya 

meteorological station. Soil moisture content was 

measured using gravimetric soil moisture content 

method. Soil texture was found using hydrometer 

method. Soil pH and EC were measured using pH/EC 

meter. The soil bulk density was measured using core 

method.

Satellite image acquisition and processing

From the USGS website, MOD 09 A1 (Solar Zenith Angle), 

MOD 11 A1 (Land Surface Temperature), MOD 13 A1 

(Normalized Different Vegetation Index) and MOD 43 B3 

(Surface Albedo) geo-referenced and preprocessed 

images were downloaded. ILWIS and ENVI image 

processing software were used for the image processing 

of MODIS products. Geometric corrections were made 

for each image. Instantaneous net radiation was 

developed for each month from solar zenith angle, 

corrected albedo, land surface temperature, incoming 

long wave radiation and outgoing long wave radiation 

image of respective month. The meteorological data 

affixed with the image processing. Instantaneous soil 

heat flux was estimated from instantaneous net 

radiation, albedo, NDVI and LST images. Instantaneous 

sensible heat flux was calculated by iteration 

procedure until reach stable aerodynamic resistance 

and stable sensible heat flux. Instantaneous latent heat 

flux was calculated from instantaneous net radiation, 

Instantaneous soil heat flux and Instantaneous 

sensible heat flux. Evaporative fraction (Van der Tol 

and Parodi 2012) was estimated from instantaneous 

latent heat flux, Instantaneous net radiation and 

instantaneous sensible heat flux (Parodi 2002). There 

were numerous identified patches identified from both 

LST (Land Surface Temperature) and albedo images 

after the downloading preprocessed images. 

Appropriate image correction techniques were applied 

for particular images.

Estimation of soil moisture from SEBAL algorithm

SEBAL algorithm was used for soil moisture 

estimation. This algorithm was used on the basis of 

energy balance of soil surface. All kind of heat energy 

fluxes is utilized for the estimation. Evaporative 

fraction is the final output of this algorithm and this 

fraction was matched with volumetric soil moisture 

fraction to estimate the soil moisture for larger scale.

Results and Discussion:

Soil analysis

All soils were belongs to sandy clay loam texture. 

Therefore, these soils are very suitable for crop 

production activity. The Soil pH was ranged between 7 

and 7.5 and electrical conductivity was varied from 1 to 

1.5 ds/m . It is confirmed that the above soils are in 

suitable ranges for crop cultivation (Sirisena et al., 

2010 ).
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Estimation of volumetric soil moisture content

The actual volumetric soil moisture content was 

calculated using porosity values of particular soils. 

Volumetric soil moisture was estimated using saturated 

moisture content of soil and actual soil moisture content 

(Equation 1).

VMC = AVMC/SVMC                (Equation 1) (Gupta, 2000)

Where;

AVMC – Actual volumetric soil moisture

SVMC – Saturated volumetric soil moisture

VMC – Fraction of volumetric soil moisture

Then, the relationship was made between evaporative 

fraction which was developed from SEBAL algorithm 

and volumetric soil moisture content fraction (Equation 

2). The area specific coefficients (a = 0.869 and b = 

0.625) (Suthakar, 2012) were exercised.

VMC = EXP ((EF – a)/b)       Equation 2 (Gupta, 2000)

Where;

EF – Evaporative fraction

a and b – Area specific coefficients

The above coefficients were incorporated to find out the 

estimated moisture content of unknown pixels of study 

area using evaporative fraction values of images.

Validation of moisture content

Validation was made against actual soil moisture 

content versus estimated soil moisture content 

developed from satellite images. For this purpose 

RMSE value calculated as follows for each month 

during the study period.

n 2RMSE =     S=0 (X  - Xexp) /nobi

Where; X  is measured as value of volumetric soil ob

moisture content and X  is the estimated value of  exp

volumetric soil moisture content. Obtained RMSE of all 

months except July (12.58%), were in between 

acceptable range of 5-10% .

When the estimated volumetric moisture content 

plotted against the measured volumetric moisture 

content, most of the values of estimated soil moisture 

content at the top layer (0 - 15 cm) shows both under-

estimation and over-estimation while the other 

estimation of soil moisture is correlated perfectly with 

the measured soil moisture content.

As far as temporal variation of estimated volumetric 

Temporal and spatial variation of estimated moisture content

Figure 2. Temporal and spatial variation of estimated volumetric moisture content.
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soil moisture content was concerned, estimated 

moisture content lied between 30% and 40 % during 

March & April. Then, there was a sudden drop in May 

(10-20%) and again reached to about 26 % in June and 

finally it reached to nearly 15-20 % in July.

As far as the spatial variation was concerned  study area 

distinguished into 4 regions and the pattern of change in 

the estimated volumetric soil moisture approximately 

was same throughout the study area.

Estimation of Soil moisture content using remote 

sensing technology by SEBAL algorithm method, in this 

study revealed that most of the estimated and measured 

moisture content values resemble one another while 

some of the estimated soil moisture content and 

measured soil moisture contents were slightly deviated 

from each another. The obtained   root mMean square 

error (RMSE) for each month lied in the range of 5-10 % 

except in July (12.58%). RMSE values confirmed the 

accuracy of the estimation in this region. Therefore, this 

estimation could be used to estimate the soil moisture 

content up to 15 cm from the surface in this region. This 

study also concluded that taking of instantaneous and 

unique meteorological reading is more advisable for the 

estimation of soil moisture content using SEBAL 

methodology. Apart from images, soil analysis indicates 

that these soils are very suitable for field crops because 

of soil texture, soil pH and soil salinity condition. 

Therefore, farmers can cultivate any three month-crops 

such as vegetable, chili, oil crops, onion in this area with 

the residual moisture for crop diversification with 

supplementary irrigation. Meanwhile, an attention is 

required against the soil moisture depletion. As an 

alternative, implementing water saving techniques or 

adaptation of other supplementary irrigation practices 

will be recommended for successful crop diversification 

and food security of the region.
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Effect of Feeding Strategies on the Production and Composition of Milk in Small Scale Dairy Farms in the 

Thirunelvely Area of the Jaffna District
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Abstract

The objective of the study was to identify the local feeding strategies adopted by the small-scale dairy farms in 

selected areas of the Jaffna district, documentthe composition of feed ingredients in the study area and to determine 

the effect of feeding strategies on milk yield and milk composition. Information was collected from 53 farmers 

through personal interviews. Out of the 53 farms, twenty dairy farms were monitored in monthly visits, records were 

maintained for feeds, milk production and sampling of milk also was conducted for chemical analysis. Samples of 

feeds used on the farm also were taken and chemical composition of feeds was analyzed.  Eleven feedstuffs identified 

were grouped into: HFLP feeds – High fiber low protein; HFHP feeds – High fiber high protein feeds and LFHP feeds – 

Low fiber high protein feeds. Four feeding strategies were identified: strategy 1 uses HFLP and LFHP; strategy 2 uses 

HFLP and HFHP and strategy 3 HFLP, HFHP and LFHP feeds. Out of the 53 farms, percentages of farmers followed 

strategy 1, 2 and 3 were 28.31, 16.98 and 54.71, respectively. Feeding strategies did not influence milk protein; it had 

significant effect on milk yield, milk fat content, and dry matter intake. Milk yield and milk fat content were high in 

strategy 2.

Key words:  Feeding strategy, Milk yield, Milk composition, Thriunelvely, Jaffna

Introduction

The vast majority of the dairy farmers in the Jaffna 

district are small scale producers with 62,269 farm 

families and 30,408 farm labourers (Vakeesan et al., 

2010). Jaffna district consisted 5.32 % of the national 

cattle population (Department of Census and Statistics, 

2011). This showed 0.5 % increase in cattle population 

than the year 2010. 

The major milk marketing outlets in the Jaffna district 

are Jaffna District Development Cooperative Society 

(JDDCS), Livestock Breeders Cooperative Society and 

Nestle Lanka (Pvt) Ltd. The competition between the 

collectors has led to a reasonable farm gate price for 

milk. Therefore, the improvement of livestock 

production is expected to increase the income 

generation of farming families.

Feed composition does exert a strong effect on milk 

composition (Jenkins and McGuire, 2006). Therefore, 

diet composition is considered as a factor that on one 

hand insides directly on production costs, but on the 

other hand it enables the manipulation of milk solids 

composition (Coleman et al., 2010). Ability of farmers 

to provide adequate nutrition and management of 

Jersey cross cattle is problematic. Hence, the present 

study focused on the effect of different feeding 

strategies on small scale dairy production systems in 

Thirunelvely area of the Jaffna district.

The specific objectives of the study were to identify the 

local feeding strategies adopted by the small-scale 

dairy farmers, determine the composition of feed 

ingredients used and to study the effect of feeding 

strategies on milk yield and milk composition in 

selected areas of the Jaffna district.

Materials and Methods

Data collection

The study included the dairy farmers who are the 

members of the Thirunelvely milk collecting centre of 

the JDDCS. Out of fifty three farms, twenty farms were 
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selected for the present study using a table of random 

numbers.  Selected farms were visited every month from 

November 2011 to July 2012 when data on feeding and 

milk yield were recorded. In addition, sampling of milk 

was done for composition analysis. Further, a structured 

questionnaire was used to collect baseline information 

on the available percentage of breeds and management 

practices. 

Feed samples

Out of the twenty farms selected, from each farm three 

samples from each feed/feedstuffs during a period of 3 

months were taken. Total of 90 samples consisted 10 

feed/feedstuffs. Feed samples were classified according 

to the nutritional characteristics. The nutrient 

components considered were crude protein (CP), crude 

fiber (CF), dry matter (DM), ash and crude fat content. 

Daily dry matter intake of feed, production cost and 

income generated through dairy farm was also recorded.

Animals

Total of 20 cattle were recorded for milk production and 

for each cattle 3 samples were taken. Ten animals were 

selected from each system of intensive and extensive 

management, respectively Milk samples from these 

animals were taken for three months and samples were 

replicated thrice. Cows were milked twice a day; for the 

morning 5.00am to 6.00am and for the evening 1.30pm 

to 2.30pm. Hand milking was practiced in all farms. 

Variables recorded were daily milk yield per cow and 

daily milk yield per herd per day. Total of 180 milk 

samples were collected. Samples were collected in 

sterilized bottles and stored in a refrigerator. 

Chemical analysis

Collected feed samples were thoroughly mixed and 

composite samples were taken for chemical analysis. 

Feed samples were analyzed for dry matter and ash 

content according to standard procedures; crude 

protein, crude fibre and ether extract were determined 

by Kjeldahl method, modified Weende' method and 

Soxhlet method, respectively.

In milk sampales, density of milk, total solids and crude 

protein contents were determined by AOAC (1995). 

Milk fat content was analyzed using an electronic milk 

analyzer. 

Statistical analysis

The data collected were analyzed using GLM of SAS.  

Mean separation was carried out using Duncan 

multiple range test.

Results and Discussion

According to the questionnaire survey, 54.71 % of the 

farmers adopted intensive management system and 

rest of the farmers adopted to semi – intensive system. 

In the surveyed area extensive system was not 

practiced. The main cattle breed found in this area was 

upgraded Jersey. Only 83% of the farmers provided 

sheds for the animals. 

Diet composition

The type of feed/feedstuffs used as diet components 

and the chemical composition of the feedstuff are given 

in Table 1. One of the feedstuffs used by all farmers was 

paddy straw. Paddy straw is the one of the roughages 

which is high in CF and the second main home grown 

feedstuffs were cut and carry herbage Glricidia spp. The 

mean CP content was 18.31%. Common pasture grass 

mainly weeds constitute another source of medium 

quality forage with a mean CF content 37.84% and CP 

content of  0.51%.  Mean DM content was 26.36% for 

the mixture of weeds fed to the herds. Non- typical 

forage found only in one farm was sorghum, which had 

a mean CF content of 30.28%. The most commonly 

used bought-in feedstuffs are commercial compound 

dairy concentrates. In all farms, the concentrate 
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mixture was obtained by mixing diary mash, broken 

beans, rice bran, coconut poonac and gingerly poonac. 

Mean CP and DM content of the dairy concentrates were 

11.45% and 72.09%, respectively.

Based on the nutrient content, feed/feedstuff was 

classified into three feed groups. Three feed groups were 

high fiber low protein feeds (HFLP), high fiber high 

protein feeds (HFHP) and low fiber high protein feeds 

(LFHP). Considering the different feed groups three 

feeding strategies were identified which were: strategy 

1 used HFLP and LFHP; strategy 2 used HFLP and LFHP; 

strategy 3 used HFLP, LFHP and LFLP feeds.

Gross chemical composition of the feedstuff

 
 HFLP      
 PAS SOR CPG  

  DM 62.1 ± 38.77 17.0 ± 0.7   26.3 ± 0.35  
ASH 10.1 ± 0.30 11.0 ± 1.56 15.2 ± 1.84  
CP 0.3 ± 0.03 1.2 ± 0.02 0.5 ± 0.08  
CF 90.2 ± 10.29 30.2 ± 0.07  37.8 ± 15.13  
EE 0 2.4 ± 0 0  
     
 HFHP       
 DHS BB RB GLI 

  DM 89.1 ± 0.13 88.6 ± 0.10 90.1 ± 0.08 28.4 ± 0.22 
ASH 5.8 ± 0.10 4.5 ± 0.10 10.3 ± 0.04 13.6 ± 0.14 
CP 1.1 ± 0.57 1.1 ± 0.02 8.6 ± 0.08 18.3 ± 0.29 
CF 67.0 ± 6.67 73.7 ± 2.10 9.0 ± 0.76 4.4 ± 2.43 
EE 0.7 ± 0.35 0.6 ± 0.1 13.9 ± 0.47 2.6 ± 0.35 
     
 LFHP      
 CCC COP GIP  

  DM 88.9 ± 0.19 89.7 ± 0.14 91.6 ± 0.37  
ASH 6.1 ± 0.30 5.8 ± 0.04 12.6 ± 0.01  
CP 12.5 ± 0.06 16.5 ± 1.73 25.4 ± 2.58  
CF 11.6 ± 6.20 15.8 ± 1.46 18.6 ± 0.47  
EE 3.9 ± 0.2 8.1 ± 0.51 10.7 ± 2.08  

 

  Feed Group DM ASH CP CF EE 

HFLP 35.19 ± 23.82 12.16 ± 3.56 0.71 ± 0.50 52.77 ± 32.63 0.25 ± 0 

HFHP 74.09 ± 30.44 8.62 ± 4.19 7.13 ± 9.25 38.40 ± 37.09 4.48 ± 6.36 

LFHP 90.11 ± 1.37 8.19 ± 3.83 17.58 ± 5.60 15.37 ± 3.54 7.61 ± 3.46 

Table 2. Mean gross chemical composition of feed groups (% on dry matter basis)

DM dry matter, CP crude protein, CF crude fiber, EE ether extract, PAS paddy straw, SOR sorghum, CPG common 
pasture grass, DHS dhal straw, BB broken beans, RB rice bran, GLI Gliricidia, CCC commercial concentrate compound, 
COP coconut poonac, GIP gingelli poonac

Table 1. Gross chemical composition of the feedstuff in the diets in each feed group 

Strategy 1:    Combines two feed groups, high fiber low 

          protein feeds and low fiber  high protein  

                    feeds. Feeding strategy 1 was adopted by 

        28.31 % farms.

Strategy 2: Includes two feed groups, high fiber low 

     protein feeds and high fiber high protein       

                    feeds.  Feeding strategy 2 was adopted by 

        16.98 % farms.

Strategy 3: This comprised all three feed groups.           

Strategy 3 was followed by 54.71 % farms.   

Diet composition and classification of feeds

Ten feed stuffs were identified, of which four were 

produced in the farms and the rest were bought out 

side of the farm.
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  Strategy 1 Strategy 2 Strategy 3 
Milk yield (Kg/cow/day) 5.48 ± 2.89b 7.66  ± 2.94a 6.80  ± 2.90 a 

Milk protein content (%) 3.05  ± 0.1a       2.99  ± 0.33a       3.01 ± 0.21a    

Milk fat content (%) 4.1  ± 0.30 b  4.59 ± 0.18a 4.38 ±0.34ab  

Total DMI(Kg/cow/day) 2.43 ± 1.02b 5.03 ± 0.06a  3.98 ± 0.93 ab  

HFLP DMI (Kg/cow/day) 1.71 ± 1.07a 3.66  ± 6.12a 1.66  ± 1.11a 

HFHP DMI (Kg/cow/day) 0.03  ±0.09b 0.83  ± 1.47a 0.94  ± 0.75a 

LFHP DMI K(g/cow/day) 0.67  ± 0.56b 0.55  ± 0.74b 1.37  ± 0.94a 

CP DMI (Kg/cow/day) 0.09  ± 0.07b 0.17  ± 0.19ab 0.27 ± 0.20 a 

Table 3. Effect of feeding strategies on milk composition, total DMI and DMI   per feed group

HFLP feeds:  This included fibrous residues arising from 

crops grown for human consumption, such as paddy 

straws, sorghum and common pasture grass. Crop 

residues were characterized by their high fiber content 

(52.77%) and low levels of crude protein (0.714%) 

(Table 2). 

HFHP feeds: By-products derived from crop production 

(bean straw) and industrial processing (bran from 

cereal milling, rice and maize bran), fall into this 

category of feeds which had less fibre content (38.4 % of 

DM) than those in the first category but had relatively 

high amounts of crude protein content (7.13 % DM). 

Leaves from tree legumes Glyricidia that had 17.31 % CP 

can also be considered in this category (Table 2).

LFHP feeds: These are the feeds traditionally called 

concentrates and include oilseed meals and cakes 

(coconut poonac, commercial concentrates and gingili 

poonac). Oil seed meals and cakes may contain variable 

amounts of crude protein. But in the current study, 

coconut poonac contained 16.55 % crude protein on dry 

matter basis while gingili poonac had 23.63 % crude 

protein on dry matter basis. (Jayasuriya, 2002) reported 

that, the above feed groups provide valuable sources of 

good quality protein for ruminant animals. 

Dry matter intake

Feeding strategies show significant influence on DM 

intake of crude protein and crude protein intake was 

comparatively high in strategy 3 this is in agreement 

with the findings of Grant (1997). He confirmed that 

concentrates containing a mixture of cereals and by-

products with a high content of digestible fiber may be 

the most appropriate option for dairy cows in many 

cases. 

Milk composition

Usage of different feeding strategies had significant 

effect on milk yield (Table 3). The increased milk yield 

in strategy 2 may be due to the usage of high protein 

and high fiber feeds mainly legume leaves (Gliricidia) to 

the animals. 

In the feeding strategy 1, milk fat content was low and 

protein content was high. This finding is in agreement 

with Heinrichs et al, (1997), who stated that the 

increasing amount of concentrate feed increases the 

protein content and decreases the fat content. But in 

feeding strategy 2, fat content was high and protein 

content was low. Price of the milk is determined by the 

percentage of milk fat content under Asian perspective. 

Therefore, feeding strategy 2 would be preferred than 

strategy 1 under Asian condition. This may due to using 
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mixture of high fiber low protein feeds and low fiber high 

protein feeds. The strategy 3 is intermediate to both 1 

and 2.

Three feeding strategies identified in the current study 

did not significantly influence the milk components 

crude protein and total solids. However, there was a 

significant influence of feeding strategies on milk yield 

and milk fat content. Feeding strategy two had a 

significantly higher value for milk yield and milk fat 

compared to the other two strategies. 
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Abstract

Livestock plays an important role in the Sri Lankan economy and the smallholders contribute to dairy 

production. This study was carried out to analyze the time-to- adoption of crossbred cow technology by smallholder 

dairy farmers. Hazard or duration analysis was used to examine the impact of time-varying and time-invariant 

variables on the speed of adoption of crossbreeds by smallholders.  A Cox Proportional Hazard model was estimated 

using a sample of 401 farmers spanning 8 districts in the country. The empirical results highlight the importance of 

farming system, extension services, education level of farmers, their society memberships and geographical zones on 

accelerated adoption. However, higher transaction costs, experience, less accessibility to credit, less contacts with 

extension services and higher costs of production delay the time to adoption.

Key  words:  Cox model, Crossbred cow adoption, Duration analysis

significantly 

Introduction

Milk production in Sri Lanka has a significant potential in 

growing, because the local demand is higher than the 

production.  Consumption of dairy products has 

increased since the 1977s with the open economics 

policies (Ranaweera, 2009). The policy on dairy 

development is aimed at producing 50% of country's 

requirement of milk by the year 2015. To achieve this 

target, milk production needs to be increased in 

significant proportions. One way of achieving this is by 

popularizing the crossbred cow technology. Apart from 

increasing national production, crossbreeding will 

increase farmer incomes making it a poverty alleviation 

strategy.

A crossbreed is an animal with purebred parents of two 

different breeds, varieties, or populations while 

crossbreeding is the process of breeding the animal with 

the purpose to create off spring that share the traits of 

both parents or producing an animal with hybrid vigour. 

Traits such as reproduction, growth, maternal ability, 

and end product influence the productivity and 

profitability of the dairy production. 

Cross breeding programs are implemented in farms 

across the country to suit each agro ecological zone. 

Despite the effort, the performance of sector is far 

below the expected targets. Adoption of technology is a 

process based on sequence of individual decisions, 

after which innovation is either accepted or rejected, 

which can be defined as the process by which the use of 

an innovation is spread throughout a productive 

system (Karshenas and Stoneman, 1995). Quicker 

adoption of crossbreds by the smallholder farmers will 

make it easier to achievement of the national goal of 

50% self sufficiency. Therefore, this research looks at 

some factors that make a farmers' time to adoption 

shorter, making the diffusion of this important 

technology faster. 

Materials and Methods

Duration Analysis is a statistical method that has been 

used to analyze adoption processes of agricultural 

technologies (Alcon et al., 2011). It attempts to relate a 

set of covariates to time-to-event data. Length of a spell 

is started with the entry and end after a new state is 

achieved. Here we estimate the effect of covariates that 

shorten/extend this time to adoption.

In here, f(t) is continuous probability density of a 

random variable T. The corresponding cumulative 

distribution is taken as,
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t
F (t) = i f (s) ds = Pr (T£ t) (1)

o

The survival function which is denoted in (2) gives the 

probability that the event has not occurred at time't'. In 

relation to the present study, the survival function gives 

the probability of a farmer not adopting a crossbred at 

the end of the study period. 

S (t) = Pr (T>t) = 1 - F (t) (2)

Where, S (t) gives the probability that a spell is of length 

at least't', that is, the probability that the random 

variable T exceeds t.

h (t) = limDt       o (3)

The distribution of T is characterized differently in the 

Hazard function, which is sometimes called the 

instantaneous occurrences of the event. The Hazard 

function can be given by:

= limt D        0 

Where, S(t) is the Survival function and F(t) is the 

continuous probability density function.

The most commonly used parametric model in duration 

analysis is the Proportional Hazard model and it takes 

the following form:

h (t, X, q,b) = h0 (t, q) g (X, b) (5)

Where, h (t, è) is the baseline hazard, g(Xâ) is the scaling 0

factor, and è, â are parameters to be estimated (An and 

Butler, 2012). Data used here has been collected in 2009 

for a previous study (Edirisinghe, 2010). Data were 

collected from 401 smallholder dairy farmers from 8 

districts in Sri Lanka during January-April 2009. Stata 11 

statistical software is used to estimate the Cox 

Proportional Hazard model.

Pr (t£t+Dt/T³t 

Dt)

F (t+D) - F (t) 

DS (t)

F (t) - F (t) 

S (t)
=

Results and Discussion

Most of the respondents were in the intermediate 

(40%) and dry zone (38%). Majority of respondents 

were male (76%) with the average age of 46 years. 

From total respondents, considerable number of 

farmers had secondary education (75.8%) while 

average experience of farmers was 14 years. Out of 

total respondents 63% unemployed and 27% 

employed. Comparatively most of farmers engaged in 

cattle farming as a part time operation (71%) while 

29%  as full time (29%). 

Majority of farmers carries out a semi intensive (54%) 

farming system while 44% of the farmers' rear animals 

in extensive systems with the average herd size are 

nine animals. Farmers took an average of 13 minutes to 

access the market. Out of total farmers 86.3% agreed 

with the statement that cross bred cows are suitable to 

their area. Majority of farmers has a membership with 

the farmer group (76%). About 42% of the farmers use 

the farmer groups as an information source.  Close to 

79% of farmers visited the veterinary service at least a 

nine time a year while 63% have attended training 

programs on dairy farming. 

Out of the total sample, 85.3% adopted the technology 

and 14.7% have not. The duration is the length of time 

to adopt the innovation. There is no clearly defined 

date for the adoption of the innovation. Earliest year is 

1965 and therefore, the maximum duration is 45 years. 

Average duration is nine years. 
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Variables Cox model 

Wet 1.38(0.013)** 

Intermediate 1.43(0.000)** 

Elevation 1.00(0.307) 

Age 1.01(0.100) 

Employment 1.03(0.149) 

Education 1.03(0.083)* 

Experience 0.92(0.000)** 

Working time 1.01(0.875) 

Time to market 0.99(0.579) 

Management system 1.16(0.047)** 

Herd size 1.01(0.089)* 

Cost 0.99(0.049) 

Income 1.00(0.433) 

Perception 0.76(0.013)** 

Society membership 1.58(0.000)** 

Information 0.85(0.033)** 

Credit 0.96(0.546) 

Training 1.00(1.000) 

Extension 1.01(0.015)** 

Log likelihood -1467.66 

LR chi2(20)      135.78 (0.00)** 

Table 1. General duration models

Note: All coefficients are reported as Hazard ratios. 
Significant levels at 0.05(**) and 0.1(*) are reported in 
parentheses.

In Table 1 results of Cox model is reported. Cox model is 

the more general model of all duration models. A hazard 

ratio greater than one denote that the variable has 

positive impact on the likelihood of the adoption and 

vice versa.

In terms of location, wet and intermediate zone (1.38 

and 1.43) has higher rate of adoption with compared to 

dry zone. That is, farmers in wet and intermediate zones 

have high probability of adopting crossbred 

technology sooner than dry zone farmers.  

Management system (1.16) has a positive hazard rate 

show that the intensive farming system has a higher 

probability of adoption than the other farming system. 

Farmer, who is a member of a dairy society (1.58), 

adopt sooner than farmers who are not members of 

dairy societies. 

Also an extension services and education positively 

impact on the adoption of cross bred technology 

significantly. Farmers with higher education showed a 

higher adoption rate. It may be because, farmers can be 

aware of crossbred technologies and their benefits 

through extension services and also, they possess a 

good knowledge when they are educated. Therefore, 

higher human capital increases the speed of adoption. 

Perhaps, farmers may not willing to participate, or may 

reluctant to practise the strategies introduced even 

though they participated for the training programmes. 

Hence, there is no impact from training programmes 

on the adoption of crossbred technology, whereas the 

result isn't significant. Further, farmers tend to 

continue dairy farming with the increase of herd size 

by improving the productivity. Therefore, there is a 

possibility to adopt crossbreds. On the other hand, 

farmers' income might not solely depend on dairy 

farming, but on many other ways. Thus, results showed 

that income has no impact on adoption even though it 

is insignificant. However, farmers' wealth as measured 

by the herd size has a significant impact on the 

duration taken to adopt.

Since experience, cost of production, and perception 

on cross bred cows hazard ratios, it can be concluded 

that farmers believe conventional farming can sustain 

productivity than adopting cross bred cows. 

Information taken from the milk society shows a 
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contradictory lower hazard ratio. Time taken to market 

and credit are found to have a negative impact on 

adoption but failed to show significance. 

The results revealed that the adoption of farmers speeds 

up with their education, farming system they adopt, 

herd size, society membership, extension services and 

the area of the farms are situated while experience, costs 

of production, information and perception delays 

adoption. It is therefore, prudent to improve extension 

services, knowledge of farmers, and strengthen the 

institutional innovations such as dairy societies. Further, 

reductions in transaction costs of selling and finding 

ways to reduce costs of production are important. 

Moreover, extension services can look at reducing 

negative perceptions of farmers to speed up adoption 

rates.
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Abstract

The cattle and buffalo play a significant role in rural economy of Sri Lanka, providing milk, meat and, power to a 

varying degree depending on the location. The available information on cattle and buffalo production in Dry Zone of 

Batticaloa District is scanty. Therefore, it needs   to collect and analyze the base line information in these areas. A 

survey was conducted in 3 randomly selected GN divisions in Batticaloa District using a structured questionnaire to 

determine the systems of cattle and buffalo management and pattern of their utilization. There were 907 cattle and 

208 buffaloes belong to 196 holdings distributed in 3 GN divisions.  Most of the neat cattle (>89%) and buffaloes 

(>84%) were indigenous type. Approximately 95% of farms were a male dominated activity. Most of the farmers 

(99.5%) had only primary education and mainly engaged in livestock, crop-cultivation, paddy farming and fishing. 

Majority of farmers (68.5%) milked their animals. The average milk yield was 1.7 Lit per animal per day. Around 

22.5% of farmers kept cattle and buffalo for meat purpose. Around 92.1% of farmers used natural service to 

inseminate their animal while 73.6% of farmers had access to veterinary service. Majority farmers (74.3%) had own 

land for animal rearing. There is a high potential to develop cattle and buffalo production in these areas and farmer 

need to be motivated to improve the cattle and buffalo production. 

Key words:  Buffalo, Cattle, Herd composition, Management system, Inseminationion.

Introduction 

For generations livestock has played a key role in rural 

agriculture in Sri Lanka. Primarily, they provide a crucial 

source of high quality protein by producing milk and 

meat. In addition, cattle and buffalo are a primary source 

of renewable and low cost draught power for a variety of 

agricultural operations and transport. Other subsidiary 

products include hides, skins and manure. Livestock also 

serve as a 'living bank' for many small farmers, 

cushioning the risks associated with crop production 

and providing a financial reserve during periods of 

economic hardship depending on the location (Perera 

and Jayasuriya, 2008). Farmers mostly feed their cattle 

and buffalo on natural grass available in common lands 

such as on road sides, river banks, paddy fields, tank beds 

and other vacant lots, all maintained under rain fed 

conditions (Ibrahim et al., 1999). However, apart from 

s t u d i e s  by  A b ayawa n s a  e t  a l .  ( 1 9 9 3 )  a n d  

Abeygunawardena  et al, (1997)) information regarding 

cattle and buffalo production in the Dry Zone of Sri Lanka 

is scanty. Above studies provide an insight to some of the 

aspects of the production system and performance in 

characteristics limited areas of the Dry Zone.

Currently, there is great enthusiasm on efficient 

utilization of cattle and buffalo in the Dry Zone. 

Availability of the baseline data on the existing systems 

of management, breeding, feeding, reproduction and 

disease status are lacking. Therefore, the main 

objective of the present study was to collect and 

analysis the base line information on cattle and buffalo 

in the Dry Zone of Batticaloa District. 

Materials and Methods

The house to house survey was conducted in the Dry 

Zone of Batticaloa district from January 2013 to June 

2013.  There 196 of farm families were randomly 

selected from three GN divisions. The number of 

farmer families were selected at Pullumalai, Koopaveli 

and Unnichai were 57, 54 and 85, respectively. The data 

were collected using open-ended questionnaire. The 

main sections of the questionnaire were as follows:
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 i. Herd composition

ii. Feeding practices

iii. Management practices

iv. Breeding pattern 

v. Pasture production

vi. Veterinary services

vii. Utilization of milk

viii. Marketing of milk

The date collected were tabulated and analyzed by 

statistical software package, SPSS version 16. 

Result and Discussion

Herd composition of cattle and buffalo owned by 

farmers in three GN divisions are presented in Table 1.  

Most of the neat cattle (>89%) and buffaloes (>84%) 

were indigenous type. The herd size was in lowest (3.6) 

in Koopaveli division, while it was highest (8.3) in the 

Pullumalai division. In these areas the animals were 

managed under extensive and semi- intensive system.  

Animals were allowed to graze from 0800 hour to 1700 

hour every day.  During the remaining part of the day 

they were only housed at their shed. The rearing or 

keeping of cattle, buffaloes and goat in their houses for 

milk and meat production and, had been a traditional 

activity among the rural communities in the Eastern 

Province. 

Approximately 95% of farmers were males compare to 

females (5%) but a higher percentage of female (9%) in 

Types of animal 

 

Total 

Milking cow 

  

Non  milking cow 

  

Heifer 

  

Bull 

  

Calves 

  

 

No % No % No % No % No % 

Cattle  907 211 23.3 196 21.6 161 17.8 201 22.2 138 15.2 

Buffalo 208 37 17.8 30 14.4 67 32.2 40 19.2 34 16.3 

 

Table 1. Herd composition of cattle and buffalo owned by farmers in three GN divisions

Unnichai involved in this activity. Most of the farmers 

(99.5%) included in the study had only a primary 

education in all three divisions. Approximately 98.5% 

of farmers involved in livestock husbandry as a part-

time occupation. In addition, they engaged in small 

scale agriculture related activities such as crop 

cultivation, paddy farming, fishing, labour, fishing, and 

buying and selling of fish and vegetable. 

Majority of farmers (68.5%) milked their animals. The 

animals were hand-milked once a day. The majority of 

them use the milk only for their own consumption.  

The volume of milk produced per farmer per day 

during the period showed variations among the study 

area, ranging from 1 to 3 Lit/animal/day. But the 

overall average milk production during study period 

was 355 Lit/day, while excess milk collected is sold to 

the various places and to the neighbour. The prices 

received for milk supplied by farmers was sold at a 

price ranging from Rs. 38.00 to Rs. 55.00 per litre 

depending on fat %. Around 22.5% of farmers kept 

cattle and buffalo for meat purpose and few farmers 

kept for sale (7.9%) and work (1.1%) purpose. The 

expenditure of farmers on the dairy cattle and buffalo 

had been varied from Rs. 100.00 to Rs. 1000.00 per 

month for animals. This indicates the level of adoption 

of dairy management technology and the willingness 

to spend more money on the cattle to reap the benefits.
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In three GN divisions, very few farmers adapted to rear 

cross bred dairy (cows), while most of the buffaloes are 

indigenous types. In this study area majority of farmers 

(92.1%) used natural service for cattle and buffalo while 

few farmers (7.9%) practiced artificial insemination to 

improve the existing stock to enhance milk production 

of the animals. 

In addition to some nutritional problems, worm 

infection, dystocia, lameness and bloat were reported as 

common concurrent diseases. Around 73.6% of farmers 

had access to veterinary service to treating the animal, 

vaccination and artificial insemination in all three 

divisions.   

Most of the farmers (74.3%) included in the survey had 

their own land, 25.7% farmers used the public land for 

animal rearing. None of the farmers had developed a 

separate pasture land or grass land for grazing or/and 

cut and feed to the livestock. Around 30% of farmer 

populations were obtained assistance of training, 

equipment and finance from various organizations to 

improve their production and quality of milk.  The 

training they received had helped them to improve the 

management of their farms. The types of training 

imparted to farmers included dairy farm management, 

group discussion and other kinds of activities on animal 

production. 

It is concluded that, most of farmers engaged in 

dairying as part time activity and expected an 

additional income from dairying. The buffalo 

population is low at present compared to cattle in 

these study areas. Further genetic upgrading will be 

beneficial and profitable to the farmers rather than 

maintaining the local breeds. Although, there is a need 

for veterinary services and financial assistant to 

develop the cattle and buffalo production in these GN 

divisions
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Abstract

A questionnaire survey collected data from 50 goat farms located in Galgamuwa, Rasnayakapura, Maho, Kobeigane, 

Nikaweratiya and Pannala divisional secretariats (DS) in Kurunegala district. The purpose of this paper is to discuss 

the present status of the goat farming epecially focusing on the management systems and the constraints with the 

intention of identifying the future prospects of goat farming in Kurunegala district. Analyzed data revealed that 60% 

of the farmers had permanent goat housing systems while rest of the farmers (40%) had temporary goat housing 

sheds. Most of the goats (98%) were indigenous and Jamnapari crosses. Three sources mainly contributed to the size 

of the goat herds were 80% from purchasing, 12% from tenant system and 8% from breeding in the existing herd. The 

total number of the goats in the sample was 935 while the average herd size was 18. Cut and feed, tethering and free 

grazing systems were found as major feeding systems. There were no special diseases mentioned by the farmers 

except occurrences of pneumonia, gastrointestinal parasitic problems and deaths during rainy season. Most of the 

farmers (94%) keep goats to generate income by selling to the retailers for meat. Food and water scarcity during the 

dry season, diseases and unexpected animal deaths were the major constraints identified. If strategies could be made 

to aware farmers and make supplementary feeds available for goats in the dry season, goat farming is a prospective 

and economically important livelihood activity in Kurunegala district. 

Key words: Goat farming, Feeding, Housing, Livelihood, Constraints

Introduction

Goat farming is a renowned livelihood which ensures the 

food security epecially of small and marginal farmers in 

Sri Lanka and also plays a significant role in the rural 

economy (Rajapakse et al, 2000). Out of other small 

ruminants, goats are kept by farmers even with no lands 

owned. The nature of the animals to feed on various 

leaves and shrubs those could be found on common 

lands including road sides, river banks, and seasonal 

tank beds is highly benefited by these landless farmers. 

The systems of goat farming vary according to the agro-

ecological zone, land/fodder availability, type of breed 

and socio-cultural patterns of the society. The extensive 

management system is mostly found in the dry zone and 

intermediate  zones whereas semi- intensive 

management system is practiced mainly in the coconut 

triangle in Sri Lanka. The intensive management system 

is in the urban and sub-urban areas, hill country, mid 

country and in the Jaffna peninsula (Joint FAO/IAEA 

Programme, 2012). Goats are also highly adaptable to a 

broad range of climatic and geographic conditions 

(Smith, 2007). 

However, Sri Lanka has not yet explored the full 

potentials of goat farming while some other countries 

in Asia and beyond have explored the potentials of goat 

farming in poor village communities. This study 

focused on identification of management systems and 

constraints of goat farming in Kurunegala district with 

the aim of identifying the future prospects of goat 

farming in Kurunegala district.

Materials and methods

Fifty goat farmers from different localities in the 
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Kurunegala district in North Western province of Sri 

Lanka were interviewed using a structured 

questionnaire. Individual observations were made to 

goat farms and key informant discussions were held. 

th thStudy was carried out from 12  July to 9  October 2012. 

Galgamuwa, Rasnayakapura, Maho, Kobegane, 

Nikaweratiya and Pannala Divisional Secretariat (DS) 

divisions were selected to conduct the survey. The 

questionnaire was designed including thirty-nine 

questions to gather details of each farm. The data under 

categories as personal details of goat farmer, resources 

available for goat farming, feeding system/s and housing 

system/s adapted, disease occurrence and control and 

problems and constraints in goat farming were 

obtained. The data obtained were analyzed and 

graphically represented using MS Excel.

Results and Discussion 

Framers' general information 

The results of the current study revealed that only a 6% 

of the farmers reared animals (buffalo, goat, neat cattle, 

sheep, swine and mixed) as their major income source 

and 72% were involving mainly in paddy cultivation 

while having goat farming as their additional income 

source. Other 22% of the farmers reared goats in 

addition to other income generating sources such as 

cultivations, bricks production and other kind of 

businesses. Sixty four percent, 6% and 30% of the 

farmers were in the monthly income groups of Rs. 5000-

15000, Rs.5000 and Rs.15000, respectively.

Breeds and herd characteristics

Ninety eight percent of the goats were indigenous and 

Jamnapari crosses. Three sources identified as 

contributors to the size of the goat herds were 

purchasing (80%), tenant system (12%) and breeding in 

the existing herd (8%). The average herd size was 18 

representing 47%, 18%, 24% and 11% of She goats, 

kids, studs and bucks, respectively. The higher 

percentage of She goats in the herd proves the 

potential of increasing herd size. The average annual 

death percentage of the herd was 11 and out of that 

64% was females and 36% were males. The annual 

natural abortions were reported as 2% and other 

deaths were caused by dog attacks, diseases and 

unidentified reasons.

Nature of the goat housing systems

Sixty percent of the farmers had permanent and the 

rest had temporary goat housing systems. Floor of the 

houses had constructed with slats (52%), clay (46%) 

and cement (2%). Only 52% of houses had elevated 

floors. Eighty two percent of the farmers used cadjans 

while 12% and 6% used galvanized iron sheets and 

other materials such as polythene as the roofing 

material of the goat houses. 

Nature of goat feeding systems

Cut and feed, tethering and free grazing were the major 

feeding systems. Free grazing, cut and feed, and 

tethering were practiced by 36%, 32%, and 2% of 

farmers, respectively. Thirty percent of the farmers 

used cut and feed or free grazing or tethering or any 

combination of these three systems to feed their goats. 

Artocarpus heterophyllus, Gliricidia sepium, Leucaena 

leucocepha, Terminalia catappa, Azadirachta indica, 

Tamarindus indica, Mangifera indica, Terminalia 

arjuna and Moringa oleifera were found as major 

species used in cut and fed system.

Goats were sent out 4-5 hours in the afternoon to the 

shrub jungles and communal pasture for feeding and 

housed in sheds in the night. Farmers used own lands, 

common grasslands, shrub jungles, road sides, tank 

beds in dry seasons and other sources like neighbors' 

lands, tenant lands to feed their goats.  Forty two 

percent, 10% and 6% of farmers used own lands, lands 

owned to other and common grasslands, respectively 
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as feeding locations. The remaining 42% used 

combinations of different locations. Six percent of 

farmers fed their animals with mineral supplements and 

24% of farmers fed with salt licks. The common feature 

of the goat husbandry in these areas was the dry season 

(May to August) nutrition stress. All the goats were 

found to have access to water throughout the day apart 

from the dry season. Eighty percent of farmers used well 

water, 14% used water from seasonal tanks and 6% used 

water from both sources for their goats.

Disease occurrences and their control

There were no special diseases mentioned by the 

farmers except occurrences of pneumonia and deaths in 

the rainy season. Six species of gastro- intestinal (GI) 

parasites were found in feces of goats namely 

Haemonchus contortus (63%), Oesophagostomum 

columbianum (20%), Nematodirus spathiger (3%), 

Moniezia expansa (4%), Moniezia benedeni (2.5%) and 

Coccidia (7%). The class wise infection rate of GI 

parasites was 85.88%, 6.55% and 6.88% for nematodes, 

A - Food and water scarcity;  B -Disease occurrences and unexpected animal deaths; C - Scarce lands (include food
 scarcity);  D - Poor extension services; E - Other (difficulty to maintain with other work, diseases and deaths); F - 
Damages to cultivated crops; G - Cost for supplementary foods

Figure 1. Constraints of goat faming

cestodes and protozoa (Coccidia), respectively. Eighty 

two percent of farmers already used anthelmintic 

drugs as the control measure for the gastrointestinal 

parasites of goats. Only 38% of farmers get the service 

from veterinary office and others do control these 

infections by their own experience.  

Importance of goats to the household 

Most of the goat farmers (94%) keep goats to generate 

income by selling to the retailers for meat while 84% 

keep goats for obtaining organic manure and 

utilization of crop residues. Only 10% uses goats for 

own milk consumption. Six percent keeps goats for 

meat consumption at household level. Majority (98%) 

of the farmers were happy with the goat farming and 

continuing it in the future as well. Furthermore, this 

study revealed that the farmers keep goats as a way to 

income security at times of their crop or other business 

failures.

Constraints of goat faming

The Figure 1 depicts the combination of constraints 

faced by goat farmers which were revealed during the 

interviews.
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Food and water scarcity in dry season, diseases and 

unexpected animal deaths were the major constraints of 

goat farming which were recognized during the survey. 

Out of the total deaths, kid mortality was 72% and rest 

was adults. Annual average mortality of the goats per 

farm was 2 and annual average mortality of the goat in 

the district was 10.

Goat farming could be identified as an important 

livelihood activity and food and water scarcity have been 

identified as major constraints that goat farmers are 

facing. If strategies could be drawn to aware farmers and 

make supplementary feeds available for goats especially 

during the dry season and well organized veterinary 

services, goat farming is a prospective and economically 

important livelihood activity in Kurunegala district.
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Abstract

Though the spiny lobster fishery is one of the most important fisheries activities in the south coast region of Sri Lanka, 

there was no information about consumptive intensity of each lobster species and catch per unit effort. However, such 

information is very important for the development and sustainability of the lobster industry. Therefore, the objectives 

of the study were to identify the present status of the lobster fishery, to calculate the catch per unit effort and to make 

recommendations on conservation and management of lobsters. Weligama lobster collection center and landing site 

was selected as the main information collecting site of this study. According to their attendance, lobster fishermen 

were numbered and collected information using a questionnaire. The lobster species number of female with eggs, tar 

spot, craft, gear type and catch/effort were recorded as data on site and analyzed using simple statistical methods. 

According to the results the sex ratio of the lobster was 1.08: 1 (male: female). The dominant species was Panulirus 

homarus (70.36%) while P. polyphagus has completely vanished from the catch. The results revealed that 65% of 

fishermen used non motorized traditional craft while 35% of fishermen used FRD as the catching method. The types 

of gear used were bottom set gillnet (69%) and hoop net (19%). Out of the total catch 32.25% of lobsters were 

recorded as the illegal catch and from that 24.27% are under size. The average catch per unit is 0.95 kg/boat/day and 

71.84 % of total catch recorded the carapace length between 5.9cm – 8.4 cm.

Key words: Lobster, Situation, Sri Lanka

Introduction

Lobsters are high value and luxurious food commodity in 

the world and also Sri Lanka can earn large amount of 

foreign exchange through lobster fishery as there is a 

good population of lobsters around the coastal areas in 

Sri Lanka (Jayakody, 1997).  There are four types of 

lobster species, namely spiny lobster, slipper lobster, 

clawed lobster, and rock lobster (Jayakody, 1997). 

Although all the species have biological and 

environmental importance but only two species, spiny 

lobster and slipper lobster have economic and market 

value. Lobsters, mainly spiny lobster and slipper lobster 

species are considered as a highly flavored food items in 

many countries. In addition it is good sources of foreign 

exchange. They have a medicinal value for urinary 

disease and for purging kidney stones. Their value as a 

resource for food, for recreation and aesthetic value is 

undeniable. Therefore, they have high price in both local 

and international market.

Lobster fishery is a capture fishery where the catch is 

harvested from the wild. Resource is limited and over 

exploitation may lead to a collapse of the fishery. 

Therefore, supplies of lobster are in limited quantity 

but demand remains very high. As a result, sustainable 

management of the lobster fishery has become a need 

of paramount importance. Therefore, this study aims 

to find out the present status of the lobster industry. 

The objectives of the study were to identify the present 

status of the lobster fishery, to calculate the catch per 

unit effort and to make recommendations on 

conservation and management of lobsters.

Materials and Methods

Based on the information from NARA, lobster 

collection centers in Matara (south coast of Sri Lanka) 

were selected for this study. The length of carapace and 

tail length, of each lobster's were measured 

approximately around last millimeter from the top of 
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the head to the corner of the carapace area by using a 

measuring ruler. The gender of the lobsters was 

determined by observing the lobster's abdominal area. 

Female lobster with eggs and tar spot were observed and 

recorded.  

Type of craft, engine were recorded by the informal 

discussion and identification of currently used gear 

types was done with the help of formal discussion using 

a pre tested questionnaire. The total lobster weight (g) 

per craft was recorded from the fishermen. The data 

were obtained once a week from the collection centers 

for three months period and data were analyzed using 

Microsoft excel and simple statistical methods.

Results and Discussion

Present study revealed that the percentage of male was 

51.9% and female was 48.0%. Female are vulnerable to 

catch when they have eggs. The sex ratio of the male: 

female lobsters were 1.08:1. This sex ratio showed little 

reduction of the females in the population. Panulirus 

homarus (71%) was the dominant species in the catch 

following Panulirus versicolor (12.1%), Panulirus ornatu 

(7.2%), Panulirus penicillatusi (6.7%) and Panulirus 

lonqipes (2.4%). Similar results has been observed by 

Jayakody and Kensler,  in 1986 mentioning that the 

lobster landings are dominated by one species, P. 

homarus, which makes up 70-80% of total lobster 

production from the south coast. The results revealed 

that some species such as Panulirus lonqipes and 

Panulirus penicillatusi are being declining that affecting 

on species composition while P. polyphagus has 

completely vanished from the fishing ground. Therefore, 

attention should be paid to protect, conserve and 

manage the lobster fishery industry in the southern 

coast of Sri Lanka. 

According to the present study, 65% of the crafts were 

NMTC (Non- Motorized Traditional Craft) and 35% was 

FRP. Non- Motorized Traditional craft's are much 

popular among the lobstermen's because of its low 

operational and investment cost.  NMTC had fulfilled 

65% from the total catch and FRP had fulfilled 35%. 

NMTC are operating their full extent during the north- 

west monsoonal period because of this crafts are 

unable to operate under the rough sea conditions. But 

FRP boats are operating throughout the year and its 

CPUE is higher than the NMTC due to capacity to 

having big amounts of gear units and fishing far from 

the coast.

Three gear types are used in the Matara district lobster 

fishery while majority of the fishermen (69%) used 

Bottom Set Gillnet (GNBS). The hoop net is not much 

more popular among the fishermen and it is used by 

20%. These nets are set at the bottom of the sea by 

diving or using a simple craft. The 72.73% gears, which 

are used by fishermen, was bottom set gillnet (GNBS). 

GNBS is illegal fishing gear and it makes damages to the 

ecosystem (damage corals). Diving operations can be 

identified as an ecofriendly and most suitable gear 

type, because of its environmental damages are 

negligible. But it should be limited since lobster divers 

are harvesting big amount at an operation when 20% 

of the lobstermen are used hoop nets. 

Catch per Unit Effort has been declining for last few 

decades due to over exploitation and this reduction of 

catch per unit effort cause distraction of the lobster 

fishery sector. To maintain sustainability of fisheries 

and protect the diversity of lobsters, rules and 

regulation should be implemented at a satisfactory 

level. According to our results, illegal lobster fishing 

was recorded as 32.52% of the total catch and 19.41% 

of the total catch represented sexually immaturity 

lobsters as well as under sized. Female lobsters with 

eggs were recorded as 8.25% of total catch. According 

to the present study Catch Per Unit Effort was ranging 
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within 0.734 (Kg/boat /day) to 1.140 (Kg/boat /day) 

and the mean catch per unit effort was 0.950 (Kg/boat 

/day).

Male and female lobsters are approximately evenly 

distributed in Matara district, south coast of Sri Lanka 

(Sex ratio 1.08:1). Panulirus homarus is the dominant 

lobster spices (71.36%) and respectively other species 

Panulirus versicolor (12.14%) Panulirus ornatus 

(7.282%) Panulirus penicillatus (6.796%) Panulirus 

lonqipes (2.427%) are the highest. Non motorized 

traditional craft (NMTC) is the most used craft type 

(66%) in Matara district and highest caught (65%) is 

from the Non mechanize traditional craft (NMTC). FRP 

craft type is not popular among the fishermen (34%) in 

the Matara district.

The most popular gear type is bottom set gill net (69%) 

among the lobster fishermen. And also higher amount of 

lobsters caught (74%) from bottom set gill net. Thirty 

three percent from the total caught is illegal from that 

24.27% are under size.  The percentage of berried 

lobster females were 8.25%. In Matara district, south 

coast of Sri Lanka Catch Per Unit Effort is 0.95 (Kg/boat 

-day) and showing a declining trend. 

Attention should be paid on conservation and 

management of natural population and breeding 

programmes and rearing techniques should be 

introduced immediately to reduce the fishing pressure 

on the natural stock.
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Abstract

The performance of broilers is determined not only by the genetic makeup but also by the environmental factors such 

as temperature, relative humidity, ventilation, lighting program, and housing system. Hence, this study was 

conducted to investigate the influence of effective temperature on performances of broiler chickens reared in a closed 

house system while comparing their performances with standard performance levels, under existing temperature 
° TMconditions (26 – 18 C). Cobb 500  broilers aging from 28 - 42 days were used to evaluate the performances by 

measuring feed and water intake, weight gain and mortality rate in daily basis under existing temperature, relative 

humidity and wind conditions. Study results revealed that the climatic conditions have co-related with effective 

temperature by scoring 99.1% model accuracy while effective temperature has shown a significant effect (p<0.05) on 

performances of broilers. Moreover, the daily weight gain, water intake and the mortality rate of the broilers were 

significantly affected (p<0.05) by the effective temperature with 91.2%, 75.3% and 42.1% of model accuracies, 

respectively. However, there was no significant effect (p>0.05) of effective temperature on daily feed intake of 

broilers. It can be concluded that the variation in effective temperature inside the poultry house has a great 

contribution to broiler performances and it acts as a leading reason for the poor performance status of the broilers 

rearing in the farm.  

 
TMKey words: Cobb 500  broilers, Effective temperature, Performance parameters

Introduction

Modern commercial broilers are especially bred for 

large scale, efficient meat production and to grow much 

faster than egg or traditional dual purpose breeds. Their 

characteristics of commercial importance such as 

growth rate, feed conversion ratio, livability and meat 

yield are always improved together with genetic 

advances, environment management, health and 

nutrient management and awareness to bird welfare 

throughout their lifetime. All of these factors are 

interdependent and if any of them becomes sub-optimal, 

the overall broiler performance will be reduced. The 

levels of performances of broilers are dependant to a 

great extent upon environmental conditions including 

temperature, relative humidity, ventilation, lighting, and 

pathogen concentration. Out of them, temperature plays 

an important role in environment management as 

effective temperature has a severe impact on poultry 

performances (Cravener, 1992). When the effective 

temperature (the actual temperature feel by the 

animal) is concerned, it is highly affected by the 

existing temperature, relative humidity and 

ventilation (Yahav and McMurtry, 2001). The concept 

of effective temperature recognizes that the broiler 

regulates heat dissipation and thus maintains 

homeostasis by integrating all the environmental 

factors. Effective temperature is particularly useful 

when the air temperature is below or above the 

thermal comfort zone. Therefore, having an 

appropriate control of physical micro environment in 

production houses becomes a must in optimizing the 

process of broiler production.

Farm Pride (Pvt) Ltd uses closed house system for their 

broiler production by providing these environmental 

conditions at an optimum level. However, it has been 

identified that the production targets of the company 

have not been achieved as expected. And also, the 
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TMperformance levels of the Cobb 500  strained birds, 

reared in the farm houses are not compatible with the 

standard performance levels. 

Therefore, this study was carried out to evaluate the 

influence of temperature, relative humidity and 

ventilation rate on effective temperature in poultry 

house and to determine the effect of effective 

temperature on broiler performances (weight gain, feed 

intake, water intake and mortality rate in daily basis). 

Further, it was also expected to compare the current 

performance levels of broilers with standard 

performance levels given in the management guide for 

Cobb broilers. 

Materials and Methods

The experiment was carried out at Crysbro farm, 

Pupurassa in up country wet zone region, (Latitude 

7°11'0"N, Longitude 80°36'0"E, Elevation 471m). The 

farm had 3 units and each unit was consisted of 5 poultry 

cages. All of them were organized in east-west 

orientation with dimensions ranging from 300' length 

and 30' width, and in-house environment were 

controlled by an automated system. 17000 commercial 

TM broilers (Cobb 500 strain) were assigned to each cage. 

Day old broiler chicks were brooded commercially with 

throutine practices and used for the study from 28  day.

Experimental Procedure

The study was carried out from birds at age of 28 days up 

to 42 days. During this period all birds were fed with 

'broiler finisher', containing 200g of crude protein/Kg 

and 3000 Kcal/Kg of metabolic energy/Kg of feed. 

Performances of broilers were assessed by measuring 

their daily weight gain, feed intake, water intake and 

mortality rate from day 28 to 42. 

Data Collection

Temperature, relative humidity and wind speed of the 

poultry cage were recorded at 0600, 1000, 1400, 1800, 

and 2200 hours daily. The measurements were taken 

at five selected points inside a cage by using Kestrel 

4000 Pocket Weather Meter.

The average weight gain was determined by taking 10 

broilers from 5 partitions, each partition consisting of 

10 birds. Feed intake, water intake and the mortality 

rate of the broilers were recorded as daily basis.

Statistical Analysis

A Cobb Technical Guide (Cobb management guide, 

2008) used to calculate the effective temperature at 

different temperature, relative humidity and air 

velocity conditions in the cage. The regression for this 

model is described as follows.

Y = 0.843 + 0.704T + 0.133RH - 3.66 As               
°Y = Effective temperature ( C)     

°T = Temperature ( C)         

RH = Relative humidity (50 - 70%),         
-1As = Air velocity (1.5 - 2.5 ms ).

Also models have been formulated to calculate daily 

live weight gain, daily feed consumption, daily water 

consumption and mortality rate at different effective 

temperature condition for broilers from days 28 to 42.

The raw data of each condition were tested from 

Minitab14 and analyzed by regression test. When 

there is a significant effect (p<0.05), it is due to 

significance of the effective temperature with the 

current performance.

Results and Discussion

The climatic elements of temperature, relative 

humidity and wind velocity have collective influence 

2on effective temperature. According to the R  

determination in regression analysis, (Y= 0.843 + 
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0.704T + 0.133 RH - 3.66 As), it was about 99.1%. When 

the individual influence of these elements on effective 

2temperature is concerned, R  determinations for 

temperature, relative humidity and wind velocity were 

about 78.2%, 67.3% and 6.4% respectively. However, it 

further reveals that the effective temperature was 

significantly affected (p<0.05) by the temperature and 

relative humidity while it was not affected significantly 

(p>0.05) by the wind velocity. 

Influence of Effective Temperature on Broiler 

Performances 

2The R  determination for the relationship between daily 

feed intake and effective temperature (Daily Feed Intake 

(g) = 36.13 + 4.795T, Graph A) was about 13.5% and it 

 

A B 

C D Temperature Variation ( °C) Temperature Variation ( °C) 

M
o
rt

al
it
y

D
if

fe
re

n
c
e

Temperature Variation ( °C) Temperature Variation ( °C) 

Fe
e
d

in
ta

k
e

D
if

fe
re

n
c
e

(g
)

W
e
ig

h
t
G

ai
n

D
if

fe
re

nc
e

(g
)

W
at

er
In

ta
k

e
D

if
fe

re
nc

e
(m

l)

Figure 1. Effect of effective temperature A. on daily feed consumption (g) B. on daily weight gain (g) C. on daily 

                   mortality rate, and D.  on daily water consumption

implies that the variation in effective temperature was 

not significantly affected (p>0.05) to the daily feed 

intake. According to the results, the actual feed intake 

of the birds too was always lowered than their 

standard feed consumption level. This might be due to 

mainly heat stress condition. 

There was a 91.2% of relationship between daily 

weight gains of broilers and the effective temperature 

variation (Daily weight gain (g) = 250.3 + 115.6T, 

Graph B). It means that weight gains of broilers were 

significantly affected (p<0.05) by the effective 

temperature variation. 
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According to the relationship between the standard 

body weight and the actual body weight during the 

experimental period, the average body weight of the live 

birds were not reached to the targeted body weight 

during the time concerned. This can happen due to lower 

feed intake of birds in response to the thermal stress.

Results revealed that, there was a 78.2% of relationship 

between the daily mortality rate of the broilers and the 

effective temperature variation (Mortality rate = - 13.61 

+ 12.27T, Graph C). It further shows that there was a 

significant difference (p<0.05) between these two 

parameters. When compared to the standard mortality 

rate, the actual mortality rate of the birds was always 

gone higher than the standard level during the 

experimental period. This might also be due to exposure 

of birds to thermal stress. As described by Macari and 

Gonzales (1990), who found highest incidence of 

metabolic diseases such as ascites and sudden death 

related to environmental temperature fluctuations has 

ooccurred at the temperature above 5 C, compare to the 

standard values.

2The R  determination for the relationship between daily 

water consumption and the effective temperature 

variation was about 75.3% (Water Intake (ml) = - 122.1 + 

340.9T, Graph D) and it implies that the daily water 

consumption of the birds was significantly affected 

(p<0.05) by the effective temperature variation. The 

relationship between standard water intake and the 

actual water intake of the birds during experimental 

period indicates that the average daily water 

consumption of live birds was not reached to standard 

level during the experimental period.

The study revealed that temperature, relative 

humidity and ventilation rate play major roles to 

determine the effective temperature inside the poultry 

cage. It was also revealed that the effective 

temperature significantly affect the performance 

parameters of broilers such as weight gain, water 

intake and mortality rate; but the feed intake. It was 

noted that present performances of the broilers in the 

farm are stayed below the expected levels and it is 

mainly due to the variation in effective temperature. 

The environmental parameters are always dynamic 

and change constantly depending on the time of the 

day, weather conditions, building condition and 

current management practices. Therefore, it is 

suggested that an efficient mechanism for frequent 

observation and proper management of every 

environmental factor inside the poultry cage is 

important.

References

COBB. Broiler management guide. Cobb Vantress, 

2008.

Cravener, T. L. 1992. Broiler production under varying 

population densities. Poultry Science, 71:427-

433.

Yahav, S. S. and McMurtry, J. P. 2001. Thermotolerance 

Acquisit ion in Broiler  Chickens by 

Temperature Conditioning Early in Life. 

Poultry Science, 80:1662–1666.

417

International Symposium on Agriculture and Environment 2013
University of Ruhuna Sri Lanka



Length-Weight Relationship of Dasyatis kuhlii in Kurunahar Waters, Sri Lanka

R. Ajantha

Dept of Bio-science, Faculty of Applied Science, Vavuniya Campus of the University of Jaffna.

Abstract

The present investigation was carried out to identify the length-weight relationship and growth pattern of Dasyatis 

kuhlii from the Kurunahar waters which is the part of the Jaffna estuary. D.kuhlii is commonly known as blue spotted 

stingray. Random samples were collected in every month, from January to December 2012 from  Kurunahar fish 

landing centre, Northern of Sri Lanka.month, A total of 285 specimens were analyzed. Covariance analysis for length-

weight relationships of male and female D.kuhlii reveals that there was a significant relationship between logistic 

values of length and weight of male and female (P<0.000), (P<0.000), respectively. The estimates of the regression 
3.084 2parameters and equation for male and female of D.kuhlii were TW=0.00229*DW (N=129, R = 0.946) and TW= 

2.967 20.0344 *DW (N=156, R = 0.972), respectively. The exponent value, b=3.084 for males and b= 2.967 for females, 

different from 3. Males expressed positive allometric growth whereas females reflect a negative allometric growth. 

The results will help to establish the yield and convert variables as it is often required during field measurement.

Key words:  Allometric growth, Covariance analysis, Dasyatis kuhlii, Length-weight relationship, Regression analysis 

Introduction

Batoids are cartilaginous fishes. Stingrays, electric rays 

and skates belong to this group of fishes. Batoids have 

adapted to a wide range of habitats, occurring in all the 

oceans and they are commonly found in shallow 

estuarine, coastal, and shelf regions and in depths up to 

3000m (McEachran and Fechhelm 1998; McEachran and 

Aschliman 2004). Although most batoids are marine, the 

family Potamotrygonidae and some species in the family 

Pristidae occur in fresh water (McEachran and Fechhelm 

1998).

The living batoids are grouped into 20 families and six 

orders that contain at least 513 species (McEachran and 

Dunn 1998; McEachran and Fechhelm 1998). Although 

apparently none are the object of a special fishery, many 

species are a regular item in the by-catch resulting from 

other fisheries and some are sufficiently abundant and 

tasty to be exploited more or less regularly in small-scale 

coastal fisheries. The flesh (of the disc) is usually salted, 

while other parts are used in the preparation of gelatin 

and oil.

Five species of Family Dasyatidae were identified 

waters around Jaffna peninsula, which are Dasyatis 

kuhlii, Himantura walga, H.uarnak, H.gerrardi, and 

Pastinachus sephen (Ajantha, 2011.) Dasyatis kuhlii  is 

a stingray which possesses a sting on its tail region and 

they are commonly referred to as blue spotted sting 

ray. Dasyatis kuhlii could be easily identified by dark 

blue spots found on their disc. Among identified batoid 

fishes waters around Jaffna peninsula the D.kuhlii 

showed highest percentage of occurrence and it was 

the only species observed in all study areas during the 

period of investigation (Ajantha, 2011.). 

Generally fish stocks are over exploited by fishermen 

making them endangered in future. Basic biological 

data needed for stock assessment are size values (i.e. 

minimum, maximum, and mean) and   size 

relationships/conversions (i.e. length- weight). These 

data are essential for understanding growth rate, age 

structure and other aspects of population dynamics.
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Length-weight relationships give information on the 

condition and growth patterns of fish (Bagenal and 

Tesch, 1978). Fish are said to exhibit isometric growth 

when length increases in equal proportions with body 

weight for constant specific gravity. The regression co-

efficient for isometric growth is '3' and values greater or 

lesser than '3' indicate allometric growth. Condition 

factor studies take into consideration the health and 

general well-being of a fish as related to its environment; 

hence it represents how fairly deep bodied or robust 

fishes are (Reynold, 1968).

The present study aims at collecting information on the 

length-weight relationship and condition factor of 

D.kuhlii in Kurunahar waters with a view of determining 

whether the fishes are in good condition.

Materials and Methods

Samplings took place in Kurunahar waters from 2012 

January to December. The length weight data of blue 

spotted stingrays were collected from commercial 

fishermen. All specimens were measured (Disc 

width/Pelvic length- DW/PL) to the nearest 0.1 cm, and 

weighed to nearest 1gram. Sex was easily identified 

macroscopically. The relationship between length-

weight of fish is generally demonstrated as an 

exponential relation (Týraþýn, 1993). The form of the 

equation is:

bW = aL

Where, W is total weight (TW) in gram, L is disc width 

(DW) in cm, and a is the condition factorand b is the 

exponent value and both are constants for each 

species.

bW = aL , was converted into its logarithmic expression: 

ln W = ln a + b ln L. The parameters a and b were found 

from the linear regression, as was the coefficient of 

2correlation (R ). Significance of constant b differences 

in relation to the hypothesis of isometric growth (b = 3) 

wastested. 

Results and Discussion

The sample size, length range, weight range a and b of 

the length-weight relationship and coefficient of 

2 correlation R of males and females are presented in 

the Table 1. Males of D. kuhlii show positive allometric 

growth where b>3, whereas females show negative 

2 allomatric growth where b<3.  The values of R reveal 

that there are a significant relationship between 

logarithmic values of disc width and total weight. The 

application of all length weight relationships should be 

limited to the observed length ranges.
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Parameters Male Female 
Sample size 129 156 
Disc width range 15.1cm-36.2cm 16.5cm-34.5cm 
Weight range 82g-1561g 110g-2100g 
Condition factor (a) 0.0229 0.0344 
Exponent value (b) 3.084 2.967 
Coefficient of correlation (R2) 0.946 0.972 

 

Table 1. Some parameters of D.kuhlii from Kurunahar waters during 2012 January to 2012 December
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A Comparison of Performance of Productive and Fertility Characters of Dairy Cattle in Dairy Villages and 

Non Dairy Villages 
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1 Department of Animal Science, Faculty of Agriculture, University of Ruhuna, Sri Lanka
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Abstract

Dairy villages were introduced to Sri Lanka to increase local milk production. The study investigated the effectiveness 

of dairy village concept in terms of improving productive performance. Study was done in a “dairy village” and a “non 

dairy village”. One hundred and forty semi- intensive farms were selected using purposive sampling technique and 

were studied using a structured questionnaire survey. Most of the farmers in dairy village milked their animals twice a 

day whereas; most of the farmers in non-dairy village did morning milking only. Dairy village stock-keepers' achieved 

low calving interval around 14 months. Number of inseminations per conception was significantly lower in dairy 

village than in non-dairy village. Results of the study signified that the average milk production in dairy village is not 

significantly different from non-dairy villages.  However, reproductive management practices were better in dairy 

village farms.  It was concluded that Dairy village concept was not effective in increasing average milk production and 

therefore, a better program is recommended.   

Key  words: Dairy village, Non-dairy village, Milk production

Introduction

The demand for milk and milk products is increasing 

every year in the country.  However the local milk 

production has not increased to meet the increasing 

demand that witnessed during the last few decades. Only 

a 20% of the milk requirement is produced  locally and 

balance is imported, spending large valuable foreign 

exchange every year (Central bank report, 2012). 

Therefore, government has given a top priority for dairy 

development in the country as it influences the Sri 

Lanka's economy to a great extent.

Dairying is an important traditional economic activity in 

Badulla district, which contributes 9% to the total milk 

production of the country. Welimada area in the same 

district has recorded the second highest milk production 

in the district, (Progress review report, Department of 

Animal Production and Health, Uva Province, 2008).This 

area has been  identified as an important area for dairy 

development. In view of increasing milk production in 

the country, government has established “Dairy 

Villages” concept in milk producing areas to enhance 

the productivity through proper management under 

the guidance of the Department of Animal Production 

and Health (DAP&H). A total of five dairy villages have 

been established in Welimada under the said by the 

program in 2011. These farmers are provided with 

required inputs and supporting services. The 

information on dairy farming in the area is somewhat 

scanty and only a few studies have been carried out in 

the recent times. Therefore, this study investigated the 

effectiveness of dairy village in terms of production 

parameters such as average milk production of 

animals, peak production, length of lactation, calving 

interval and number of inseminations per conception 

and compare them with the performance of non dairy 

villages.  
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Methodology

Location of the study and selection of farms

The study was carried out in Welimada division in 

OBadulla district. Welimada, lies at latitude 6.9011 N and 

Oeastern longitude 80.92280 E. Average annual rainfall 

in the region is 1900mm. The climate is mild and the day 

o otemperature varies from 12 C-21.5 C and nights are 

cooler. The Relative humidity is around 75%.

For the study 140 semi intensive farms were selected 

using purposive sampling technique based on two 

categories  of  v i l lage  namely  Dairy  v i l lage  

(Kirigammana) and Non-dairy village, and three 

categories of farm size according to the number of 

animals in each farm. The farm sizes were, small (Total 

number of animals ≤ 3), medium (Total number of 

animals 4-7) and large (Total number of animals ≥8). A 

total of 25 small, 25 medium and 20 large scale farms 

were selected for the study. 

Data collection

To evaluate the existing situation of productive 

performances of the dairies, a field survey was 

conducted using a pre-tested structured questionnaire 

and they were evaluated individually by direct 

observations, through gathering information from the 

farmers and with the help of the available records at the 

farms as well as at the veterinary surgeons office in 

Welimada.

Data analysis

Data were analyzed using SAS 9.1.3 software package. 

Means were separated by least square means. 

Result and Discussion

There were 2250 registered farmers in the studied area 

and total dairy cattle population was around 12,500 

(Unpublished data, Veterinary office, Welimada). The 

main livelihood of the farmers in Dairy villages was 

dairying while around 60% of the farmers in Non Dairy 

villages engaged in dairying full time. However, most 

farms were integrated with vegetable cultivation in 

addition to dairying. The majority of the farmers were 

traditional farmers with more than 25 years of 

experience in dairy farming and the rests was ere new 

to the industry.

Breed Characteristics

Existing dairy population in Welimada dairy division 

mainly includes upgraded animals with European 

breeds (Table 1) Most of the farmers prefer either 

Friesian or Jersey cross bred animals.  However, the 

medium scale farmers have a preference for Jersey 

graded animals rather than Friesian. The animals of 

non descriptive type and Ayershire crosses were few, 

comparatively. Average age of the animals in different 

village categories vary 39.2±3.36 months and there 

was no significant difference among them and the farm 

sizes (p>0.05).

Non productive milking cows

Sizeable quantity of heifers were categorized as non 

fertile animal because, they were not become 

thpregnancy after doing 4  AI or yet. Dairy village have 

high percentage of non productive animals than non-

dairy village (Figure 1). Medium scale farm category 

reported low number of non productive animals and 

high account were reported in large scale farm 

category in two village categories. However, most of 

thmulches became non fertile after 5  calving. In that 

period they passed their economical production. But 

managed reproduction plan have been needed for 

improve the heifers of the herds. 

Figure 1:  Effect of farm and village categories on 
Non-productive (non-fertile)Animals in the Herd (%)
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Table 1: Effect of farm and village categories on breeds and production characteristics of dairy cattle

 Dairy village Non-dairy village 

Small Medium Large Small Medium Large 

Breed distribution (%) 

Friesian 
graded 

34.5 46 29.2 35.5 55.4 40 

Jersey 
graded 

65.5 42 .8 49.4 42 39 51.2 

Ayetshire 
graded 

0 10.7 3.9 22.5 5.4 2.4 

Other  0 0.5 16.8 0 0.2 6.4 

Productive performance 

Average 
milk 
Producti
on 
(morning 
& 
evening 
milking) 
(l/day/co
w) 

    
8.52a  ±  1.9 

     
 7.39b  ± 1.9  

     
7.16b  ± 1.53 

    
 8.48a  ±  3.59 

    
 8.71a  ±  2.44  

   
 7.19b  ±  2.1 

Average 
milk 
Producti
on 
(morning 
milking 
only) 
(l/day/co
w) 

    
8.12a  ±  0.9 

    
 7.2b  ± 1.0  

  
6.96b  ±0.53 

   
8.18a  ±  0.59 

   
8.01a  ±  0.44  

    
 6.29b  ±  1.1  

Total 
milk 
Producti
on 
(morning 
& 
evening 
milking)  
(l/day/co
w) 

   
2250.0a ± 
578  

  
2248.75a ± 
571  

 
1952.25b ± 
437  

  
2494.0a ± 532  

   
2608.8a ± 815  

  
1966.75b ± 
300  

Total 
milk 
Producti
on 
(morning 
milking 
only) 
(l/day/co
w)  

   
2418.95a ± 
243  

  
 2131.92b ± 
129  

  
1910.52b ± 
146  

  
2395.1a ± 173  

 
2496.71a ± 137  

  
1887.0 b ± 
330  

Peak 
milk 
Producti
on 
(morning 
& 
evening  
milking 
only) 
(l/day/co
w) 

   
11.17a ± 
0.78  

  
 9.44 b  ± 1.2  

   
9.35 b±  1.0  

   
11.66 a ±  1.5  

  
12.08a ± 2.01  

   
10.0256b ± 
2.2  

Means with the same letter is not significantly different (p>0.05).
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Productive and fertility performance
Milk Production

Most of the farmers in D\Dairy village milked their 

animals twice a day (morning and evening) and rest was 

done only morning milking. But, most of the farmers in 

non-dairy village did morning milking only. The reason 

may be a large number of farmers in non-dairy village 

have other sources of income rather than dairy. 

However, there was no significant difference between 

average milk production in dairy village and non-dairy 

village in case of morning milking as well as twice a day 

milking (p> 0.05). The average milk production under 

twice a day milking was 8.12±0.78 l/day/cow and 

7.92±0.45 l/day/cow in morning milking for the studied 

area. There was no significant difference between 

average milk production of twice a day milking and 

morning milking (P>0.05). 

There was a significant difference in average production 

among farm categories. The medium non-dairy village 

farms reported significantly higher milk production 

than medium dairy village farms (p<0.05). Therefore 

high milk yield of medium Non-dairy farmer might be 

due to good management or difference in breeds or 

differences in time and length of lactation. The published 

information on production parameters of dairy cows in 

up country dry zone is somewhat scanty. However, 

according to Bandara et al. (2011) milk production 

under semi-intensive system in Welimada area was 

reported as 4.9l/day/cow which is lower than the 

present data. 

The peak milk production (recorded only for twice a day 

milking) in dairy village (9.99±0.23) was significantly 

lower than that in non-dairy village (11.332±1.01). Poor 

improvement of production in dairy village was due to 

un-proper selection of area for dairy village or may be 

management failures. However, they should be studied 

separately.

Length of lactation Length of lactation (Table 1) was 

higher in medium farm category than in small and 

large farm categories but, there is no significant 

difference (p>0.05). Consequently large scale farms 

reported significantly lowest length of lactation 

(p<0.05). Length of lactation was not significantly 

different between two villages (p>0.05) and that was 

around 10 months. That length of lactation is 

considered as the ideal period of lactation in economic 

milk production. Welimada dairy division practiced 

that economic milk production.

Calving Interval and Number of insemination per 

conception 

Calving interval was significantly lower in dairy village 

than in non-dairy village (p<0.05). Dairy village stock-

keepers' achieved low calving interval around 14 

months. Calving interval was not significantly deviate 

among farm levels (p>0.05). Number of inseminations 

per conception was significantly lower in dairy village 

than in non-dairy village (p<0.05). 

According to Roberts (1986), calving interval of a well-

managed dairy herd should be between 12-13 months 

for European condition, whereas De Silva and 

Sathasivampillai (1975) reported a value of 16-17 

months for cows in up-country, Sri Lanka, irrespective 

of the breed. The national level of Calving interval of 

cows in Sri Lanka has been reported to be 464 day 

(15.5 months) by Herath and Balachandran (1993).

Theoretical expectation is one calf per year and around 

ten months of lactation length, but, this is rarely 

achieved under the tropical condition. However, 

according to the present result reproductive 

management was well carried out in dairy village. 

Farmer training classes were conducted in dairy 

village through veterinary office, to make aware of AI 

procedure, proper age of service and how to care 
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animal after insemination etc. Those are directly related 

to the reduction of calving interval and no. of 

inseminations per conception in dairy village. In order to 

accomplish this, awareness is necessary for the non-

dairy village.

Result reviewed that dairy village has not increased the 

average milk production than other villages but, 

reproduction management of former was better.  

Therefore, better dairy development programs need to 

be introduce to increase the milk production.  
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Iron Toxicity Tolerance of Improved Rice Varieties in the Low Country Wet Zone of Sri Lanka

G.D.A. Priyantha, B.G.D.S. Weerasinghe and K.A.C. Rasanjali

Regional Rice Research and Development Centre, Bombuwala, Kaluthara

Abstract

In order to evaluate the impact of iron rich adverse soil on the improved rice varieties of Sri Lanka, a field experiment 

was carried out, in two seasons of 2012/13 Maha and 2012 Yala. Thirty seven improved rice varieties were tested in 

this study. Extractable soil iron (Fe) level of tested locations varied from 245ppm to 326ppm during the evaluation 

period. Design of the experiment was an augmented method with two replicates for each entry and rice plant 

reactions for Fe toxicity were evaluated by using the IRRI standard evaluation system. Among the tested rice varieties, 

two varieties (Bw 267-3, Bw 367) performed as highly Fe tolerant varieties and twelve varieties (Bw 451, Bg 360, Bg 

406, Bw 364, At 354, Bg 358, Bw 363, Bg 379-2, Bg 359, Bg 454, Bg 250, Bg 96-741) were recorded to have field level of 

tolerance.  Twenty rice varieties were moderately tolerant (Bg305, Bg 357, Bg 403, Bw 361, Bg 94-1, Bg 3-5, At 308, Ld 

408, Bw 452, Bw 453, Bw  351, At 307, At 303, Ld 365, At 362, Bg 38, Bg 300, Bg 745, Bg 450, Ld 368) and three rice 

varieties (Bw 272-6b, Bg 407 and At 303) were highly susceptible. Variations of rice varietal reactions were observed 

during the stress period where highly tolerant varieties grew normally without leaf bronzing symptoms, tolerant 

cultivars remained green until later stage of plant growth (88 days) while moderately tolerant varieties developed 

leaf bronzing symptoms at least once in the growth period especially at panicle initiation and susceptible varieties 

had prominent leaf bronzing symptoms throughout the evaluation period. 

Key words:  Rice, Iron toxicity, Rice varieties,

Introduction

Iron toxic paddy fields of low country wet zone of Sri 

Lanka belong to different agro ecological zones defined 

as WL , WL WL  WL  WL . The ferrous iron toxicity 1a 1b, 2a, 2b, and  3

in the gleyic paddy soils is reported to reduce the rice 

yield and toxicity is triggered by multiple nutritional 

deficiencies, anaerobic conditions, and low pH and by 

high level of Fe in the soil. The Department of Agriculture 

(DOA), Sri Lanka has released more than sixty improved 

rice varieties up to 2012 and recommended them for 

different agricultural practices in Wet, Dry and 

Intermediate zones based on the rice varietal 

characteristics. Some of the rice varieties were 

recommended as more suitable for the locations having 

specific conditions namely Fe toxicity, salinity, bog soil, 

and sandy soils. Regional Rice Research and 

Development Centre (RRRDC), Bombuwela is 

developing iron tolerant rice varieties mainly for LCWZ 

of Sri Lanka in specific selected locations (Kivlawatta, 

Polgahamulla). 

Rice varieties differ widely in Fe toxicity stress 

tolerance, and tolerant genotypes are utilized to 

improve rice cultivars with enhanced Fe (ii) toxicity 

tolerance. The breeding efforts are facilitated by better 

understanding of efficient screening methodology of 

iron toxicity. In order to evaluate the impact of iron rich 

soil on growth of improved rice varieties of Sri Lanka, a 

field experiment was carried out in the wet zone under 

rain fed conditions during two seasons of 2012/13 

Maha and 2012 Yala. The experiment was conducted at 

RRRDC, Bombuwela, under the purview of NARP 

research program of developing rice varieties for 

abiotic stresses. In the past years, several views have 

been discussed to explain mechanism of excessive 

uptake of Fe(ii) and special attention was paid to low 

pH and high concentration of the Fe(ii) in the soil 

(Ponnmperuma 1977). Rice plants absorb iron as Fe 

(ii) and are transported to leaves through xylem. Under 

anaerobic soil conditions, Fe (iii) is converted to Fe (ii) 
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and rice plants absorb them excessively and causing 

damage to plant by oxidative injuries.  Characteristic 

Leaf   bronzing symptoms in susceptible rice varieties 

grown under iron rich soil are caused by precipitation 

and deposition of ferric compound in the appoplast . 

Critical ferrous levels range between 30 and several 

thousand ppm (Moomann and Van Bremen 1978).

Materials and Methods

The experiment was conducted by the Rice Research & 

Development Centre (RRRDC), Bombuwela, Sri Lanka, in 

a location of low land paddy field adjacent to a upland. 

Inbred seeds of popular improved rice varieties (37) 

were used and the design of the experiment was an 

augmented method with two replicates for each entry. 

The rice variety Bw 267-3 and rice variety Bw 272-6b 

were used as tolerant and susceptible check varieties, 

respectively. The field evaluations were conducted in 

two seasons of 2012 Yala and 2012/13 Maha. Dry 

sowing of rice seeds in rows was done and evaluations 

were done at two weeks interval up to twelve weeks 

using standard evaluation system for rice iron toxicity 

tolerance (SES) published by the International Rice 

Research Institute (IRRI)  guidelines and observed 

general growth condition in relation to standard 

resistant  (Bw 267-3) and susceptible (Bw 272 6b) check 

varieties (Manual for rice stress evaluations IRRI 1997).  

      Iron toxicity 

      Scoring           Tolerance Level

1 Growth and tillering nearly normal

2 Growth and tillering nearly normal,redish 

brown spots on tips of older leaves

3 Growth and tillering nearly normal,older 

leaves reddish brown

5  Growth and tillering retarded,many leaves                           

discoloured

      7         Growth and tillering ceases,most leaves dead

      9         All plants dead or dying

Based on the observations made and using the SES 

evaluation criteria  considered in scoring and  

grouping them  into highly tolerant, tolerant, moderate 

and susceptible varieties and conclusions were not 

made for  the rice varieties that had  observations only  

in one season. The DOA recommended agricultural 

practices were applied when necessary and only the 

basal fertilizer (Urea) was applied at the rate of 3.5g 

2/m .  In 2012 Yala season, 38 rice varieties were tested 

and soil samples were collected to analyze soil 

characteristics. In 2012/13 Maha season 36 test 

en t r ies  were  eva lua ted .  Physico-chemica l  

characteristics of soil samples were tested and 

weather records were obtained from the Meteorology 

Unit of the Agronomy Division of RRRDC, Bombuwela.

Results and Discussion

Soil Characterization

Extractable iron (Fe) content ranged from 245 ppm to 

326 ppm, while soil pH fluctuated from 4.8 to 6.32. 

Available phosphorus content ranged from 8.63 ppm 

to 11.29 ppm. Soil K content had a range from 26 ppm 

to 32 ppm and the soil was sandy loam in nature.

Climatic data

Recorded total rain fall in the 2012 Yala was 826.6 mm 

(May to July) and the average day temperature was 

030.2 C , while in 2012/13 Maha (November to 

February) total rain fall was recorded as 710 mm  and 

0the mean day temperature was 30.8 C.

Highly tolerant varieties

Plant growth is nearly normal during the evaluation 

period and bronzing leaf symptoms were absent in 

highly tolerant varieties (Bw 267-3, Bw 367).

Tolerant varieties

Rice varieties  of Bw 451, Bg 360, Bg 406, Bw 364, At 

354, Bg 358, Bw 363, Bg 379-2, Bg 359, Bg 454, Bg 250, 
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Treatment Reaction to iron toxicity  ( 2012 Yala)  
 Average 

scoring  ( R1) 
Average scoring    
(R2) 

Tolerance level Special attributes 

Bw 267-3 1 1 HT 3.5 months 

Bw 272-6b 7 9 S 3 months 

Bw 367 1 1 HT 3.5 months 

Bw 361 5 1 MR 3.5 months 

Bw 379-2 1 3 T 4.5 months 

Bw 359 1 3 T 3.5 months 

Bg 450 3 5 MR 4.5 months 

Bg 745 3 5 MR Photoperiod  

sensitive      

5-6 months 

Bg 403 3 5 MR 4 months 

Bg 357 3 5 MR 3.5 month 

Bg 305 3 5 MR 3 months 

Bg 300 3 5 MR 3 months 

Bw 363 1 3 T 3.5 month 

Bg 38 3 5 MR Photoperiod  

sensitive     

 5-6 months 

At 362 5 5 MR 3.5 month 

Ld 365 5 5 MR 3.5 month, Recommended 

for LCWZ cultivation 

At 303 5 3 MR 3 months 

Bg 407 7 5 S Photoperiod sensitive,4 

months 

Bg 358 1 3 T 3.5 months 

At 307 3 5 MR 3 months 

Bw 364 3 3 T 3.5 months 

Bw 351 3 5 MR 3.5 months 

Table 1. Iron toxicity tolerance levels of rice varieties in 2012 Yala season
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    Iron toxicity tolerance levels of rice varieties in 2012/13 Maha season

Treatment Reaction to iron toxicity  ( 2012/13Maha)  
 Average 

scoring   ( R1) 
Average  
scoring      (R2) 

Tolerance level Special attributes 

At 354 - - N.A 3.5 month, Salinity 

tolerant 

Bg 96-741 - - N.A 4-4.5 months 

Bw 267-3 1 1 HR 3.5 months 

Bw 272-6b 7 9 S 3 months 

Bw 367 1 1 HR 3.5 months 

Bw 361 5 3 MR 3.5 months 

Bw 379-2 1 2 T 4.5 months 

Bw 359 1 3 T 3.5 months 

Bg 450 3 5 MR 4.5 months 

Bg 745 3 5 MR Photoperiod sensitive     

5-6 months 

Bg 403 3 5 MR 4 months 

Bg 357 3 5 MR 3.5 month 

Bg 305 3 5 MR 3 months 

Bg 300 3 5 MR 3 months 

Bw 363 1 3 T 3.5 month 

Bg 38 3 5 MR Photoperiod sensitive  5-

6months 

At 362 5 5 MR 3.5 month 

Ld 365 5 5 MR 3.5month, Recommended 

for LCWZ cult ivation 

At 303 5 3 MR 3 months 

Bg 407 7 5 S Photoperiod sensitive,4 

months 

Bg 358 1 3 T 3.5 months 

At 307 3 5 MR 3 months 

Bw 364 2 3 T 3.5 months 

Bw 351 3 5 MR 3.5 months 

Bw 453 5 5 MR 4-4.5 months 

S-Susceptible, MR- Moderately tolerant, T-Tolerant, HR=highly tolerant N.A –Not available

R1- Replicate 1        R2- Replicate 2
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Toxicity Tolerant levels Symptoms Varieties 

Tolerant Reddish brown spots on tips of older 

leaves 

Bg379-2,Bg359,Bw363,Bg 358,Bw 

364,Bg 454,Bg 360,Bg 250, Bw 451, 

Moderately tolerant Growth and tillering retarded, many 

leaves discolored 

Bw 361,Bg 450, Bg 745,Bg 403,Bg 

305,Bg 300, Bg 38,At 

362,Ld365,At307,Bw351, 

Bw452,Bw453,Ld408,Bg3-5,Bg 94-1, 

Susceptible Growth and tillering ceases, most 

leaves dead 

Bw 272-6b,Bg 407,At 303 

Highly tolerant varieties Growth and tillering nearly normal Bw 267-3, Bw367 

 

Table 3     Variation of rice varietal reactions for iron toxicity

Bg 96-741 showed field  level tolerance for soil Fe 

toxicity  present in the evaluation periods. There was 

slight leaf yellowing observed during tillering phase and 

before flowering, even though it last only for a short 

period. Leaf yellowing symptoms recovered when 

plants get matured. Bronzing leaf symptoms were not 

developed.

Susceptible varieties

Rice varieties Bw 272-6b, Bg 407 and At 303 are 

recorded as highly susceptible varieties. Bronzing 

leaves were prominent from seedling stage to maturity. 

Plant growth was retarded with poor seed setting or 

panicles were almost absent in both seasons.

Moderately tolerant varieties

Twenty rice  varieties (20) were less tolerant ( Bg 305, 

Bg 357, Bg 403, Bw 361, Bg 94-1, Bg 3-5, At 308, Ld 408, 

Bw 452, Bw 453, Bw  351, At 307, At 303, Ld 365, At 362, 

Bg 38, Bg 300, Bg 745, Bg 450, Ld 368)  as they had 

bronzing symptoms in mature leaves,  at least in one of 

the main growth stages of rice plant, but they were not 

prominent as in susceptible rice plants. Moderate 

tolerant rice varieties had fertile panicles with fertile 

seeds but plant growth retarded relative to tolerant 

check variety of Bw 267-3.

Locally improved tested rice varieties recorded a 

range of genetic variation from susceptible to highly 

tolerant for Fe toxicity stress in LCWZ of Sri Lanka. The 

rice varieties Bw 267-3, Bw 367 are valuable genetic 

sources for iron toxicity tolerance. Tolerant and 

moderately tolerant rice varieties are less affected but 

show leaf symptoms under peak rainy periods of 

LCWZ of Sri Lanka.  
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Potential Use of Trichoderma sp. and Pseudomonas fluorescens to Control Phytophthora capsici in vitro and 

Promoting the Growth of Black Pepper (Piper nigrum L.) in the Nursery

1 1 R.D. Kodithuwakku*, A.G.A.N. Dayananda, I.S. Kumari , D.P.P. De Silva, W.M.R.B.Wijekoon and D.S. Pillai

Research Station, Department of Export Agriculture, Matale, Sri Lanka.

Abstract

Biocontrol agents, Trichoderma sp. and Pseudomonas fluorescens isolated from black pepper rhizosphere soil were 

identified by microscopic and macroscopic features along with the emission of green fluorescence under ultra violet 

radiation. Trichoderma sp. was mass multiplied in tea refuse. Higher number of colony counts were recorded when P. 

fluorescens grown in sorghum (Sorghum bicolor L.) and rice (Oriza sativa L.) substrates. As the both biocontrol agents 

showed antagonistic ability over Phytophthora capsici under in vitro condition, showing significantly higher level of 

growth inhibition, a nursery experiment was conducted using six different combinations of treatments to find out in 

vivo biocontrol ability. Treatments applied were Trichoderma sp. treated plants, P. fluorescens treated plants, both 

Trichoderma sp. and P. fluorescens treated plants, un inoculated tea refuse applied plants, un inoculated sorghum 

seeds applied plants and normal potting mixture with no substrate. Treated plants showed greatest mean plant 
2 height than untreated control (P< 0.05), The highest leaf area of 125.37cm was recorded in P.fluorescens treated 

2 plants while the lowest value of 89.8 cm was in untreated control. The highest root volume was recorded in 

Trichoderma sp. and P. fluorescens treated plants. Root volume, root dry weight and plants' survival % in treated plants 

were significantly (P< 0.05) higher than the control. Shoot dry weight was significantly (P< 0.05) high in P. fluorescens 

treated plants. The results indicate that Trichoderma sp. and P.  fluorescens enhanced plant survival rate and growth 

that could serve as bio control agents and growth promoters.

Key words: Antagonism, Growth promoters

Introduction

Black pepper (Piper nigrum L.) is categorized under the 

second priority crop among the Export Agricultural 

Crops (EACs) in Sri Lanka. In pepper cultivation it is 

common to identify the occurrence of different diseases 

from the nursery stage. Among the diseases reported at 

nursery stage, diseases caused by soil borne pathogens 

are important. Commonly reported soil borne pathogens 

are Phytophthora capsici, Rhyzoctonia solani, Fusarium 

spp. and Pythium spp. The complete crop losses due to 

prevailing diseases result in increase uses of 

agrochemicals and thereby the high cost of production. 

The use of chemical fertilizer in a haphazard manner also 

has hazardous influences on the environment and 

human health. Biological control of diseases is an 

inevitable component in organic farming. It reduces the 

problems of hazards from harmful pesticides and 

maintains natural ecosystem in a sustainable manner.

The bioagents viz., Trichoderma sp., Arbuscular 

Mycorrhizae (AM), plant growth promoting 

rhizobacteria are used as biocontrol agents for 

preventing the disease in black pepper nursery as well 

as in the field (Thankamani et al., 2004). According to 

Gunasekaran and co-authores (Gunasekaran et al., 

2003) Pseudomonas fluorescens is inhibitory to 

Colletotrichum gloeosporioides and Exserohilum 

rostratum, the main pathogens of coconut leaf rot 

diseaseas well as the other associated fungi, Fusarium 

solani, Rhizoctonia solani and Thielaviopsis paradoxa. 

Therefore, this experiment was planned for the 

improvement of potting media through incorporation 

of Trichoderma sp. and P. fluorescens that would 

minimize the action of soil borne pathogens at the 

nursery stage.
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Materials and Methods

Isolation and identification of Trichoderma sp., P. 

fluorescens and P. capsici

Soil samples were collected from black pepper 

rhizosphere soil and serial dilution plate technique was 

followed. Potato Dextrose Agar (PDA) medium was used 

for Trichoderma sp. while King's B medium was used for 

P. fluorescens isolations. Identification was done by 

macroscopic and microscopic studies and light emission 

under UV was checked for confirmation of P. fluorescens. 

Gram staining test was also done for P. fluorescens. P. 

capsici was isolated from black pepper rhizosphere soil 

following leaf baiting technique (De Silva et al., 2007). 

Mass culturing of Trichoderma sp.

Tea refuse was used as the substrate. Two weeks old 

Trichoderma sp. spores were harvested by adding 5 ml of 

sterilized distilled water to PDA culture plates. Spore 

 concentration of 107 cfu/mLwas taken for the 

inoculation. Moistened tea refuse was filled loosely into 

poly propylene bags (size 20cm x 12 cm) and sterilized 

by autoclaving. After cooling, 10 mL of spore suspension 

was injected to 250g of tea refuse and maintained at 

room temperature to facilitate the growth of 

Trichoderma sp.

Mass culturing of P. fluorescens

Broken seeds of maize (Zea mays L.), sorghum (Sorghum 

bicolor L.), rice (Oriza sativa L.) and finger millet 

(Eleucine coracana Gaertn.) were used as substrates for 

mass culturing. The seeds were crushed and filled 

separately into 20cm x 12cm poly propylene bags and 

autoclaved after moistening. Four bags were maintained 

for each substrate. Six mm diameter culture discs of P. 

fluorescens were used to inoculate each bag at the rate of 

0 five discs per bag and kept at 25 C. After 48hours, the 

growth of the bacterium in each bag was checked by 

dilution plating followed by colony counting and data 

were analyzed using ANOVA.

In-vitro testing of Antagonistic ability of 

Trichoderma sp. and P. fluorescens

Trichoderma sp. and P. fluorescens were dual cultured 

respectively with P. capsici in PDA medium. Four 

replicates were maintained. Six mm diameter discs 

were taken from pathogen and the antagonist cultures. 

The antagonist discs were placed at three equidistant 

positions on PDA medium and the pathogen discs were 

introduced at the center of the plate. Cultures were 

0incubated at 25 C for 7 days and inhibition zone 

development was measured.  

Nursery experiment

Black pepper cultivar MB 12 was used. Export 

Agriculture Department recommended nursery 

potting mixture was used and solarized for three 

weeks. Mass cultured Trichoderma sp. and P. 

fluorescens (substrate- sorghum seeds) was 

incorporated at the rate of 10g/1kg and 20g/1kg of 

potting mixture respectively, to form following 

treatments. 

T1 - Potting mixture + Trichodrmasp.

T2 - Potting mixture + P.fluorescens

T3 - Potting mixture + Trichodermasp. + P. fluorescens

T4 - Potting mixture + uninoculated tea refuse 

T5 - potting mixture+ un inoculated sorghum seeds 

T6 - Potting mixture (no substrate applied)

Treated potting mixtures were covered with polythene 

sheets and incubated for one week. Poly bags of 8”x 6” 

(150gauge) were filled with the incubated potting 

mixtures and three replicates were maintained per 

each treatment. Each replicate had 15 plants. Single 

nodal cuttings were planted and maintained inside a 

propagator for one month and later transferred to net 

house with 70% shade. Completely Randomized 

Design (CRD) was followed. At the end of the nursery 

period, plant survival rate, root volume, leaf area, shoot 

and root dry weight and shoot height were measured. 
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Data were analyzed using ANOVA followed by a mean 

separation.

Results and Discussion

Isolation and identification of Trichoderma sp., P.  

fluorescens and P.  capsici

Trichoderma sp. was isolated in PDA. White color 

mycelium later turned to green in color with the 

production of conidia.  Microscopic features like 

extensively branched conidiophores, ovoid shape, one 

celled conidia borne in small terminal clusters were 

observed. P. fluorescens was isolated in King's B medium. 

Gram negative colonies and Green fluorescence under 

UV light confirmed the presence of P. fluorescens. P. 

capsici was isolated successfully by leaf baiting 

technique.  

Mass culturing of Trichoderma sp.

Mass culturing was successful in tea refuse medium. A 

week after inoculation, the growth of white color 

mycelium which turned to green in color with 

sporulation confirmed the presence of Trichoderma sp.

Mass culturing of P. fluorescens

The results showed that P. fluorescens was growing in all 

four different media. The highest number of colony 

9counts of 1.06 x 10 cfu/g was found in broken sorghum 

seeds. According to results, broken sorghum seeds can 

be considered the best substrate for P.  fluorescens. The 

7second highest colony count of 8.37x10 cfu/g was 

recorded in rice. The order of efficiency of the 

treatments can be expressed as sorghum seeds 

>rice>maize>finger millet ( P< 0.05).

In-vitro  testing of antagonistic ability of 

Trichoderma sp. and   P. fluorescens

The percentage growth inhibition of P. capsici when dual 

culture with Trichoderma sp. and P.fluorescens was 87% 

and 78%, respectively. P. capsici mycelia growth was 

suppressed at the presence of Trichoderma sp. or P. 

fluorescens in the same plate. Trichoderma sp. not only 

inhibits, but over grows on the P. capsici mycelium. This 

is mainly due to the mycoparasitism by means of 

degrading the cell walls of the pathogen through lytic 

enzymes secreted by the bio control fungus (Eladet al., 

1980). Besides black pepper diseases, it was tested in 

disease control in cocoa (Theobromae cocao L.), where 

black pod disease of cocoa caused by Phytopthora spp. 

was controlled in vitro by Trichoderma sp. (de Silva et 

al., 2005).

In- vivo testing of potential use of Trichoderma sp. 

and P.fluorescens

Treatments T1, T2 and T3 resulted the greatest mean 

plant height (P< 0.05). It could be interpreted that the 

application of bio control agent is led to increase of 

plant growth significantly. The highest leaf area was 

recorded in T2 plants (P< 0.05). 

The highest root volume was recorded in T3 plants. 

Root volume in T1, T2 and T3 plants were significantly 

(P< 0.05) higher than the control. Application of 

Trichoderma sp. provides resistance to soil borne 

diseases and enhances root growth. Trichoderma sp. 

improves plant health and vigor and may perhaps 

stimulate nutritional uptake when abandoned 

populations are established in the root zone. 

According to Sarma (2005), Trichoderma sp. has a 

protective and immunizing effect on the host plant. 

Trichoderma sp. can directly increase root growth, 

control deleterious non pathogenic root microflora, 

destroy toxic metabolites produced by deleterious 

microflora and directly control root pathogens (Eladet. 

al., 1980). Shoot dry weight was significantly high (P< 

0.05) in plants treated with P. fluorescens (T2) while 

root dry weight was significantly higher (P< 0.05) in 

T2, T3 and T1plants (Table 1). The antagonistic 

436

International Symposium on Agriculture and Environment 2013
University of Ruhuna Sri Lanka



bacteria are capable of producing growth hormones, 

which caused increased root proliferation and surface 

area of roots of plants; they secrete organic acids, 

phosphorus and making it available to the plants, and 

they increase the uptake of nutrients also (Thankamani, 

et al., 2004).

T1 and T3 plants showed 100% survival, while T2 plants 

showed 87% survival after three months of nursery 

period. The results indicate that incorporation of above 

tested antagonists gives better survival rate and healthy 

black pepper plants during the nursery period. 

Trichoderma sp. and P.fluorescens suppressed the 

growth of P. capsici in- vitro. The Best medium for mass 

culturing of P. fluorescens was the broken sorghum 

seeds. Trichoderma sp. and P. fluorescens enhanced plant 

survival rate as well as growth under in vivo conditions 

and showed the potential to serve as bio control agents 

as well as growth promoters. Future work is necessary 

to make above antagonists commercially available for 

farmers.

Treatment Leaf 

area(cm
2) 

Root 

volume(ml) 

Shoot 

height(cm) 

Shoot dry wt 

(g) 

Root dry wt  (g) 

   Potting mixture + Trichodrma sp.(T1) 119.69 a 1.58  a 16.26 a 1.18 ab 0.07 ab 

   Potting mixture + P.fluorescens(T2) 125.37 a 1.59 a 15.94 a 1.36 a 0.08 a 

   Potting mixture+Trichoderma sp.        +            
P. fluorescens(T3) 

110.93ab 1.60 a 16.49 a 0.96 bc 0.09 a 

   Potting mixture + pure tea refuse (T4) 94.46 b 0.86 b 12.62 c 0.94 bc 0.04 c 

   potting mixture+ pure sorghum seeds 
(T5) 

89.80 b 1.13 b 13.16 bc 0.73 c 0.05bc 

   Potting mixture (no substrate applied)     
(T6) 

91.55 b 1.10 b 12.21 c 0.78 c 0.07 abc 

 

Table 1. Mean growth data of three months old black pepper nursery plants when treated with bio control agents. 
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Growth, Phosphorus and Potassium Nutrition of Long- and Short-Age Rice (Oryza sativa L.)  Varieties Under 

Limited Moisture Availability
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Abstract

Phosphorous (P) and potassium (K) are two important nutrients, and their availability in soils at native state to rice 

plants is limited. Moreover, the responses of  short and long-age rice varieties to limited soil moisture availability are 

not kown, and under limited moisture availability the uptake  of P and K to rice plants are further restricted. 

Therefore, a pot experiment was conducted to study the responses of short and long age rice varieties at P, K and 

moisture limited conditions. Two rice varieties; Bg 379-2 as a long duration (LD), and  Bg 250 as a short duration (SD), 

two water treatments; continious flooding of pots until harvest (W1), and continuous flooding until flowering and 

then allowing the top soil of a pot to dry out gradually while the subsoil was kept moist through capilary action (W2) 

were tested with three replicates. Department of Agriculture recommended N, P and K fertilizer levels were applied. 

At physiological maturity of each variety plant height, productive and unproductive tillers, dry weight (DW) of shoot 

and roots, tissue P and K concentrations, available and solution P, and exchangable and soltion K concentrations in the 

soil  were measured. Dry weight of both shoot and root were similar between moisture treatments, except for the 

increased shoot DW of SD at top soil drying condition. Rice varieties were more resonsive to P than K, and LD had 

adptations such as increase in root DW, solubility of P in the rhizosphere. 

Key words: Moisture stress, Phosphorus, Potassium, Rice.

Introduction

Phosphorus (P) and potassium (K) are two important 

nutrients required by the rice plant (Oryza sativa L.). The 

amount of P removed by a rice crop at present is more 

than twice that removed 50 years ago. Uptake of 1.8 – 4.2 

-1kg P ha  is required to produce one ton of grain 

(Dobrmenn et al., 1996), and the net P removed through 

harvested grains is 0.5 to 0.9 Mt from irrigated rice fields 

in Asia (Dobrmenn et al., 1998). Therefore, plant 

available and total P concentrations in soil have reduced, 

and the trend continues.  Moreover, due to the lack of 

solubility and slow movement of P in soil, most of the P 

applied retained and fixed in top layers in the soil profile. 

Rice plants take up K in higher quantities from soil and 

the fraction removed from the soil is greater with the 

harvest than that of nitrogen (N) and P (Dissanayake et 

al., 2011). However, a major problem in relation to K 

fertilizer application in rice cultivation under local 

conditions is that rice plant neither show positive 

response to added K fertilizer nor K deficiency 

 

symptoms when not applied in most instances while K 

applied through fertilisers leaches down and 

accumulates in the sub soil layers. Therefore, in a 

continuously cultivated lowland rice soil there is an 

inverse stratification of P and K in the soil profile. The 

responses of  short and long age rice varieties for P and 

K  fertility  in flooded soils and under the water limited 

condtions are not known. Moreover, plant responses 

would also depend on their adaptability to these 

multiple limitations. Therefore, an experiment was 

designed to study the responses of short and long age 

rice varieties to P and K fertilizer application in a water 

limited conditions.

Materials and methods

A pot experiment was conducted at the Rice Research 

and Development Institute (RRDI), Ibbagamuwa, Sri 

Lanka.  Soil columns  with 100-cm tall 15-cm diameter, 

were filled with air-dried and sieved (3-mm mesh) 

lowland unfertilized rice soil collected from the RRDI 
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(Endoaqualfs) with very low-P and K concentrations at 

-1 -1its native stage (1.7 mg P kg  soil and 25.4 mg K kg  air 

dry soil). Experiment was arranged as a two factor 

factorial completely randomized design with three 

replicates.Two factors  were rice varieties (requiring 

different time period for the  physilogical maturity) and 

water manegemnet strategies. Two rice varieties were 

Bg 250 representing a short duration (SD) and Bg 379-2 

representing long duration (LD). Two water 

management strategies; continuous flooding until 

harvest at the physiological maturity (W1), and top soil 

of a column was allowed to dry after flowering  and 

bottom soil was kept moist by keeping the column in a 

water container  (W2). 

Nitrogen, P and K fertilizers were applied accoding to the  

Department of Agriculture recommendation (i.e. N 125 

-1 -1 -1kg ha , P O  45 kg ha  and K O 35 kg ha ) based on the 2 5 2

surface area of the pots. There were two plants per pot. 

At maturity plant height, productive and unproductive 

tillers, above ground dry weight (DW) and root DW in 

three depths as top 15-cm, middle 30-cm and bottom 

55-cm, shoot root ratio, tissue P and K concentrations, 

available and the solution P and exchangeable and the 

solution K concentrations in the soil were measured.

Results and Discussion

When comparing varieties, root DW of LD in all three 

depths were higher than that of SD irrespective of 

water treatnments (Fig.1). Eventhough the above 

ground DW of LD was similar between two moisture 

treatments, the above ground DW of SD under top soil 

drying condition was greater than that under 

continuously flooded condition.

Shoot root ratio of LD was lesser (2.7) under reduced 

water availability than that under continiously flooded 

conditions (3.4). Maximum shoot root ratio of 5.5 was 

observed in SD at reduced water availabilty indicating 

Figure 1.  Above ground  DW,  and root DW (top 15-cm (TDW), middle 30-cm  (MDW) and bottom 55-cm (BDW), of 

 long (LD) and short (SD) aged rice varieties under continiously flooded (F) and reduced water availability (D).
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that the shoot growth was enhanced relative to that in 

roots. The results suggested as LD has a higher root DW, 

reflecting a higher root length it would possess for 

efficient P and K uptake than SD.

Plant avaialble P concentration in the top 15 cm soil 

layer was higher at reduced water avaialbility than that 

under continuously flooded condition, irrespective of 

the variety (data not shown). Moreover, plant avaialble P 

concentration in the top 15 cm soil layer of the LD variety 

-1was higher (9.6  mg P kg ) than that observed in SD ( 4.0 

-1mg P kg ) under water limited conditions, suggesting 

the ability of LD to increase the solubility of P in the 

rhizosphere. However, such a  change in K in soil and in 

plant uptake were not observed. Therefore, rice 

varieties were more responsive to P than K, and Bg 379-2 

had greater adptations such as increased root DW and 

solubility of P in the rhizosphere.
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Effect of Different Mulching Materials on Weed Abundance, Growth and Yield of Okra (Hibiscus esculentus) 
Under Drip Irrigation 

S.Selvaskanthan* and S.Sivachandiran
Department of Agronomy, Faculty of Agriculture, University of Jaffna, Jaffna, Sri Lanka

Abstract

A field experiment was conducted to assess the weed control efficiency of different mulching materials for okra 

cultivation under drip irrigation.  Two factors, two varieties of okra (TV  and Haritha) and five different mulching 8

methods (Gliricidia leaves, chopped rice straw, mulch film, black polythene and no mulched as control) were tested 

using a two factor factorial experiment in Randomized Complete Block Design with three replicates. Plant parameters 

such as plant height , fruit length, fruit circumference, number of fruits per plant , weight of fruits per plant and total 

yield; weed parameters  such as number of weeds, types of weeds, fresh and dry weight of weeds; soil moisture 

content and soil temperature were recorded.  The analyses revealed that both factors, varieties and mulching have 

significant effect on growth and yield parameters but there is no significant  interaction between variety and mulch 

treatments (P>0.05). Mulching has shown significant effectiveness in weed control, ameliorating the soil temperature 

and soil moisture conservation. All mulch treatments except black polythene improved crop growth and yield (13.62 

ton/ha). Sedges, especially, Cyperus rotandus is the dominant weed emerged in highest than broad leaves and grasses. 

The significantly higher plants height (129.20 cm) and yield (14.03 ton/ha) was recorded for variety Haritha than 

variety TV . This study revealed that organic mulches was economically feasible compared to mulching using plastic 8

or cultivating without mulch.  Cultivation of Haritha variety under Gliricidia leaves mulch (14.88 ton/ha) recorded the 

best results compared to other treatment combinations.

Key words: Mulching materials, Okra, Soil moisture, Soil temperature, Weed abundance

Introduction

Weed management is one of the most important crop 

management concerns of farmers in order to increase 

the productivity. Mukhopadhya (1991) has shown that 

yield loss of 34.3% to 89.8% appears to be caused by the 

uncontrolled growth of weeds causing low productivity 

of different crops. Usoroh (1983) reported that total cost 

of labour required for weed management for vegetable 

production (30-45%) which is comparatively higher 

than that of other management practices. A suitable low 

cost weed management schedule is an essential need for 

farmer to increase their productivity.  Several cultural 

methods are adopted by farmers and mulching is one of 

the common methods adopted by farmers to control 

weeds efficiently.

Mulching is the process of covering the soil. It is an 

effective method of manipulating crop growing 

environment to increase yield and improve product 

quality by controlling weed growth, ameliorating soil 

temperature, conserving soil moisture, reducing soil 

erosion, improving soil structure and enhancing 

organic matter content (Ghosh et al. 2006). Okra 

(Hibiscus esculentus) is grown in the wet, intermediate 

and dry zone of Sri Lanka and cultivation of okra is 

highest among the local vegetable production in Jaffna 

district. The use of mulching materials with drip 

irrigation is an important and wide spread practice in 

commercial vegetable production in developed 

countries.  Vegetable cultivation with micro irrigation 

is becoming a common practice among Jaffna farmers 

in recent past.  Hence a study was carried out to 

evaluate the effect of different mulching materials on 

weed control efficiency of two varieties of okra under 

drip irrigation. 
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Materials and Methods

A field experiment was carried at the District 

Agricultural Training Centre, Thirunelvelly, Jaffna, Sri 

Lanka during the period from April 2012 to May 2012.  

Haritha and TV  were chosen as varietal treatment and 8

Gliricidia leaves, chopped rice straw, mulch film, black 

polythene were chosen as mulching treatments with no 

mulched as the control. Two factor factorial experiment 

was in a Randomized Complete Block Design (RCBD) 

with three replicates. The land was primarily ploughed 

using disc plough and secondarily harrowed and okra 

seeds were sown at the spacing of 60 × 90cm. Thinning 

out was done two weeks after sowing by allowing 2 

seedlings per hill. The field was irrigated for 15 min daily 

by using a drip irrigation system with 4 LPH capacity of 

pressure compensated type of drippers at the discharge 

rate of 3.25 L/hour. All other agronomic practices were 

adopted based on the Department of Agriculture 

recommendations. 

Mulching materials were placed one week after 

germination of seeds. A diameter of 30 cm was left 

without applying mulching materials around the base of 

plant prevent fungal infections. The Gliricidia leaf mulch 

and chopped rice straw were replenished with new 

materials at two weeks interval.  Harvesting was done 

from 40 days after sowing of seeds and the fruits were 

picked at two day intervals. After final harvesting, 

mulching materials were removed. Growth parameter 

i.e. plant height and yield parameters such as number 

of fruits per plant, weight of fruits per plant, total yield, 

harvested fruits length and its circumstances were 

recorded.

In each treatment combination plots, 75cm × 75cm 

square land area was marked and weed samples such 

as sedges, grasses and broad leaves were collected 

separately once in a 5 days and counted. Fresh weight 

and oven dry weight were measured to determine 

weed biomass. Soil temperature was measured at 5 cm 

depth from soil surface by using soil thermometer 

under each treatment at weekly interval and soil 

moisture retention was recorded by calculating 

moisture percentage using gravimetric method. 

The data were analyzed using of SAS (1999) statistical 

software package and Dunnet mean separation 

procedure was performed to select the best treatment. 

Economic analysis also was done by analyzing the total 

costs of production, gross returns and net returns to 

find the economic benefit from each treatment 

combination.  

Results and discussion

There was no significant (P>0.05) interactions found 

between varietal treatments and mulch treatments. 

The dry weight of weeds was the highest (15.09g) in 

control (no mulched) treatment.  Gliricidia leaf mulch 

 

Comparisons of mulched 
treatm ents (M1 – 4)with  
control (M5)  

Total oven dry weight of 
weeds 

Plant height 40Days 
after germination 

Difference between  

means of total yield 

M1-M5 -8.88** 9.36** 1661.31** 

M2-M5 -8.29** 11.44** 1550.55** 

M3-M5 -14.91** 10.98** 1067.62** 

M4-M5 -13.67** -13.34** -751.22** 

Significance among treatment with control at á = 0.05 level are indicated by **.

Table 1. Comparison of total dry weight of weeds, plant height, total yield under different mulch treatments
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(6.21g) and chopped rice straw (6.80g) had 

considerably lower weed dry weight than control 

treatment but the weed dry weights were higher than 

that of mulch film and black polythene (Table 1).  It may 

be due to the full soil cover by polythene compared to 

live mulch.   

Anzalone et al. (2010) reported that among the mulches, 

mulch film and black polythene resisted most of the 

weeds well except Cyperus rotundus. Cyperus rotundus 

was emerged under all mulch treatments.  It has pointed 

shoot end that pierced through plastic mulches and 

produce the above ground shoot and the growth was 

supported by the food reserves found in the tuber before 

the shoots start to produce chlorophyllous leaves. 

Soil temperatures in morning, noon and evening were 

significantly (P<0.05) different under all mulch 

treatments from first week up to fourth week after 

germination at 5 cm soil depth. Black polythene showed 

the highest soil temperature and Gliricidia leaves mulch 

showed lowest soil temperature at 5 cm soil depth at 

three times of a day. The prevention of direct contact of 

solar radiation with the soil explains the low soil 

temperature under Gilricidia leaf and chopped rice 

straw mulch. Higher temperature under plastic resulted 

from the air layer which served as an insulator 

between the soil surface and the plastic and thus 

reduced the rate of heat transmission from the black 

plastic absorbing surface of the soil during the day and 

from soil to plastic film during the night (Bennett et al., 

1966)

Under plastic mulches, soil moisture retention was the 

highest. But noticeable differences were observed 

between two plastic mulches in the retention of soil 

moisture and higher moisture percentages were 

observed under mulch film than black polythene 

mulch. Plastic mulches provide the complete 

protection to prevent the moisture loss through 

evaporation than the organic mulches. Both organic 

mulches conserved lower soil moisture than plastic 

mulches and the least soil moisture content was 

recorded under Gliricidia leaf mulch, but no significant 

(P<0.05) differences observed between organic 

mulches in the soil moisture levels. In control plots soil 

moisture retention was lowest due to prevention of 

contact between the soil and dry air; it interrupts the 

flow by hindering the evaporation and trapping the 

water in its air spaces. At the same time, water moves 

from deeper soil layer to top soil by capillary and 

vapour transfer which helps to keep the top soil water 

content relatively stable (Wang et al., 1998). 

Figure 1. Total yield (ton/ha) of Haritha and TV varieties under mulch treatments8 
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Temperature and soil moisture content of soil under 

mulching materials declined with the growing period of 

crop, because of covering the land by the expanded plant 

canopy which reduces reaching of the solar rays on the 

oalready mulched soil. Temperature differences (1.2 C) 

between mulched and control plot soil were 

considerably low after plants developed complete 

ground cover. 

The growth (Table 1) and yield parameters (Figure 1) 

had better values for organic mulches compared to the 

rest.  The highest plant height was 124.25cm (Table 2) 

and highest yield was 13.92 ton/ha (Figure 1) were 

recorded under Gliricidia leaf mulch. The mulch film 

performed better than that of control and black 

polythene mulches. Awadoyin et al. (2007) had also 

found that poor growth and yield performance of plants 

under black polythene mulch may be the reason of 

increment of soil temperature above optimum level 

which is needed for the crops growth and development. 

Control treatment plots plants showed low growth 

(92.52cm) and yield (12.35 ton/ha).  It may be due to the 

higher weed growth, lower soil moisture conservation 

and poor temperature amelioration which are not 

suitable for crop.  Mulches had positive impacts on weed 

control, ameliorating the soil temperature and soil 

moisture conservation. Due to these facts, mulches 

except black polythene improved the crop growing 

environment and resulted in better growth and yield 

performances compared to the control

Organic mulches were economically beneficial to okra 

cultivation than the no mulched or plastic mulches 

cultivation.  They cost also less when compared to 

ploythene mulches.  Variety Haritha performed better in 

growth and yield parameters than variety TV However, 8.  

there were no significant differences (P<0.05) found 

among the performance of both varieties. Cultivation of 

Haritha variety under Gliricidia leave mulch performed 

. 

best compared to other combination of treatments.
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Association Analysis of Different Carpel Types Of Sesame (Sesamum indicum.L) on Length and Width of 

Capsules and Seed Number
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Abstract

Genetic diversification based on morphological attributes in sesame grown in Jaffna district was critically examined 

in this study. “Descriptors for sesame” released by IPGRI and NBPGR was used as a guide to study about quantitative 

and qualitative characters. Moreover, an attempt was made to determine capsule length, width and seed number 

influence on yield of the sesame as well as to decide the ideal carpel type for sesame to select for breeding purpose. 

The experiments were conducted using RCBD with four replicates. Six types of capsules were identified and used for 

the study namely two carpelled (2 c) , 3 c, 4 c, 5 c, 6 c. The results showed that width of capsule increased with carpel 

number while length of capsule decreased. Seed number was negatively correlated (r=-0.666), (p=0.0013) with 

length of capsule, positively correlated (r=0.783), (p<0.0001) with width of capsule and positively correlated 

(r=0.695), (p=0.0007) with locule number. Five carpel cultivars and six carpel cultivars have not been reported yet in 

India or in Sri Lanka, but one promising line has 8, 10 and 12 locules as a mix in one plant but still segregating. To 

stabilize high locule numbers in sesame further work is needed to be carried out, that would be suitable for high 

productivity. Sesame cultivars with specific desirable characters were identified in this study to utilize for the 

development of high yielding cultivars in future.

Key  words: Correlation, Carpel type, Sesame, Locule number

Introduction

Sesame (sesamum indicum.L) is a member of order 

tubiflorae, family pedaliaceae, perhaps the oldest oil 

seed known and used by human beings (Ram and Singh 

2003). It grows well in tropics and warm sub tropics. 

Sesame contains high oil (38-54%), protein (18-25%), 

calcium, phosphorous and oxalic acid content and 

excellent qualities of seed oil and meal. Thus, it is 

described as the “queen of oil seeds”. Sesame contains 

lignans (sesamin, sesaminol and sesamolinol), which 

have antioxidant functions, so it resisting the oxidation. 

Owing to this reason, sesame oil has longer shelf life 

(Ram and Singh 2003).

Capsule arrangement in sesame is either monocapsular 

or multicapsular.  This character is governed by a single 

gene; the recessive allele produces triple capsules. 

Capsules form from flowers in the leaf axil from about 

4–6 node pairs to the top of the plant (Ram and Singh. 

2003).

Multilocules and multicapsules are the major 

characters in increasing yield. In Sri Lanka sesame 

variety UMA is a multicapsule white seeded cultivar. 

However sesame varieties with five carpel or six carpel 

capsules have not been recommended yet in Sri Lanka 

and India.  Thus, our research project focused on 

studying the above characters to aid in utilizing these 

characters in sesame cultivar selection.

Ten crosses have been made with the parental 

combinations of 4×8, 8×8 and 4×8 locular parents. 

Progenies of these crosses were evaluated for 

assessing the genetic nature of the locule character in 

Sesame. F1 from all types of segregation was 4L. The F2 

segregation fitted to the 3:1 ratio of 4L versus 

multiloculed plants (Padmasundari et al., 2010). 

Increasing of carpel number per capsules is the 

important consideration for increasing yield, so 
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increasing carpel number as a theme of sesame breeding 

will explore the high yielding varieties. This study used 

sesame cultivars with two carpel, three carpel, four 

carpel, five carpel and six carpel capsules to determine a 

selection criteria for production of high yielding sesame 

cultivars.

Materials and Methods 

Sesame plants with different number of carpels in 

nature were observed in farmer fields. From these 

plants, three types of plants having different 

combination of carpel plants were selected and grown 

up to 4 generations at Agricultural Biology field, in 

University of Jaffna and at Agriculture Department field, 

in Thirunelvely in the northern dry zone of Sri Lanka 

during Maha season 2011/2012   

The cultivar types used in these experiments were

1. V1:-producing 4, 5 and 6 carpillate capsules

2. V2:-producing bicarpillate capsules

3. V3:-producing 3 and 4 carpillate capsules

Four replicates for each sesame cultivar were arranged 

and in each replicate three plants were selected. In each 

plant 3 capsules were selected from the middle region 

for the study. Ten capsules from each capsule type (2 

carpels, 3 carpels, 4 carpels, 5 carpels, and 6 carpels) 

were also collected from each replicate. Length, width 

and seed number were recorded. All the data collection 

and sampling were done according to the Descriptors for 

sesame released by IPGRI and NBPGR

Climatic parameters

The study site was located in Jaffna district, Thirunelvely 

in the dry zone of Sri Lanka.  Meteorological parameters 

of the study site (minimum, maximum temperature, 

rainfall, relative humidity) were obtained from the 

Thirunelvely Meteorological Station.

Statistical analysis

Data were analyzed using analysis of variance 

(ANOVA) and mean comparison was made with LSD, 

and the statistical significant level was set up at p < 

0.05. Analysis were conducted with the SAS (SAS, 

1993) and graphs were prepared with Microsoft excel 

software.

Results and discussion

Series of carpels like two carpel (2 c), 3 c, 4 c, 5 c, 6 c 

sesame capsules were identified in farmer fields. 

Results showed that width of capsule increased with 

carpel number from two carpel to six carpel while 

length of capsule decreased with carpel number 

(Figure 1). Bicarpillate capsule have narrow width 

(0.77cm), but longer in length (2.70cm). Six carpel 

capsules have a greater width (1.15cm) but very short 

(1.83cm) in length when compared to that of other 

types (Figure1).

 LO LE W SN 
LO     

LE -0.92957    

W 0.95010 -0.85620   

SN 0.69594 -0.66616 0.78335  

 

Table 1. Pearson's correlation co efficient for different 

                 factor combinations 

LO-locule number, LE-Length of capsule, W-width of 

capsule, SN- seed number per capsule,

Figure1. Relationship among length, width and carpel 

                   number of Sesame capsules
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Correlation co-efficient analysis measures the mutual 

relationship between various characters and is used to 

determine the component character on which selection 

can be done for improvement in yield. From this study 

Seed number have moderately and negatively correlated 

(-0.66616) with length of capsule, positively correlated 

(0.78335) with width of capsule and positively 

correlated (0.69594) with locule number (Table1). This 

is helpful to determine the selection criteria

Padmasundari et al, (2010) reported that genetics of 

locule is monogenic in nature of the number of locules, 

rather than the digenic control, with the penetrance and 

expressivity of the recessive multilocule allele affected 

by modifying factors. But species with 6 or 10 locules 

have not been recorded in nature; as with 4 or 8 locules. 

Baydar (2005) reported that Bicarpels, Monocapsule, 

Branch (BMB) and Bicarpels, Tricapsules, Branch (BTB), 

can be considered as ideal plant types in breeding for 

high-yielding varieties. While the low-yielding, 

Quadricarpels, Tricapsules, Non-branch (QTN) was the 

highest in oil content (49.3%), the high-yielding type 

BMB was the lowest (43.2%) oil content. A recent study 

revealed that, five carpel (10 L) cultivar and six carpel 

(12 L) cultivar have not been recorded in nature ( 

Padmasundari et al, 2010)

The promising line found in the present study containing 

capsules with 8, 10 and 12 locules as a mix in one plant is 

still segregating. Further work is needed to be carried 

out to stabilize high locule numbers in sesame to 

produce new varieties for high productivity. 

Seed number in sesame is negatively correlated with 

length of capsule, positively correlated with width of 

capsule and with locule number. Correlation values are 

useful to understand the mutual relationship between 

morphological features of capsules and number of 

seeds produced within the capsule. This relationship is 

useful to determine the selection criteria for plant 

breeding towards high yielding varieties.   

References

Baydar, H. 2005. Breeding for the improvement of the 

ideal plant type of sesame, 124 (3):263–267

Ram, and Singh, H.G. 2003. Crop breeding and genetics, 

Kalyani publishers, pp 420-436.

IPGRI, NBPGR 2004. Descriptors for Sesame 

(Sesamum spp), International Plant Genetic 

Resources Institute, Rome, Italy; and National 

Bureau of Plant Genetic Resources, New 

Delhi, India. pp. 28-46

Langham, D.R. 2007. “Phenology of sesame,” In: Janick 

J, and Whipkey A (ed.) Issues in New C r o p s  

and New Uses, ASHS Press, Alexandria,VA, pp. 

144-182.

Pamasundari, M., Kamala, T. and  Rao, Y.V.  2010. 

Genetics of locules in sesamum indicum L. 

Asian journal of Agricultural Sciences, 

2(4):164-167.

450

International Symposium on Agriculture and Environment 2013
University of Ruhuna Sri Lanka





Prevalence of Diseases on Carica papaya L. in Western and Southern Povinces

1 2 1 1 2 2H.B.P. Sandani , C. Ranasinghe , W.G.S.M. Kumari , N.P. Dissanayake , R.T. Ekanayake , D.M.K.W. Gunasekara  
2and S. Priyadarshani

1 2Department of Botany, Faculty of Science, University of Ruhuna, Matara, Plant Virus Indexing Centre, 
Gabadawaththa, Homagama

Abstract

Carica papaya L. is one of the delicious fruits restricted to tropical and sub- tropical regions of the world. Diseases, 

affecting papaya have become a great threat to the papaya industry in Sri Lanka.Main objectives of this research were 

1). to evaluate the incidence of virus and phytoplasma diseases, 2). to identify different bacterial and fungal infections 

of Carica papaya L. in Western and Southern provinces and 3). to identify papaya phytoplasma disease symptoms. 

Random sampling of papaya leaves and fruits was done  in Western and Southern provinces. Collected samples were 

directed for the identification of phytoplasma, PRSV, TRSV, TSWV, fungi and bacteria. The suspected virus infections 

were tested in ELISA for the identification of PRSV, TRSV and TSWV while phytoplasma identification was done by PCR 

using universal primers. In order to identify fungal pathogens microscopic and macroscopiccolony characters of 

isolates on PDA were used and their pathogenicity was tested according to Koch's postulates. Bacteria isolated from 

diseased plant parts on NA medium were basically categorized using Gram's staining. According to the results, 

phytoplasma diseases can be considered as an emerging threat to the papaya cultivations both in Western and 

Southern provinces due to high disease prevalence and severe damages leading to plant death. However, still PRSV is 

the major disease of papaya in both provinces with 48.23% disease incidence in Western province and 62% disease 

incidence in Southern province. Out of a large number of fungal and bacterial pathogens isolated from diseased leaves, 

only few isolates were identified and pathogenicity was confirmed. Colletotrichum gloeosporioides and Fusariumsp. 

were the common fungal pathogens.

Key words: Carica papaya L., Phytoplasma, PRSV, TRSV, TSWV

Introduction

Papaya is a delicious fruit bearing plant widely grown 

under tropical and subtropical climates. It is a large 

herbaceous plant grown for its fruit which gives an 

economical value to the plant. Carica papaya L. is a 

member of the small family Caricaceae which is believed 

to be native to tropical America. 

In Sri Lanka, papaya is cultivated primarily as a home 

garden crop. However, there is a limited extent of land 

under commercial scale and this extent is steadily 

increasing.  Kurunegala district is the highest papaya 

fruit producer in the country. Kaluthara, Rathnapura, 

Gampaha, Galle, Anuradapura, Puttalam, Hambanthota 

and Badulla districts also contribute to the productin. 

Papaya has a good demand in both local and foreign 

markets. In 1999, Rs.0.25 million worth of papaya 

(2184mt) has been exported to Germany, Bangladesh, 

Bahrain and Maldives. 

In Sri Lanka, several papaya varieties are commercially 

grown by farmers. This include the variety, “Rathna” 

which is recommended by the Department of 

Agriculture, and “Zinta”, “Red lady” and “Thai noon” 

which are imported by the private sector. Lately a new 

variety, MS100 is found widely grown by farmers in 

Sabaragamuwa province. However, this variety is still 

not popular in other areas of Sri Lanka.

The commercial papaya production has been 

hampered worldwide due to high susceptibility of the 

crop to various fungal, viral and bacterial diseases. In 

many countries Papaya Ring Spot is a major cause that 

limits papaya production when compared to other 

viral diseases. Papaya Mosaic Virus, Tomatto Spotted 

Wilt Virus and Tobacco Ring Spot Virus are among the 

other viral diseases affecting papaya (Breman, 1997; 

Adam and Kegler, 2008). Phytoplasma associated 
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diseases, detected recently in different countries, are 

among the most serious ones affecting papaya (De La 

Rue, et al; 1999). The most common bacterial pathogens 

causing diseases in papaya include Erwinia and 

Pseudomonas species while numerous species of fungi 

also reported to attack papaya fruits.

The main objective of this research study was to evaluate 

the incidence of diseases on Carica papaya L. in Western 

and Southern provinces.

Materials and Methods

Random sampling was done in each representative 

selected areas of Western and Southern provinces. In the 

Western province, sampling was done in Pitipana, 

Polgasowita, Kahathuduwa, Habarakada, Maharagama, 

Padukka, (Colombo district), Poogoda, Dangalla, 

Papiliwela, Kirindiwela, Dompe, Udupila, Gampaha, 

Yakkala, Werellawaththa, Mapitigama (Gampaha 

district), Bope, Thalagala, Horana, Beruketiya, 

Willegoda, Naagoda (Kaluthara district) and in the 

Southern province Akuressa, Matara, Kamburupitiya, 

Thelijjawila, Darangala (Matara district), Koggalla, 

Bandagiriya, Lunama, Agunakolapelessa (Hambanthota 

district), Akmimana, Ahangama, Alpitiya, Benthota, 

Hikkaduwa, Ambalangoda (Galle district) are the areas 

covered in this research project. Ten percent of the 

plants in each field were randomly selected andpapaya 

leaves and diseased fruits were collected from those 

randomly selected plants for laboratory experiments. 

Leaves and fruits having bacterial and fungal infections 

were also collected from fields. Collected leaf and fruit 

samples were labeled in an order and packed properly in 

separate bags. Collected samples were subjected to 

laboratory analysis at the Plant Virus Indexing Center, 

Homagama.

Papaya Ring Spot Virus, Tomato Spotted Wilt Virus and 

Tobacco Ring SpotVirus were serologically identified, 

using two replicates of each sample, through an 

indirect ELISA test for PRSV using a locally produced 

polyclonal antiserum,and direct DAS-ELISA tests for 

TSWV and TRSV using two specific kits according to 

Agdia protocols. Molecular level identification was 

done for phytoplasmathrough DNA extraction and PCR 

amplification.Bacteria and fungi were isolated from 

diseased samples by culturing them on NA and PDA 

media.Resulted colonies and mycelia were maintained 

in pure cultures. Isolated bacterial colonies were 

subjected to gram staining and carrot test.  Isolated 

fungal species were identified through their 

microscopicandmacroscopic colony characters. Koch's 

postulate was performed in order to prove the 

pathogenicity of those isolates of Carica papaya L.

Obtained results were statistically analyzed using SPSS 

17 statistical software package and then disease 

incidences were obtaind.

Results and Discussion

According to the results PRSV is a threatening disease 

for Carica papayaL.in both provinces while 

phytoplasma is appearing as a rising disease. PRSV is 

the leading papaya disease in Sri Lanka. There are no 

sufficient records on phytoplasma diseases of papaya 

in Sri Lanka and therefore can be a novel threat to Sri 

Lankan papaya cultivations. There will be a possibility 

in future the phytoplasma becoming more important if 

Figure1. Disease incidence of PRSV, Papaya 

phytoplasma, TSWV and TRSV in each district of the 

Western and Southern provinces
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control measures are not adopted. .

According to Figure 1, the highest disease incidence of 

PRSV of Western and Southern provinces are recorded 

from Colombo and Galle, respectively. Phytoplasma 

disease incidence is highest in Kaluthara in Western 

province and Hambanthota in Southern province 

(Figure 1).The threat of PRSV and phytoplasma is 

comparatively higher in Southern province than 

Western province. Majority of the tested samples has 

been positive for both diseases in Southern province. 

PRSV and phytoplasma could be clearly identified as a 

mixed infection.

Typical symptoms of papaya phytoplasma associated 

with papaya are die back, papaya yellow crinkle and 

papaya mosaic were shown by papaya plants, which 

were suspected to be affected by phytoplasma.  In 

addition to those several new symptoms could be 

identified in this study. Identified visual symptoms of 

papaya phytoplasma are, bearing an upper most crown 

with few stunted leaves which show yellowing and 

crinkling leaving the stem a bear pole, having two 

distinct whorls of leaves with lower large mature leaves 

and upper clustering of crinkled, stunted leaves, upper 

crown is turning upward while lower crown is turning 

downward and middle crown leaves are yellowing and 

rotten, distinct irregular patches on fruits, chlorosis and 

poor yield. Papaya plants infected by phytoplasma 

drastically ruin its vigour and become susceptible to 

many more fungal and bacterial infections. Ultimately 

the plant is left as a bare pole within a period of nearly a 

one month. 

Unlike PRSV, phytoplasma infection is a serious problem 

as it directs the plant to its death within a short period of 

time, after making great losses in commercial scale 

papaya cultivations. and a severe setback in the 

productivity of papaya in the country. Therefore, much 

attention and immediate remediation for this novel, 

rising disease is essential.

Research studies on the infection of TSWV and TRSV 

on papaya have not  been conducted in Sri Lanka. The 

TSWV has been isolated from papaya in Hawaii. 

Further, papaya decline caused by TRSV has been 

recorded in Texas and Nigeria. It was proved in this 

research project that, still papaya in Western and 

Southern provinces of Sri Lanka are not affected by 

these two viruses. However, due to the wide host range 

of TRSV, there's a possibility of papaya plants too being 

affected.

From bacteria infected samples, higher percentage of 

gram negative bacteria was recorded from Western 

province. In Gampaha and Hambanthota districts, all 

the bacterial infections were gram negative. So the loss 

of papaya production in these two districts may be 

highly supported by bacterial infections too. Erwinia 

sp. is the most common bacteria species that infect 

papaya. Therefore, all the gram negative bacterial 

colonies were directed to the carrot test as a 

confirmation test. But only a very small percentage of 

gram negative bacteria have been confirmed as the 

Erwiniasp. The majority of theErwinia sp. was 

recorded from Western province.

Suspected papaya samples which were thought to be 

infected by fungi, were cultured on PDA media and a 

large number of fungal isolations was achieved. By 

mycelium colour and microscopic observations of the 

spores,several fungal species were able toidentified. 

Colletotrichumgloesporioides, Curvularialunata, 

Corynesporacassicola, Fusariumsp., Cercospora sp. and 

Cladosporiumsp. were identified from the tested Carica 

papayaL. These findings are also in accordance with 

Nishij ima,  (1999).  From these fungi ,  only 

Curvularialunata and Cercosporasp. could be proven as 
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fungal pathogens of Carica papaya L. through Koch's 

postulates.

Although Hambanthota belongs to low country dry zone 

while all the other considered districts belong to low 

country wet zone, not much variation in disease 

incidence could be found with climatic difference. 

According to Kelaniyangoda and Madubashini (2010), 

the leastdisease incidence of PRSV of papaya was 

observed in Hambanthota. In our study, PRSV incidence 

of Hambanthota (50%) is a bit higher than PRSV 

incidence of Kalutara(20%) and Gampaha (40%). So any 

variation with climate couldn't be identified. However, in 

Hambanthota district PRSV is not reported as the 

leading papaya disease.  

Among the diseases affecting Carica papayaL. in 

Western and Southern provinces, PRSV is the most 

prevalent. Papaya phytoplasma is an emerging disease. 

Both provinces are free from TSWV and TRSV infections. 

Considerable amount of bacterial and fungal infections 

had been observed. Many bacterial and fungal infections 

were seen in papaya plants which had caused to loose 

their vigour due to PRSV or Phytoplasma infection. 
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I would like to highly appreciate ISAE Organizing 

Committee for giving me this valuable opportunity to 

deliver the keynote speech in this esteemed 

' International Symposium on Agriculture & 

Environment-2013,' which is organized by the Faculty 

of Agriculture, University of Ruhuna. I consider it of a 

privilege and an honour.

The theme of my keynote speech is 'Knowledge 

Economy in Sri Lanka,' and I would like to structure it as 

follows. I will first introduce the concept of 'Knowledge' 

and then the important concept of 'Knowledge 

Economy.' Next, I will discuss the drivers of a knowledge 

economy with reference to a framework introduced by 

the World Bank. After this discussion, I will elaborate 

briefly the findings of a joint study carried out by me on 

the benchmarking of the Sri Lankan knowledge 

economy (Perera et al., 2013)

Knowledge 

First, let me introduce the concept of 'Knowledge.' 

Knowledge is always a broader concept than 

information. Roberts (2009) claims that if there is a 

great deal of knowledge stock in economy, its economic 

position and competitive advantages to the nation will 

be higher in comparison with other economies. Hence, 

today, knowledge is the primary input and major output 

in the economic activities of an economy. Knowledge is 

no longer considered as a product. It is a strategic asset. 

Furthermore, it has been recognized as the only 

resource that can create competitive advantage for a 

country and achieve sustainable economic growth in 

the long run (Drucker, 1993; Lundvall, 1992; Reich, 

1992, as cited in Roberts, 2009). The OECD (1996) 

divided the knowledge into four categories; and they 

are, Know–What, Know–Why, Know–How, and 

Know–Who.

The first two types of knowledge can be obtained 

through reading books, attending lectures and 

accessing databases. Other two type of knowledge 

(Know–How and Know–Who) can be obtained via 

practical experience. Hence, many researchers 

commonly believe that 'knowledge' can be broadly 

divided into two types as explicit knowledge and tacit 

knowledge.

Unique Characteristic of Knowledge: Today 

knowledge has become the vital economic resource. It 

can be differentiated from other resources because of 

its unique characteristics. The first one is the marginal 

cost of acquiring the knowledge is nearly zero 

(Roberts, 2009).  As knowledge is freely available and 

there is no need to reproduce for every new consumer, 

knowledge is considered as public good. The second 

one is law of increasing returns (Arthur, 1996). Law of 

diminishing marginal returns is not applicable for the 

knowledge. That is, unlike labour and capital, with 

increasing use of knowledge, the returns will also 

increase. Due to these characteristics, knowledge flow 

to where demand is the highest and the barriers are 

the lowest, and has become the main production 

factor. As a result, knowledge based economies are not 

suffering from scarcity. Chen and Dahlman (2005) 

developed a theoretical model to identify a strong link 

between knowledge and economic growth. They 

pointed out that lower level of development means 

lower level of innovation capability, whereas higher 

level of development means higher level of innovation 

capability.

These findings emphasise that with the purpose of 

obtaining competitive advantages and achieving 

sustainable economic growth, in twenty first century 

it is more beneficial to invest in knowledge inputs 

rather than in capital inputs.
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Now let me introduce the concept of 'Knowledge 

Economy.'

Knowledge Economy

A knowledge economy is an economy that creates, 

disseminates and uses knowledge and information to 

gain competitive advantage to the nation and enhances 

its economic and social development. The knowledge 

economy is seen as the latest stage of development in 

global economic restructuring. Thus far, the global 

economy has transformed from an agricultural 

economy to an industrial economy, and to a knowledge 

economy. In accordance with Roberts (2009), the 

concept of knowledge economy started to appear in the 

1960s with the work of Machlup (1962), and later of Bell 

(1974) and Porat and Rubin (1977).  In these five 

decades, the interest pertaining to knowledge economy 

has gradually increased with the invention of computers 

and the use of Internet. Hence, knowledge economy is 

not a new concept and has been at the core of any 

country's development process. Excellent human 

resources, an effective innovation system, adequate 

information infrastructures and an effective business 

environment are the prerequisites for the development 

of knowledge economy. World Bank has identified these 

as four drivers of knowledge economy, which are used to 

measure performance of knowledge economy. 

Currently, most developed and developing countries 

including Sri Lanka adopt 'knowledge economy' as a 

development strategy since knowledge economy is vital 

and helps to achieve a competitive advantage. Finally, it 

leads to economic and social development of a nation.

Definitions for the Knowledge Economy: Based on the 

literature, even though there are many academic studies 

on knowledge economy, there is no a universally 

accepted definition for it. Many international 

organizations such as Organization for Economic Co-

operation and Development (hereafter OECD), World 

Bank, Asia Pacific Economic Cooperation (hereafter 

APEC) have provided different definitions and 

directions to build a knowledge economy in both 

developed and developing countries. The OECD 

definition is as follows:

“Knowledge economy is directly based on the 

production, distribution and use of knowledge and 

information” (OECD, 1996).

Let me now elaborate the drivers of knowledge 

economy.

Drivers of Knowledge Economy

Economic variables play a key role in measuring 

economic performances. After the Second World War, 

national accounts and Gross Domestic Product 

(hereafter GDP) have been the standard economic 

variables, which are called as traditional economic 

variables that guide the policy decision of the 

government and behaviour of business organizations, 

workforce and customers. However, with the 

emerging knowledge economy, traditional economic 

variables fail to capture fundamental feature of 

e c o n o m i c  p e r f o r m a n c e  a n d  l e a d  t o  t h e  

misinterpretation of economic policies. Therefore, 

measuring the performance of the knowledge 

economy became a greater challenge. It becomes 

further serious as the relationship between 

knowledge inputs and output are difficult to 

summarize by using production function (OECD, 

1996). As a result, many international organizations 

such as OECD, APEC, World Bank and individuals 

attempt to develop conceptual frameworks in order to 

assess performance of knowledge economy and to 

identify main knowledge economy drivers. However, 

there is no universally accepted framework to 

measure knowledge econmy.

The knowledge economy frameworks highlight the 

building blocks of the knowledge creation, acquisition, 

dissemination and utilization. According to Al-Rahbi 

(2008), each and every feature of knowledge economy 

should be included in the knowledge economy 

framework if it is possible.  Furthermore, he said that 

there are more than seventeen knowledge economy 

frameworks that are developed by different 

international organizations and individual countries. 

Among these frameworks OECD, APEC and World 

Bank frameworks have been developed from the 

experiences of many countries. Therefore, these 

frameworks have greater relevance to assess 
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development of knowledge economy in developing 

countries. 

World Bank's Framework: the World Bank has 

developed a framework in order to help countries to 

measure their knowledge economy development. 

According to World Bank, successful transition to 

knowledge economy requires an adequate ICT 

infrastructure, a modern and effective innovation 

system, an excellent human resource, and an effective 

business environment. These four dimensions are 

known as the four drivers of knowledge economy and 

they together build the KE framework. 

1)   ICT Infrastructure: ICT infrastructure creates easy 

access to global knowledge. Therefore it is the most 

important tool to acquire and update knowledge. The 

Economists see it as a production tool and non-

economists see it as a consumption tool that helps to 

recreate and gather knowledge (Kenan, 2001 as cited in 

Hussain, 2012). Moreover, Fors and Moreno (2002) 

stated that improvement of ICT has greatly contributed 

to the flow and storing of knowledge at higher speed and 

at lower cost. As a result, ICT facilitates to bring down 

knowledge gap, improve education and health care, 

increase efficiency of public administration, encourage 

democracy and develop commerce. According to Rao 

(2004), ICT offers more opportunities for alleviation of 

poverty, employment generation, promoting greater 

transparency of government and quick decision making 

process and finally empowering rural communities by 

providing easy access to government services. Apart 

from these, Jain (2006) claims that ICT facilitates 

captures, creates, organizes and transforms knowledge 

from the right people at the right time for the right job. 

Therefore, new technology development ensures the 

accurate and timely delivery of knowledge in more 

efficient and effective ways than that can be done by 

individuals. Finally, Jain concluded that in twenty first 

century delivery and utilization of knowledge is 

impossible without using ICT. Chen (2008) stated that 

ICT is important to build a strong knowledge economy 

because the application and development of ICT assist 

in gathering and innovating new knowledge. According 

to Al-Rahbi (2008), the use of ICT reduces geographical 

distance and facilitates to share knowledge, reduces 

uncertainty and transaction costs and increases 

competitiveness across boundaries.

There are several empirical studies that indicate 

strong relationship between ICT infrastructures and 

productivity. For an example, Oliner and Sichel (2000) 

examined the impact of use of information technology 

on the growth of productivity of the economy of the 

United States (hereafter US) using time series data, 

which covers the private non-farm business sector in 

the US. This study uses the quantitative methodology 

and has adapted the model developed by Solow (1957) 

with a slight modification. Selected variables were: 

growth in output (Y) as the dependant variable and 

computer hardware (Kc), computer software (Ksw), 

communication equipment (Km), other capital (Ko), 

labour hours (L), labour quality (Q) and multifactor 

productivity (MFP) as the independent variables. 

Their finding was that the technological development 

in computer sector has significantly contributed in 

achieving accelerated productivity growth in US. 

Apart from that Pilat and Lee (2001), Jorgenson and 

Stiroh (2000), Whelan (2000) and Schreyer (2000) are 

other latest studies which provide empirical evidence 

suggesting that ICT production and the use of ICT 

contribute to the sustainable economic growth (Chen 

and Delhman, 2005).

2)  Innovation System: Innovation is the most vital 

factor that helps to create knowledge, develop 

industries and to achieve economic competitiveness in 

the knowledge economy.  Schumpeter is the first 

person who proposed the innovation theory. Chen 

(2008) said that an effective innovation system is 

always in a position to improve, create and gather 

knowledge. It contributes to economic competition in 

knowledge economy. According to him, National 

Innovation System determines the knowledge 

economy development in a country. In addition, Lu and 

Etzkowitz (2008) explained that, innovation 

capabilities of a country and the ability to suck-up new 

knowledge are the most important factors for the 

development of a knowledge economy.  According to 

them, in order to build a strong knowledge economy it 

requires taking into account overall knowledge 

infrastructures plus supporting facilities including 
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research institutes, government organizations and 

universities apart from building industrial capabilities. 

Further, Zeng (2009) said that in this knowledge era, 

innovation is vital to create both trade competitiveness 

and national competitiveness of a country; and when a 

country is not in a position to effectively learn and 

absorb foreign technology, merely has to rely on 

international trade and on foreign direct investment.  

Hence, the country should provide sufficient 

opportunities and a favourable environment to create 

competitive capabilities at international level and 

should invest in human resources in order to improve 

learning and innovation abilities of domestic businesses 

organizations. Goh (2005) mentioned that the 

government has the main role in developing a National 

Innovation System. In this process, the government 

should give priority to the development of private sector 

in a country, because the government is not in a position 

to create innovations directly, but can facilitate and 

encourage private sector to do so. Hence, the 

government has the major role in developing strategic 

research and development programs for the purpose of 

promoting effective innovations essential for the long-

term development. Furthermore, the governments 

should create an active business environment suitable 

for a transformation to strong knowledge economy. 

Chen and Dahlman (2005) mentioned several studies 

that indicate that innovation has significant positive 

effect on productivity and economic growth. For 

example, Lederman and Maloney (2003), and Guellec 

and Pottelsberghe (2001) found that there is a 

statistically significant positive relationship between 

economic growth and innovation.

3) Human Resource: Well-educated employees are 

essent ia l  to  ef f ic ient  creat ion,  acquis i t ion ,  

dissemination and utilization of relevant knowledge 

which increase productivity and economic growth 

(Chen and Dahlman,2005).  Saginove and Belyanskey 

(2008) stated that well-educated workforce always 

gives a competitive advantage to the nation in a 

knowledge economy. Emirates Competitiveness Council 

(2011) claims that the labour market has different 

requirements at each stage of economic development. 

In order to construct a knowledge economy, it requires 

new skills, ideas and creativity from workers. It further 

emphasizes that the competitiveness of knowledge 

economy depends on the continuous innovation, and 

for that a well-educated workforce is an essential 

requirement. Riboud et al. (2006) provides significant 

evidence that a well-educated workforce is critical for 

technology development as well as to create a 

knowledge economy. According to them, the demand 

for educated and skilled workers is increasing faster 

than the supply in the South Asian region. However, 

still the unemployment rate among the educated 

workers remains very high due to mismatch between 

labour market requirements and the education and 

training policy. Further, Jennifer and Chopra (2008) 

indicate that one of the main problems associated with 

human capital is, it takes longer time to develop well-

educated workers even though the physical 

infrastructure can be built within a few years.  

According to them, the average time for creating a 

well-educated worker is twenty years. However, this 

estimated time can be altered owing to various 

reasons, and therefore, it cannot be standardized for 

all parts of the world.

There are many empirical studies on the importance 

of human resources for economic growth and 

development. As an example, Barro in 1991 performed 

an empirical study using data from 98 countries 

(including Sri Lanka) for the period of 1960 to 1985, 

and found that the growth rate of real per capita GDP is 

positively related to the initial human capital, and is 

negatively related to the initial level of real per capita 

GDP. Then, Hunushek and Kimko (2000) found that the 

quality of labour force has a steady and strong 

relationship with economic growth and the quality of 

labour force is dependent on mathematics and science 

education of the workers more than on the number of 

year of schooling. Krueger and Lindahl (2001) and 

Cohen and Soto (2007) also provide empirical 

evidence to prove that education is positively 

associated with economic growth. 

4) Business Environment: The policy implementation 

and economic incentives given by the government 

have a positive effect on the development of a strong 

knowledge economy (OECD; 1996 and World Bank; 

2004). Hearn and Rooney (2002) did a study to 

identify the role of the government in building a 
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knowledge economy. They found that societies and 

cultures have greater impact on knowledge economy 

and the role of government is to help building a 

knowledge society. For that purpose, the government 

should perform the role of a coordinator in order to 

provide leadership and other facilities to the 

community. Finally, they concluded that government 

has much broader task to perform in order to drive the 

country in the path towards a strong knowledge 

economy. According to Dahlman and Utz (2005), the 

main characteristic of effective business environment is 

the degree to which the legal system of the country 

supports its basic rules and property rights. In most of 

the developing countries, an inadequate legal 

environment is one of the main barriers to build a 

strong knowledge economy because investors are very 

interested in the regulatory framework in a country and 

they prefer to invest in countries where there is a strong 

political regime. Apart from that micro economic 

stability, competition, better regulatory policies, legal 

rules and procedures, and the risk taking of 

entrepreneurs are the other important elements. 

Furthermore, economic incentives and intellectual 

property rights help to create a more effective business 

environment, which is vital to create new knowledge 

and facilitate other drivers of knowledge economy 

(Kurtic and Donglagic, 2012).  Chen and Dahlman 

(2005) have mentioned several studies (Sachs and 

Warner 1995; Bosworth and Collins, 2003) that 

indicate that business environment has significant 

positive effect on efficient use and creation of 

knowledge.

Having discussed the drivers, now, let me briefly 

elaborate the findings of a joint study of mine that 

pertains to the Sri Lankan context.

A Joint Study

A joint study of mine focused on the development of 

knowledge economy in Sri Lanka as benchmarking 

effort (Perera et al., 2013). This benchmarking process 

revealed the challenges faced by Sri Lanka in building a 

strong knowledge economy in respect of human 

resource, ICT, innovation and business environment, 

and its relative position when benchmarked with 

selected Asian Pacific countries and South Asian 

countries. We concluded in this joint study that Sri 

Lanka has to go a long journey towards building a 

strong knowledge economy when it is benchmarked 

with selected Asia Pacific countries. However, its 

relative position is somewhat stronger than other 

South Asian countries in terms of four pillars (i.e., 

drivers) of the knowledge economy.  In addition, the 

following challenges were found in relation to building 

a strong knowledge economy in Sri Lanka.

Human Resource Related: The challenge ahead is to 

improve the quality and equality of education. 

Furthermore, it is important to make the education 

system more responsive to market needs as well as to 

promote and facilitate the tertiary level education. ICT 

Related: The challenge ahead is to enhance ICT 

awareness and accessibility in all parts of Sri Lanka, 

because lower level access and use of ICT and high cost 

of connectivity emphasise that distribution and 

exchange of knowledge is less efficient within the 

country as well as at the international level. Innovation 

Related: The challenge ahead is to improve the 

innovation inputs and outputs, and increase the 

private sector investment in research and 

development. Poor performance in terms of 

innovation emphasise that innovation system of Sri 

Lanka is weak. Business Environment Related: The 

challenge ahead is the improvement and maintenance 

of good governance, and Sri Lanka is taking active 

steps towards this end. The situation in Sri Lanka has 

become appealing with the decades of war that came 

to an end since 2009. The Government of Sri Lanka is 

making all efforts to attract foreign investments by 

improving the business environment via incremental 

advancements. These are the findings of one of my 

joint studies. 

Finally, let me conclude my speech by saying that Sri 

Lanka has a huge potential for an expanded knowledge 

economy, and we should be taking more and more 

active steps in achieving this objective. We could 

achieve our developments targets and attain 

prosperity by pursing this strategy.  
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Abstract

Current research makes several unique contributions to the marketing literature by exploring a link between 

business response and consumers' purchase behavior in a product harm crisis. The main purpose of the current study 

is to find whether business communication enhances consumers' purchase behavior in a company culpable crisis. 

Results of the study comprised of 203 Chinese and Sri Lankan respondents suggest that their purchasing behavior 

vary significantly in response to crisis response strategies implemented in the crisis. Voluntary response strategy is 

fruitful in China whereas super effort response strategy helps to enhance Sri Lankan consumers' purchase behavior. 

Implementation of an inappropriate strategy causes a potential financial risk in these two markets. These findings 

provide useful guidance for crisis managers and for further comparative research investigations.  

Key  words: China, Crisis response strategies, Product harm crisis, Purchase intention, Sri Lanka

Introduction 

Product harm crises, defined as well – publicized 

incidences wherein, products are found to be defective 

or dangerous (Siomkos and Kurzbard, 1994) can be 

devastating events for companies (Cleeren et al., 2008) 

and create negative effects on stock prices, market share 

and purchase intentions (Laufer and Coombs, 2006; 

Turpin, 2006; Vassilikopoulou et al., 2011). Product 

harm crises often results in product recalls, and the 

strategy used for that is called a firm response. 

Today, globalization brings markets under one umbrella 

and what happen to an organization in one part of the 

world will affect the organization in the other parts of 

the world. China and Sri Lanka have emerging markets 

that operate in a globalized marketing environment. 

Economic expansion coupled with globalization 

demands highly competent business response 

strategies to counterbalance the negative consequences 

in crises. Therefore, current study seeks the 

applicability of crisis response strategies to enhance 

consumers' purchase intentions through a comparative 

lens while searching answers to the following research 

questions. Does a company need to implement 

different strategies for different cultures in order to 

enhance consumers' purchase intentions? Does 

culture shape the effect of crisis response on its 

consumers' purchase intention?  

The comparative investigations related to consumers' 

purchase behavior is scant in the existing literature. 

This paucity in research is glaring because there has 

been increased attention on understanding the linkage 

between firm response strategies and consumer 

response in return, in midst a highly competitive global 

market environment. Moreover, firm response is a 

consumer based strategy which demands consumer 

feedback. Consumers' purchase behavior in response 

to a crisis response reflects the consumers' feedback 

towards the strategy. Therefore, the main objective of 

the current study was to find whether business 

communication strategies help to enhance consumers' 

purchase behavior in a company culpable crisis, with 

respect to two Asian cultures; China and Sri Lanka.
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Materials and Methods

The study conducted an experimental survey by using 

Chinese (n= 102) and Sri Lankan (n=101) based 

undergraduate marketing and business management 

specialized students. The study used a fictitious product 

harm crisis scenario highlighting two (2) crisis 

communication strategies (voluntary product recall and 

super effort response), separately. Out of four main 

response strategies introduced in the literature, these 

two crisis scenarios were selected as past scholars 

showed that both denial and forced compliance 

strategies are not particularly effective for companies as 

a response to a product harm crisis (Siomkos and 

Kurzbard, 1994). Company culpable crisis scenario was 

selected as it creates more detrimental impact on 

consumer behavior than other types of crises (Klein and 

Dawar, 2004). Therefore, two sets of questionnaires 

were used in the survey. First set described the company 

culpable crisis scenario in conjunction with a voluntary 

response strategy followed by different questions 

related to purchase intention of the troubled brand, 

purchase intention of the products of the troubled brand 

and purchase intention of any other products of the 

troubled brand. Second set documented the same crisis 

story in conjunction with a super effort response 

strategy followed by same questions. 

All items were measured with 7- point Likert scales 

ranging from 1= “strongly disagree” to 7= “strongly 

agree”. Respondents were randomly assigned to two sets 

of questionnaires separately in classroom sessions in 

two countries. Before the completion of questionnaires, 

respondents were informed that the scenario is 

imaginary in order to encourage them to read the 

fictitious story carefully, and answer the questions that 

followed. At the end of the questionnaire, respondents 

rated each experimental scenario with 7 point semantic 

scale ranging from 1= “not realistic at all” and 7= “very 

legalistic”. Collected data were analyzed by using SPSS 

(version 20.0) software package.

Results and Discussion

Majority of Chinese (75%) and Sri Lankans (94%) 

asserted that the crisis scenario along with voluntary 

recall strategy was realistic. In addition, majority of 

Chinese (73%) and Sri Lankans (98%) stated that the 

crisis scenario along with super effort response 

strategy was realistic. These values guaranteed the 

successful manipulation of response strategies in 

response to the company culpable crisis scenario. 

Independent sample t test recognized the significant 

difference between China and Sri Lanka with respect to 

purchase intentions of the troubled brand (t= 7.17, 

p<0.001), products of the troubled brand (t= 6.59, 

p<0.001), and purchase intention of any other 

products from the troubled company (t= 5.98, 

p<0.001), in the presence of voluntary product recall 

response strategy.  Moreover, Independent sample t 

test recognized the significant difference between 

China and Sri Lanka with respect to purchase 

intentions of the troubled brand (t= -10.07, p<0.001), 

products of the troubled brand (t= -8.83, p<0.001), and 

purchase intention of any other products from the 

troubled company (t= -5.75, p<0.001), in the presence 

of super effort response strategy as well. Therefore, 

Chinese and Sri Lankans responded in an entirely 

different way in response to these two response 

strategies. Then the independent t test was carried out 

to see how consumers in each country responded to 

each response strategy. Purchase intention of the 

troubled brand was significantly differ in the presence 

of two response strategies in China (Means were 5.65 

vs. 2.84 under voluntary and super effort response 

respectively, t= 9.13, p<0.001). In addition, purchase 

intentions of the products of the troubled brand 

(Means were 5.65 vs. 3.26 under voluntary and super 

effort response respectively, t= 8.29, p<0.001) and any 

products from the troubled company (Means were 5.72 

vs. 3.86 under voluntary and super effort response 

respectively, t= 6.87, p<0.001) were significantly differ 
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in response to the two response strategies. By observing 

the mean values, it is clear that voluntary response 

strategy enhanced purchase intentions in China. 

Surprisingly, implementation of super effort response in 

China yielded detrimental effects on purchase intentions 

adding new insight into the crisis response literature. 

This is compatible with past literature. Laufer and 

Coombs (2006) showed that despite being an effective 

response strategy in certain circumstances, a super 

effort can harm a company, when consumer views it as 

an over-reaction. Therefore, a company double squeezes 

when it uses a super effort response strategy 

unnecessarily: bearing high cost and receiving a bad 

image. Moreover, Benson (1988) showed that a company 

response could drastically diminish the harm if managed 

properly or significantly increase the harm if 

mismanaged or used an inappropriate response.

Sri Lankan respondents' view yields opposite results. 

According to Sri Lankan consumers' view, purchase 

intention of the troubled brand was significantly differ in 

the presence of two response strategies (Means were 

3.69 vs. 5.76 under voluntary and super effort response 

respectively, t= -8.19, p<0.001). In addition, purchase 

intentions of the products of the troubled brand (Means 

were 3.80 vs. 5.66 under voluntary and super effort 

response respectively, t= -7.05, p<0.001) and any 

products from the troubled company (Means were 3.94 

vs. 5.42 under voluntary and super effort response 

respectively, t= -4.95, p<0.001) were significantly differ 

in response to these two main response strategies. By 

observing the mean values, it is clear that super effort 

response strategy enhanced purchase intentions in Sri 

Lanka while voluntary response yielded negative 

outcome. 

In summary, Chinese enhanced their purchase 

intentions significantly in the presence of voluntary 

response strategy whereas, super effort response was 

fruitful for Sri Lankans to enhance all purchase 

intentions.  This can be explained by the Hofstede's 
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(1997) uncertainty avoidance cultural dimension by 

which countries could be differentiated in terms of 

cultural differences. Based on that dimension, China is 

classified as a low uncertainty avoidance country 

which has a low uncertainty avoidance index (UAI). 

Laufer and Coombs (2006) showed that voluntary 

product recall is fruitful for consumers who live in 

countries that rank low on this cultural dimension. 

Therefore, current finding is compatible with past 

literature. However, Hofstede did not provide UAI for 

Sri Lanka. Based on findings, current research suggests 

that the UAI for Sri Lanka should be higher than China. 

Overall, crisis managers should select the appropriate 

culture- specific crisis response strategy in order to 

mitigate the detrimental consequences in crises. In 

particular, multi-national companies face a great 

challenge in this regard. Even if a crisis occurred in one 

country of origin, response strategy should compatible 

with all nationalities that the business engages in. For 

instance, if a multinational company has Chinese and 

Sri Lankan business partners, it should implement 

voluntary and super effort response respectively, in the 

face of crisis or a fruitful strategy in between these two 

strategies. When an organization lacks competence in 

understanding the cultural norms of host nations, then 

unfortunate incidents can become enormous crises 

that damage the relationship between an organization 

and its publics resulting potential detrimental financial 

consequences.
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Abstract

The effect of relative changes occurred to the system of economic incentives, which comprised of market-based, 

regulatory, and liability incentives as well as environmental altruism, over time on firms' private actions towards 

environmental quality was investigated using the special case of adoption of solid waste management practices 

(SWMPs) recommended by the Ministry of Environment by agri-food processing firms in Sri Lanka. The panel data 

gathered from a cross section of firms (n=146) in Stage I (2009) and Stage II (2011/12) by means of in-depth personal 

interviews supported by a structured questionnaire from environmental managers/owners of firms were used, 

separately, with Confirmatory Factor Analysis techniques to derive an index for each individual inventive for each 

stage. These indices were, in turn, modelled with a Count Data Analysis taking the firm's level of adoption of SWMPs as 

the dependent variable. The results suggest that the level of adoption of SWMPs, on average, has increased over time 

(i.e. shift of Mean from 1.25 in Stage I to 1.86 in Stage II), and irrespective of time, the financial implications/cost, 

technical efficiency and liability laws had a significant impact on firms' private actions on environmental quality. The 

outcome, overall, highlights the positive role of market-based incentives alongside regulation, thus, emphasizes the 

importance of bringing the current, largely single-sided public regulatory regimes towards co-regulation to ensure 

firms' participation on up keeping environmental quality.  

Keywords: Agri-food processing sector, Economic incentives, Environmental quality management,  Solid waste 
management

Introduction

Based on the evidence gathered from both the developed 

and developing country context, economists conclude 

that market-based actions are, in general, more effective 

than government-oriented "first best" solutions to deal 

with the problems associated with public goods. Bansal 

and Roth (2003), for example, suggest four drivers of 

corporate environmental response, including: (1) 

regulation; (2) stakeholder pressures; (3) economic 

opportunities, and (4) ethical motives or altruism. 

Although, for the purpose of managing potential impacts 

that those commercial and industrial operations can 

have on the environment various types of environmental 

management systems/practices are suggested, 

designed, introduced, and/or be adopted, the real 

impacts of which to the society, at large, and to the end-

users, in particular, are not yet fully investigated. 

Being the largest manufacturing sector in Sri Lanka 

with a vast majority of firms operate in geographical 

areas with high population density, the generation and 

accumulation of waste through the agri-food 

processing firms has become a growing problem. I

n light of these, this study look into the special case of 

adoption of environmental management practices 

formulated by the Ministry of Environment and 

Natural Recourses then [MENR] for the purpose of 

minimizing the issues arising from solid waste 

produced by firms operating in the agri–food 

processing sector in Sri Lanka. These practices include: 

(1) “Sorting of waste based on 3R system; (2) 

“Composting”;  (3) “Biogas Technology";  (4) 

“Biodegradable packing materials”; (5) “Sanitary land 

filling; (6) a set of “Good Manufacturing Practices”  

(GMP); (7) Regular “Waste Auditing” system, and (8) 

ISO 14000 Environmental Management System. The 
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changes occurred in the perceptions of firms about 

relative effectiveness of different incentives prevailing at 

the level of firm in this respect is of special interest. It, in 

particular, investigates the impact of an individual 

incentives characterizes by marker-based, regulatory, 

judiciary, and altruism on the adoption of those 

recommended SWMPs, with a special focus on the 

perceptual changes over time.

Materials and Methods

It was conceptualized that there are four social 

processes, namely: (1) market; (2) political; (3) judicial, 

and (4) environmental altruism that can influence firms 

in implementing environmental management controls. 

Based on the findings from past studies (Caswell et al., 

1998; Jayasinghe-Mudalige and Udugama, 2010; 

Jayasinghe-Mudalige and Henson, 2006), 10 individual 

incentives are identified to represent these social 

processes, including: (1) cost/financial implications;  (2) 

technical efficiency; (3) human resource efficiency; (4) 

sales & revenue; (5) commercial pressure; (6) 

reputation; (7) existing government regulation; (8) 

anticipated government regulations; (9) liability laws, 

and (10) environmental altruism. 

The panel data collected from a cross section of firms 

(n=146) in Stage I (2009) and Stage II (2011/12) by 

means of in-depth interviews supported by a structured 

questionnaire from environmental managers/owners of 

firms. In Stage I, data were gathered from a cross section 

of 325 firms' representative to the industry structure 

from the Central, North Western, Southern and Western 

provinces during January to September 2009. In Stage II, 

panel data were obtained using the same procedure used 

in Stage I from 146 firms out of 325 participated to Stage 

I. We managed to maintain at least two years gap 

between the date of collection of data in Stage I and II for 

each firm. The scores provided by respondents in Stage I 

and Stage II, separately, on a two-way five-point likert 

scale on a series of statements written to reflect the 

potential impact of each driver stated above were, first, 

subject to Principle Component Analysis, and then, to 

Confirmatory Factor Analysis techniques in order to 

derive respective indices of which the values range 

from 0 – 1 (1 denotes that a firm perceives the said 

driver to be “absolutely important” towards 

environmental governance; 0 denotes “not at all”). 

These indices were, in turn, modelled with a Count 

Data Analysis taking the firm's level of adoption of 

SWMPs as the dependent variable. 

Results and Discussion 

The sample comprised of 32% “Large”, 33% “Medium” 

and 35% “Small” scale firms based on their annual 

returns. With regard to the type of SWMPs adopted by 

firms in Stage II, it was observed that “Good 

Manufacturing Practices” has become the most 

popular practice over time followed by the “3R system” 

and “Composting”. The most popular SWMP in Stage ² 

and Stage ²² were composting (30.8%) and GMP 

(52.1%) respectively.  Where the number of practices 

adopted is of concern, In Stage I, almost 47 percent of 

firms in the sample did not adopt a single SWMP 

suggested by the MENR which dropped off to 15 

percent by Stage II. This implies that the level of 

adoption of SWMPs has improved overtime (Figure 1). 

It is also clear that the adoption rates of almost all 

practices have increased with time; i.e. only 25, 10 and 

3 percent of firms adopted 1, 2 or 3 out of the 8 

practices recommended, respectively, in Stage I. These 

percentages, respectively, have been changed to 34, 24 

and 13 in Stage II while the percentage of firms which 

adopted over 5 practices did not show a notable 

increase. 
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Figure 1a. No. of SWMPs in Stage 1 Figure 1b. No. of SWMPs in Stage II

The results of the Zero Inflated Poisson Regression 

Model revealed that cost/financial implications 

continued to pose a significant impact on the rate of 

adoption irrespective of time where as on technical 

efficiency had a similar impact which implies that the 

perceived improvements in technical efficiency of the 

firms act as a positive incentive leading to a higher 

adoption rate. Among the market based incentives, 

although reputation was a significant concern in Stage I, 

it was not perceived important by Stage II. On the other 

hand, sales & revenue was thought to be a crucial driver 

by stage II though was not so in Stage I. 

Among the regulatory incentives, only liability laws 

showed significant importance over time while both 

existing and anticipated regulation were not considered 

important by Stage II. This is mainly due to that fact that, 

firms are relatively motivated by more stringent laws 

while the existing and the future regulation were 

thought as actors that will not pose a greater impact on 

their responsiveness on the environment. However, with 

the perceived and evident failures in the regulatory 

framework, they have been inclined to deem that a 

financial liability (i.e. may be in the forms of fines, 

compensation, closure of firms etc.) or rather a liability 

law would have a greater impact on their behaviour as 

it will make them feel more responsible and liable 

towards their actions. Interestingly, environmental 

altruism of firms' decision makers was not a significant 

factor in both stages implying that their altruism had 

not improved over time or were not altruistically 

inclined towards environment.

Where the type/size of firm/producer was of concern, 

while in Stage I, only essential oil producers had a 

notable impact on adoption, with time, it was evident 

that there was a tendency for coconut product 

producers and non-alcoholic beverage producers to 

move towards compliance. This may be due to the fact 

that majority of these firms catered the export market. 

As expected, only large scale firms significantly 

continued as adopters while others showed 

insignificant adoption levels stating several hindering 

factors such financial constraints, lack of awareness 

etc. Vintage of the firm, however, was not a significant 

factor.

It is clear that this perception on government 

regulation, together with their desire to respond to 

market-based and stricter liability incentives, can 

Figure 1. Number of SWMPs adopted by firms
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effectively regulate these firms. The results further 

imply that firms, futuristically show a positive affinity in 

adopting solid waste management practices overtime. 

However, it is evident that though they have laid 

comparatively higher importance on certain market-

based and regulatory incentives, cost associated with 

adoption of those environmental practices is still 

perceived to have a significant impact in complying with 

and maintenance of these practices which calls for 

alternative measures for financial facilitating for firm 

level compliance. The outcome, thus, overall, highlights 

the positive role of market-based incentives alongside 

regulation, thus, emphasizes the importance of bringing 

the current largely a single-sided public regulatory 

regimes towards co-regulation to ensure firms' 

participation on up keeping environmental quality.  
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Abstract

The  proficient management  of  employees  and  their contribution  to export processing businesses (EPB) are 

commonly  accepted  as  contributing  to  Sri Lanka's  future  prosperity. Effective recruitment, selection and 

retention of employees are a part of the employment relationship and can enhance work performance and contribute 

to business success.  Principal focus of the study  was  to  understand  the  variables  and  dynamics  of  the  

recruitment, selection  and  retention  process. Qualitative exploratory research investigated the recruitment, 

selection and retention activities in export processing businesses in Sri Lanka.  Seven constructs were developed by 

the Principal Component Analysis (PCA) and then the analysis of variance (ANOVA) with post hoc comparisons was 

applied to identify any significant difference. Finally implications, future research needs and directions were 

discussed. Research revealed that around 50% of Sri Lankan export processing businesses utilize formal written 

policies and procedures to deal with human resource management issues and 49% export processing businesses 

employ a person or group of persons, specifically to look after human resource management needs. Thus, it was also 

found that Export Processing Businesses with a demographic trading type of 'Company Ltd.' utilize all of the 

characteristic constructs of Human Resource Planning practices. Sign in Shop/Business Front was the most valued 

method of recruitment while salary/wages package able to offer was the most important issues impacting on 

employee recruitment. Completing an application form was the most popular selection method and the most 

important strategy identified by Sri Lankan Export Processing Businesses in retaining staff was financial benefits 

offered them by the company. 

Key  words:  Export processing, Recruitment, Selection, Retention, Turnover 

Introduction

The recruitment, selection and retention elements of the 

human resources management functions are the fastest 

changing and the most visible in business today (Cook, 

1992). The economy of today is also changing and 

organizations must therefore deal with new forms of 

employment and new perspectives in the way they do 

business (Andreas and Daniel, 2002). Successful 

organizations increasingly recognize that survival and 

growth in the current market place cannot occur without 

an effective talent selection and retention strategy. The 

ability to recruit, select and retain high caliber employee 

is a key differentiator between those organizations that 

make profit and those that do not. “Good to Great” Collins 

(2001) argues that the most critical driver of growth for 

a great company is the ability to hire and retain the right 

people. 

Recruitment and selection is a management problem, it 

is nowhere near as big a problem as that of losing well-

trained and valuable employees (Bacal, 2007). 

Notwithstanding this, Marvin (1994) suggests that 

'turnover is a management problem, either because 

management failed to provide a productive working 

environment or because the wrong person was hired in 

the first place'. 

It is apparent that export processing businesses in Sri 

Lanka have many questions that remain unanswered in 

relation to their human resource activities. Thus in the 

Sri Lankan export processing business environment, 

employee recruitment, selection and retention issues 

are emerging as the most critical and fastest changing 

workforce management challenges driven by 

employee loyalty concerns, corporate restructuring 

efforts and tight competition for key talent. Since 
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factors influencing the recruitment, selection and 

retention of the export processing businesses are not 

well understood; a need to carry out a survey of the 

factors that influence employee recruitment, selection 

and retention was raised. 

The broad objective of this research was to investigate 

recruitment, selection and retention challenges of 

export processing businesses in Sri Lanka and to draw 

conclusions and recommendations that will facilitate 

future decision making. Specific objectives were to 

review of the current literature related to recruitment, 

selection and retention programs, to investigate the 

present status of employee recruitment, selection and 

retention in export processing businesses in Sri Lanka, 

to analyze the factors that influence new employees to 

seek and accept a position within an export processing 

businesses and the factors that influenced their 

retention. 

Based on these, the research addressed the following 

research questions; to what extent is formal human 

resource management concepts are used in export 

processing businesses in Sri Lanka, what recruitment 

methods are utilized by export processing businesses in 

Sri Lanka, what are the issues impacting on employee 

recruitment by export processing businesses in Sri 

Lanka, what selection methods are utilized by export 

processing businesses in Sri Lanka, how do 

owner/managers of export processing businesses in Sri 

Lanka retain staff, what are the issues impacting on the 

retention of employees in export processing businesses 

in Sri Lanka, are there any underlying factors that 

contribute to effective human resource management 

practices in export processing businesses in Sri Lanka, 

are the mean scores for the identified constructs 

significantly different when compared on the basis of the 

demographic variables, can guidelines be developed to 

assist owners of export processing businesses to have 

310

more effective human resource (hr) practices in their 

businesses.

Materials and Methods 

The design for this study can be described as 

exploratory ex post facto, as it has been designed to 

explore issues, perceived or actual, relating to the 

recruitment, selection and retention of staff in export 

processing businesses. Target population comprised of 

one hundred and seventy eight (178) export 

processing businesses registered under Chamber of 

Commerce in Western Province. Among them forty 

(40) export processing business firms were selected to 

the sample using 'Simple random sampling technique'. 

Since the study heavily based on primary data, it was 

necessary to employ multi-methods (structured 

questionnaires, focus group discussions and in-depth 

interviews) in the development of the overall 

investigation to enable the researcher to explore the 

issues from a wider point of view. 

Questionnaire was design to measure and identify the 

possible existence of underlying factors that might 

contribute to effective Human Resource management. 

Exploratory factor analysis (EFA) in the form of 

principal component analysis (PCA) was utilized to 

'reduce a large number of variables to a smaller set of 

underlying factors'. Only factors with alpha scores of 

over 0.8 have been incorporated to ensure reliability. 

The next phase of the study is the application of 

analysis of variance (ANOVA) with post hoc 

comparisons to identify any significant difference that 

might be present when comparing the variables under 

study. In conducting the ANOVA F is significant at over 

0.05. Where it was not possible to use the ANOVA, an 

independent t-test was used (specifically for gender).
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Results and Discussion 

According to the findings, the majority of the 

owners/managers were belong to the age category 30-

50 and less numbers were recorded for over 50 year 

category. Gender distribution of the owners/managers 

revealed that majority of owners/managers were males. 

Education levels were thought to be important in 

relation to dealing effectively with HR issues. Results 

identified that majority of owners/managers have 

diploma level of education and above (this included 

degree and postgraduate qualifications). 

When it comes to employees, considerably young crowd 

were employed and majority of them were belong to the 

20-29 age group. Thus the results revealed that majority 

of employees employed in the Sri Lankan export 

processing industry were females and most of them only 

encompass advance level of education and below (this 

included no formal education and ordinary level 

qualifications).

Of the sample 50% of export processing businesses have 

formal written policies and procedures to deal with 

human resource issues and about 49% of respondents 

employ responsible person or group of persons, 

specifically to look after human resource management 

needs. 64% of the businesses surveyed felt that 

governments assisted them with written information 

about laws and regulations governing Human Resource 

Management. Only 8% of export processing businesses 

utilize the assistance of local chambers of commerce in 

obtaining assistance with their human resource issues.

Most popular means of recruiting staff in export 

processing business was 'sign in shop/business front' 

and 'private employment agencies' were found to be last 

in the ranking.

Salary/wages package that they able to offer is the most 

important issue impacting on employee recruitment by 
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export processing business, while specific skills 

required ranked last. Of the sample economic 

conditions of the employees was the core factor that 

had an impact on employee decision to join with export 

processing business. 

Then the study has identified the selection tools used 

by the Sri Lankan export processing business. 

Completing an application form was rated highest 

while background investigation / reference checks and 

were ranked last. 68% of owner/managers of export 

processing organizations keep details of unsuccessful 

applicants résumé's on hand for future reference. 

Financial benefits offered by the company were 

identified as the most important strategy used in the 

attempt to encourage employees to retain with the 

company. Allowing employees to determine their own 

behavior ranked last. Of the sample about 28% of 

owners/managers perform exit interviews to discuss 

the reasons why employees leave their position. This 

indicates that the majority do not consider the 

importance of exit interviews. Results showed that the 

combination of Base pay, Overtime, and Attendance 

bonus encourages employees to remain with their 

companies ahead of other combinations. Thus this 

result indicates that bonus based on performance is 

not preferred by employees engage in export 

processing industry.

Seven factors were identified based on relevance to 

organization HR issues by the principal component 

analysis (PCA) and they were as follows; human 

resource planning, selection challenges, introductory 

training (Orientation), employee involvement with HR 

management functions, employee commitment to the 

organization, employee turnover and organizational 

commitment on employment relationship. Three 

demographic variables; trading type of the business, 
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gross income of the business and gender of the 

owners/managers were found to be significant [p-value 

(0.000) provides sufficient evidence when á is 0.05] over 

several of the constructs.

Human resource planning practices and trading type of 

the organization, revealed that 'company limited' 

business structures are significant for all formal HR 

factors. 

Selection challenges and gender of the respondents, 

showed that significance on 'Gender' for two factors, 

personal characteristics of the applicant and 

psychological aspects.  

Introductory training (orientation) and trading type, 

'Company Limited' business structures showed 

significance for two factors. 

Employee involvement with management and trading 

type where 'Sole proprietorship' business structures 

were significant for three factors (involvement in 

learning/training and development activities, 

involvement in how to develop rewards for employees 

and involvement in off the job training). 

Employee turnover and gross income showed 

significant relationship. gross income was influenced 

by dissatisfaction with work, behaviour of supervisors, 

lack of  promotional opportunities and work overload.

Employee turnover and trading type showed 

significant relationship. Behavior of supervisors, 

dissatisfaction with work, work overload / stress, lack 

of promotional opportunities influenced the trading 

type.  
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Abstract

The purpose of this study was to investigate how environmental stringency affects the pollution intensive 

manufacturing industry exports in the world. The study further evaluated as to how exports of these polluting 

industries take place when the exporting country belongs to a certain trading group. An augmented gravity model was 

estimated for the exports of refined petroleum products using panel data of 100 countries, during the period 2000-

2004. The estimated gravity model showed that the environmental stringency influenced negatively for the refined 

petroleum product exports, during the period and also showed that these exports are high for the countries belonging 

to some of the trading groups considered.

Key words: Environmental stringency, Gravity model, Pollution haven Hypothesis, Refined petroleum

Introduction

During the last decade the world economy has been 

characterized by trade liberalization, with questionable 

consequences on the world environment. At present, 

trade and the environment have become one of the most 

debatable issues. It is considered that differences 

between countries in terms of environmental standards 

lead to a relocation of polluting industries from those 

with strict environmental regulations to those with less 

strict regulations, sometimes called the Pollution Haven 

Hypothesis (Caporale et al., 2010).

It is argued that the environmental concerns of the 

developed economies caused them to enact strict 

environmental regulations to reduce the pollution that 

occurs from the manufacturing process from some dirty 

industries, which have increased the cost of production 

in the home country. On the other hand, developing 

countries with their low wages and lax environmental 

regulations have been attractive alternative producers in 

these sectors. At the same time this migration is also 

beneficial for developing countries that are in need of 

financial resources for industrial development. Thus, 

countries with weak environmental policies (generally 

developing countries) become a pollution haven for 

those with strong environmental stringency, exporting 

the “dirty” goods and importing the “clean” ones. In 

contrast, developed countries improve the quality of 

their environment by developing a comparative 

advantage in the clean goods. A wide variety of findings 

exists related to trade and the environment. Early 

empirical studies suggested that the stringency of 

environmental regulations had little or no impact on 

trade patterns (Tobey, 1990).  But in the case where 

exporting countries are Central and Eastern European, 

a negative effect of environmental stringency is seen, 

explaining that more stringent environmental 

regulations reduce polluting exports (Jug and Mirza, 

2005).

The aim of this paper was to investigate the effect of 

environmental stringency on bilateral exports of 100 

countries, taking the refined petroleum product 

exports in these countries in to consideration. In 

addition, the study discovered how these exports take 

place when the exporting country belongs to a certain 

trading group. 
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Materials and Methods

To empirically analyze the effect of environmental 

stringency on bilateral trade flows, the gravity model of 

trade is often used as the theoretical framework. This 

basic model has been further expanded by adding 

variables for population, language, common border etc. 

(Yue et al., 2010).

Consistent with this approach and in order to investigate 

the above mentioned effects, the traditional gravity 

model was augmented with proxies for environmental 

regulations on dirty exports represented by 

Environmental Performance Index (EPI) and other 

traditional gravity variables such as country's GDP, 

population and distance between trading partners. In 

addition, dummy variables for common border, 

exporting country's income level and trading groups 

were included in the model (equation 1).Usually the 

model is estimated in log-linear form. 

/Q = â + â lnX                                                      (1)ijt 0 x 

Where, â terms are coefficients, i is the exporting 

country j is the importing country k is the industry. 

Q which is the dependent variable denotes the export ij

quantity from the exporting country i to the importing 

country j.X is a matrix of independent variables 

described in Table 1.

According to the data availability, 100 countries were 

selected for this analysis. Trade, Production and 

Protection data base provided the refined petroleum 

product export values (kilograms per year), the GDP 

data of the countries, shared border and bilateral 

distance (kilometers) by country pair, geographic region 

by country. The World Bank data provided the country's 

population in million persons for years 2000-2004. For 

the environmental  str ingency variable ,  the 

Environmental Performance Index (EPI), prepared by 

Yale Center for Environmental Law and Policy of the Yale 

University and the Center for International Earth 

Science Information Network of the Columbia 

University was used. The EPI was used based on the 

assumption that if the EPI is high in a country, their 

environmental stringency is also high (Emerson et al., 

2012). The equation (1) was estimated by using Stata 

11.2 statistical package. 

Results and Discussion

The outcome of the gravity model reported in Table 2, 

with respect to the bilateral refined petroleum product 

exports. Results revealed that the coefficient sign of the 

target variable (EPI ), is negative and significant as i

expected for this refined petroleum product exports 

indicating that when the value of the EPI increased, the i 

exports of these products decreases in all countries. It 

explained that refined petroleum product exports are 

lower in countries with high EPI value than the 

countries with low EPI value. Further when the exports 

across the countries of each income group were 

considered results showed that, the exports of these 

products are significantly low in high income countries 

with compared to low income countries, giving some 

evidence for a relocation of these pollution intensive 

manufacturing industries in countries with lax 

environmental regulations.

When the exports of the different trading country 

groups were considered, it showed that the exports of 

refined petroleum products are high when the exports 

take place in a COMESA country, and the exports of the 

countries related to NAFTA trade group were the 

lowest.

The geographical distance coefficient was negative 

implying reduced trade due the increase of 

transportation costs as the distance increases. The 

coefficient values obtained for the variable distance 

proved that it has a significant impact on dirty industry 

exports.
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In pollution intensive manufacturing industry exports, 

country's population plays a vital role. 

This was proved by both exporter and importer 

population being significant. Population of the exporting 

country showed a positive impact on bilateral trade 

flows which indicate that, higher the population, higher 

the production and exports as a result. The coefficient for 

the importing country's population was positive, 

implying that higher demand will occur as the 

population increases, which enhance imports. GDP 

which reflects the country's export or import demand 

conditions was positive in both exporter and importer as 

expected. Results revealed that both exporting and 
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Explanatory Variable Description Explanatory Variable ISIC 353 

Environmental Performance Index of the exporting country EPIi -1.11* 

Gross Domestic Product of the country i GDPi 0.62* 

Gross Domestic Product of the country j GDPj 0.92* 

Population of the country i POP i 0.87* 

Population of the country j POP j 0.60* 

Geographical distance between country i and j DIS ij -1.56* 

1 if country i and j  shares a common border BORij 1.30* 

1 when the ith  exporter is a high income OECD country INC1i(HOECD) -0.60 

1 when the ith  exporter is a high income other country INC2i (HOTHR) -1.21* 

1 when the ith  exporter is a lower mid income country INC 4 i (MID LOW) -0.31 

1 when the ith  exporter is an upper mid income country INC 5 i (MID UP) -0.37 

1 when the ith  exporter belongs to AFTA trade group AFTAi 0.99 

1 when the ith  exporter belongs to APTA trade group APTAi -0.50* 

1 when the ith  exporter belongs to SICA trade group SICAi 0.15 

1 when the ith  exporter belongs to CEFTA trade group CEFTAi 0.24 

1 when the ith  exporter belongs to COMESA trade grou p COMESAi 0.92* 

1 when the ith  exporter belongs to NAFTA trade grou p NAFTAi -1.29* 

1 when the ith  exporter belongs to SAFTA trade group SAFTAi -3.20 

1 when the ith  exporter belongs to EU trade group EUi -0.12* 

1 when the ith  exporter belongs to GAFTA trade group GAFTAi -0.78* 

 Cons  -7.96* 

 R2 0.28 

 No of Observations 14896 

Note: AFTA = Asean Free Trade Agreement, APTA = Asia-Pacific Trade Agreement, SICA = Central American 
Integration System, CEFTA = Central European Free Trade Agreement, COMESA = Common Market for Eastern and 
Southern Africa, NAFTA = North American Free Trade Agreement, SAFTA = South Asian Free Trade Agreement, EU = 
European Union, GAFTA = Greater Arab Free Trade Area, OECD = Organization for Economic Development and Corporation

importing country's GDP have a significant impact in 

polluting industry exports. The common border 

dummy was positive in all estimations.

The research found that environmental stringency is 

an important determinant and it shows a negative 

relationship with the exports of refined petroleum 

products. Further, it highlighted that high income 

countries export less with compared to low income 

countries in above industry. Moreover, the countries 

related to COMESA trading group showed significantly 

high exports of this industry during this period.  

Therefore it is proved that developed countries 

concern more about the environmental pollution by 

reducing pollution intensive manufacturing exports 

than the developing countries.
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Abstract

Water is a scare resource in Vavuniya district, where majority of the households is depending on agriculture. 

Improved water management techniques are needed to optimize yields. Objective of the study was to analyze the cost 

and returns of basin and sprinkler irrigation systems and to quantify the water used under sprinkler irrigation 

systems and basin irrigation. A questionnaire survey was conducted to collect the data from the randomly selected 

thirty farm households in basin and sprinkler irrigation systems in Nedunkerny area. Discounted cash flow technique 

was used to find out the economic viability of investment in sprinkler irrigation. The study showed that the average 

crop productivity was 4089kg/ac under basin irrigation whereas it was 5000 kg/ac under sprinkler irrigation. The 
3 3. field water use efficiency for basin irrigation was 1.89kg/m  and for sprinkler irrigation, it was 2.89 kg/m. Sprinkler 

irrigation system saved the energy consumption by about 402kwh/acre compared with basin irrigation. The profit of 

the onion crop cultivated under sprinkler irrigation was higher by about Rs. 65648/acre than the corresponding 

profit earned by basin irrigation. Sprinkler irrigation reduced the cost of irrigation by about 20%, cost of labour by 

38% and pesticides cost by 31%. Moreover, compared to basin irrigation, sprinkler irrigation saved 45% in fuel and  

23% in fertilizer cost. The net present worth, benefit-cost ratio and internal rate of return showed that the investment 

in sprinkler irrigation was economically viable even without subsidy. Therefore, the area with basin irrigation would 

be substituted by sprinkler irrigation which would lead to the use of water in an efficient manner.

Key words: Benefit-cost ratio, Discounted cash flow technique, Internal rate of return, Net present worth and Water 
      use  efficiency.

Introduction

The increase in population and production, rapid 

urbanization, industrialization, expansion of services as 

well as the diversity in agriculture lead to an increase in 

water consumption. One of the demand management 

strategies introduced relatively to control water 

consumption in agriculture is micro irrigation, which 

includes mainly drip and sprinkler irrigation method, 

proved to be an efficient method of water saving in 

irrigated agriculture. Micro irrigation was first 

experimented in Israel and by now micro irrigation 

technology is widespread in developed countries. A total 

area under sprinkler irrigation in the world was about 

2158 million hectare by 1990 (INCID, 1998). 

Vavuniya is primarily an agricultural district. The 

average annual rainfall of Vavuniya was about 1400 mm 

(District profile-Vavuniya, 2004). Normally, rainfall 

period restricted to 3-4 months in this area. Farmers 

mainly depend on agro well for their irrigation. On the 

other hand, rapid and unplanned urbanization in the 

past 2 to 3 decades had occurred in the Vavuniya 

district. Groundwater use has exceeded safe limit in 

most areas of the Vavuniya district (Sivakumar, 

2008).This had led to severe shortages in the 

availability of water for Agriculture. With less water 

available for irrigation in Vavuniya district, improved 

water management techniques are needed to optimize 

yields. As the government of Sri Lanka has invested 

large sum of money on popularizing this technology, it 

is important to know the benefits of sprinkler 

irrigation over basin irrigation. By using that, 

additional area under basin irrigation would be 

converted to sprinkler irrigation systems in future. The 
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sprinkler system of irrigation being costly and most of 

the farmers have only limited capital. Thus it is essential 

to investigate cost and benefits of this method of 

irrigation. Hence, the objective of the study was to 

analyze cost and returns on basin and sprinkler 

irrigation systems.

Materials and Methods

This research was carried out at Nedunkerny located in 

the Vavuniya district. The list of farmers involved in 

onion cultivation using basin method of irrigation and 

the list of farmers involved in onion cultivation using the 

sprinkler irrigation method were obtained from the 

Dept. of Agriculture and used as sample frame for this 

study.  A questionnaire survey was conducted to collect 

the primary data from the randomly selected thirty 

farmers in each method of irrigation of basin and 

sprinkler irrigation method in Nedunkerny area. Though 

the onion cultivation was common using different 

method of irrigation in Vavuniya district, the 

Nedunkerny area was intensively cultivating onion using 

sprinkler as well as basin method of irrigation. Hence 

this area was selected for the study.  The secondary data 

was collected from Department of Agriculture and Water 

board and drainage system, Vavuniya. 

The quantity of water used for basin irrigated plot was 

calculated using the following formula.

Amount of water applied      Discharge rate of water 

pump x Time taken to irrigate one acre of the crop x Total 

number of irrigation

To validate the data, it was estimated the amount of 

water used for basin irrigation plot by using following 

formula also (water application efficiency of 70% was 

considered for calculation).

Amount of water applied        Area of the basin x Depth of 

the water level x No of basins x No of irrigation 

To calculate the quantity of water used for sprinkler 

irrigated plot the following formula was used.

Amount of water applied = Sprinkler discharge rate x 

Irrigation time x No. of irrigation x No. of sprinklers per 

acre.

Discounted cash flow technique was used to find out 

the economic viability of investment in sprinkler 

irrigation. The criteria of net present value (NPV), 

benefit-cost ratio (BCR), internal rate of return (IRR) 

were selected to find out the economic viability of 

investment in sprinkler irrigation in onion cultivation. 

Equivalent Annualized Cost (EAC) method was used to 

calculate the amortized cost of the sprinkler system. 

n n Capital recovery factor (CRF) = (i) (1+i)  (1+i) - 1 /

Annualized capital cost =Capital cost *CRF

EAC= Annualized capital cost+ Annual operation and 

maintenance cost

Where n: The average life span of sprinkler irrigation 

equipment, i: Discount rate

Source: Palanisami et al., undated

The t-test was carried out for each parameter by using 

Minitab software to find out whether there was 

significant difference between two irrigation methods. 

Net Present Value: Future net returns were discounted 

to their net present value by using the following 

formula.

Benefit cost ratio: The benefit-cost ratio is the ratio 

between the sum of discounted net benefits of returns 

and the sum of discounted cost. BCR was calculated by 

using following equation.

Where, Bt = benefit in year t; Ct = cost in year t; t = 1, 2, 3 

….n; n = project life in years; i = rate of interest.

Source: Narayanamoorthy (1997)
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Results and Discussion

Performance of sprinkler and basin irrigation 

system

It was found that the average yield under sprinkler 

irrigation system was 5000 kg/ac whereas 4089 kg/ac 

under basin irrigation system. The t-test showed that it 

was a significant difference in yield between two 

irrigation methods (p= 0.017). Further it showed that 

the yield in case of sprinkler irrigation system was 22 % 

higher as compared to basin irrigation systems. The 

mean quantity of irrigation water used for sprinkler 

3 3 systems and basin irrigation were 1728m  and 2160 m

 per acre, respectively (p= 0.000). Water use efficiency 

32.89 kg/m  was obtained in case of sprinkler irrigation 

3system as compared to 1.89 kg/m  for basin irrigation 

systems. The results indicated the differences in the two 

irrigation systems. Converting from basin to sprinkler 

3irrigation saved 432 m  of irrigation water and increased 

911 kg of yield per acre. Because of flooding of water 

under basin irrigation method, large quantity of water 
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was wasted in the form of evaporation and seepage 

losses, runoff and thus, the application efficiency was 

always lower while applying water by basin method 

(Narayanamoorthy, undated). Thushyanthy and 

Sivakumar (2008) also identified the same result in 

Jaffna district for cabbage. 

Investment on irrigation system

Cost of cultivation of onion in different irrigation 

methods were given in Table 1.

The cost of cultivation was different mainly because of 

variation in per acre fuel cost, labour cost, fertilizer 

cost and pesticides cost. The initial cost (p= 0.000) and 

maintenance cost (p= 0.000) were significantly higher 

for sprinkler irrigation system than basin irrigation 

system. The total cost of cultivation was higher for 

basin system than sprinkler. Hence, the farmer earned 

additional gross income from sprinkler irrigation of  

Items of cost (Rs/ac) Basin irrigation  Sprinkler    irrigation 
 Cost(Rs) % of 

total 
cost 

Cost(Rs) % of 
total 
cost 

Operational/Variable costs     

Seed cost 12850     9 12850   11 

Wages of labour 81042     54 49711   42 
Fertilizer cost 7940       5 6070     5 

Pesticides cost 7500       5 5130     4 
Fuel cost 25969     17 14060   12 
Total variable cost 135301  91 87821   74 
Land rent 140         1 1200     1 
Interest on variable capital   1000     1 
Annual operation and maintenance cost 1650       1 3933      3 
Amortized cost on sprinkler irrigation 
system 

  13409    11 

Amortized cost of water pump 11738     8 11738    10 
Total fixed cost 13528      31280     
Total working cost 148829 100 119101  100 
Yield(Kg) 4089  5000  
Gross income 174080   210000  
Net income 25251      90899     

 
The average selling price of onion was considered as Rs 42 per kg 
Source: Survey, 2012

Table 1. Cost of cultivation of onion in different irrigation methods 
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Rs. 35920/ac. Thus, an average net return per acre from 

sprinkler irrigation was found to be 72 percent higher 

than basin irrigation. 

The results showed the fuel requirement for sprinkler 

was 144 litres per acre whereas for basin 237 litres per 

acre. Sprinkler irrigation saved a substantial amount of 

water leading to less working hours of pump sets that 

ultimately reduced the requirement of fuels. The energy 

consumption was computed as given below: One HP 

pump sets runs for one hour consumes 0.746kwh of 

energy. Accordingly,

Energy consumption (kwh/acre) = (HP of pump)* 

(0.746 kwh) *(Number of hours per   irrigation)*(No of 

irrigation) (Palanisami et al., ,undated)

The consumption of energy under sprinkler irrigation 

was only about 134kwh/acre whereas 537kwh/acre 

under basin irrigation. The saving of energy was 

402kwh/acre. The fertilizer cost (p=0.015) and 

pesticides cost (p=0.013) were significantly lower for 

sprinkler irrigation system than basin irrigation system. 

Further the results showed that labour requirement, 

weeding and ploughing costs for sprinkler irrigation 

were relatively low compared to basin irrigation (Table 

1) 

Financial viability of sprinkler and basin irrigation 

systems

At 12 % discount rate, the net present worth of benefit 

was Rs 80505 for basin. The Benefit Cost ratio for the 

basin irrigation was 1.14. The internal rate of return of 

basin irrigation system was found at a low rate of 14 

percent. The NPW of sprinkler investment was about Rs. 

239408.00/ac without subsidy and Rs. 302651.00 /ac 

with subsidy. This means that the subsidy enables the 

farmers to get an additional benefit of Rs. 63243.00/ac. 

The BCR was 1.46 without considering subsidy. The 

same increased to 1.66 when subsidy was included. 

Relatively higher BCR realized with subsidy indicated 

the vital role of subsidy in enhancing the economic 

viability of sprinkler irrigation. Internal rate of return 

was about 18% without subsidy and 21% with subsidy. 

Since, NPW was positive, BCR was greater than one, IRR 

was greater than the opportunity cost of capital 

(interest rate of 12 percent), the installation of 

sprinkler irrigation system for the onion crop was 

financially feasible even without subsidy. 

Returns per unit of water and energy

The yields per unit volume of water were worked out to 

3 32.89kg/m  for sprinkler and it was 1.89kg /m  for 

basin. It was found that the return under sprinkler 

irrigation system was Rs 210000.00/ac whereas Rs 

174080.00/ac under basin irrigation system 

(p=0.000).So the returns per unit volume of water were 

3worked out to Rs121/m  for sprinkler and it was Rs 80 

3/m  for basin. From the analysis of cost and return for 

the onion cultivation, the sprinkler method of 

irrigation produced higher returns when compared to 

conventional basin irrigation methods. Thus, the 

farmer could go for installation of sprinkler methods of 

irrigation on their fields as it saved human labour and 

water and helps to increase returns. This study 

confirmed that sprinkler irrigation could be adopted to 

Vavuniya district which comes under Northern dry 

zone.
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Abstract

Ceylon tea is popular over the world due to the high quality and the distinct flavor. At the moment, many tea importing 

countries from Sri Lanka have applied different quality and system certifications to confirm that the imported tea is a 

healthy and produced according to the hygienic conditions. Therefore, this study is an attempt to find the impact of 

quality and system certifications for the profitability of tea estates and to identify the most important certification to 

be implemented in tea estates in upcountry region in Sri Lanka.   Data were collected from 40 tea estates that managed 

under Regional Plantation Companies (RPC). Data were collected using a structured questionnaire and analyzed 

using a multiple linear regression model. Friedman test was performed to identify the best quality certification 

affecting the profitability. The results indicate that a number of variables notably, tea manufacturing type (Orthodox 

or Rotovene), tea bearing land extent and experience of the manger in tea cultivation and processing affects 

profitability positively. Overall, the analysis confirms that profitability increases if tea estates possess many quality 

certifications. Among the quality certifications, ISO 22000 and FLO (Labeling Organization Certification) are the most 

important certifications affecting the profitability. 

Key  words: Profitability, Quality certification, Tea estates

Introduction

At present, major destinations for Ceylon tea are Middle 

East countries such as United Arab Emirates, Iran, Syria, 

Turkey, and Jordan, etc (Sri Lanka Tea Board, 2010). 

However, political, economic and problems due to civil 

unrest of some of the Middle East countries are a major 

barrier for Sri Lankan tea exports. Therefore penetrating 

into the European Union (EU) market would be 

beneficial. Presently, Sri Lanka exports 9.8% of tea for EU 

countries. Today, some of the major tea importing 

countries in EU and also Japan are very health conscious 

on their imports. Therefore, stringent regulations and 

legislations aiming at a higher level of food safety are 

formulated and imposed. In addition to food safety, these 

countries also concern on the sustainability issues of tea 

producing countries. Therefore, they have applied it as a 

certification system. For example, Corporate Social 

Responsibility (CSR) initiative which incorporates long 

term business strategies like social, environmental, 

and economic sustainability (Jayathissa and Athauda, 

2010) could be highlighted. The major CSR initiatives 

are Fair Trade Labeling Organization Certification 

(FLO), Ethical Tea Partnership (ETP), Rainforest 

Alliance Certification (RA), and UTZ certification (Utz 

Kapeh meaning good coffee in the Mayan language 

Quiché). Presently, CSR Standards are highly 

demanded by the tea buyers to ensure that, apart from 

adoption of Good Agricultural Practices (GAP) and 

Good Manufacturing Practices (GMP), the teas are 

ethically produced.

Among them, different quality certifications such as 

ISO 22000: 2008, Hazard Analysis Critical Control 

Point (HACCP), Occupational Health and Safety 

Management Standards (OHSAS 18001: 2007) are very 

prominent. Achieving these quality and system 
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certifications involve high cost, mainly due to 

adjustments in process floor and machinery, 

documentation, training of staff and workers etc. 

Thus, it is natural that the management as well as factory 

owners expect some profitability improvement as a 

result of implementation of quality as well as system 

certifications. The implementation of public standards 

can raise costs without necessarily raising income or 

increasing market share. Therefore the Factory Owners 

are confused whether to invest such amounts on 

certifications. It is a current issue faced by the factory 

owners and other stakeholders in the tea industry. 

Therefore, identifying the impact of quality and system 

certification on profitability of tea estates would be 

beneficial.

Materials and Methods

The study was carried out in Nuwara Eliya district in up 

country region. The reason for the selection of this 

region is, up country teas are mostly exported to 

countries in the West and Japan which demand these 

certifications. 40 tea estates from 131 up country tea 

estates were randomly selected from 8 Regional 

Plantation Companies (RPC's). The sample represents 

approximately 30% of the total population. 

Required data were collected using a structured 

questionnaire during July 2012 to August 2012. 

Profound interviews were conducted with Estate 

Managers and Assistant Superintendents of tea estates 

to collect necessary data. The questionnaire was 

emailed to some estates which are situated at a long 

distance. 

Multiple Linear Regression model was used to measure 

the relationship between the Profitability and the 

explanatory variables (see table 1). 

Profitability of the tea estates was calculated according 

the equation given below.

Empirical model was developed to identify the impact 

of number of certifications for the profitability of tea 

estates. 

Profitability = b + bTYPE + b BOGLE + b NONTEEX + 0 1 2 4

b NOOFCERT + bMWEX + bNOOFASD + bAVGEXASD + 5 6 7 8

b NOOFFO + bFOEX + e9 10 1

324

Notation  Variables  Remarks  

PROFITABILITY  Profitability of Tea Estates  Rupees per kilogram  

TYPE  Type of Production   

(Rotorvane – 1, Orthodox – 0 )  

Dummy Variable  

BOGLF  Made Tea from Bought Leaf  kilogram  

TELE  Tea bearing Land Extent   Hectares  

NONTEEX  Land extent without tea Hectares  

NO OF CERT  Number of Certifications held  Number  

MWEX  Experience of the Manager  Years  

NO OF ASD  Number of Assistant Superintendents Number  

AVGEXASD  Experience of Assistant Superintendents  Years  

NO OF FO  Number of Field Officers  Number  

FOEX   Experience Of Field Officers  Years  

 

Table 1. Description of variables 

Profitability 
Net Operating Profit

Total Sales 
x  100 (Barad, 2010)
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In order to achieve the specific objective, major 

certifications were ranked by the experienced estate 

managers according to their point of view. Friedman test 

was performed to find the most significant certification 

system to implement for the tea industry.

Results and Discussion 

The results reveal (Table 3) that the profitability of tea 

estates is positively and significantly determined by type 

of production, tea bearing land extent, number of 

certifications possessed by the estates and the working 

experience of the manager while Land extent without tea 

affects the profitability negatively. Overall P value of the 

model was 0.009 and Adjusted R squared value of the 

model is 67.9%. It implies 67.9% of the variation of 

profitability has explained by the above independent 

variables. 

It is a known fact that factory modernization and/or 

process automation are essential to implement such 

certifications though production cost increases. On the 

other hand, implementation of private and public 

Type of Certification  Certification System  Assigned Number  

(Treatment)  

Quality certification  ISO 22000  1  

Quality certification  HACCP  2  

System certification  FLO  3  

System certification  ETP  4  

System certification  RA  5  

System certification  UTZ  6  

 

Table 2. Assigned number for different quality and system certifications

Predictor Coefficient T  

Value 

CONSTANT -0.7524*** -2.80 

TYPE     0 .5402 *** 3.94 

BOGLF 0.00000062 1.14 

TELE              0 .09914** 3.25 

NONTEEX -0.0023087*** -4.35 

NO OF CERT 0.08589** 2.31 

MWEX 0.043221*** 5.62 

NO OF ASD 0.12999 1.32 

AVGEXASD  0 .03151 1.10 

NOOFFO -0.01290 -0.20 

FOEX -0.001768 -0.21 

R-Sq(adjusted) = 67.9% P value = 0.009 n = 40 

 Note: *** denotes the P < 0.01, ** denotes P < 0.05

Table 3. Results of Regression Analysis

standards can raise costs without necessarily raising 

income or increasing market shares. Therefore, most 

estates management is reluctant to implement these 

certifications. However, the results reveal that 

profitability can be increased by implementing quality 

certification systems.  

According to the results of Friedman test, majority of 

estates preferred to achieve ISO 22000 as the quality 

certification and FLO as the system certification. 
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Therefore, majority of the estates could gain a 

profitability improvement by implementing the above 

certifications. 

The study showed that number of certifications 

possessed has a significant impact on the profitability. 

Though cost increases marginally due to certifications, 

there is a positive impact on profitability as well as the 

environment of tea estates after some period of time. 

Results also reveal that the most important quality 

certifications are ISO 22000 and FLO. Profitability of the 

estates also depends on the type of production 

(Orthodox or Rotovene), tea bearing land extent of the 

estate, land extend without tea and working experience 

of the manager.
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Abstract

A study was carried out to find out the pattern of information utilization by the coconut growers in Batticaloa district. 

Hundred coconut growers from Batticaloa district were randomly selected for the study purpose. Questionnaire 

survey was used to collect the primary data. Secondary data necessary for the study were collected from relevant 

sources. Findings from the study revealed that majority of the coconut growers in the district were male with more 

than 50 years of age. And majority of them had more than 11 years experience in coconut farming. Results regarding 

the  information utilization indicated that Coconut Development Officers, progressive farmers, demonstrations, farm 

exhibitions, leaflets, and farm magazines were  the  major sources of information often  used  by  the  coconut farmers  

for  seeking coconut cultivation related  information.  Extension Officers and other relevant officers should consider 

and utilize these information sources during the dissemination of technological information to farmers

Key  words: Coconut growers, Coconut farming, Information sources

Introduction 

Information is the collection, storage, processing, and 

dissemination of new data, pictures, facts, messages, 

opinions, and comments required to understand and 

react accurately to personal, environmental, national, 

and international conditions, as well as to be in a position 

to take appropriate decisions (David, 2006). Technical 

information in agriculture play an important role in the 

increasing acceptance of modern production technology 

among farmers. An effective source of information 

motivates farmers to adopt the recommended package 

suited to local farm situation. If right source is not 

accessible to farmers, there will be poor acceptance of 

agricultural technology (Meena, 2010). 

Sri Lanka  is  endowed  with  congenial  agro-climatic  

conditions  for  a  wide  range  of plantation crops. 

Coconut (Cocos nucifera Linn.) is one of the most useful 

trees. It is popularly called as “tree of heaven” because of 

its manifold uses. Among the coconut producing 

countries in the world, Sri Lanka maintains the fourth 

position having a total extent equivalent to 20% of the 

cultivable land in the country. Coconut being a 

smallholder's crop, approximately 75% of the extent 

comes under holdings with an area less than 8ha. It 

provides livelihood for nearly 500,000 people in three 

main sectors of production, processing and marketing. 

Annual coconut production in Sri Lanka varies 

between 2500-3000 million nuts, of which 74% of the 

production comes from the small holdings. Thus, 

coconut is one of the important crops for national 

economy (Jayasekara, 2011).

Batticaloa district is one of the potential areas for 

coconut cultivation. Coconut farmers seek and utilize 

information that can improve the farming system in 

Batticaloa. This will not only increase their agricultural 

productivity but also improve their standard of living. 

For farmers to increase their agricultural production, 

they must have good information-seeking behavior 

that will enable them to adopt improved production 

technology (Ali-Olubandwa et al., 2010). Information 

utilization is a way of gathering sufficient data to 

address perceived information gaps. In this context, 

this study was conducted with the objective to find out 

the utilization pattern of information sources by the 
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coconut farmer in Batticaloa district.

Materials and Methods

The study was carried out in Batticaloa district. The 

population of the study consisted of coconut farmers 

from Batticaloa district. The list of registered coconut 

farmers was obtained from the Coconut Cultivation 

Board, Mylambaveli, Batticaloa and hundred number of 

coconut growers were randomly selected from the list 

obtained. The data collection was through the use of a 

structured questionnaire, which was pre-tested before 

used for the household survey. Secondary data 

necessary for the study were obtained from the relevant 

sources. Data collected were analyzed by using SPSS 

14.0. Collected data were tabulated, analyzed and 

interpreted in the light of the objective set for the study. 

The total score for each variable was calculated by 

scoring each variable  viz, never, sometime and always as 

0, 1 and 2 respectively and multiplying each score by 

number of respondent who obtained the particular point 

and then by adding up the total scores obtained for each 

information sources. The mean score was calculated by 

dividing the total score obtained by each information 

source by total number of respondent.

Results and Discussion 

Profile of the Coconut growers

The study has shown that most of the coconut growers in 

Batticaloa district were males (70%), with more than 50 

years of age. Nearly half of the coconut growers (50%) 

had the farming experience in coconut cultivation more 

than 15 years and 40% of the growers had 11 – 15 years 

of farming experience. Around 80% of the coconut 

growers had 4-6 family members in their family. Almost 

all the farmers (98%) had their membership with 

coconut related social organization and among them 

only half of the coconut growers were regularly 

participated in their organizational activities.

Utilization pattern of the information sources

Information sources which can be individual, group or 

mass play a decisive role in the adoption of new 

technologies. Utilization of these information sources 

significantly contribute towards the adoption of new 

farming technologies. 

Table 1 provides details regarding the utilization of 

individual, group, and mass information sources by the 

coconut grower in Batticaloa district. The results 

revealed that, among the individual information 

sources available, coconut farmers frequently got 

information related to coconut cultivation from the 

Coconut Development Officers (mean score 1.68) 

followed by relatives or friends (mean score 0. 63) and 

progressive farmers  (mean score 0.18) respectively. 

This may be due to their accessibility and easily 

approachable nature. The findings are in line with the 

findings of Bareth (1991) and Jat and Sharma (2003) 

who reported that friends and progressive farmers 

were the important sources of information to the 

farmers. On the other hand it was worthy to note that 

University staff and neighbouring farmers were rarely 

contacted by for seeking information regarding 

coconut cultivation.Table 1 also predicted that among 

the accessible group information sources, coconut 

growers gained information regularly from 

demonstrations (mean score 1.33) followed by Farm 

exhibitions (mean score 0.95) organized by the 

Coconut Cultivation Board. Other than that, coconut 

farmers in the district also utilized group discussions 

(mean score 0.86) and trainings (mean score 0.80) to 

get information related to their farming activities. 

Mass media could enter the calculus of development 

and offer the great possibilities for effective action 

through its capability of disseminating  technical  

expertise  and  useful  knowledge  among millions  of  

villagers,  particularly  cultivators  living  in  rural 

areas. According to Table 1, coconut growers in the 

Batticaloa district frequently got information related to 
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their cultivation from leaflets (mean score 1.17) 

followed by Farm magazines (mean score 0.83), poster 

and television (mean score 0.74).  It was good to note 

that 20% of the coconut farmers in the district browsing 

websites to gain necessary information regarding their 

farming.

The  present  study  concluded  that  Coconut 

Development Officers, relatives/ friends, progressive 

farmers, demonstrations, farm exhibitions, leaflets, 

and farm magazines were  the  sources most  often  

used  by  the  coconut farmers  for  seeking coconut 

cultivation related  information.  Extension Officers 

should consider these facts and utilize these sources 

during the dissemination of technological information 

to farmers which will end up with an efficient 

information dissemination.
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Information Sources Frequency Total 
Score 

Mean  
Score 

Always    Sometimes Never 
Individual information source 
Coconut Development Officer 
Relatives/friends 
Neighbors 
University staff 
Village leaders 
Progressive farmers 
 
Group Information  Source 
Field  day 
Group discussion 
Meeting 
Demonstration 
Training 
Farm Exhibition 
 
Mass Information Source 
Radio 
Television 
Film 
Poster  
Newspaper 
Farm Magazine 
Leaflets 
Web browsing 

 
68 
00 
00 
00 
00 
00 

 
 

30 
32 
11 
59 
32 
30 

 
 

00 
00 
00 
32 
00 
10 
21 
00 

 
32 
63 
03 
07 
02 
18 

 
 

05 
54 
32 
15 
16 
35 

 
 

53 
74 
11 
10 
40 
63 
75 
20 

 
00 
37 
97 
93 
98 
82 

 
 

65 
16 
57 
26 
52 
35 

 
 

47 
26 
89 
68 
60 
27 
04 
80 

 
168 

63 
03 
07 
02 
18 

 
 

65 
86 
54 

133 
80 
95 

 
 

53 
74 
11 
74 
40 
83 

117 
20 

 
1.68 
0.63 
0.03 
0.07 
0.02 
0.18 

 
 

0.65 
0.86 
0.54 
1.33 
0.80 
0.95 

 
 

0.53 
0.74 
0.11 
0.74 
0.40 
0.83 
1.17 
0.20 

Table 1. Utilization of individual, group and mass communication sources
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Assessment of the Impact of Internationally Recognized Quality Standards on the Business Performance of 

Firms in Sri Lanka
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Abstract

Internationally recognized quality standards are obtained by many firms in Sri Lanka with the intention of enhancing 

their corporate reputation. A question prevails whether this decision ultimately addresses the establishment's main 

financial objective of shareholder wealth maximization. The objective of this study was to examine whether there is a 

significant impact on the business performance of firms through certification and also to identify the factors that 

influence a firm to obtain international quality standards. Secondary data obtained from 606 firms were analyzed 

using a Treatment Effects Model to minimize the endogeneity bias. The results reveal that obtaining International 

quality standards has a significant positive profit effect on Sri Lankan firms. It also highlights that firms in the food 

industry are more likely to obtain certification than the non food sector. Experience of the top management and the 

size of the establishment have a significant positive influence towards certification. 

Key words:  Endogeneity bias, Quality standards, Treatment effects model

Introduction

A highly competitive environment could be observed in 

the present business context as a result of globalization, 

technology advancement and dynamics of the market. 

Therefore, customer satisfaction through quality 

products and services has become vital for every firm to 

survive in their positions. Adaption of internationally 

recognized quality standards is considered as the most 

accepted method to enhance firms' corporate reputation 

as a persistent quality product or service provider (Wu 

and Chen, 2011).  A quality system could be defined as a 

set of fixed procedures and rules aiming to ensure that a 

product, process or service follows a predetermined and 

widely accepted set of standards (Tsekouras et al., 2002). 

Adherence to such procedures could improve 

productivity as well as employee motivation in an 

establishment (Corbett  et al., 2005).

The most popular ISO standards adapted by firms in 

order to certify quality management systems are ISO 

9000, 14000, 22000, 26000, 50001,etc. Hazard Analysis 

Critical Control Point (HACCP) is also an internationally 

recognized standard for food safety.

Even though each and every firm tries to obtain 

certification in order to be competitive and use it as a 

marketing tool, a question arises whether this decision 

ultimately addresses the main financial objective of a 

firm. It is important to examine whether there is a 

significant impact on the performance through 

certification.

The objective of this research was to identify whether 

there is a significant impact of international quality 

standards on the business performance of firms in Sri 

Lanka and also, to identify the factors that influence an 

entity's decision to obtain quality standards.

Materials and Methods

The dataset is extracted from the Enterprise Survey 

conducted by the World Bank in 2011 comprising data 

obtained from 606 firms (Enterprise Surveys, 2011). 

Treatment Effects Model is used to minimize the 

endogeneity bias of an outcome which could occur in 

single equation estimation. The principle is to estimate 

two regression equations simultaneously. The first 
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estimation is a probit regression predicting the 

probability of treatment. The second equation is a Linear 

Regression for the outcome of interest as a function of 

the treatment variable (Brown and Mergoupis, 2010).

Existence of standard in a firm is selected as the 

treatment condition. Treatment function could be 

expressed as,

D*= á +á (Z )  á (Z )  + µ (1)0 1 1 i + …….+ n n i i

Where n=6, Z=observable determinants of adopting 

th standards, á=coefficients of determinants,µ= error,i=i

respondent and D*=latent index of the net value of 

standard adoption. 

The latent index D*is not observable. Instead, observable 

binary variable 'D'is used to indicate the adoption of 

quality standard(Kenkel and Terza, 2001). If the firm has 

adopted any internationally recognized quality standard 

dummy is assigned as D=1 and if not D=0.Therefore, 

D = 1 if D* >0

D = 0 if D* ≤ 0

The final outcome or the response of the firm could be 

expressed as,

Y = â  + â (X )  +…+ â (X ) + ã(D)  + å    (2)0 1 1 i j j i i i

where j=6,Y=profit, X=determinants of the outcome, â 

terms are coefficients of determinants, D=binary 

variable indicating the adoption of quality standard, ã = 

thcoefficient of the binary variable,i= i  respondent and 

å=random error. 

STATA (version 11.0)econometric software is used for 

the analysis.

Results and discussion

Descriptive Statistics of the Sample

Out of the 606 firms in the sample 100 firms have 

obtained at least one internationally recognized quality 

standard and it is in the order of 17% of the total 

respondents. Twenty percent of the total sample 

belongs to the food industry and 22% in the food 

industry has obtained quality certification. 20% of the 

sample is publicly listed establishments where as 58% 

are sole proprietorships. Out of the listed entities 42% 

has obtained quality certification which demonstrates 

a significant participation. Thirteen percent of the total 

sample has invested in research and development and 

majority (47%) of them has obtained certification. 

Results of the Treatment Function

The outcome of the treatment function as shown in 

Table 1 demonstrates the significance of the variables 

that determine the decision of whether to adopt quality 

standards or not. Results reveal that firms in the food 

industry have a very high probability to obtain quality 

standards than the other industry sectors. Increase of 

public awareness on food safety, government 

regulations and high competition would have 

influenced the food sector to adopt standards.

 One important finding is the influence of top 

manager's experience on certification. Results indicate 

that firms with experienced top management have a 

higher probability to promote quality standards than 

firms with less experienced managers. Size of the firm 

is also a highly significant factor that has influenced 

obtaining standards. This reveals that larger firms have 

a higher propensity to obtain quality standards with 

the intention of maintaining their corporate reputation 

globally. Firms that have invested on research and 

development activities and new technology from 

foreign companies demonstrate a higher positive 

tendency to obtain certification than the others.

Results of the Final Outcome Regression

The effect on firm performance as a result of 

certification is analyzed through the regression 
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Variable Coefficient P value 

Treatment Function   

Z1 –Industry- food or non food 0.71 0.008** 

Z2 – Years of experience of top management 1.39 0.020* 

Z3 – Size of the firm - employee number 25.58 0.020* 

Z4 – Investment on Research & Development 1.21 0.001** 

Z5 – Main market 0.16 0.632 

Z6- Investment on new technology  1.24 0.000** 

Z7-  Investment on new logistical or business support process 1.05 0.024* 

Z8-  Investment on new marketing methods -0.27 0.517 

á0 –constant 

 

Final Outcome Regression 

-4.13 0.000** 

D –Quality Standard 6.39 0.000** 

X1 – Introduction of new product & services 2.27 0.006** 

X2 – Investment on Research & Development 4.27 0.001** 

X3- Years from the establishment -7.68 0.305 

X4–Legal status 

Listed 

Partnership 

Sole 

 

4.33 

4.20 

2.46 

 

0.017* 

0.027* 

0.154 

X5– Availability of  licensing & permits 5.92 0.036* 

X6– formal training programs for employees 5.47 0.542 

X7– Employee turnover within the year -2.03 0.044* 

X8- Time period from the formal registration of the firm 7.09 0.162 

â0 –constant -4.07 0.025* 

 

Table 1. Estimated coefficients of the treatment function and the final outcome regression

Note: **P<0.01, *P<0.05
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equation (2). The coefficient of the dummy variable 'D' 

which is used to indicate the presence of a quality 

standard is positive and highly significant. This 

concludes that profit of the firms who have adopted 

internationally recognized quality standards, is higher 

than the profit of firms who have not adapted any 

standard by 6.39 million Rupees, Ceteris Paribus. 

Therefore, it is clear that the presence of quality 

standards has a profit effect and thus a significant impact 

on business performance, which is the central 

hypothesis tested in this research.

Firms that have introduced new products to the market 

and invested in research and development demonstrate 

a 2.3 and 4.3 million Rupees increase in profit 

accordingly with compared to firms that have not 

introduced new products, and not invested in research 

and development, Ceteris Paribus. This clearly indicates 

that investment on research and development and 

introducing new trends to the market attract the 

customers and ultimately affect the business 

performance of a firm positively.

The effect of legal status to the performance of a firm is as 

follows. In comparison to limited partnerships, publicly 

listed companies demonstrate 4.3 million Rupees higher 

profit while partnership firms demonstrate4.2 million 

Rupees, Ceteris Paribus. Publicly listed companies are 

highlighted in the results and this could have been 

resulted due to under taking many positive NPV 

generating projects since they have a broad access to 

capital markets.

Employee turnover is significant in terms of assessing 

business performance. The results indicate a negative 

relationship between the profit and employee turnover. 

This demonstrates that de-motivation of employees and 

lack of employee loyalty to the establishment directly 

affects the business performance negatively. Obtaining 

licensing and permits also indicate a significant 

positive effect on firm performance.

The overarching finding is that there is a significant 

positive impact on performance in firms who has 

certification than the firms who did not.
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Abstract

Based on a survey conducted in China and Sri Lanka, the study examined consumer expectations of corporate social 

responsible strategies (CSR) in a product harm crisis. Mainly four CSR strategies were considered namely, economic, 

legal, ethical and philanthropic. A self administrated, pre-tested questionnaire survey was used in response to the 

fictitious product harm crisis scenario. Total 201 respondents participated in the survey. Study reveals that Chinese 

expect legal responsibilities from the business while Sri Lankans expect ethical, legal, and philanthropic 

responsibilities in the face of company culpable crisis. Moreover, economic and legal CSR expectations vary 

significantly between China and Sri Lanka whereas ethical and social CSR expectations do not vary between these two 

cultures. These findings provide useful guidance for crisis managers and CSR implementers in selecting CSR 

strategies in crisis and for further academic inquiries.

Key  words: China, Company culpable corporate social responsibility, Product harm crisis, Sri Lanka

 Introduction

Corporate social responsibility (CSR) is still an 

st“emergent” issue and it gains a serious traction in the 21  

century. A company ameliorates its social image through 

CSR and it irreversibly becomes a part of the company 

fabric today. Although, the concept of CSR has extant in 

an accelerating rate in business and business research 

recently, there are several caveats in the existing 

literature keeping several questions unanswered.  First 

gap, according to recent scholars, is an inadequate 

consumer -centric comparative studies (Lee et al., 2012). 

Majority of existing CSR researches only considered the 

corporate perspective of already established CSR 

strategies without taking into account consumer voices. 

Second, the CSR studies that captured consumer voice 

with respect to Asian markets are scant. Very few (For 

example, Maignan, 2001; Chu and Lin, 2013) 

investigated this matter yet. However, these studies 

were based on developed markets. In addition, the 

concept of CSR and most of the empirical work on the 

topic originated from the U.S.  Recent scholars have 

shown the importance of implementing CSR strategies in 

Asian firms. Asian firms are rewarded by the market for 

improving their CSR practice. Both countries; China and 

Sri Lanka, have emerging markets and CSR systems are 

still in their nascent stage. Therefore, the economic 

development coupled with international expansion of 

emerging markets has made it necessary for China and 

Sri Lanka to be cognizant of the growing CSR 

movements in the industrialized world. Third, past 

scholars pointed the scarcity of studies on consumers' 

CSR expectations in product harm crises (Klein and 

Dawar, 2004). These caveats of existing literature 

motivated the current research to deal with two main 

questions. First, what are the consumers' expecting 

CSR strategies in product harm crisis? Second, do these 

expectations vary with culture? Present study searches 

answers for these questions. Therefore, the main 

objective of the study is to find consumers' CSR 

expectations in a product harm crisis with special 

reference to China and Sri Lanka.

Materials and Methods

Data were collected during October, 2012 in Sri Lanka 

and during November, 2012 in China. A self 

administrated, pre-tested questionnaire survey was 

used and two samples of Chinese (n=51) and Sri 

Lankan (n=50) based undergraduates in marketing 
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and business management specialized students were 

participated in the survey. Two versions of 

questionnaire; Chinese and English were used to capture 

responses from Chinese and Sri Lankans respectively. 

The English version of the questionnaire was translated 

into Chinese by a bilingual researcher and back-

translated by a different bilingual researcher in order to 

maintain translation equivalence. Questionnaires were 

randomly distributed in two countries among 

respondents in classroom sessions. A questionnaire 

contained a fictitious company culpable (company locus, 

stable and controllable by the company) product harm 

crisis situation in conjunction with different statements 

regarding four main CSR strategies i.e., economic, legal, 

ethical and philanthropic as used by Golob and his 

colleagues (2008). The four CSR strategies were 

described as, economic (companies should always 

improve economic performance, legal (companies 

should always conduct a business in line with legal 

principles, ethical (companies should always conduct a 

business in line with ethical principles, and 

philanthropic (companies should reinforce their 

voluntary activities for society welfare. Respondents 

were asked to rank these statements on a seven point 

Likert scale anchored by 1= “strongly disagree” and 7= 

“strongly agree” according to their level of expectation.  

A fictitious yogurt brand was used as the stimulus brand 

and respondents were asked to rank the locus, stability, 

and controllability of the crisis on a seven point Likert 

scale anchored by 1= “strongly disagree” and 7= 

“strongly agree”  in order to understand whether their 

answers were based on a correctly identified product 

harm crisis situation. Respondents rated fictitious 

experimental situations as, 1= “not realistic at all” and 7= 

“very realistic” at the end of the questionnaire to ensure 

the plausibility. Collected data were analyzed by using 

SPSS (version 20.0). 

Results and Discussion

Respondents identified the company culpable crisis 

situation correctly. Majority identified the crisis as a 

company locus (96% Chinese and 96% Sri Lankan), 

stable (98% Chinese and 90% Sri Lankan) and a 

controllable one (96% Chinese and 90% Sri Lankan) 

which the experimental scenario needed to accentuate. 

Moreover, majority of respondents in China (78 %) and 

Sri Lanka (92 %) stated that the crisis scenario was 

realistic. Chinese and Sri Lankan consumers demanded 

the firm's most preference CSR strategy by stating 

“strongly agree” (7 on a seven point Likert scale). 

Majority (82%) of Chinese consumers gave their 

highest preference to legal strategies of CSR followed 

by ethical (67%) strategies. In contrast, Sri Lankan 

consumers wanted to see a company being an ethical 

(56%) one followed by a legal (54%) and philanthropic 

(52%) one.  It is interested to note that consumers in 

both countries expected economic responsibilities as 

the least important one in a crisis.  In order to see how 

consumers ranked these strategies based on their 

expectations in crisis and how these CSR are correlated 

between each type of CSR in China and Sri Lanka, a 

correlation analysis and a series of one sample t tests 

were carried out with respect to Chinese and Sri 

Lankan responses. Chinese and Sri Lankan consumers 

expected legal, ethical and social responsibilities more 

important than economic (p<0.001). Chinese rated 

legal as more important than ethical (t= -1.98, p < 0.05) 

and ethical responsibility is more important than 

social (t= - 2.39, p <0.05). Moreover, they rated legal as 

more important than social (t= - 4.21, p <0.001). 

Therefore, Chinese consumers ranked the CSR 

strategies based on their expectations in the following 

decreasing order (1) Legal (2) Ethical (3) Social, and 

(4) Economic. However, with respect to Sri Lankan 

consumers' view, expectations of neither legal nor 

social responsibilities significantly differed from 

expectation of ethical CSR (p>0.05). Moreover, there 
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were no significant differences between the 

expectations of legal and social responsibilities as well 

(p>0.05). Therefore, Sri Lankan consumers expect 

ethical, legal and social responsibilities from the 

business in equal weight in crisis. 

Correlation results further embellished these finding 

showing that economic responsibilities were not 

associated significantly with any other three 

responsibilities in both countries (p>0.05). This is in line 

with Maignan (2001) findings. Author stated that 

“consumers establish a differentiation between the 

economic duties of business on the one hand and other 

corporate social responsibilities on the other hand” (p. 

69). All other CSR expectations (ethical, legal, 

philanthropic) were significantly correlated between 

each type of CSR in both countries. For instance, ethical 

and legal expectations were highly correlated in China 

(r= 0.48, p<0.01) and Sri Lanka (r= 0.41, p<0.01). 

Moreover, legal and philanthropic expectations were 

highly correlated in China (r= 0.43, p<0.01) and Sri 

Lanka (r= 0.48, p<0.01) as well. In addition, ethical and 

philanthropic expectations were highly correlated in 

China (r= 0.25; p<0.05) and Sri Lanka (r= 0.36, p<0.01) 

too.

Overall, these results are consistent with the findings of 

Golob and his colleagues (2008). Authors stated that 

consumers generally have high expectations of CSR 

especially in legal and ethical- philanthropic domains 

and least importance in economic domain.  However, 

from a company's perspective, economic duties are the 

most important responsibility. Present study uncovered 

from Chinese and Sri Lankan consumers' perspective 

that an economic responsibility of CSR was the least 

important one in a crisis, revealing the disparity of 

expectations between company and consumers. 

The multivariate analysis of variance (MANOVA) was 

conducted to assess the country effect on consumers' 

CSR expectations.  The multivariate effect was 

significant by countries (Wilks' = 13.05, p<0.001). 

Univariate tests showed that there were significant 

differences between China and Sri Lanka on economic 

expectations (F= 40.66, p<0.001) and legal 

expectations (F= 4.55, p<0.05).  However, ethical and 

philanthropic expectations of CSR were insignificant 

between these two countries (p>0.05).

In sum, study shows some parity and disparity of CSR 

expectations between Chinese and Sri Lankans in a 

product harm crisis. Both countries expect ethical and 

philanthropic responsibilities and expect economic 

CSR as their lowest preference. Chinese consumers are 

more concerned about legal expectations, while Sri 

Lankans expect to see a business as ethical, legal and 

philanthropic one. Therefore, companies, in particular, 

multinational companies should pay a great attention 

while implementing CSR strategies. Current study 

suggests the implementation of CSR strategies in a 

crisis should be based on grass-root level expectations 

of different nationalities in a global market system in 

order to gain expected benefits and to assure 

sustainable business environment globally. As crises 

can hit any company at any time regardless of the size 

of the company or where it operates in the world, 

understanding of consumer expectations perhaps 

fruitful in order to launch multi-dimensional CSR 

strategies.
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Abstract

Tea is the main export plantation crop and the main foreign exchange earner among agricultural products of Sri 

Lanka. In 1998 Food and Agricultural Organization (FAO) named tea as a food commodity. Consumers in the global 

market are very conscious on the quality of tea as a healthy beverage. Thus, “Food Safety Standards” have adopted for 

tea to prove its suitability for human consumption. Among food safety management systems, ISO 22000 is the most 

widely used and most accepted system and the 5S is a supporting system, which helps to establish ISO 22000. To 

establish this system it spends large amount of cost. Therefore, it is worthwhile to find out that the economic benefits 

of establishing these quality management systems. Matara district was selected purposively and five factories within 

the district were selected randomly. They are Dhampahala, Mulatiyana, Nilgiri, Sudugaha hena and Bogoda. To find 

out the “economic impact” of the project, the project analysis tools such as Net Present Value (NPV), Internal Rate of 

Return (IRR), Benefit cost ratio (BC ratio) and Payback period were employed. Results revealed that establishment of 

Quality Management Systems (QMS) in to a tea factory are beneficial economically. The NPV was 2,482,774.00 LKR. 

The IRR was 74% and the BC ratio was 1.69. The payback period was 3 years. Therefore, the introduction of QMS is a 

worthwhile investment for tea factories in economic aspect. 

Key words:  ISO 22000, 5s system, Quality management systems, Project analysis tools

Introduction 

Tea (Camellia sinensis L.) is globally one of the most 

popular and lowest cost beverages, next only to water. 

More than three billion cups of tea are consumed daily 

worldwide (Barker, 1995). Africa, South America, the 

Near East and especially the Asian region produces a 

varied range of teas (Barker, 1995). Huge populations in 

Asia, Middle East, Africa, UK, EU, and countries of the CIS 

consume tea regularly and throughout the day. 

Ministry of Plantation Industries (2009) shows that Sri 

rdLanka as the 3  biggest tea producing country, has a 

production share of 9% in the international sphere, and 

one of the world's leading exporters with a share of 

around 19% of the global demand . The total extent of 

land under tea cultivation has been assessed as 

approximately 2.22 million hectares. 

Tea was named as a food commodity since 1998 by FAO. 

Subsequently consumers in the global market are very 

conscious on the quality of tea as a healthy beverage. 

Quality standards have been developed to prove its 

suitability for human consumption.

As one of the world's major tea exporter, it is necessary 

to concern about the quality standards for tea in order 

to maintain the demand and also to protect the name of 

“cleanest tea in the world”.  

The ISO 22000 is the most accepted and popular food 

safety standard in the world.  There is a growing trend 

in many tea factories for establishing ISO 22000 food 

safety management system and 5S system. Financial 

and technical cost is very high for establishing the 

requirements of the standards and training the 

working staff. Not only for establishing but also for 

maintaining, it spends a large amount of cost.
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Factory owners generally believe that these systems are 

efficient and effective. Hence, they are not hesitating to 

spend money and capital to establish these systems and 

also they would like to know whether they will get 

adequate return to the money they spent. 

Therefore, the objective of the study is to evaluate the 

economic impact of establishing ISO 22000 food safety 

management and 5S systems in tea factories.

 

Materials and Methods

As Matara is the second largest tea growing district in 

Southern province, it was selected for the study and it 

consists about 23454 ha of tea lands. Out of the total land 

extent, 17150 ha (73.12%) are in the small holding 

sector and rest 6304 acres (26.9%) belongs to the estate 

sector (Ministry of Plantation Industries, 2009).  

There are 102 tea factories in Matara district and among 

them five were selected randomly. They are Damapahala 

(7000 kg/ day Maximum green leaves capacity), 

Mulatiyana (15000 kg/day), Nilgiri (7000 kg/day), 

Sudugahahena (6500 kg/day), and Bogoda (13000 

kg/day).  

To achieve the main objective, the basic requirements 

(cost components) that had to establish for ISO 22000 

and 5s systems were identified initially. The cost that 

spent for establishing those requirements (fixed cost) 

and maintaining (Variable cost) / per year was 

calculated using the secondary data and information 

collected through the interview of relevant officers.

 Income after establishing ISO 22000 food safety 

management and 5s systems were calculated by 

comparing factory records of 2 years {2011 and 2012} 

(before and after establishing quality management 

systems). Above information was used to calculate net 

gain due to establishment of quality standards for 

selected factories. Net profit/ loss after establishing 

quality management systems were also computed. 

(Profit/ loss due to ISO 22000 and 5s)

Data were collected from monthly and annual factory 

accounts, records and interviews of factory managers 

and officers. Data were analyzed using following 

project analysis tools; Net Present Value (NPV), 

Internal Rate of Return (IRR), Benefit Cost ratio (BC 

Ratio) and Payback period.

Net present value (NPV): Net present value is defined 

as the sum of the present values (PVs) of the individual 

cash flows. In the case when all future cash flows are 

incoming and the only outflow of cash is the purchase 

price, the NPV is simply the PV of future cash flows 

minus the purchase price. 

Where,

t - the time of the cash flow 

i - the discount rate (the rate of return that could be 

earned on an investment in the financial markets with 

similar risk.) 

R  - the net cash flow (the amount of cash, inflow minus t

outflow) at time t. For educational purposes, R  is 0

commonly placed to the left of the sum to emphasize its 

role as (minus) the investment. 

Benefit cost ratio: The BCR is the ratio of the benefits 

of a project or proposal, expressed in monetary terms, 

relative to its costs, also expressed in monetary terms. 

All benefits and costs should be expressed in 

discounted present values. 

Internal rate of return: The internal rate of return on 

an investment that makes the net present value (NPV) 

of all cash flows (both positive and negative) from a 

particular investment equal to zero.
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project. 

Where

i = Discountrate that gives positive Net Present Value1    

i =Discount rate that gives negative Net Present Value2    

PV= NPV in i1

NV= NPV in i (not consider minus mark)2  

Pay Back Period: Payback period in capital budgeting 

refers to the period of time required for the return on an 

investment to "repay" the sum of the original 

investment. The time value of money is not taken into 

account. Payback period intuitively measures how long 

something takes to "pay for itself." All else being equal, 

shorter payback periods are preferable to longer 

payback periods.

Results & Discussion

Cost for establishing ISO 22000 & 5S system

The initial cost for establish the ISO 22000, 5S system 

and annual maintain cost of each factory are given in 

Table 1.

By studying the Table 1, it can be understood that to 

establish ISO 22000 and 5s system to a tea factory it 

needs around Rs. 1836900 on average and as maintain 

cost it needs Rs. 389800 per annum. 

Income/ Expenditure after establishment of ISO 

22000 and 5s systems 

Here it was only considered the income/expenditure 

due to establishment of quality management system 

(ISO 22000 and 5s). Changes of income and 

expenditure  after  establishment of quality 

management system were calculated under five 

aspects. They were reduction/ increment of electricity 

bill, fire wood cost, made tea selling income, factory 

maintain cost and machine maintain cost. Those five 

aspects were calculated by comparing the values of two 

years (2011 and 2012) before establishing quality 

standards and after establishing quality standards. It 

was assumed that there was no any change in rate of 

above aspects in considered two years.

Table 2 describes reduction/ increment of electricity 

bill, fire wood cost, made tea selling income, factory 

maintain cost and machine maintain cost of each 

factory comparing with before and after establishing 

quality standards.  
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(i  - i ) PV2 1

PV + NV
IRR = i + 

Factory Name Establishment cost 
(Rs.) 

Average Annual maintain cost 
(Rs.) 

Dampahala 1466500 314000 

Mulatiyana 2470000 530000 

Nilgiri 1565000 322000 

Sudugahahena 1378000 308000 

Bogoda 2305000 475000 

Average  1836900 389800 
 

Table 1. Initial establishment  annual maintain costs of ISO 22000, 5S system for selected factoriesand

International Symposium on Agriculture and Environment 2013
University of Ruhuna Sri Lanka



Electricity bill is the only factor that increases in all five 

factories. The reasons might be new machines, lights and 

other electric equipments (fans) etc were established for 

the requirement of ISO 22000 and 5S systems. The 

reasons for reducing the cost of fire wood may be giving 

proper instructions for operator to operate hearth 

efficiency and machine maintenance according to the 

ISO 22000 and 5S. Made tea selling income has also 

increased in all factories after establishing quality 

standards. High price due to quality improvement may 

be the reasons. Factory maintains cost also considerably 

decreases after establishing quality standards in all 

selected factories. Not only that, machine maintenance 

cost also decreases after establishing quality standards. 

The reason might be working staff (specially machine 

operators and mechanics) had identified their duty 

well and they had followed up those regulations due to  

special training obtained and maintain relevant check 

list for each machine to repair and maintain them 

regularly.

Predicted benefits for next ten years

It was predicted that the benefits of this project could 

be got in next 10 years and the benefits that predicted 

to achieve were given in Table 3.

  
Dampahala Mulatiyana Nilgiri Sudugaha 

Hena 
Bogoda Average  

Increment of Electricity bill Rs. 3857.78 55957.18 2745.18 27963.95 7065.6 19517.94 

Reduction of fire wood cost Rs. 243040.14 239571.08 71147.9 17478.13 374482.6 189143.96 

Increment of selling tea income (Rs.) 370346.9 7985.69 160083 517329.2 614716.5 334092.25 

Reduction of factory maintain cost Rs. 50151.14 57432.13 25533.5 34269.9 498260 133129.33 

Reduction of machine maintain cost Rs. 227609.02 664449.94 287614 313909.7 361977.8 371112.13 

Annual average sum of the  income after establishing ISO 22000 and 5s ( Rs.) 1007959.7 
 

Table 2. Income/ expenditure after establishment of ISO 22000  5S systemsand

Year Cost for establishing ISO 
22000 & 5s  Rs.  

Annual average sum of the income 
after establishing ISO 22000 &5s  
Rs. 

Net Profit/ Loss after 
establishing ISO & 5s  Rs. 

1 1836900 1007959 -828941 

2 389800 1007959 618159 

3 389800 1007959 618159 

4 389800 1007959 618159 

5 389800 1007959 618159 

6 389800 1007959 618159 

7 389800 1007959 618159 

8 389800 1007959 618159 

9 389800 1007959 618159 

10 389800 1007959 618159 

 

Table 3. Predicted benefits for next ten years
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Values in the Table 3 were used to compute project 

analysis tools Net Present Value (NPV), Internal Rate of 

Return (IRR), Benefit Cost Ratio (BC Ratio), and Pay Back 

Period.

NPV= Rs. 2,482,774.00 (Assumption: Normal 

market interest rate= 10%)

IRR= 74%

Benefit Cost Ratio = 1.69

Payback period = 03 years

The Net Present Value (NPV) is Rs. 2,482,774.00. It 

indicates that if Rs. 1836900.00 invest as the fixed cost 

for establishing basic requirements of ISO 22000 and 5S 

quality management systems and Rs. 389800.00 spent 

annually as a variable cost, it is possible to earn Rs. 

th2,482,774.00  at the end of the 10  year in today's money 

value (Assumption: Normal market interest rate is 

10%). NPV value of this project is considerably high 

value. According to project analysis theories, projects 

that get positive value for NPV are accepted for 

implement. 

Internal Rate of Return (IRR) for above project is 74%. 

As, high IRR is resulted, it could recommend to invest in 

the project than investing money in the bank. (Taking a 

bank loan and investing in this project is also profitable). 

Benefit Cost Ratio (BC Ratio) is calculated as 1.69. As 

benefits should exceed the cost, BC Ratio should exceed 

one. Here BC Ratio of this project is greater than one. 

Therefore, this project is accepted for implement.

The Pay Back Period is 3 years. Payback period simply 

indicates that the period required to settle the 

establishment cost. According to the project analysis 

theories this should be minimum number. Result 

indicates that at the end of the third year, all 

thestablishment costs are settled and from 4  year 

onwards it earns profit. Therefore, this project would be 

accepted for implementing.

The mandatory criteria to recommend a project for 

implementation are, positive NPV value & more than 

one BC Ratio. In addition, IRR & Pay Back period are 

also considered in profit maximizing.

IRR should be higher than the market interest rate and 

Pay Back period should be minimum as possible. In this 

case all are in accordance with the project 

recommended theories. Therefore, establishment of 

quality management systems (ISO 22000 and 5S 

system) in tea industry can be recommended in 

economic aspect.
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Effect of Explants and Hormone Levels on Callus Induction in Tomato (Lycopersicon esculentum mill.): Variety 

Thilina
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Abstract

Tomato (Lycopersicon esculentum Mill) is a major vegetable crop that has achieved tremendous popularity over the 

last century and it is grown in almost every country of the world, including Sri Lanka. An efficient in vitro propagation 

technique is required for the genetic improvement of this crop via gene transfer technology. The initiation of callus 

cultures is the first step for an efficient in vitro propagation technique of this crop as well as other crops. To improve Sri 

Lankan tomato varieties genetically, this study was conducted to investigate the influence of explants and hormone 

levels on callus induction of tomato (Lycopersicon esculentum Mill): Variety Thilina as the pioneer step. Five different 

hormone combinations on Murashige and Skoog's (MS) basal medium with 0.1 mg/l NAA (1-Naphthalene acetic Acid) 

+ 1.0, 1.5, 2.0, 2.5, 3.0 mg/l BAP (Benzyl Adenine) as well as three explant types: hypocotyl, leaves and root were 

employed. Completely Randomized Design (CRD) was used as experimental design with 5 replicates. Statistical 

analysis was carried out using the Student Newman-Kuells Means Separation Test. Fresh weights of callus were 

evaluated after one month of culture establishment. Maximum callus production from hypocotyls and leaves were 

obtained on MS medium supplemented with NAA 0.1 mg/l and BAP 2.0 mg/l while root explants did not produce calli. 

Hypocotyls recorded to be better explants for the callus production (0.33 g/ explants). 

Key  words:  Lycopersicon esculentum, Callus, Explants, MS basal medium, BAP

Introduction

Tomato (Lycopersicon esculentum Mill) is an important 

Solanaceous vegetable growing throughout the world 

for its versatile uses. It is one of the protective foods as it 

possesses appreciable quantities of vitamins, minerals 

and sometimes rightly referred to as 'poor man's orange' 

(Devi et al., 2008). For geneticists, it has became a model 

plant due to the well investigated and relatively small 

genome (0.7–1.0 pg). On the other hand, breeders due to 

its considerable economic value, continuously search for 

new genomes determining a higher quality as well as 

resistance to diseases and unfavorable environmental 

conditions. With this aim, callus cultures are often used, 

as they are commonly considered an important source of 

genetic variability. The initiation of callus cultures and 

their use in future organogenesis or embryogenesis 

depends on numerous factors. Thus each time they need 

to be determined experimentally (Rzepka-Plevnešet al., 

2006). Furthermore, Sri Lankan tomato varieties less 

subjected to in vitro tissue culture techniques. To attain 

sustainable tomato productions, constraints such as 

labor cost, time consuming, have been addressed by 

conventional breeding and enhanced management but 

it has resulted in limited commercial success. The 

integration of modern biotechnology like tissue culture 

into breeding programs may provide powerful tools to 

overcome these limitations (Osman et al., 2010). 

Therefore, in vitro tissue culture techniques are 

required to improve Sri Lankan crop varieties as well as 

worldwide crop varieties. Investigation of callus 

induction ability is an opening pathway to establish 

tissue culture technique for tomato variety Thilina as 

well as other crops. Therefore, the present study aimed 

to determine the interactive effect of the type of explant 

and hormone composition of the MS basal medium on 

the induction and growth of the callus.
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Materials and Methods

Plant source

Seeds of Tomato were purchased from the Seed and 

planting material Division, Department of Agriculture, 

Sri Lanka. 

Establishment of aseptic cultures

Seeds were surface-sterilized by washing under running 

tap water, again washed in soapy water. Seeds were 

immersed in 70% ethanol for 3 minutes and rinsed three 

times with distilled water. Then seeds were disinfected 

with 20% Clorox (5.25 a.i. Sodium hypochloride) for 20 

minutes. Sterilized seeds were then rinsed three times 

with sterilized distilled water and inoculated onto solid 

nutrient medium containing MS (Murashige and 

Skoog's, 1962) salts (half-normal concentration of 

macro- and micronutrients) with 3% sucrose. The pH of 

the medium was adjusted to 5.86 with 1N NaOH or 1N 

HCl solution. The medium was solidified with 0.5 % Agar 

-2prior to autoclaving at 1.4 kgcm  for 20 minutes. The 

seeds were cultured under light in an air-conditioned 

room for 10 days (Dahanayake et al., 2010).

Callus production ability of different type of explants in 

different media

Leaf, hypocotyl and root explants of aseptic plantlets 

were cultured on MS half strength basal medium. Five 

different media were used supplemented with 0.1 mg/l 

NAA and 1.0, 1.5, 2.0, 2.5, 3.0 mg/l 2,4-D to investigate 

the callus production with the 15 days old seedlings. In 

2cultures, leaves were cut into sections (0.5 cm ) and 

placed on media with the adaxial surface toward the 

media, while hypocotyl and roots were cut into about 5 

mm and cultured by laying randomly on the media. Five 

replicates were used from each explant and cultures 

were kept under continuous light.

Data collection and analysis

Experiment was arranged according to the Completely 

Randomized Design (CRD). Callus induction and 

regeneration were evaluated 30 days after initiation. 

Number of explants with callus in different treatment 

and diameters of callus were recorded. All experiments 

had five replicates, each with five explants per bottle. 

Statistical analysis was carried out using the Student 

Newman-Kuels Means Separation Test of SAS software 

package (version 9.1.3).
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Treatments BAP mg/l Fresh weight of  callus per explant (g) 

Hypocotyl Leaves Root 

1 1.0 0.13880c 0.01966c 0.000 

2 1.5 0.28628ab 0.03590c 0.000 

3 2.0 0.33156a  0.09178a 0.000 

4 2.5 0.20256abc 0.06940b 0.000 

5 3.0 0.18320bc  0.07456ab 0.000 

 Means fallowed by the same lower case letters in each column are not significantly different at 5% level in Duncan's 

Multiple Range Test

Table 1.  Effect of á-naphthalene acetic acid (0.1 mg/l NAA) and different combinations of Benzyladenine (BA) 

                  on the callus induction of tomato (Lycopersiconesculentum Mill; Variety Thilina).
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Result and Discussion

Calli were initiated within 7 – 14 days directly on the cut 

surfaces of hypocotyls, leaves and root explants cultured 

on MS basal medium supplemented with auxins (NAA) 

and cytokinins (BAP) in different combinations (Table 

1).

Callus response was distinctly affected by the types of 

explants (Leaves, Hypocotyls, and Roots) and growth 

regulators used. The highest mean weight (0.33 

g/explant) of callus per explant was obtained on 

hypocotyl  explant  cultured on MS medium 

supplemented with 2.0 mg/l BAP and 0.1 mg/l NAA. Next 

highest mean weight (0.29 g/explant) was obtained on 

hypocotyl  explant  cultured on MS medium 

supplemented with 1.5 mg/l BAP and 0.1 mg/l NAA. The 

lowest mean weight (0.14 g/explant) of callus revealed 

by MS medium supplemented with BAP and 0.1 mg/l 

NAA. Mean weights were raised up to 2.0 mg/l BAP 

concentration and then it was decreased in both 

hypocotyl and leaves explants. Root explant was not 

produced callus in each and every BAP concentration 

and leaves explants were displayed callus in each and 

every concentration but mean weight were less than the 

mean weight of hypocotyls. Therefore, hypocotyl explant 

can be considered the best explant for all BAP 

concentrations. Nevertheless, 2.0 mg/l BAP with 0.1 

mg/l NAA was the best hormonal concentration for the 

hypocotyl explant to obtain maximum weight of callus. 

Highest mean weight of callus (0.09 g/explant) from 

leaves  explant  was obtained from medium 

supplemented with 2.0mg/l BAP as well as hypocotyl 

explants.  Although sufficient callus was induced on 

hypocotyl and leave explants by all growth regulators 

used, but no callus production observed from root 

explants.

Callus cultures constitute currently an important source 

of genetic variability, which is of considerable 
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importance in the breeding of many species of 

cultivated plants. Callus induction depends on 

numerous factors – different for different cultivars and 

species (Rzepka-Plevnešet al., 2006). The in vitro 

morphogenetic responses of cultured plants are 

affected by different components of the culture media 

and explants. Therefore, it is important to evaluate 

their effects on plant callus induction (Osman et al., 

2010).

Osman et al. (2010) reported that callus response was 

markedly affected by the types (Hypocotyls and leaves) 

of explant and growth regulators used. Moreover, 

Nikam and Shitole (1998) reported that the growth 

regulator requirements for callus induction vary 

depending on the source of explant. According to 

Chaudhry et al. (2010), callus induction was observed 

from both leaf disc segments and hypocotyls. Similarly 

hypocotyl and leaves explants were obtained callus in 

the present study. There were no any reports on callus 

from root explants until now as well as in the present 

study. Hypocotyl explant was the best explant to obtain 

maximum fresh weight of callus (Osman et al., 2010) 

and same results were observed in the present study.

In vitro callus induction depends on the endogenous 

concentration of plant growth regulator as well as 

exogenously supplied growth regulator (Osman et al., 

2010). The highest callus was obtained on hypocotyls 

explants cultured on MS medium supplemented with 

0.5mg/l NAA and the same explant by using 0.1 mg/l 

NAA with 0.5 mg/l BAP. Furthermore, for the cotyledon 

explants, the highest callus was obtained on MS 

medium supplemented with 2.0 or 3.0 mg/l NAA. 

However, MS basal medium supplemented with 

2.0mg/l BAP and 0.1mg/l NAA was the best hormonal 

concentration for both hypocotyl and leaves explant to 

obtain highest callus fresh weight. 
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As conveyed Rzepka-Plevneš et al., (2006) best medium 

for the culture of tomato cultivar 'Maskotka' on MS basal 

-3medium supplemented with 2.0 mg.dm  of IAA and 1.0 

-3mg.dm  of BAP in leaves explant. However NAA (0.1 

mg/l) and BAP (2.0 mg/l) were used in the present study 

to obtain callus from leaves explant in Thilina, a Sri 

Lankan variety. According to them higher IAA and lower 

BAP concentration were induced the maximum callus 

from leave explant. However, lower NAA and higher BAP 

were induced maximum callus from leaves explants in 

the present study.As reported by Devi et al., (2008), the 

MS medium supplemented with 3.0mg/l BAP and 2.5 

mg/l IAA optimum for callus induction in Tomato. 

However BAP (2.0 mg/l) and NAA (0.1 mg/l) were 

obtained optimum fresh weight of callus from our study.

Maximum callus production was noted on MS basal 

medium supplemented with 0.1 mg/l NAA and 2.0 mg/l 

BAP from both explants hypocotyl and leaf of Tomato 

Variety Thilina. Hypocotyl explants were better for 

callus production comparing to leaf explants. 
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Effects of Explants and Hormone Levels on Regeneration of Radish (Raphanus sativus L.) Variety Beeralu Rabu
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Abstract

Radish (Raphanus sativus L; Brassicaceae) is an important vegetable crop which produce an edible root with different 

shapes and sizes. Apart from culinary purposes; radish has some medicinal properties as well. Major genetic 

improvement of radish has been achieved by conventional plant breeding methods although it is a time and labour 

consuming process. To overcome this situation, plant genetic engineering is used to improve novel plants with useful 

agronomic characters. The success in plant genetic engineering is dependent on efficient tissue culture system with 

high plant regeneration potential. This study was conducted to investigate the effects of different explants and 

hormones on the plantlet regeneration of Radish (RaphanussativusL; variety Beeralu Rabu). Seven different hormone 

combinations on MS (Murashige and Skoog's) basal medium with 0.1mg/l NAA + 0.1, 0.5, 1.0, 1.5, 2.0, 2.5, 3.0 mg/l 

BAPas well as three types of explants: hypocotyl, leaves and root were employed. Completely Randomized Design 

(CRD) with five replicates was used for the study.  Numbers of regenerated shoots were evaluated one month after 

establishment. Anova (DMRT) test showed that there were significant effects at p<0.05 level on radish plantlets 

regenerated with different treatments. Medium supplemented with 0.1mg/l NAA and 2.5mg/l BAP was the best 

hormonal combination while hypocotyl explants (5 shoots/explant) was the best explant for the in vitro regeneration 

of Radish variety Beeralu.

Key  words: Raphanussativus, Regeneration, Hypocotyl, MS basal medium

Introduction

Radish (Raphanus sativus L; Brassicaceae) is an 

important vegetable crop that is cultivated throughout 

Asia (Cho, 2008). Roots and leaves with different shapes 

and sizes are edible parts of this crop and it can be used 

for medicinal purposes, ornamental as well as culinary 

purposes. Radish is used as vegetable or salad in Sri 

Lanka as well as other countries. Radish is one of the 

vegetables that can be grown in all agro-ecological 

regions throughout the year if adequate moisture is 

available in Sri Lanka. There are three main Radish 

varieties recommended for Sri Lankan conditions as 

Japan Ball, BeeraluRabu and Table Radish. BeeraluRabu 

is the recommended variety for low country, while Japan 

ball has been recommended for the up country region. 

Sri Lankan radish varieties contain small sizes of tubers. 

Therefore, those varieties should be able to produce 

larger tubers to develop the appearance and quality of 

the tuber to achieve the export market. Genetic 

improvement is the crucial option for achieve that target. 

Major genetic improvement of radish has been 

achieved by conventional plant breeding methods, 

such as crossing although these methods are time and 

labour consuming. In recent years, advances in plant 

genetic engineering have opened a new avenue for crop 

improvement, and various transgenic plants with novel 

agronomic characteristics have been developed. The 

success in plant genetic engineering is dependent upon 

several factors, from which an efficient tissue culture 

system, with high plant regeneration potential, is a 

fundamental option (Mohomad et al., 2009). However, 

there is limited information on the plant regeneration 

from cell or tissue cultures of radish especially for Sri 

Lankan varieties. The aim of this research was to study 

for the first time, the effects of explant types and 

culture media on the potential of in vitro regeneration 

of Radish; variety Beeralu.
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Materials and Methods

Preparation of culture media

All the media used were adjusted to a pH value of 5.8 - 6.0 

with 1N NaOH or 1N HCl solution, gelled with 0.5% agar 

-2prior to autoclaving at 1.4 kgcm  for 20 minutes.

Regeneration ability of different explants in different 

media

Leaf, hypocotyl and root explants from aseptic plantlets 

were cultured on MS basal medium. Six different media 

supplemented with 0.1 mg/l NAA and 0.1, 0.5, 1.0, 1.5, 

2.0, 2.5, 3.0 mg/l BAP were used to investigate the 

regeneration ability of 15 days old plantlets. Leaves were 

2cut into sections (0.5 cm ) and placed on media with the 

adaxial surface toward the media, while hypocotyl and 

roots were cut into about 5 mm and placed on the media. 

Five replicates were used from each explant and cultures 

were kept under light.

Data collection and analysis

Experiment was arranged according to the Completely 

Randomized Design (CRD). Regeneration was evaluated 

30 days after initiation. Numbers of explants with buds 

in different treatments were recorded. All experiments 

had five replicates, each with five explants per bottle. 

Statistical analysis was carried out using the Student 

Newman-Kuels means separation test using SAS 

statistical software (ver. 9.1.3).

Results and Discussion

Regeneration ability of different type of explants 

The best regeneration ability was revealed in hypocotyl 

explants among leaf explants and root explants (Figure 

1). These shoots were directly regenerated from 

explants containing vascular tissues. This type of 

regeneration has also been reported in Pinus radiate, 

Iris hollandica and Altiumsativum (Kim et al., 2001).

When comparing the means, highest number of shoots 

per explant (5.0 shoots/explants) was observed in MS 

basal medium supplemented with 0.1mg/l NAA and 

2.5 mg/l BAP (T ). It is significant from other 6

treatments and can be considered the best medium for 

regeneration for radish comparing to other treatments. 

Medium supplemented with 0.1 mg/l NAA and 2.0 

mg/l BAP was the second best treatment. Treatment 7 

(0.1 mg/l NAA and 3.0 mg/l BAP) and treatment 4 (0.1 

mg/l NAA and 1.5 mg/lBAP) gave same results. 

Treatment 1, 2 and 3 were similar to each other and 

they were revealed lowest regeneration ability (Table 

1). Curtis et al. (2004) have used N1B2 medium for 

hypocotyl explants and Murashige and Skoog (MS) 

medium with 20 µm benzyl amino purine for cotyledon 

explants to regenerate shoots of the Korean radish 

variety 'Jin JuDaePyong'.
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Figure 1. Regeneration of plantlets from explants of 15 days old plants. Photos were taken after 30 days of culture. 

                   a. leaf explants; b. hypocotyl explants; c. root explants.

a                                                                               b                                                                       c
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BAP  conc en tration s + 0.1  NAA (mg/l) 

 Explant s  

Lea ve s Hypocotyl Roots 

0.1(T1)  0 0d 0 

0.5 (T 2) 0 0d 0 

1.0 (T 3) 0 0d 0 

1.5 (T 4) 0 0.4dc 0 

2.0 (T 5) 0 3.0b 0 

2.5 (T 6) 0.4 5.0a 0 

3.0 (T 7) 0 1.2c 0 

 

Table 1.Comparison of the effects of different explants and hormone levels on regeneration of plantlets from radish 
                variety Beeralu.

Data in the same column followed by different letters are 

significantly different by Duncan's test at 95% level.

Nevertheless, in the present study all explants were 

employed in the same medium (MS basal media) with 

same concentration for every explant. It may be the 

reason for hypocotyl explant was selected as best 

explant. If media and concentrations of media was 

changed, regenerated shoots could have been obtained 

from other explants as well. The addition of ethylene 

inhibitors and silver nitrate to the culture media were 

beneficial towards shoot regeneration from hypocotyl 

explants (Curtis et al., 2004; Kim et al., 2001).  

Hypocotyls cultured in the presence of silver nitrate 

regenerated significantly more shoots compared to 

N1B2 medium alone. Additives such as silver nitrate 

supported enhanced shoot regeneration in the present 

study. However, no other additives were not used in the 

present study. Only MS basal media with different 

hormonal concentration were employed.

According to Kim et al., 2001 to direct regeneration from 

cotyledon explants were suitable for the effective 

induction of shoots on Murashige and Skoog's (MS) 

medium containing 3.0 mg/L kinetin. However, in 

present study, hypocotyl explant was the best explant for 

plantlets regeneration on MS basal medium with 2.5 

mg/l BAP.

As reported by Kim et al. (2001), IAA and NAA inhibited 

shoot regeneration but, in our study, low concentration 

o f  NA A  ( 0 . 1 m g / l )  p r o m o t e d  g o o d  s h o o t  

generation.Shoots of present study were directly 

regenerated shoots from explants containing vascular 

tissues. This type of regeneration has also been 

reported in Pinusradiata, Iris hollandica and 

Altiumsativum(Kim et al., 2001).

A Korean radish variety, 'Hannong' were regenerated 

on a medium supplemented with IAA and kinetin, 

without NAA and BA, shoots of  another Korean radish 

variety 'Taewang' developed on 2.0 mg/L IAA and 7.0 

mg/L kinetin (Kim et al., 2001). These results revealed 

IAA + kinetin as the best hormone combination for 

radish regeneration. However, BAP plus NAA have 

succeeded in the present study.

According to the literature, plant regeneration via 

organogenesis from hypocotyls showes a poor 

regeneration frequency. Therefore, studies need to be 

focused on the use of ethylene inhibitors and 

polyamines in culture media to improve the shoot 

production of seedling explants of radish (Kole and 

Hall, 2008). The present study can be improved using 

such ethylene inhibitors and polyamines to obtain 

more shoots from hypocotyl explants. 

Maximum regeneration was observed on MS basal 

medium containing 2.5 mg/l BA with 0.1 mg/l NAA 

from hypocotyls explant. This study is a baseline to 

carry further research on radish variety Beralu Rabu 

for improvement using gene transfer technology to 
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achieve high yielding varieties.
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Abstract

The correct type of solvent in the extraction method is specific in the natural materials. It is important to have quality 

of pigments, and therefore, optimum quality beneficial to the society can be produced The five varieties of seaweeds 

were collected from North east and South west coastal belt of Sri Lanka. The dried and ground seaweed species were 

extracted using different solvents The solvents used for extraction of pigments were ethanol, methanol, acetone and 

diethyl ether and seaweed color levels brown (Sargussum wighitti), green and red. Research results indicated that 

each solvent reach a peak of maximum value 27.8 - 40.98 µg/g namely Chlorophyll a and b in green and brown algae. 

The Carotenoids were also given maximum value 2486 µg/g in red algae species.  The usage of methanol and acetone 

solvent gave the best results pigment quality. The highest DPPH free radical scavenging activities of digests were 

maximum 6.5µM at Sargussum species in Methanol extraction.

Key words: Carotenoid pigments, Natural colors, Chlorophyll, Extraction, Antioxidant activity
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Introduction

The importance of marine algae as source of natural 

pigment has been well recognized due to their valuable 

beneficial effect in food, feed and Pharmaceuticals. It has 

wide variety of colours from green to yellow green, gray, 

red and brown indicating photosynthetic pigments such 

as chlorophyll and Carotenoids.  Solvent is an important 

factor in the effectiveness of pigments extraction.

Seaweeds are broken in to different categories according 

to their colors, such as blue, green and brown and red 

seaweeds. Color is an important characteristic of food, 

and their colors could be used for food coloring. 

According to seaweed of brown, green and red, till 

aquamarine color contain many pigments of 

carotenoids.

Pigments such as carotenoid (fucoxanthin) could even 

provide a new functional food and cosmetic ingredients 

with anti –metabolic syndrome activity anti-obesity, 

anti-diabeties, including antioxidants besides, providing 

anti-obesity, anti-inflammation effect and Low risk for 

breast cancer, poster cancer cells and diminishing risk of 

cardio-vascular disease.

Carotenoid pigments are one of fat- soluble pigments. 

For that, the maximization of the extraction process 

must use the solvent of fat, such as acetone, ethanol, 

diethyl either and methanol preparations. The 

extraction process with two kinds of solvents of fat 

could have given different results. Solvents of 

extraction process are effective if it is capable of 

producing pigments of high quality and quantity. The 

present study conducted on evaluation of solvent types 

of extraction carotenoids and chlorophyll a and b with 

high yield and quality. 

Materials and Methods

Sample collection

The five different seaweed varieties Gracilaria vericosa 

(brown seaweed) , Sargussum wightti  Sargussum 

species, Kappuphycus species (raw seaweed) and Ulva 

species (green seaweed) were collected from North 

eastern and South west coastal belt of Sri Lanka and 

transported to the laboratory keeping in the insulated 

box. The seaweeds were dried, ground and stored in 

0the freezer at 0 C, until used for color separation. The 

carotenoid and chlorophyll pigments were extracted 

by weighing 30 g of seaweed samples and they were 
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dissplved by organic solvents with a ratio 1:5 (acetone, 

methanol, diethyl ether, ethanol). Then stirred with 

magnetic mixer for 3 hours and filtered using cotton 

wool. The pigment filtrate was utilized for chlorophyll 

estimation absorbance was read at 666, 662, 664, 653, 

and 645, nm in UV spectrophotometer (Sikran et al., 

1998). The carotenoids were estimated 400, 440, and 

470 nm in UV spectrophotometer (Waroyo, 1949). The 

radical scavenging activity was determined by DPPH 

used modified method of Brand- Williams et al. (1995). 

Results and Discussion

The major photosynthetic pigments, total chlorophyll 

and carotenoids contents were estimated from fresh 

seaweeds. The total chlorophyll. A content ranged from 

(0.2234 – 20.8) µg/g with minimum in the red seaweed 

Gracilaria verucosa and maximum in green seaweed Ulva 

species. The total carotenoid content also ranged from 

109.16-2417 µg/g with minimum in the red seaweed 

and maximum in green seaweed (Ulva species) in 

methanol. The DPPH scavenging activity 6.5 µM was 

highest in Sargussum species. The analysis of algal 

pigments depends on the selection of appropriate 

extraction procedure. The results of the present study 

was in agreement with Warkoyo et al. (2011) who noted 

that highest extraction efficiency is generally achieved 

using methanol. However, the stability of pigments in 

methanol is low. Acetone is known to have a lower 

extractability of chlorophylls from the protein matrix. 

The acetone can provide stable environment. While 

acetone and methanol have the same polarity index, 

acetone has greater eutrophics strength than methanol 

for carbon-rich substrates (Stock and Rice, 1967).

According to the results obtained in the study, 

chlorophyll content and carotenoids in chlorophyta 

were highest in Ulva species in all the solvent.  Pigment 

content was influence by environmental parameters. 

Methanol extraction of seaweed in each solvent reached 
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a peak of maximum absorbance in accordance with 

specific characteristic of pigments. The overall usage of 

acetone and ethanol also gave better pigment quality. 

In accordance with study, stating the methanol gave the 

best results of the pigment extraction. However, 

acetone and ethanol can be considered the best solvent 

for processing food from the viewpoint of safety. 
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Abstract

Weedy rice (Oryza sativa var. spontanea) is one of the most destructive weeds widely spread in rice-growing areas in 

Sri Lanka. However, suitable and effective control method has not yet been used to manage weedy rice in paddy fields. 

Incorporation of rice residue is recommended for sustainable rice farming in all rice growing countries. An 

experiment was conducted to examine the germination ability and growth performances of weedy rice with different 

amount of rice residue incorporation. Rice residues from different rice cultivars ie; BG359, LD365, BG407, AT401, 

BG358, AT362, AT402, BG450 and BG300, Herathbanda and Handiran were used. The experimental design used was 

RCBD with three replicates. Results revealed that there was a significant reduction of weedy rice seed germination, 

mean germination index and plant height due to incorporation of rice residue into sand compared to the control. 

However dry weight per plant did not show significant reduction. When increasing amount of residue incorporation, 

germination % and mean germination time also decreased. It is suggested that the inhibition of weedy rice seed 

germination observed in this study may be due to the activities of allelochemicals released by decaying residue. 

Key  words: Weedy rice, seed germination, seedling growth, Oryza sativa

Introduction

Rice is the world's most important crop, and it feeds most 

of the people in Africa, Asia, and Latin America. Weeds 

are plant species that compete with the rice crop for 

plant nutrients, water, and light. Rice growing areas in 

many parts of Sri Lanka are seriously affected by the 

presence of several weeds. The most troublesome weeds 

in rice are species of the genus Echinochloa. Weedy rice 

also distributes over a wide area in rice growing region 

around the world making serious threat in direct seeded 

rice systems. At present no single management 

technique can effectively control weedy rice.

Weedy rice occupy in family Poaceae which has 

taxonomically classified as the same species as cultivated 

rice, but it behaves superior and differently from 

cultivated rice. Weedy rice normally grows faster; makes 

better use of the available N; produces more tillers, 

panicles and biomass in general; shatters earlier; has 

better resistance to adverse dry conditions; and 

possesses longer dormancy in soil. As a destructive weed 

occurring in rice fields, it commonly causes yield 

reduction and affects the quality of rice grains (Hoagland 

and Paul, 1978). Most weedy rice strains seeds consist of 

red pericarp and some have white (Arrieta et al,. 2005).  

Morphologically, weedy rice is highly variable and 

appears to be an intermediate between wild and 

cultivated rice.

Rice residue incorporation in to the paddy field is a 

common practice in most south Asian countries. The 

main aims of this strategy is to control weeds and 

supply additional Nutrients. Several researches 

revealed that there is control ability of some weeds 

such as Echinochloa crussgalli by incorporating rice 

residue. They called this concept as allelophathic effect 

of rice plants (Seigler, 1996).

Scientists have payed great attention to study 

allelopathic properties and potential in plants as 

sustainable weed control measures. Allelopathy was 

defined by (1984) to a mean the direct or indirect 

harmful or beneficial effects of one plant on another 

through the production of chemical compounds that 

escape into the environment.  These chemical 

compounds called allelochemicals, mainly secondary 

Rice 

466
Corresponding author: : lakmini077@yahoo.com

International Symposium on Agriculture and Environment 2013
University of Ruhuna Sri Lanka



plant metabolities such as terpenoids, steroids, phenols, 

coumarins, flavonoids, tannins, alkaloids, and 

cyanogenic glycosides, and their degradation products, 

have been known to be involved in allelopathic 

phenomena, and are important in all agro-ecosystems 

(Seigler, 1996). Allelopathy is an alternative approach to 

achieve the environment safe sustainable agriculture.

For rice, Chou and Lin (1976) identified six allelopathic 

compounds like p-hydroxybenzoic acid by thin layer 

chromatography from decomposing rice straw. Recently, 

Chung et al. (2000) identified some allelopathic 

compounds, such as ferulic acid, from straw extracts of 

different rice varieties and those compounds showed the 

inhibitory effect on the growth of barnyard grass. As far 

as these research findings are concerned, rice residue 

incorporation is sound alternative method for control 

weeds in rice fields. Although number of research has 

been conducted to examine the effect of rice residue 

incorporation on growth and development of common 

paddy field weeds like E. crusgalli, did not find data on 

weedy rice. Therefore, the main objective of this 

experiment was to assess the effect of residue 

incorporation into paddy soil on seed germination and 

seedling growth of weedy rice.

Materials and Methods

Rice residues from nine varieties (BG407, AT401, 

BG358, AT362, AT402, BG450, BG300, BG354, LD365, 

Herathbanda and Handiran) were used for this 

experiment.  All rice cultivars were separately grown at 

the field and harvested after their maturation. The 

harvested plants (leaves-plus-straw) were dried at room 

temperature and cut into small pieces before 

incorporation with sand. Weedy rice seeds were treated 

using 1:10(v/v) topsin for 10 min and rinsed several 

times with distilled water before seeding on pots.

Experiment was conducted in a protected house.  

Various amount of rice residue {2g (T1), 4g (T2) and 6g 

(T3)} from each cultivars were mixed thoroughly with 

500g of river sand in each pot then allow two weeks to 

decay materials. Control plants were grown in river 

sand without residue. All pots were placed on Petridish 

to prevent the loss of water-soluble toxic substances. 

Plastic nets were placed in the bottom of each pot to 

prevent the loss of sand through the holes in the 

bottom. Twenty five topsin treated weedy rice seeds 

were planted uniformly in each pot after two weeks of 

residue incorporation. Seedling emergence was 

de? ned as the coleoptile protrusion through the soil 

surface and was measured each day for 10 days after 

planting. Water was added to each saucer to maintain 

adequate moisture. All plants were harvested 10 days 

after planting. Ten randomly selected weedy rice plants 

from each pot were measured for shoot length, and 

seedlings were placed in paper bags and then kept in an 

oelectric oven at 65 C for 72 h to determine dry weight. 

Mean germination index (MGI) was calculated using 

the data of daily germination as per the formula 

described by Nicolis and Heydecker (1968).

MGI = Ó (n/t)

Where n= number of newly germinated seed at't' time 

and t= days from sowing. The collected data were 

statistically analyzed using statistical analysis system 

(SAS) software. The mean differences were adjusted 

using DMRT. 

Results and Discussion

Mixing rice residue into sand significantly reduced 

percentage seed germination, rate of seed germination 

and plant height. But dry weight per plant did not show 

significant difference. However, reduced dry weight 

per plant was observed when rice residue mixed with 

sand. According to the Chung and Miller (1995) 
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seedling dry weight is an important character of the size 

and vigor of the seedling which imply success in 

competition for other resources like land, space, and 

nutrients.  The lowest seed germination (37.33%) was 

observed in T2 which was incorporated 4g of rice 

residue with sand. Although T3 treatment which was 

incorporated 6g of rice residue with sand showed 

45.69% seed germination, there was no significant 

difference in between T2 and T3. Highest germination 

percentage (91.11%) was observed in control 

treatment.   Mean germination time was also reduced in 

treatments with rice residue. When increasing residue 

concentration from 2g to 4g significant reduction was 

observed in mean germination time. Higher MGT 

represent quick germination of seeds whereas lower 

MGT represent reduced rate of seed germination. These 
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results revealed that there is an effect from decaying 

rice residue to both germination% and rate of seed 

germination. Plant height also showed significant 

difference in between with and without rice residue 

incorporation. Plant height in all treatments with rice 

residue showed significant reduction; however in 

between these three treatments there was no 

significant difference. 

Rice residue incorporation to the paddy field is a 

common practice in Sri Lankan paddy cultivation 

system. According to the past researchers and 

scientists, there are number of benefits with rice 

residue incorporation, such as reduction in amount of 

inorganic fertilizer application, as an alternative weed 

control method. Seed germination and growth 

Figure 1. Variations of the means of seed germination percentage, mean germination index, dry weight per plant

                    and plant height with different amount of rice residue incorporation. Error bars shows ± Standard error 

                    for the mean. 
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inhibition of different weed species in soils incorporated 

with rice residues have been extensively conducted as a 

means of ecological weed management method. These 

studies suggest that the decomposing rice residue 

release allelochemicals that may inhibit the germination 

and growth of weeds like E. crusgalli. P-Hydroxybenzioc, 

vanillic, p-coumaric, o-hydroxypheylacetic acid and 

ferulic acids have been isolated from decomposing rice 

residue and all these compounds have been reported as 

common allelopathic compounds in plants (Chung et al., 

2000). Therefore, the significantly reduced seed 

germination, rate of seed germination and plant height 

and considerable reduction in seedling dry weight 

observed in this experiment might be the result of these 

toxic substances. Chung et al (2000) also showed that 

the allelopathic property is concentration dependent. 

Thus the more rice residue incorporated to the paddy 

field greater effect on weeds. The results observed in this 

experiment also showed greater reduction in all 

parameters measured when increasing amount of rice 

residue mixed with sand. However, it did not observe 

significant reduction in measured parameters when 

increasing amount of residue from 4g to 6g like when 

increasing amount of residue from 2g to 4g. Therefore 

according to the results observed in this experiment it 

can be concluded that the incorporation of rice residue 

facilitate management of weedy rice population in 

paddy fields. However, further studies are required on 

the effect of weedy rice seed germination and seedling 

growth with different quantities of rice residue 

incorporation into paddy soils. Moreover different rice 

varieties may have different responses on weedy rice 

seed germination and seedling growth and how these 

effects on subsequent growth of germinated seeds of 

cultivated rice in direct seeded paddy fields should also 

be investigated under paddy fields.      
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Drought Resistance and Post-Drought Recovery of Three Warm Season Turf Grasses
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Abstract

Knowledge about the drought responses of different turf grasses would be of great importance in developing water-

use-efficient landscapes. This study was designed to evaluate the drought resistant characteristics of three warm 

season turf grass species; Bermuda grass (Cynodon dactylon -BMD), Bahia grass (Paspalum notatum -BHI) and 

Centipede grass (Eremochloa opiuroides -CPD) by imposing 20 days of simulated drought followed by re-watering. 

Their relative drought resistance was compared by calculating ratios with those of control plants as well as the indices 

of drought survival and post drought recovery of each grass species. Plant dry weight, shoot and root dry weight, 

canopy height and number of leaves were measured as growth parameters while relative growth rate and relative cell 

membrane permeability were calculated to study the leaf cell stability. The study was arranged as a completely 

randomized design with four replicates allocating seven plants per replicate.  Drought avoidance, drought tolerance 

and drought escape mechanisms were helped drought resistance grass species to survive under lengthy dry spells 

and all three warm season grass species studied showed one or more of them.  BMD is a superior drought avoidance 

grass having a higher relative growth rate throughout, irrespective of time and treatment. Even though CPD has 

comparatively lower drought resistance, it had better resilience ability. 

Key words: Drought resistance, Growth parameters, Relative cell membrane permeability

Introduction

Water limitation for agriculture and urban landscaping 

has become a common threat for plant growth and 

survival in many areas. Thus drought tolerant species 

play a vital role in such areas. Although the mechanisms 

of drought tolerance in terms of plant productivity under 

moderate drought have been investigated in many crops, 

Volaire and Lelievre (2001) have stated that 

mechanisms contributing to drought survival in 

perennial grasses have received limited attention, even 

though lawn plays a major role in landscaping. Drought 

survival of perennial grass species is extremely 

important in areas with prolonged periods of drought. 

Post-drought recovery and re-growth are also similarly 

important in perennial grass management to ensure 

rapid re-establishment. Based on the climatic 

adaptability of perennial grass species; there are warm 

season and cool season turf grasses and the warm 

season turf grass species use significantly less water 

than cool season species (Harivandi et al., 2009). Plant 

response to drought stress involves changes in various 

morphological and physiological adaptations and 

drought tolerance and re-growth potential vary with 

grass species (Chai and Jan, 2010). It is generally 

believed that Bermuda grass has greater drought 

resistance as it contains both rhizomes and stolons 

while centipede grass bears only stolons and bahia 

grass has rhizome like stolons, which would serve as 

carbohydrate storage organs during stress. 

Carbohydrate accumulation in grass crown or 

rhizomes is important for the regeneration of new 

shoots and roots.

The objective of this study was to investigate the 

drought survival and post drought re-growth ability of 

BMD, BHI and CPD by comparing some mopho-

physiological responses to drought stress and re-

watering. 

Materials and Methods

This experiment was set up on following warm season 

turf grass species, Paspalum notatum (Bahia grass- 

BHI), Cynodon dactylon (Bermuda grass-BMD) and 

Eremochloa ophiuroides (Centipede grass-CPD). Seeds 

of these species were sown in 13 cm diameter plastic 
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pots in growth chambers at 25±3°C day and night 

temperatures. Twenty days after germination (DAG) the 

pots were brought to the field capacity and imposed 

stimulated artificial drought for 20 days (40 DAG) and 

then re-watered on the following day and kept well-

watered for another 20 days to observe the re-growth. 

Control pots were irrigated based on the moisture 

depletion. Treatments and species were arranged as a 

completely randomized design with two factors 

(watering treatments and species). Each treatment for 

each species was repeated in four replicates (four pots). 

The growth parameters were taken at 20, 40 and 60 DAG 

to compare the species responses to drought. The plant 

growth, in terms of dry weight, shoot dry weight, root 

dry weight, canopy height and number of leaves were 

recorded throughout the study period at 20 day 

intervals. Aesthetic appearance, leaf relative water 

content (RWC) and leaf relative cell membrane 

permeability (RCMP) were quantified 20 days of drought 

stress and 20 days of re-watering.

Leaf water status was determined by measuring RWC 

calculated as follows: RWC (%) = 100 × (FW -  DW)/(TW 

-  DW), where FW is the leaf fresh weight, DW is leaf dry 

weight for tissues dried at 85 °C for 3 d, and TW is turgid 

weight of leaves after being soaked in water for 4 h at ≈

20 °C. Cell membrane permeability which can be readily 

measured by the efflux of electrolytes was estimated by 

calculating the ratio between osmotic solutions of leaves 

(water stressed: well-watered).

Aesthetic appearance was rated based on a leaf color and 

turgidity level. It was visually rated on a scale from 0 to 9, 

where the appearance of grass was rated as zero if leaves 

were completely brown and desiccated and rated as 9 if 

leaves were green and fully hydrated.

All the measurements of stressed plants were compared 

with those of control plants by calculating the ratios.

Results and Discussion  

Drought resistant ability varies with grass species and 

falls into three categories; (1) drought tolerance 

requires one or more physiological mechanisms that 

allow a plant to avoid tissue damaging water deficit 

even while growing in a drought stress environment, 

(2) drought avoidance occurs in plants that can endure 

internal water tissue deficits caused by drought and (3) 

drought escape for survival by the plant's completing 

its life cycle before serious plant water stress is 

developed (Sifers and Beard, 1999).     

Significant (P<0.05) differences in dry matter 

production were observed among these three species. 

Within each species, the dry matter production 

differed between well-watered and water-stressed 

plants (data not shown). The inter-specific variation in 

relative growth rate (RGR) was calculated, and 

compared the species within each period irrespective 

of treatment, and hence the best performers can be 

identified. Mean RGR among species varied 

significantly (P<0.05) throughout the study period 

(data not shown). Bahia grass (BHI) did not show a 

significant RGR value under the water stress condition. 

However, during the re-growth after the drought 

stress, Centipede (CPD) grass showed significantly 

higher RGR value over the well-watered control plants. 

Nevertheless, Bermuda grass (BMD) showed a higher 

RGR throughout, irrespective of time and treatment. 

BMD is a superior drought avoidance grass having the 

key characteristics of the genetic potential for deep, 

dense rooting, bearing both above and below ground 

runners (rhizomes and stolons) and lower evaporation 

rate (Sifers and Beard, 1999).

Relative cell membrane permeability (RCMP) has been 

widely used as an indicator of leaf desiccation 

tolerance and the level of cell damage increases with 
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the plasma membrane permeability (Martin et al., 1987).  

A significantly higher RCMP ratio was found for CPD 

(5.082) at 20 days after drought stress and it was 

significantly lower in BHI (1.314) and in BMD (1.745). 

These RCMP ratios suggest that leaves of CPD 

experienced a cellular membrane damage but, the 

relative water content (RWC) ratio indicate that it would 

not severely declined or could not recover, after the re-

watering. The ratio of RWC of BHI, CPD and BMD were 

0.76, 0.61 and 0.45 respectively. However, BMD and BHI 

leaves were able to maintain better cell membrane 

stability than CPD under such severe drought stress. BHI 

falls into the drought avoidance category having deep 

fibrous root system with only rhizome like sotolon 

(Sifers and Beard, 1999).

After 20 days of drought stress, the grass quality or the 
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aesthetic appearance was visually estimated in these 

three species, where higher ratios were recorded from 

BHI (0.92) and BMD (0.76), whilst CPD had the lowest 

(0.48). Even though, CPD has a very limited root depth 

and density it is also a drought resistance grass variety 

having drought tolerance mechanism rather than 

drought avoidance (Sifers and Beard, 1999).

Figure 1. Interspecific variation in plant attributes in response to drought. RCMP: Relative cell membrane 

                   permeability, RWC: Relative water content.

Species Mean score value 

 
During drought During re-growth 

BMD 5.92 9.7 

BHI 7.83 5.3 

CPD 2.33 9.7 

 

Table 1. Mean scores obtained by turf grass species in 

                  response to drought (during 20-40 days) and 

                  during the re-growth.

Figure 1 shows the different plant attributes as a ratio 

of water-stressed to well-watered treatments, for the 

three species tested. Calculating the ratio of water 

stressed to well-watered plant attributes for each 

species reduces the inherent variation due to species 

differences, and allows for comparison of the relative 

response of each species to drought. For each attribute 

ratio, species were ranked giving scores. The highest 

rank was allocated to the best performer and vice-

versa. The mean score for each species was obtained 

after pooling the ranks of all the plant attributes. It was 

evident that, Bahia grass (BHI) had the highest mean 

score while Centipede grass (CPD) exhibited a lower 

tolerance to drought (Table 1).

Recovering ability of these turf grass species after the 
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drought was observed by the re-growth (Table 1; during 

the re-growth). The shoot, root and total plant dry 

weights of droughted plants were compared with those 

of control plants. Both Bermuda grass (BMD) and 

Centipede grass (CPD) exhibited highest re-growth 

potential while Bahia grass (BHI) had the poorest re-

growth capacity (Table 1). These results are in 

accordance with the RGR values discussed earlier. 

Bearing both rhizomes and stolons in BMD is a critical 

characteristic for having higher drought tolerance 

ability to store the carbohydrates during the drought 

and reuse them during the re-growth.

All these three grass species were able to withstand 

drought having one or more drought resistant abilities. 

Among these three grass species Burmuda grass 

(Cynadon dactylon) had the highest drought resistance 

and post-drought recovering ability.  Post-drought 

recovery and physiological regulatory mechanisms 

could be associated with the accumulation of 

carbohydrates in leaves and rhizomes during drought 

stress and new root production after re-watering. 
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Abstract

Calathea lancifolia is a cut foliage species that is regularly exported from Sri Lanka. However, early wilting and rolling 

of leaves are the prominent postharvest problems that are associated with Calathea which lead to shorten the vase 

life. These problems limit the export potential of this attractive species grown in Sri Lanka. 1-Methylcyclopropene (1- 

MCP) can be used to extend the shelf life of ornamentals by blocking the ethylene action.  Thus present study was 

conducted to identify the effective concentration of 1-MCP on extending the postharvest life of C. lancifolia cut leaves. 

The experiment was arranged in a completely randomized design (CRD), composed of two factors with three 

replicates; 1- MCP concentration at four levels (50, 100, 150 and 200 ppb) and period of exposing at two levels (6 and 
o  12 hours) in a hermetically sealed plastic buckets (20 L) at 28 C.  Afterwards, the treated and untreated cut leaves 

o were dipped in a glass filled with distilled water and stored in ambient temperature (28 C, 70% RH). Each treatment 

consisted of 3 replicates, five leaves per replication. Cut leaves of C. lancifolia treated with 50, 100, 150 and 200 ppb of 

1- MCP gas in 12 hours extended the vase life compared to 6 hours and untreated control. Leaf wilting, leaf yellowing 

and leaf rolling were recorded to assess the quality of the leaves. The cut leaves treated with 1- MCP at a concentration 

of 200 ppb in 12 hours showed 10 days of vase life with acceptable export quality. However there was no significant 

difference between 200 ppb and 150 ppb of 1-MCP concentrations when qualitative traits are considered. Therefore, 

150 ppb of 1-MCP concentration can be considered the cost effective among the concentrations that were 

experimented. 
  
Key  words: Calathea lancifolia, Vase life, 1-Methylcyclopropene

Introduction

Calathea lancifolia (Rattle snake Plant / Prayer Plant; 

Marantaceae) is one of the most attractive indoor 

ornamental tropical house plants. This plant has narrow 

leaves up to 50 cm long, medium green leaves with olive 

green dark decorative spots and fluted edge foliage. 

Calathea produces color even under extremely low light 

and therefore very popular and has a good demand as cut 

foliage exported from Sri Lanka. C. lancifolia has also 

become popular among the growers due to its 

characteristic leaves that attract the export market. But 

wilting and rolling of leaves leading to reduced shelf life 

are the prominent postharvest problems encountered 

with Calathea which limit the export potential of this 

foliage. Manipulation of the regulating mechanism of 

senescence is necessary to extend the vase life of cut 

foliage.  Thus, use of post-harvest treatments is 

important. Ethylene plays a major role in reducing vase 

life of cut foliage. 1-Methylcyclopropene (1-MCP) as an 

inhibitor of ethylene action, over 100 studies have 

conducted to examine of its action, application and 

effect on ethylene inhibition.1–MCP prevents ethylene 

effects in a broad range of fruits, vegetables and 

floricultural crops. Depending on the species being 

treated, 1-MCP may have variety of effects on 

respiration, ethylene production, volatile production, 

chlorophyll degradation and other color changes 

(Blankenship and Dole, 2003). Generally, treatment 

durations of 12-24 h were sufficient to achieve full 

response (Blankenship and Dole, 2003). 1- MCP has not 

been tested for cut foliage in Sri Lanka. Therefore this 

study was conducted to identify  effective 
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concentration of 1-MCP in extending the postharvest life 

of C. lancifolia cut leaves.

Materials and Methods  

The experiment was carried out at the tissue culture 

laboratory of Ministry of Agriculture (NWP), 

Kurunegala. The cut leaves were collected early in the 

morning and the cut ends of the leaves were put into a 

bucket filled with tap water. The leaves were transported 

to the laboratory on the same day. Healthy, disease free C. 

lancifolia cut leaves (50 leaves) with similar 

characteristics (Same colour, shape and size of the 

leaves) were selected for the experiment. All the selected 

TMleaves were cleaned using distilled water and Teepole .  

Leaves were recut in the water in order to have same 

petiole length. Following treatments were applied 1-

MCP 50 ppb, 100 ppb, 150 ppb, 200 ppb concentrations 

with two exposure times of 6 hours and 12 hours at 28±2 

° C. Distilled water was used as the control. Plastic bins 

were labeled according to the levels of treatments and 

beakers which were having 5 ml of distilled water with 5 

leaves were placed in each bin with three replicates. To 

release the 1- MCP gas, drops of distilled water at 40 ° C 

was added to the small bottle of 1- MCP powder. Bottle 

was placed inside the plastic bin and the bottle cap was 

opened. The bin lid was immediately sealed with 

Selotape. All the levels of treatments were made by this 

way and kept at 28±2 ° C for relevant time duration as 6 

hours and 12 hours. After 6 hours and 12 hours plastic 

bins were opened and beakers were taken out. Quality 

of the cut leaves was determined according to the self-

determined marking scheme. Leaf wilting, leaf 

yellowing and leaf rolling were recorded at two day 

intervals to assess the quality of the leaves. Distilled 

water in the beakers was replaced at 7 day intervals. 

Percentage of weight losses were recorded at two day 

intervals by using electrical balance. The weight 

difference was recorded as the percentage weight 

losses. The experimental design was CRD with three 

replicates. Data were analyzed using Statistical 

Analysis Software (SAS) package and the means were 

separated using Duncan multiple range test.  Data on 

leaf wilting, yellowing, rolling were analyzed by 

Kruscal Wallis test.
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Figure 1. Average weight loss percentage of C. lancifolia cut leaves at three day intervals after treated with 1-MCP 

                   at various concentrations.
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Results and Discussion

Exposure time of 1-MCP gas affected the weight loss of C. 

lancifolia cut leaves. The weight loss percentage of cut 

leaves treated with 1-MCP for 12 hours was significantly 

lower (p<0.0001) compared to those treated with 1-

MCP for 6 hours. At the end of 14 days, 100 ppb of 1-MCP 

showed highest mean weight loss percentage (13.7). The 

lowest mean weight loss percentage (2.01) was found in 

200 ppb of 1-MCP treated for 12 hours period. 1-MCP 

treated cut leaves had lower weight loss than untreated 

leaves (control – 0 ppb). There was a significant 

difference in weight loss percentage among 50 ppb, 100 

thppb, 150 ppb and 200 ppb stared at 9  day. The leaves 

treated with 200 ppb for 12 hours showed the lowest 

weight loss percentage (Figure 1).

In 12 hours 1-MCP treated cut leaves showed a longer 

vase life of 10 days than 6 hours treated cut leaves. There 

was no significant difference in wilting between 150 ppb 

and 200 ppb concentrations of 1- MCP. The cut leaves 

treated with 150 ppb and 200 ppb of 1-MCP did not show 

a significant difference up to 7 days of storage period. 

200 ppb concentrations of 1-MCP treated cut leaves 

showed 10 days vase life and 150 ppb concentrations of 

1- MCP treated cut leaves showed 9 days vase life.

Yellowing of C. lancifolia cut leaves that treated with of 1-

MCP was significantly different (p<0.0001) at the end of 

14 days. The cut leaves treated with 200 ppb of 1-MCP 

showed the highest mean score value (104.0) and 

control showed the lowest mean score value (37.9). 

There was significant difference in yellowing between 

the control (0 ppb) and the various concentration of 1- 

MCP. There was no significant difference in leaf 

yellowing between 6 hours 1-MCP treated cut leaves 

and 12 hours treated cut leaves up to 11 days of storage 

period. 6 hours 1-MCP treated cut leaves started leaf 

thyellowing at 11  day but 12 hours 1-MCP treated cut 

leaves did not show leaf yellowing until end of the 

experimental period of 14 days.   

Rolling of C. lancifolia cut leaves that treated with 

various concentrations of 1-MCP was significantly 

different (p<0.0001) at the end of 14 days. The cut 

leaves treated with 200 ppb of 1-MCP showed the 

highest mean value of 104.0 and the control showed 

the lowest mean value of 21.4. There was no significant 

difference in leaf rolling between 6 hours treated cut 

leaves and 12 hours treated leaves up to 13 days of 

storage period. 6 hours 1-MCP treated cut leaves 

started leaf rolling at 13th day but 12 hours 1-MCP 

treated cut leaves did not show leaf rolling until end of 

the experimental period of 14 days. There was no 

s i g n i f i c a n t  d i f fe re n c e  a m o n g  t h e  va r i o u s  

concentrations of 1- MCP up to 13 days. 150 ppb and 

200 ppb 1-MCP treated cut leaves did not show leaf 

rolling and showed more than 14 days vase life.

In many plant species ethylene has a detrimental effect 

on the vase life of sensitive cut stems and it particularly 

important in inducing undesirable abscission, 

senescence and physiological disorders of vegetative 

and generative organs (Ludovica et al., 2006). It also 

damages the product quality, causing loss of cellular 

turgor, chlorophyll and pigment degradation. In the 

early 1990s 1-MCP was shown to be an effective and 

environmentally safe blocker of ethylene binding sites. 

Concentration (ppb) Mean Score 

0 38.5d 

50 65.37c 

100 78.03b 

150 96.53a 

200 99.07a 

 

Table 1. Mean value of wilting of C. lancifolia cut leaves 

                 after exposing to the different concentrations 

                of 1-MCP gas.

Values having different superscripts are significantly 

different at p<0.0001.
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This gaseous compound acts at low concentrations even 

after a single application of few hours (Ludovica et al., 

2006).

The results showed that exposing of cut leaves to 1-MCP 

gas at 12 hours had better performance showing longer 

vase life than the 6 hours. In overall effect among various 

1- MCP concentrations on C. lancifolia cut leaves, 200 

ppb showed the best performance.  1- MCP at a 

concentration 200 ppb for 12 hours can be used to 

extend the vase life of C. lancifolia cut leaves up to 10 

days with acceptable export quality. There was no 

significant difference between 200 ppb and 150 ppb of 

1-MCP. Therefore 1- MCP at a concentration of 150 ppb 

for 12 hours also can be used to extend the vase life of C. 

lancifolia up to 9 days with acceptable export quality.

Exposing the C. lancifolia cut leaves to 1- MCP at 

ambient temperature can extend the vase life 

successfully. 1- MCP at a concentration of 200 ppb and 

1- MCP at a concentration of 150 ppb in 12 hours can be 

used to extend the vase life of C. lancifolia cut leaves by 

maintaining the freshness of the leaves. However, 150 

ppb of 1-MCP concentration may be the cost effective 

among the concentrations that were experimented.
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Fertilizer Response of Traditional Rice Cultivars with Different Maturity Durations

U.G.S. Amarasinghe, A.L. Ranawake  and S.G.J.N. Senanayake.
Faculty of Agriculture, University of Ruhuna, Mapalana, Kamburupitiya.

Abstract

With the aim of understanding the yield and yield components of some traditional rice cultivars which are having 

different days to maturity, a field experiment was carried out. Fifty traditional rice cultivars were planted in three 

rows with 15 cm X 20 cm spacing according to randomized complete block design. Each replicate of one cultivar was 

consisted with 3 rows.  Twenty plants of each cultivar were included in to one row and data were recorded in the 

middle row. The field was plotted using strong bunds for the separation of control experiment and fertilizer applied 

plots. The plot treated with inorganic fertilizers as Basal Dressing: Urea 50 Kg/ha, TSP 62.5 Kg/ha, MOP 50 Kg/ha and 

Top Dressing: Urea 37.5 Kg/ha – 2 Weeks after planting and 8 Weeks after planting.  Effect of fertilizer on agronomic 

characteristics namely plant height (cm), number of tillers/plant and number of leaves/plant, grain yield (g/plant) 

and harvest index were measured before harvesting. Grain yield and the harvest index were calculated at the end of 

the experiment. Fifty traditional rice cultivars were categorized into eight age groups according to days to maturity; 

105-110,111-115,116-120,121-125,126-130,131-135,136-140,141-145. Under fertilized conditions plant height 

was ranged from 119.0 cm-146.4 cm and the highest plant height was observed at the 105-110 early maturing 

cultivars. The lowest number of tillers (5.7), lowest number of leaves (10.7), lowest yield (10.0 g) and the lowest 

harvest index (0.28) were recorded by the age group 121-125. In control plants the lowest plant height (103.9 cm), 

lowest number of tillers (4.7) and the lowest number of leaves (6.7) were recorded by the age group 111-115. Under 

fertilized conditions the highest number of tillers (8.0) and the highest yield (24.7 g) were recorded by the age group 

126-130.The highest number of leaves was recorded by the age group 116-120 both in treatment (18.4) and in 

controls (10.8). The highest harvest index (0.49) was recorded by the age group 136-140 under fertilized conditions 

and in non fertilized conditions 0.46 was recorded by the age group 126 – 130.  

Key words: Agronomic characteristics, Traditional Rice, Fertilizer effect

Introduction

Along with improved cultural management, the use of 

balanced fertilizer is one of the most important aspects 

for increased crop productivity (Ahmed et al., 2005). 

Effective use of fertilizer reduces the cost of production 

of rice especially in irrigated lowlands that produces 

75% of rice in Asia. Numerous researches revealed that 

the application of fertilizer directly influenced the yield 

and yield attributing characteristics of rice (Arif et al., 

2010). Along with the effective use of fertilizer, varietal 

improvement should be done to meet a higher rice yield 

(Xiang et al., 2007). However, developing super hybrid 

rice depends largely on the germplasm resources of the 

parental lines and the conventional breeding technology 

(Wang et al., 2005). Most of the researchers collect, 

conserve and utilize rice germplasm in a systematic way 

to create high yielding; biotic and abiotic stress 

tolerant rice varieties (Lang and Buu, 2011). However 

traditional rice cultivars possess comparatively less 

yield potential (Mackill et al., 1996). To understand the 

behavior of yield and agronomic characteristics of 

traditional rice cultivars, fertilizer response of 

traditional cultivars with different maturity duration 

was studied. 

Materials and Methods

Fifty traditional rice cultivars were geminated and 

planted in nursery beds. Ten day old seedlings were 

transplanted in the field at Faculty of Agriculture, 

University of Ruhuna in rows with 15 cm X 20 cm 

spacing. Experiment was conducted in a randomized 

complete block design with four replicates. Each plot 
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consisted 3 rows of 20 rice plants. The plot treated with 

inorganic fertilizer as Basal Dressing: Urea 50 Kg/ha, 

TSP 62.5 Kg/ha, MOP 50 Kg/ha and Top Dressing: Urea 

37.5 Kg/ha – 2 Weeks after planting and 8 Weeks after 

planting. Control experiment was carried out without 

application of fertilizer. 

Plant height, number of tillers/plant and number of 

leaves/plant were measured in the middle row plants of 

the three-row-grown rice cultivars both in fertilized and 

in control plants. Grain yield and the harvest index were 

calculated at the end of the experiment. Plant height was 

measured in centimeter (cm) from soil surface to tip of 

the tallest panicle (awns excluded) according to the 

standard evaluation system for rice (IRRI, 2002). 

Number of leaves/plant and number of tillers/plant 

were counted manually. Grain yield (g/plant) was 

measured in individual rice cultivar after harvesting 

and removing unfilled grains.  Harvest index was 

calculated according to Li et al., (2012) as follows;

Fifty traditional rice cultivars were categorized into 

eight age groups according to days to maturity; 105-

110,111-115,116-120,121-125,126-130,131-

479

    Grain yield (g)/plant
Harvest index = 

    Total biomass (g)/plant

3383 EAT Samba 3517 Seeraga Samba  Batticaloa 3614 Sinnanayam 

3389 Sirappu Paleusithri 3518 H 10 3615 Yakada wee 

3394 Muthu Samba 3519 Manchel Perunel 3616 Jamis wee 

3395 Podi sudu wee 3550 Bathkiri el 3645 Muthumanikam 

3401 Wanni Heenati 3562 Thunmar Hamara 3646 Induru Karayal 

3409 BG 35-2 3567 Dingiri Menika 3647 Kalu gires 

3410 BG 35-7 3570 Madael 3650 Madabaru 

3415 BG 34-8 3571 Miti Riyan 3651 Balakara 

3416 A 6-10-37 3572 Suduru Samba 3652 Buruma Thavalu 

3417 Periamorungan 3588 Heenpodi wee 3713 Kalukanda 

3497 Sinnanayan 398 3589 Gangala 

  3498 Geeraga Samba 3591 Mudukiriel 

 3504 Dik wee 328 3594 Suduru Samba 

 3506 MI 329 3595 Kaharamana 

 3507 Suwanda Samba 3598 Bala Ma wee 

 3508 Madael Galle 3606 Chinnapodiyan 

 3510 Sudu wee Ratnapura 3607 Kiri Murunga wee 

 3511 Maha Murunga Badulla 3610 Heendikki 

 3514 Madael Kalutara 3612 Jamis wee 

 3516 Seevalee Ratnapura 3613 Lumbini 

   

Table 1.  PGRC accession numbers and names of fifty traditional rice cultivars
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135,136-140,141-145. Days to maturity was decided 

according to the characterization catalogue on rice 

germplasm (Plant Genetic Resource Center, 1999).

Data were analyzed using ANOVA and mean separation 

was done by DMRT using SAS statistical software (SAS 

Institute Inc., 2000)

Results and Discussion

The days to maturity of the selected traditional rice 

cultivars were spanned from 105-145. These 

characteristics showed nearly normal distribution in the 

selected traditional rice cultivars.

According to ANOVA plant height significantly increased 

with the fertilizer at each age group compare to that of 

control (Table 2). Under fertilized conditions plant 

height ranged from 119.0 cm to 146.4 cm and the highest 

plant height was observed at the 105-110 age group. 

Plant height in control plants was ranged from 103.9 cm 

to 119.7 cm and the highest plant height was recorded by 

126-130 age group. In control plants the lowest plant 

height (103.9 cm), lowest number of tillers (4.7) and 

the lowest number of leaves (6.7) were recorded by the 

age group 111-115. In treatments the lowest number of 

tillers (5.7), lowest number of leaves (10.7), lowest 

yield (10.0 g) and the lowest harvest index (0.28) was 

recorded by the age group 121-125. 

Number of tillers significantly increased with fertilizer 

only at the 111-115 and 116-120 age groups. The early 

maturing rice cultivars increased their tiller number 

with no fertilizer conditions (Table 2). 

Under fertilized conditions the highest number of 

tillers (8.0) and the highest yield/plant (24.7 g) were 

recorded by the age group 126-130.

Number of leaves significantly increased with the 

fertilizer at each age group except 121-125 compare to 

that of control (Table 2). The highest number of leaves 

was recorded by the age group 116-120 both in 
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DMRT groupings (given as a, b) for plant height, number of tillers, number of leaves, yield and harvest index were 

calculated separately for the maturity durations for each treatment and control. Means with the same letters are not 

significantly different. Treat. = Treatment, Con. = Control. Values with the same letter not significantly different

Days to 

maturity 

Plant height (cm) Number of tillers Number of leaves Yield (g/plant) Harvest index 

Treat. Con. Treat. Con. Treat. Con. Treat. Con. Treat. Con. 

105-110 146.39 111.38b 6.57 a 7.03 a 17.29  8.50 b 13.14 a 9.68 b 0.34 a 0.32 a 

111-115 132.52 103.91 b 6.20 a 4.67 b 13.93  6.70 b 13.79 a 11.80 b 0.38 a 0.36 a 

116-120 139.85 110.13 b 6.67 a 5.47 b 18.42  10.78 b 16.55 a 12.67 b 0.37 a 0.36 a 

121-125 138.05 111.92 b 5.67a 5.90 a 10.65  9.45 a 9.97 a 9.92 a 0.28 a 0.28 a 

126-130 145.30 119.68 b 7.97 a 7.33 a 18.14  9.76 b 24.65 a 20.54 b 0.4 b 0.46 a 

131-135 135.78 108.30 b 6.36 a 6.18 a 15.38  10.35 b 16.73 b 23.27 a 0.48 a 0.4 b 

136-140 119.00 112.25 b 5.90 b 7.30 a 13.20  8.40 b 12.23 b 21.82 a 0.49 a 0.34 b 

141-145 133.08 119.45 b 6.50 b 7.40 a 13.73  8.93 b 10.32 b 21.80 a 0.48 a 0.26 b 

 

Table  2. DMRT groupings of yield and other agronomic characteristics at each maturity duration.
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treatment (18.4) and in controls (10.8). In rice, the 

optimum leaf areas for seedlings, optimum leaf shapes 

to maximize photosynthetic efficiency, leaf area index 

(LAI) have been identified as the major determinants of 

yield (Sun et al., 1999). 

The early maturing traditional rice cultivars increased 

yield significantly with fertilizer while the late maturing 

cultivars performed well under no fertilizer condition 

(Table 2). The highest significant yield (24.7 g) was 

recorded by the age group 126-130 in treated cultivars 

while in controls it was recorded by the age group 131-

135 as 23.3 g/plant. 

Fertilizer could not significantly increase the harvest 

index of early maturing rice cultivars. The late maturing 

rice cultivars recorded higher harvest index with the 

application of fertilizer (Table 2). The highest harvest 

index (0.49) was calculated by the age group 136-140 

under fertilized conditions and in non fertilized 

conditions 0.46 was recorded by the age group 126 – 

130. The high levels of nitrogen increases the grain yield 

and harvest index (Sinclair, 1998).

Harvest index (HI) of the studied cultivars ranged from 

0.28 to 0.49 in fertilized conditioned and in non 

fertilized conditions it ranged from 0.26 to 0.46. This 

value in modern rice cultivars are more than 0.4 (Li et al., 

2012). The HI values of the age groups 126-130 (0.4), 

131-135 (0.48), 136-140 (0.49) and 141-145 (0.48) 

were lied nearly the reference values of Sri Lankan 

cultivars as mentioned by De Costa et al., (2003) 

Plant height was significantly increased with the 

fertilizer at each age group. Number of tillers was 

significantly increased with fertilizer only at the 111-

115 and 116-120 age groups. Number of leaves was 

significantly increased with the fertilizer at each age 

group except 121-125 compare to that of control. The 

highest significant yield (24.7 g) was recorded by the 

age group 126-130 while the highest harvest index 

(0.49) was recorded by the age group 136-140. 
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Understanding Submergence Tolerance of Some Traditional Rice Cultivars at Vegetative Stage

M. J. Hewage, *A. L. Ranawake, N. Dahanayake and S. Subasinghe 

Department of Agricultural Biology, Faculty of Agriculture, University of Ruhuna, Sri Lanka

Abstract

Submergence is an important abiotic stress affecting rice cultivation causing yield losses every year. Although, as a 

semi aquatic plant, rice is generally intolerant to complete submergence, rice plants die within few days when 

completely submerged. However, varieties tolerant to complete submergence are capable of surviving under water 

for about 14 days and recovered after the water recede. This study was conducted to investigate the submergence 

tolerance in traditional rice cultivars at vegetative stage. Six week old plants were subjected to complete submergence 

stress for 9 days and 14 days separately. Experiment was conducted according to randomized complete block design 

with 4 replicates and twenty plants were included in to each replicate. After the complete submergence stress, plants 

were allowed to recover for 14 days at normal growth conditions. Data were collected on the number of surviving 

plants, plant height before and after the submergence stress and plant height after the two week recovery period. Out 

of 20 rice cultivars Muthumanikam (100%) Jamis Wee (73.0%), Rajes (93.7%), Madael Kalutara (71.4%), Lumbini 

(80.7%), and Murunga Wee (96.1%) recorded more than 70% survival rates at 9 day stress period. A 6-10-37 (89.5%), 

Murunga Wee (84.3%), Lumbini (88.5%), Jamis wee (88.1%) and Wanni Heenati (70.9%) recorded more than 70% 

survival rates at 14 day stress period.There was a negative correlation between height gain during submergence 

stress versus survival percentage at 14 day submerged plants at vegetative stage but not at 9 day submerged plants.

Key words: Traditional rice cultivars, Submergence tolerance, Vegetative stage, Sri Lanka)

Introduction

Rice is one of the leading food crops of the world.  

Currently, it is the major staple for 2.7 billion people in 

the world, almost half of the total population of the globe.   

It accounts for one-fifth of the global calorie supply. 

Mostly rice is cultivated in upland, lowland, irrigated or 

deep-water conditions with little or no control of water 

levels. Rain-fed lowland and deep-water rice together 

account for approximately 33% of global rice farmlands 

(http://www.knowledgebank.irri.org/retrieved). In Sri 

Lanka, about 75 percent of the rice lands are located 

within inland valley systems and other 25 is located in 

coastal plains and associated flood plains (Panabokke, 

1996). 

Submergence is an important abiotic stress affecting 

about 10–15 million of rice fields in South and South East 

Asia causing yield losses every year (Dey and Upadhyaya, 

1996). This number is anticipated to increase 

considerably in the future given the increase in seawater 

level as well as an increase in frequencies and intensities 

of flooding caused by extreme weather events (Bates et 

al., 2008). Although as a semi-aquatic plant, rice is 

generally intolerant of complete submergence, plants 

die within few days when completely submerged.This 

is also the case for deep water rice that escapes 

complete submergence by rapid internode elongation 

that pushing the plants above the water surface where 

it has access to oxygen and light to resume the 

mitochondrial oxidative pathway and photosynthesis. 

According to Setter et al., (1997) limited gas diffusion 

in water is considered to be the principal cause for the 

adverse effects of submergence. Therefore, tolerance 

to ? ooding is associated with the ability to cope with 

the problems associated with submergence, such as, 

for example, anaerobiosis, lower carbon assimilation 

due to less CO  and radiation, and high ethylene levels. 2

This is partly achieved by avoidance through 

maintenance of growth processes leading to elongation 

of plants to maintain their foliage above water.
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Several morpho-physiological traits have been reported 

to be associated with submergence tolerance. There are 

17 morpho-physiological traits of rice which are 

associated as part of the mechanism explaining 

submergence tolerance. These traits were classified in to 

three groups: pre submergence, during submergence 

and post submergence traits. Among these, the three 

important traits are (a) carbohydrate concentration (b) 

alcoholic fermentation, and (c) elongation of the stem. 

The favorable effects  of  high carbohydrate 

concentration and high alcoholic fermentation are well 

accepted. Stem elongation does favor avoidance. The 

elongation mechanism is effective only when the water 

level remains high for a considerable period, as in deep-

water rice culture. It is not desirable under ? ash-? ood 

conditions, because when the water recedes, the plants 

tend to lodge (Joshi, 1999).Tolerant rice varieties have 

been identified already in the 1970s (Vergara and 

Mazaredo, 1975) and have been used as donors for 

tolerance by breeders and studies on the tolerance 

mechanisms ever since. However, few varieties those are 

tolerant to complete submergence are capable of 

surviving under water for about 14 days and to recover 

after the water recedes. The most widely used such a 

variety is FR13A, a tall, photoperiod-sensitive variety of 

the aus-type rice from India. Other tolerant varieties are 

Kurukarrupan and Goda Heenati from Sri Lanka 

(Wassamann et al., 1999).Therefore present study was 

carried out to find out the submergence tolerant rice 

cultivars at different growth stages in traditional rice 

gene pool in Sri Lanka.

Materials and Methods

Twenty Sri Lankan traditional rice cultivars obtained 

from PGRC, Gannoruwa, were used for this study. The 

experiment was carried out at the Faculty of 

Agriculture, University of Ruhuna, Mapalana, Sri 

Lanka. 

oSeeds were kept at 50 C for 5 days for dormancy 

obreakage. Seeds were kept in incubator at 35 C under 

dark condition with enough water for proper 

germination for 7 days. Experiment was carried out in 

a randomized complete block design (RCBD) with four 

replications using 20 seeds per plot. 

Uniformly germinated seeds were planted in plastic 

cups (12 cm diameter, 10 cm height) filled with 

homogenized soil and maintained them at control 

growth conditions. Six week old seedlings were 

subjected to 9 day and 14 day complete submergence 

conditions (so that the longest leaf of the plant is 

covered by water) in an outdoor concrete tank 

separately and control experiment was carried out all 

along the experiment period. After complete 

submergence period plants were allowed two week 

period for recovery under normal conditions. 

Green plant height was measured both in stress plants 

and control plants just before submergence stress, just 

after submergence stress and after two weeks 

recovery period. Data were analyzed using SAS 

statistical software.

Submergence tolerance was measured by the survival 

percentage (number of survival plants after recovery/ 

Number of plants before submergence) multiply by 

100.

Height reduction or 

height gain during 

submergence 

Average height of 
plants just after the
submergence stress

Average height of 
the plants just before
 the submergence 
stress

= _
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Height reduction or height gain of the plant was 

calculated as below.

Results and Discussion

There was a significant difference between control 

plants and submergence stressed plants in average plant 

height after 9 day and 14 day submergence stresses. 

Rajes, Sudu Karayal, Heendik Wee, A 6-10-37 and Wanni 

Heenati survived at 9 day completely submergence 

stress while reducing the plant height (Figure 1). Polayal 

died after recovery period at 9 day completely 

submerged condition while reducing plant height.

Figure 1. Survival percentage of 9 day submerged plants after the 14 day recovery period 

Among 19 survived traditional rice cultivars, 6 cultivars name by Muthumanikam  Jamis Wee  Rajes, Madael 

Kalutara, Lumbini, and Murunga Wee recorded more than 70% of survival rates after 9 day submergence period. 

Figure 2. Average height gain/reduction during submergence stress over 9 days in traditional rice cultivars 

Sixty five percent of survived cultivars elongated while 

30% reduced their height during 9 day submergence 

period (Figure 2).

The highest plant height gains were recorded by rice 

cultivar Maha Murunga Badulla, and Kaharamana, 

during 9 day complete submergence stress. Sudu 

Karayal, Murunga Wee, Jamis Wee, Kaharamana, 

Wanni Heenati, and Polayal did not gain plant height 

during 9 day stress period (Figure 2).
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Among tested rice cultivars 90% of cultivars survived 

after two week recovery period at 14 day completely 

submerged plants. A 6-10-37(89.49%), Murunga Wee 

(84.3%), Lumbini (88.46%), Jamis wee( 88.09%) and 

Wanni Heenati (70.97%) recorded more than 70% 

survival rates. 

Gunaratna, Rajes, Sudu Karayal, Seeraga Samba 

Batticalo, A 6-10-37 and WanniHeenati survived at 14 

day completely submergence stress while reducing the 

plant height.

The highest gained plant height was recorded by rice 

cultivar Kaharamana (60.75 cm) compared to control 

plant at 14 day complete submergence stress. 

According to the Duncun's multiple range test rice 

cultivars Murunga Wee (96.16%), Rajes (93.73%), 

Muthumanikam (100%) recorded the highest 

significant survival rate at 9 day complete 

submergence stress at vegetative stage but at 14 day 

submergence stress period Muthumanikam cultivar 

was not survived. Rice cultivars A 6-10-37 (89.49%).  

Murunga Wee (84.3%), Lumbini (88.46%), and Jamis 

wee (88.09%) recorded the highest significant survival 

ratesat 14 day submergence stress. Rice cultivar 

Polayal did not survive even at 9 day and 14 day tress 

period (Table 1).

Among tested rice cultivars 30% and 25% of rice 

cultivars recorded more than 70% survival rates at 9 

day and 14 day submergence periods respectively. 

Sixty eight percent and 94% survived rice cultivars 

increased their height during submergence period at 9 

day and at 14day respectively.

Cultivars 9 day submergence 14 day submergence 

Gunaratna 45abcde 62.78ab 

Pokuru Samba 70abcd 54.54abcd 

Rajes 93.73a 60.29abc 

MI 329 23.96bcde 34.76abcde 

MadaelKalutara 71.43abc 60abc 

Lumbini 80.77ab 88.46a 

SuduKarayal 67.5abcd 57.52abcd 

Seeraga Samba Batticaloa 66.67abcd 27.78bcde 

EAT Samba 66.67abcd 16.67bcde 

Murunga wee 96.16a 84.3a 

Jamis wee 73.08abc 88.09a 

Suduru Samba 12.5de 5.56cde 

Heendikwee 50abcde 55.36abcde 

Kaharamana 21.67cde 28.57bcde 

A 6-10-37 44.45abcde 89.49a 

MahaMurunga Badulla 29.17bcde 4.17de 

WanniHeenati 42.3abcde 68.49ab 

Heenpodi wee 46.43abcde 37.5abcde 

Muthumanikam 100a 0e 

Polayal 0e 0e 

 

Table 1. DMRT groupings for survival percentage at two different submergence periods at vegetative stage
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According to the Duncun's multiple range test rice 

cultivars Murunga Wee recorded the best survival rates 

 at 9and 14 day submergence stress.
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Iron and Manganese Removal Efficiency of Bio Sand Filter from Groundwater at Thottaveli Source, Mannar 
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Abstract

Iron and manganese are the elements in the groundwater which are required in small amounts. If the amounts of 

these elements are higher than the Sri Lankan Standard of (SLS) permissible level, removal is necessary. In Mannar 

Thottaveli area, there are nine inter connected wells that were used to supply the drinking water to Erukkalampitty 

tower, in which four are showing higher Mn and Fe levels than the permissible level from the 2012 January. Hence the 

pumping has been stopped from the above mentioned wells. From 2012 June - to date, other 4 wells are selected for 

the water supply. T

Water samples were collected from April to July 

2013. Water quality parameters of raw water were tested. A preliminary study was conducted using a biosand filter to 

ensure the efficiency and effectiveness of the bio sand filter. Collected water samples from Thottaveli were used for 

the filtration treatment. After the filtration by bio sand filter, all the chemical parameters of filtered water were tested. 

The results indicated that the above water source should not be used to supply further as the concentration of Mn and 

Fe were 0.7 and 1.5 mg/l, respectively. The percentage of removal efficiency varied from 90 to 95 % for Fe and 78 to 98 

% for Mn. The average removal efficiency percentage values were 94% and 91%, respectively for Fe and for Mn.  The 

concentrations of Fe and Mn in filtered water were less than the permissible level of SLS in all the cases. There were no 

any significant differences between raw and filtered water in other chemical parameters and it could be used for 

drinking purpose. Hence biosand filter can be recommended for home level usage to remove Fe and Mn. 

Key words: Biosand filter, Iron, Manganese, Removal

he main objective of this study was to propose a method to remove the Fe and Mn from Thottaveli 

source and to evaluate the efficiency of removal of the bio sand filter. 

Introduction

Mannar district is located in the North West of Sri Lanka 

in the Northern province. Mannar has artesian springs 

and aquifers and there are two types of aquifers namely, 

coastal sand aquifers and limestone aquifers. Coastal 

sand aquifer is the fresh water and limestone aquifer is 

the saline water. Around 30 percent of the world's 

freshwater is stored underground in the form of 

groundwater (shallow and deep groundwater basins up 

to 2 000 m, soil moisture, swamp water and permafrost). 

This constitutes about 97 percent of all the freshwater 

that is potentially available for human use. Groundwater 

is the major natural water resource in Mannar. Good 

quality water is essential for a healthy life. So the 

government and other organizations are trying to supply 

the good quality drinking water and to regularly monitor 

the water quality. 

Ferrus (Fe) and Manganese are naturally 

occurring in the groundwater and most groundwater 

has some amount of dissolved Fe and Mn in it. It comes 

from the contact with minerals that contain iron, such 

as pyrite. Although manganese is an essential nutrient 

at low doses, chronic exposure to high doses may be 

harmful. Exposure to high concentrations of 

manganese over the course of years has been 

associated with toxicity to the nervous system. There 

are substantial data supporting the neurological effects 

of inhaled manganese in both humans and animals. In 

addition, organoleptic problems will affect consumer 

acceptance of water resources. Water containing 

excessive amounts of Fe and Mn can stain clothes, 

discolor plumbing fixtures, and sometimes add a 

“rusty” taste and look to the water. A “rusty” or metallic 

taste in water is a result of iron, and sometimes 

manganese, in groundwater. 

 ( Mn) 

 

 

.
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Pacini et al., 2005 stated that following the above-

mentioned facts, higher concentrations of  in 

water cause technological problems, failure of water 

supply systems operation, water quality deterioration 

and water with slightly higher concentrations of oxygen. 

Maintaining the elements in drinking water supplies 

below the Sri Lankan standard (SLS) permissible level is 

essential, where the removal is necessary when the 

concentrations are high and the large scale removal 

process is complicated. This study was aimed to propose 

a simple and biological and low cost method to remove 

the Fe and Mn from groundwater. 

he main objective of 

this study was to propose method to remove the Fe and 

Mn from the Thottaveli source and to evaluate the 

efficiency of removal of the biosand filter.    

           

Fe and Mn

In Mannar, Thottaveli area, there are nine inter 

connected wells that were used to supply the drinking 

water to Erukkalampitty tower, of which four are 

showing higher Mn and Fe levels than the SLS 

permissible level from 2012 January. This result was 

recorded by the National Water Supply and Drainage 

Board. Hence the pumping was stopped from the above 

mentioned wells. From 2012 June to date, other four 

wells are selected for drinking water supply. The 

connection between present four supply wells which are 

do not have high levels of Fe and Mn and problematic five 

wells was temporally disconnected without mixing of 

water from all nine wells. Hence t

Materials and Methods

Water samples were collected from April to July 2013 

from a common well for which water is discharged from 

the five problematic wells. The samples were taken to 

Regional Laboratory, National Water Supply and 

Drainage Board (NWS&DB), Vavuniya, for the 

treatments and chemical analysis. Water quality 

parameters of raw water were tested. Preliminary study 

was conducted in a biosand filter with Vavuniya tank 

water to ensure the efficiency and the effectiveness of 

the biosand filter. Vavuniya tank was selected because 

of the accessibility.  The efficiency of removal of colour 

and turbidity were 84 and 81%, respectively.  Since the 

efficiencies were above 80%, the biosand filter was 

continued to use in further studies of removal of these 

elements.  

      

Water was poured into influent reservoir of the 

biosand filter. After the filtration through all the layers, 

namely supernatant layer, biological zone, fine sand, 

coarse sand and finally gravel, water was collected 

from the outlet pipe. The collected filtered water was 

tested for Fe and Mn concentration by using 

spectrophotometer.  After the filtration by biosand 

filter, all parameters of filtered water were tested. The 

nitrate, nitrite, fluoride, total phosphate, sulphate, free 

residual chlorine and the free ammonia were 

measured by using spectrophotometer for filtered 

water and compared with SLS maximum desirable and 

permissible levels.

Results and Discussion 

Fe and Mn are two of the elements in drinking water. 

The SLS limits of these elements are 0.3 (desirable 

level) - 1.0 (permissible level) for Fe and 0.05 

(desirable level) - 0.5 (permissible level) for Mn. 

However, this limit was exceeded in Thottaveli water 

sources. The concentration of Mn was 0.1 mg/l during 

July 2011 and gradually increased to 0.7 mg/l during 

December 2011 after the rainfall. Mean while the 

concentration of Fe was 0.1 mg/l during July 2011 and 

gradually increased to 1.5 mg/l during December 

2011.  The results indicate that the above water source 

should not be further used as a drinking water supply. 

After the disconnection between problematic wells 

and other good wells during June 2011, the 

concentration of groundwater of pumping tank for 

which water pumped from other good wells was 
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reduced to the level of 0.15 mg/l and 0.1 mg/l for Mn and 

Fe, respectively. Since the levels were less than the 

permissible level of SLS for Mn and less than the 

desirable level of SLS for Fe, water supply could be 

continued from the water source which contributed 

from four wells. But removal of Mn and Fe from other 

problematic five wells water was essential for the 

continuous sufficient supply of drinking water.

Table 1 shows the concentration of Fe and Mn of raw 

water and treated water with removal efficiencies. The 

percentage of removal efficiency varied from 90 to 95 % 

for Fe and from 78 to 98 % for Mn. The average removal 

efficiencies were 94.2% and 91.3%, respectively, for Fe 

and for Mn. The concentrations of Fe and Mn in filtered 

water were less than the desirable level of SLS.  

During the filtration through the Biosand filter there are 

several layers such as influent reservoir, supernatant, 

biological zone, fine sand, coarse sand and gravel.  The 

filter is covered by a lid to prevent the contaminants 

from entering into the filter. Diffuser plate protects the 

biological layer when water is poured into the filter. 

Supernatant is the top portion of the biological zone. 

Biological zone is with high in oxygen, nutrients, and 

microbiology and mixes within the zones. Mobile 

predators travel upwards towards the influent 

because of the more abundant food source. The high 

water level provides the hydrostatic head to push the 

water through the filter. The dissolved oxygen in the 

water provides the oxygen required by the microbes in 

the biological zone. Supernatant in the standing water 

layer keeps the biological layer alive during pause 

period.  The organic and inorganic materials are 

strained out at the top of the sand. Gravels promote 

vertical flow of water into collector pipe.  Better 

quality water is produced at the end of the run. The 

outlet pipe conducts water from base to outside. Initial 

water exiting the filter was of high quality compared 

with the inlet water. 

 Fe Mn 

Sample Raw 
water 

Filtered 
water 

Efficiency % Raw water Filtered 
water 

Efficiency 

% 

1 1.93 0.01 99.48 0.562 0.019 96.62 

2 1.86 0.03 98.39 0.474 0.005 98.95 

3 0.09 0.01 88.89 0.085 0.009 89.41 

4 0.96 0.03 96.88 0.389 0.014 96.40 

5 0.66 0.02 96.97 0.29 0.013 95.52 

6 0.56 0.01 98.21 0.009 0.002 78.49 

7 0.12 0.012 90.00 0.009 0.0015 83.52 

8 0.12 0.005 95.83 0.126 0.012 90.48 

9 0.2 0.02 90.00 0.16 0.013 91.88 

10 0.25 0.02 92.00 0.2 0.02 90.00 

11 0.2 0.02 90.00 0.18 0.012 93.33 

 

Table1. Removal efficiency of Fe and Mn and by biosand filter
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Biosand filter was an efficient and effective way to filter 

the water. Efficiency was higher than 90%. There were 

no any significant differences between raw and filtered 

water in contents of nitrate, nitrite, fluoride, total 

phosphate, sulphate, free residual chlorine and the free 

ammonia, and it could be used for drinking purpose. The 

filter gives high quality water, and therefore, can be used 

for home level usage to remove Fe and Mn. 
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Abstract

Economical and eco friendly weed control methods are very much important for the present agricultural production 

systems due to over usage of chemicals in agriculture. Exploitation of allelopathic potential of different traditional 

rice cultivars is a better solution for a sustainable weed management system. Genetic variation in allelopathic activity 

among rice cultivars has been extensively demonstrated. In the present study allelopathic effect of rice straw of 

traditional rice cultivars on germination percentage and plant height of Echinocloa crusgalli was evaluated in 

laboratory experiments. Rice straw of thirty eight rice cultivars were separately mixed with non-rice grown sterilized 

soils in four replicates using plastic cups (diameter 6 cm and height 5 cm). Surface sterilized Echinocloa crusgalli 

seeds were sawn in decomposed soil samples. Control experiment was carried out in non-rice grown sterilized soil 

samples collected in to the same sized plastic cups. Allelopathic effect of rice cultivars was evaluated according to 

reduction of germination percentage and plant height of Echinocloa crusgalli in soil samples mixed with rice straw 

compared to those of in control soil samples. Germination and growth of Echinocloa crusgalli were significantly 

suppressed in soil samples prepared using rice straw of the most traditional rice cultivars. There was a positive 

correlation between reduction of germination percentage and plant height (r=0.58923, á=0.0001) of Echinocloa 

crusgalli in soil samples mixed with straw of different rice cultivars. Ingirisi Wee, Bala Ma Wee, Karayal, and Lumbini 

are the best allelopathic rice cultivars found in the present study. Rice cultivars those showed significantly higher 

germination reductions and plant height in Echinocloa crusgalli can be further tested to confirm their allelopathic 

effect at the field conditions.

Key words: Allelopathic effect, Traditional rice, Echinochloa crusgalli

Introduction

Allelopathy refers to the effects of metabolic secretion of 

plants or microorganism on the environment (Dali et al., 

2003). Rice plants possibly release allelochemicals into 

the neighboring environment. A large number of 

compounds such as phenolic acids, Fatty acids, indoles 

and terpenes have been identified in rice root exudates 

a n d decomp osin g  r ice  res idu e  a s  p u t a t ive  

allelochamicals which possess growth inhibitory 

activity against neighboring plant species. Thus, these 

compounds may play an important role in defense 

mechanism of rice in the rhizosphere for competition 

with invading root system of neighboring plants (Kata-

Noguchi et al., 2008). 

Weeds such as barn yard grass are the most sever and 

widespread biological constrains in the rice production 

(Zimdhal, 2004). Selection of rice cultivars for 

allelopathic effect on Echinochloa crusgalli has been 

well practiced (Naderi et al., 2012). Other than 

barnyard grass, desert horsepurslane (Trianthema 

portulacastrum), ducksalad (Heteranthera limosa), and 

toothcup (Rotala ramosior) (Olofsdotter, 2001), dirty 

dora (Cyperus difformis), lance-leaved water, plantain 

(Alisma lanceolatum), starfruit (Damasonium minus), 

arrowhead (Sagittaria montevidensis) and S. graminea 

(Seal et al., 2013) have been used as biological tools in 

evaluation of allelopathy in rice cultivars.

A large amount of straw is left in rice production and a 

huge amount of straw is combusted on fields just to 

remove the bulk for the next cropping season in rice. 

Straw can be used for mulching which prevents weed 

growth and supplies organic matter for the next 

cropping season (Devasinghe et al., 2011). Rice 
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allelopathy can be utilized in weed management by 

applying rice straw in the field. It will be a natural source 

of herbicides. Need of a universal bioassay method 

which is easy to carry out, reliable and economical in any 

conditions is essential because the same rice cultivar 

shows different responses depending upon the 

screening method used. Asghari et al., (2006) has found 

inhibitory activity of rice hulls in allelopathic rice 

cultivars. Extraction of water-soluble chemical 

compounds from young leaves (Dali 2003), smashed 

seeds (Kabir et al., 2010). The genetic differences among 

rice cultivars exhibit variation in allelopathic effects on 

barnyardgrass growth. The barnyardgrass roots were 

more sensitive to hull extracts than the shoot extracts. 

The allelopathic potential of rice were evaluated in a set 

of laboratory, greenhouse, and field experiment by using 

extracts and residues, and the results showed that there 

was genetic variation in allelopathic activity among 

cultivars (Chung et al., 2001). Naderi et al., (2012) 

reported the prevalence of rice cultivars with prominent 

allelopathic effect on the growth of barnyardgrass and it 

confirmed that there is a genetic variation in allelopathic 

activity among cultivars.

Allelopathic rice varieties can be used as gene resources 

for breeding for allelopathic potentiality and can be 

incorporated with high yielding rice varieties to 

generate allelopathic high yielding rice (Kabir et al., 

2010). The present study was carried out with the aim of 

assessing the allelopathic effect of different traditional 

rice cultivars. Allelopathic effects can include poor 

germination, impared root growth and stunted shoot 

growth. Different parts of rice contained different 

alleopathic effects (Dali 2003). In the present study 

alleopathic effect was evaluated by assessing 

suppression of seed germination and plant height of 

Echinochloa crusgalli in traditional rice straw. 

Materials and Methods

The experiment was carried out at Faculty of 

Agriculture, University of Ruhuna. Rice straw of thirty 

eight rice cultivars was separately mixed with non-rice 

grown sterilized soils in four replicates using plastic 

cups (diameter 6 cm and height 5 cm). Surface 

sterilized Echinocloa crusgalli seeds were sawn in 

decomposed soil samples. Twenty seeds of the 

Echinocloa crusgali were established per each replicate 

and the experiment was carried out according to the 

randomized complete block design with four 

replicates. Control experiment was carried out in non-

rice grown sterilized soil samples collected in to the 

same sized plastic cups. One month after the seeding of 

Echinocloa crusgali, allelopathic effect of rice cultivars 

was evaluated according to reduction of germination 

percentage and plant height of Echinocloa crusgalli in 

soil samples mixed with rice straw compared to those 

of in control soil samples. Data were analyzed using 

ANOVA with Statistical Analysis System (SAS inc. 

2011).

Results and Discussion

Germination of Echinocloa crusgalli was significantly 

suppressed in soil samples prepared using rice straw of 

traditional rice cultivars named Ingirisi Wee, Bala Ma 

Wee, Karayal, Lumbini, BG 357, BG 35-2. However, 

suppress of Echinocloa crusgalli growth was significant 

in soil samples prepared using straw of rice cultivars 

Ingirisi Wee, Bala Ma Wee, Karayal, Lumbini, Halabawa, 

and Dik wee compared to the value of control sample. 

There was a positive correlation between reduction of 

germination percentage and plant height (r=0.58923, 

á=0.0001) of Echinocloa crusgalli in soil samples 

mixed with rice straws of different rice cultivars.
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Varieties 

 

PGRC 

Acc. 

No. 

Reduction of 

germination 

% 

Reduction of 

plant height(cm) 

SuduGoda wee 3477 -0.506bc 1.87abcdef 

Madabaru 3650 3.271abc -2.61ef 

Mudukiriel 3591 1.604abc -2.092def 

Jamis wee 3612 3.271abc 5.185abcdef 

InduruKarayal 3646 3.271abc 5.019abcdef 

Suduru Samba 3594 1.604abc -2.380def 

Suduru Samba 3572 8.27 ab  2.54abcdef 

Heendik Wee 3641 1.604abc 2.841abcdef 

Bathkiri el 3550 -0.0611abc 0.796bcdef 

Karayal 3463 1.604abc -2.75ef 

Muthumanikkam 3645 6.604abc 3.552abcdef 

KiriNaran 3479 8.271ab  6.713abcdef 

Suduru 3660 11.604a 0.463bcdef 

Herath Banda 3677 3.271abc 4.602abcdef 

Kahata Samba 3642 11.6031a 14.29ab 

Kotathavalu 3659 -0.0611abc 1.407abcdef 

BurumaThavalu 3652 3.271abc 9.519abcdef 

Dik Wee 328 3504 8.271ab  11.77ab 

Kotathavalu 3675 11.604a 7.896abcdef 

BG 357 

 

9 .94 ab  9.70abcdef 

DingiriMenika 3567 4.94 abc 9.474abcdef 

Rata Wee 3655 6.604abc 11.407abcdef 

Lumbini 3613 11.604a 10.963abcdef 

MahaamurungaBadulla 3511 6.604abc 9.030abcdef 

Geraga Samba 3498 8.271ab  7.092abcdef 

Sinnanayan 398 3497 8.271ab  2.685abcdef 

A6-10-37 3416 4.94 abc -1.803def 

Sinnanayam 3614 8.271ab  4.29abcdef 

Heenpodi Wee 3588 8.272ab  8.963abcdef 

BG 34-8 3415 1.611ab  4.29abcdef 

Halabewa 3451 6.605abc 9.730abcdef 

Ingirisi Wee 3658 9.939ab  15.130a 

WanniHeenati 3401 8.271ab  6.430abcdef 

Naudu  Wee 3427 3.271abc 3.79abcdef 

BG 35-2 3409 9.94 ab  9.49abcdef 

Bala Ma Wee 3598 11.604a 13.29abc 

Karabewa 3447 4.94 abc 5.863abcdef 

Table 01. Reduction of germination percentage and plant height of Echinocloa crusgalli grown in soil samples 

                    mixed with rice straw compared to those of in control soil samples 

PGRC Plant genetic resource center
The groups with the same letters are not significantly differed
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There was a positive correlation between reduction of 

germination percentage and plant height (r=0.58923, 

á=0.0001) of Echinocloa crusgalli in soil samples mixed 

with straws of different rice cultivars. 

Straw of traditional rice cultivars show allelopathic 

effect on Echinocloa crusgalli and there is a genetic 

differentiation of allelopathic effect among used 

traditional rice cultivars. Allelopathic effect of rice straw 

reduces germination percentage and growth of 

Echinocloa crusgalli. Ingirisi Wee, Bala Ma Wee, Karayal, 

and Lumbini are the best allelopathic rice cultivars 

among all the other tested traditional rice cultivars. This 

property can be utilized for weed management in rice 

fields in different ways such as for mulching, seasonal 

cropping and incorporating high yielding rice varieties 

to generate allelopathic high yielding rice. Usage of 

allelopathic rice may lead to reduce weeding cost and 

environmental pollution of rice cultivation.
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The Study of the Efficacy of Vilvam Pinchukalkam (Tender Unripe Fruit of Aegle marmelos)  on Gunma Noi 

(Peptic  Ulcer)

T. Kumutharanjan

Unit of Siddha Medicine, University of Jaffna, Sri Lanka

Abstract

The term “Gunma noi” refers to an ulcer in the lower esophagus, stomach, duodenum and in the jejunum. Clinical 

features are almost similar to peptic ulcer. The disease Gunmanoi is caused by untimely meals, use of excessive drugs 

alcohol, smoking. The common symptoms are dyspepsia, abdominal discomforts and severe stomach pain. 

Effectiveness of tender unripe fruit of Aeglemarmelos kalkam on Gunma noi of clinical patients was studied. A 

population of 90 patients (both males and females between the ages of 30-60) were reporting  with Epigastricpalin, 

acidic belching, sounds in the stomach and vomiting were selected for observation. Patients with severe stomach pain 

and blood vomiting were excluded. All the patients were treated with the vilvampinchu kalkam (tender unripe fruit of 

Aeglemarmelos and curd of cow) at the dose of 6 g both morning and evening for 49 days.The patients were also 

instructed about diet restriction and also not to use any other drugs during this period. Signs and symptoms of 

patients continuously observed. symptoms such as abdominal distinction, epigastric pain, eructation were gradually 

disappeared among 85% of patients at the end of the two weeks. Other signs such as burning sensation in the 
th  abdomen and chest pain were reported in 75% of the above 85% of patients until 5 week and nausea and Vomiting 

th thdisappeared gradually  during 6  – 7  weeks . No significant changes were observed in 10% of patients out of 90.5% of 

the patients were not corporate with the treatment. The results reveal that this kalkam is an effective againt Gunma 

noi. 

Key words: Gunma, Peptic ulcer, Siddha medicine, Tender unripe fruit of Aeglemarmelos,Vilvampinchu

Introduction

The term “peptic ulcer” refers to an ulcer in the lower 

esophagus, stomach, duodenum, in the jejunum. Ulcers 

in the stomach or duodenum may be acute or chronic, 

both penetrate the muscularis mucosae but the acute 

ulcer shows no evidence of fibrosis. Erosions do not 

penetrate the muscularies mucosa. The clinical features 

of peptic ulcer can be correlated with Gunma noi. The 

disease gunmanoi is also called vagitrilpuralal, 

The following have been quoted as the causes of this 

disease disagreeable food, untimely meals, use of 

excessive drugs, unacceptable behavior, use of alcohol, 

smoking, mental stress and patients with peptic ulcer 

often have a family history of the disease (Kuppusamy 

Muthaliyar 1987, Yookimamunivar 1989) 

As    theran    has    remarked “vathapanthamala 

athugunmamvaraathu” (Uthamaraya 1983) That “food 

and human activities causes violation of vatha. Then 

this viaciatedvatha stimulate the other three vathas 

(abana vatha, samana vatha, uthana vatha) and 

disturbed these vathas causes Gunma noi

A patient with disease gunma will find that the food 

that He or She takes in will not be digested, instead in a 

few minutes it will cause unbearable burning and pain 

in the stomach and result in vomiting and the food 

become waste. It is because it affect both the mind and 

the body it is named as “Gunmam”

Following symptoms are cited for this disease; 

Dyspepsia, acidic belching, puffed up  stomach, 

secretion of saliva, severe stomach pain, unbearable 

sweating in the hair follicles, and skin, and weariness of 

the body.
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Tender unripe fruit of Aeglemarmelos (family name is 

Rutaceae) added with curd of cow and grind it well is 

recommended as a medicine for it (Murugesumuthaliyar 

1988). The other names mentioned for it are kusaabi, 

Koovilam, koovilai, sivathurumam and ninmali. In 

English the tree is called as Real (tree). The plant is 

especially seen around the Hindu temples.

About Ttnder unripe fruit of Aeglemarmelos  “Theran ( 

Siddhar) ”verse” says it cures the gripping pain in the 

stomach peptic ulcer, bacillary dysentery. This method 

mostly used children (Murugesumuthalyar 1951) 

Therefore tender unripe fruit of Aeglemarmelos must be 

washed, cut into small pieces, grind with curd of cow in 

the form of kalkam

General objective of the study was to assess the 

effectiveness of tender unripe fruit of  Aeglemarmelos 

kalkam on Gunma patients.

 Materials and Methods

A typified supervision of patients under clinical trial was 

used. The study was undertaken in private siddha clinics 

functioning under Vadamaradchy south west 

piradesabha.  90 patients both males and females 

between the ages of 30 -60 were selected for the study. 

Clear inclusion criteria were adopted for selection of 

patients. Among the selected patients, 90 patients those 

who were having epigastric palm, stomach burning, 

acidic belching, sounds in the stomach, puffed up 

stomach and vomiting were selected. In the same way a 

distinct exclusion criteria were also adopted for the 

research the patients with severe stomach pain and 

blood vomiting.

The drug for the research include tender  unripe fruit of 

Aeglemarmelos kalkam at the dose of 6 g and curd of cow 

used as anupaanam for 49 days both morning and 

evening . The study procedure followed for 90 patients.  

Patients were briefed about the research and their 

written consent was obtained. First the medical history 

and report of the palpation of the stomach of the 

patients were collected and recorded the case record 

prepared by the researcher. The selected 90 patients 

were given 6g of tender unripe fruit of Aeglemarmelos 

kalkam added with curd of cow both morning and 

evening for 49 days (onemandalam). The patients were 

also instructed about diet restriction and also not to 

use any other drugs during this period. Before starting 

on the main research, Pilot study was made on five 

Gunma patients.Permission for the study has been 

sought from the MOIC at Govt Siddha Ayurvedic 

dispensaries.

For continuous observation of the patients were asked 

to report at the end of each 7 days period and progress 

of signs and symptoms were noted. The researcher 

observeed the patient and assessed the progress. At the 

same time the complains were also be entertained. The 

patient's remarks of satisfaction regarding tender 

unripe fruit ofAeglemarmelos kalkam took into 

account. This observation and assessment continued 

at every seven days. The patient's remarks about the 

nature of symptoms like abdominal distention, 

epigastric pain, burning sensation in the abdomen, 

eructation, chest pain, vomiting and nausea were 

recorded through score scale.

Weekly continuous observations of the patient were 

done for 49 days.  Information were recorded in a score 

scale. 

Results and Discussion

Aegle marmelos is known since ancient times for its 

medicinal value and is commonly used in Ayurvedic, 

Siddha and Unani medicines. It is also believed to be a 

rich source of nutrition. It has astringent, digestive and 
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stomachic, cooling, alterative, aromatic and nutritive 

actions. Tender unripe fruit of aegle marmelos kalkam is 

used to keep under control the Gunma noi. Therefore 

this preparation can be used by anyone without any 

adverse effect. And also the patient may able to benefit 

with less cost.

The collected data were recorded and analyzed. Signs 

and symptoms such as abdominal distinction, epigastric 

pain, eructation were gradually disappeared among 

85% of patients at the end of the two weeks. . Other signs 

such as burning sensation in the Epigastric region and 

chest pain were reported in 75% of the above 85% of 

th  patients until 5 week.  Nausea and vomiting were 

th th disappeared gradually during 6 – 7 week. Who 

observed all diet restrictions. but no significant changes 

were observed in 10% % of patients.  But still 50% of 

their illness has been cured due to kalkam who ignored 

above food restrictions. 5% of the patients were not 

cooperative with the treatment. The results reveal that 

tender unripe fruit kalkam is the best healer of Gunma 

noi and it ensured no any adverse effects among users 

in study-area. Signs and symptoms of Gunmanoiis 

almost similar to peptic ulcer.  Hence this kalkam can 

be used in peptic ulcer patients without any adverse 

effects.
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Field Performances of Some Sri Lankan Traditional Rice Cultivars at Reproductive Growth Phase
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Abstract

Thousands of traditional rice cultivars conserved in plant genetic resource center (PGRC), Gannoruwa, Sri Lanka can 

be used to manipulate the genetic constitution of modern rice cultivars by conventional breeding programs or by gene 

transformation. Evaluation of agronomic, yield and yield attributing characters of these cultivars would lead to 

understand the possibility of utilization of these cultivars in local agricultural systems. Twenty Sri Lankan traditional 

rice cultivars were transplanted in the field at Faculty of Agriculture, Mapalana in 2012 Maha season. The experiment 

was carried out according to the randomized complete block design with three replicates and 20 plants per replicate 

with 15 cm X 20 cm spacing. Days to flowering, plant height, number of tillers, number of fertile tillers, filled grain 

percentage, 100 grain weight and yield per plant were evaluated at the reproductive stage. Muthumanikam recorded 

the highest average plant height (184 cm) and Yakada Wee recorded the lowest average plant height (95 cm) at 

reproductive stage. Kalukanda recorded the highest number oftillers per plant (7). Yakada Wee, Thawalu, 

Rathkaraand Masuranrecorded 3 tillers per plant.According to IRRI standard system, 75% of rice cultivars evaluated 

were very tall and 70% of rice cultivars were low tillering. There was a correlation (r = 0.452) between days to 

maturity and plant height at 0.05% probability level.

Key words: Traditional rice cultivars, Submergence tolerance, Agronomic characteristics, Sri Lanka

Introduction 

Rice is a popular cereal crop commonly used as human 

food. Rice production is intensely depend on rainfall and 

irrigation throughout the cultivation seasons. In Sri 

Lanka the principal rice cultivation season, known as 

"Maha", is from October to March and the subsidiary 

cultivation season, known as "Yala", is from April to 

September. The availability of water for rice cultivation 

depends on the rice cultivating season. North east 

monsoon brings enough rainfall during Maha season, 

but in Yala only a part of the country is receiving 

sufficient rainfall and able to cultivate rice. Further, rice 

lands are distributed in low land flood plains, salinized 

coastal belts and in upcountry undulated terraces while 

some rice lands are bog, half bog or alluvial in soil type. 

Rice cultivars with diverse characteristics are needed for 

an efficient land use in Sri Lanka.

Seventy percent of paddy lands in Sri Lanka are 

cultivated with short duration (3 – 3 ½ month) rice 

cultivars while 20% lands are cultivated with 4 – 4 ½ 

month cultivars. Supply of water is the main factor for 

cultivation of long term varieties. To escape drought 

season, short duration varieties are very much 

important. Further short duration rice cultivars are 

comparatively higher in the water use efficiency 

(Rajapakse et al., nd).

Other than water availability, several other 

characteristics  of  rice  cultivars  such as 

photoperiodism, growth duration, height, tillering, 

filled grain percentage, pest and disease resistance 

affect the yield stability in rice. Moreover, stress 

tolerance (drought, flood, adverse soils, and adverse 

temperatures) are also important factors to consider 

(Coffman et al., 1989).

Characteristics in different growth stages are very 

much important in determining yield of rice. The 
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length of vegetative growth phase of rice determines the 

growth duration of cultivars. Some very-early maturing 

cultivars have a shortened vegetative growth phase, 

while others have both shortened vegetative and 

reproductive growth phases. Panicle initiation (PI) may 

occur before the maximum tiller number is reached in 

very-short duration and some short-duration cultivars. 

Heading in these cultivars may be staggered due to later 

tillers which produce panicles. In long duration 

cultivars, the maximum tiller number is reached and 

followed by a long vegetative phase before panicle 

initiation (PI) occurs (Moldenhauer and Nathan Slaton., 

2011).

The tillering ability of modern cultivars is very high 

under optimal conditions and they produce a larger 

number of smaller panicles than that of low tillering 

types. During a serious drought, such high tillering 

cultivars often give no yield or little grain but traditional 

cultivars may be able to fill their smaller number of 

panicles and produce a reasonableyield under such 

conditions (Coffman et al., 1989). Therefore, the 

environmental conditions appear to influence greatly 

for the degree of tillering. According to IRRI Standard 

Evaluation System (SES) tillers are classified into five 

groups as very high (more than 25 tillers / plants), 

good (20 – 25tillers/plant), medium (10 -19 

tillers/plant), Low (5 – 9 tillers/plant), and very low 

(less than 5 tillers IRRI 1996)

Reduced plant height is the most economical trait of the 

modern rice cultivars which improves the harvest 

index. This represents the ability of the plant to remain 

standing under heavy doses of nitrogen fertilizer. 

Although most of the new cultivars released by 

national rice programs continue to be semi-dwarf, 

there was a trend to develop intermediate or tall types 

(Coffman et al., 1989). However, plant height was 

divided into three groups by IRRI SES as semi-dwarf 

(less than 110 cm), intermediate (110 – 130 cm) and 

tall (more than 130 cm) (IRRI 1996).

No PGRC 
Accession 
Number 

Cultivar Names Days to 
Maturity 

Plant 
Height 
(cm) 

No of 
Tiller/plant 

No. of 
Fertile 
Tillers 

Yield/ 
Plant 
(g) 

100 
Grain 
Weight 

1 3695 Kahata Samba 3 149 4 3 1.97 2.21 
2 3713 Kalukanda 3 160 7 5 7.23 2.12 
3 3445 Yakada Wee 3 95 3 2 2.31 2.23 
4 3387 Kahata Wee (Long 

Grain) 
3 157 4 4 8.68 2.04 

5 3197 Nanduheenati 3 157 5 4 4.59 2.39 
6 3071 Polayal 3 124 6 5 1.83 1.83 
7 3158 Kalubala Wee 3 120 6 5 3.63 2.14 
8 3132 Heenati 309 3 122 4 3 1.55 2.22 
9 3684 Rathkara 3 118 3 3 2.51 2.51 
10 3672 Mudaliwi 3 127 4 4 1.20 1.91 
11 3388 ModdaiKaruppan 3 1/2 143 5 4 3.14 2.67 
12 3407 Dewaraddiri 3 1/2 160 4 4 6.91 3.20 
13 3634 Thavalu 3 1/2 164 3 3 2.31 2.60 
14 3692 Handiran 3 1/2 147 4 3 3.89 2.17 
15 3645 Muthumanikam 3 1/2 184 4 4 3.95 2.07 
16 3647 KaluGires 3 1/2 169 6 4 1.43 2.20 
17 4563 Mari Juwana 3 1/2 99 4 3 4.21 1.49 
18 3472 Masuran 3 1/2 141 3 3 3.64 2.51 
19 3487 Palasithari 601 3 1/2 132 4 3 6.41 2.27 
20 3391 SinnaKaruppan 3 1/2 142 4 3 4.36 2.70 
  BG 379 /2  99 8 7 26.5 3.2 
 

Table 1.  Details of twenty Sri Lankan traditional rice cultivars used for this experiment
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Agronomic characters of a rice variety are very much 

related to its economic value. This study was aimed to 

classify some traditional rice cultivars according to their 

agronomic characters. 

Materials and Methods

Twenty Sri Lankan traditional cultivars were collected 

from Plant Genetic Resource Center, Gannoruwaand one 

modern rice cultivar, BG 379/2 was also used for this 

study as a reference source. Seeds were germinated and 

planted in trays and two-week-old seedlings were 

transplanted in the paddy field at Faculty of Agriculture, 

Mapalana in Maha, 2012.  Experiment was designed in a 

randomized complete block design with three 

replications and 20 plants were included in each plot. 

Plants were established in raws with 15 cm X 20 cm 

spacing.  Recommended fertilizer doses were applied 

during the growth season. 

Data were collected on plant height (cm), number of 

tillers per plant, number of reproductive tillers and 

unfertile tillers per plant, panicle length (cm), panicle 

weight, filled grain percentage, 100 grain weight (g), 

filled grain weight per plant (g), harvest index and bio 

mass per plant at reproductive stage. The average value 

of some traditional rice cultivarswere measured as given 

in Table 1.

Results and Discussion

According to the days to maturity all the cultivars were 

spanning either three months or three and half months. 

Plants were categorized using IRRI standard 

evaluation system (IRRI 1996) as given in Table 2.  Out 

of all 10% of cultivars belonged to < 110 cm height 

group.Twenty five percent of rice cultivars were in 110 

-130 cm height group and 65% of cultivars were in > 

130 cmheight group. Muthumanikam recorded the 

highest average plant height (184 cm) and Yakada Wee 

recorded the lowest average plant height (95 cm) at 

reproductive stage. 

With respect to the total numbers of tillers per plant, 

30% of  cultivars produced between 5 – 9 tillers/plant 

and 70%  produced less than 5 tillers/plant. Kalukanda 

recorded the highest number of total tillers (7 tillers) 

and five reproductive tillersper plant. Yakada Wee, 

Thawalu, Rathkara and Masuran recorded lower 

number of totaltillers per plant(3tillers/plant). Out of 

these cultivars, all the tillers produced by Kahata Wee 

(4 tillers), Rathkara (3 tillers)  , Mudaliwi (4 tillers), 

Dewaraddiri (4 tillers), Tahawalu (3 tillers), 

Muthumanikam (4 tillers) and Masuran (3 tillers)  

(35%) were reproductive tillers.This value is 

significantly lowerthan that of the value recorded 

inreference improved rice cultivars Bg 379/2 which 

produced around 7 reproductive tillers per plant. Of all 

evaluated cultivars, 50% of the rice cultivars identified 

Characters  Plant Height (cm) Cultivars 

Semi-dwarf < 110 Yakada Wee, Mari Juwana 

Intermediate 110-130 Polayal,Kalubala Wee, Heenati 309, Rathkara,  Mudaliwi 

Tall 

>130 Kahata Samba, Kalukanda, Kahata Wee (Long Grain), 

Nanduheenati, Moddai Karuppan, Dewaraddiri, Thavalu, 

Handiran, Muthumanikam, Kalu Gires, Masuran, Palasithari 

601, Sinna Karuppan 

 

Table 2. Cultivars categorized into groups based on plant height 
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with less than three reproductive tillers per plant at 

reproductive growth stage. According to SES (IRRI, 

1996), none of the rice cultivars belonged to very high, 

good and medium reproductive tillers/plant categories 

(Table 3).

Average yield per plant varied between 1.20 gand 8.68g 

among 20 traditional rice cultivars.  Twenty percent of 

rice cultivars recorded the yield more than 6 g/per plant. 

Those were Kalukanda (7.23 g ), Kahata Wee ( 8.68 g ), 

Dewaraddiri ( 6.91 g ) and Palasthari 601 (6.41g ).

There was a correlation between plant height (r = 0.452) 

and days to maturity. Days to maturity did not correlate 

with other parameters such as number of tillers/plant, 

number of fertile tillers/plant, yield/plant, filled grain 

percentage and 100 grain weight.

These cultivars were very diverse in plant height as 

semi-dwarf, intermediate and tall. Among evaluated 

cultivars 75% of rice cultivars were very tall; those tend 

to be lodging. Seventy percent of the cultivars were very 

poor in tillering which resulted in a less yield. Kahatawee 

was  the best high yielding cultivar among these twenty 

traditional rice cultivars.
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Characters Number of

tillers/plant 

Cultivars 

Very high >25 
0 

Good 20-25 
0 

Medium 10-19 
0 

Low 5-9 

Kalukanda,Nanduheenati, Polayal, Kalubala Wee, Moddai 

Karuppan , KaluGires 

Very low <5 

Yakada Wee, Kahata Wee (Long Grain), Kahata Samba, 
Heenati 309, Rathkara, Mudaliwi, Mari Juwana, 
Masuran,Palasithari 601,SinnaKaruppan, Dewaraddiri, 
Thavalu, Handiran, Muthumanikam 
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Time Dependent Contact Angle of Soils Amended with Animal Manure and Fine Woody Debris
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Abstract

Soil water repellency is a dynamic phenomenon, which is caused by low-energy surfaces where the attraction 

between solid and liquid phases is weak. Contact angle is one of the common ways to measure the wettability of a 

surface or material. The purpose of the present study was to determine the time dependence of the sessile drop 

contact angle of the soil amended animal manure and fine woody debris. The sessile drop contact angle was measured 

Cattle manure (CM), goat manure (GM), and poultry litter (PL) were used to represent animal manures. Casuarina (CE) 

dried leaves and saw dust of Mango (MN) and Domba (DOM) were used to represent fine woody debris. Contact angle 

was measure with sessile drop method. The contact angle was initially greater than 90° except in PL added samples. 

However, within 5 s, the contact angle of CM and GM added soils decreased to be below 90°, whereas that of PL, to reach 

0°. In soils amended with 50% animal manure, contact angles of all the samples were initially greater than 120º. The 

contact angle of all the samples decreased exponentially with time. Adsorption of water molecules to low-energy 

hydrophobic organic surfaces can increase the net surface free energy of the soil and weaken water repellency. 

Accordingly, the reduction of contact angle with time can be explained as a result of the adsorption of water molecules 

onto soil-water contact surface and the consequent increase in surface free energy

Key words: Contact angle, Surface free energy, Soil-water contact time, Wettability

Introduction

Soil water repellency is a widespread phenomenon 

occurring in different soils and environments across the 

world at a variety of scales. It is a dynamic phenomenon, 

caused by low-energy surfaces where the attraction 

between solid and liquid phases is weak. Development of 

soil water repellency is related to the content and the 

composition of soil organic matter. Under natural 

conditions, high-energy soil mineral surfaces are often 

covered by films of low-energy organic compounds, 

forming water repellent surfaces.

The most direct method used for characterizing the 

magnitude of the water repellency is to measure the 

solid-liquid contact angle (Fig. 1). The contact angle is 

the angle measured through the liquid, where a 

liquid/vapor interface meets a solid surface. Assessing 

the surface properties of soil particles is considerably 

difficult compared to that of plain and smooth surfaces. 

A direct measurement of the contact angle on soil is 

usually not possible due to the nature of soil surfaces. 

Modified sessile drop method (SDM) can be used for 

the direct measurement of the contact angle on soil.

Water repellency is a time dependent phenomena and 

even a highly repellent soil may eventually permit 

water entry when it is in contact with water for a long 

period. This breakdown inrepellency is reflected by the 

transient contact angle decay (Whelan A, 2011) and an 

increase in infiltration rates resulting in convex 

cumulative infiltration curves.  The time-dependence 

of repellency has been attributed to different soil-

water surface interactions leading to a reduction in the 
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liquid surface. Doerr et al., (2000) suggested that an 

important factor affecting this time-dependence is  soil 

moisture because, water repellency of soils alters 

corresponding to the wetting and drying of the soil (de 

Jonge et al., 1999; Leelamanie and Karube 2007). 

As the water repellency is mainly governed by the types 

of organic material in the soil, many behaviors of contact 

angle also may vary correspondingly. Accordingly, 

different types of organic materials may have dissimilar 

time-dependence in contact angle, which may cause 

parallel changes in time-dependence of soil-water 

contact angle when those organic materials are 

incorporated to the same soil. 

The objective of this study is to examine the relationship 

between contact angle and time dependence using soils 

incorporated with commonly used animal manure and 

fine woody debris.

Materials and Methods

Sample preparation

Arable top soil (0-10 cm) obtained from an agricultural 

land Udupila, Mirissa (Udults) was used for the 

experiment. Soil was air dried and sieved through 2 mm 

sieve before mixing with organic materials.

Cattle manure (CM), goat manure (GM), and poultry 

l i t ter  (PL)  were used to  represent  animal  

manures.Casuarina (Casuarinaequisetifolia, CE) dried 

leaves and saw dust of Mango (Mangiferaindica MN) and 

Domba (Calophyllum inophyllum, DOM) were used to 

represent fine woody debris. Organic materials were air 

dried, grinded with a mechanical grinder, and sieved 

through 1 mm sieve before mixing with sieved soil to 

obtain 5 and 50% proportions.

, 

Sessile drop method

The sessile drop contact angle was measured on a 

monolayer of model soils fixed to a glass slide using a 

double-sided adhesive tape. The organic matter was 

sprinkled on the adhesive tape of dimensions 1.5 cm × 

1.5 cm  fixed on a glass slide and the soil sample was 

pressed on to the tape with 100g weight for 10 s. The 

slide was tapped gently to remove the surplus soil. The 

prepared samples were kept in a room at 27± 3ºC 

having 75±5% relative humidity. Glass slide with a 

sample was placed on the stage of a digital microscopic 

camera and a drop of distilled amounting to 10±0.1 µL 

was placed on the sample surface. A microphotograph 

of the horizontal view of the water drop was digitally 

taken within 1 s. The drop shape was monitored and 

recorded with the contact time. The contact angle of 

each sample was measured using the micro 

photographs considering the average of the both three 

phase contact points (Fig. 1) of the drop (Leelamanie et 

al. 2008).

Results and Discussion

Figure 2 (a) shows the contact angle as a function of 

soil-water contact time in soils amended with 5% 

animal manure. The contact angle was initially greater 

than 90° except in PL added samples. However, within 5 

s, the contact angle of CM and GM added soils 
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decreased to below 90°, whereas that of PL, to reach 0°. 

Contact angle of all the samples decreased exponentially 

with soil-water contact time. Figure 1(b) shows the 

contact angle as a function of soil-water contact time in 

soils amended with 50% animal manure. Contact angles 

of all the samples were initially greater than 120°. The 

contact angle decreased exponentially with time. 

Contact angle of soils amended with GM decreased more 

rapidly than the others samples. Samples with CM took 

the longest time (>15 min) to reach the equilibrium. 

Time dependent contact angle of soils amended with 

50% DOM and MN is presented in Figure 3 (a) and that of 

5 and 50% CE is presented in Figure 3 (b). Similar to the 

animal manure, contact angle decreased exponentially 

with soil-water contact time. Surface free energy, or the 

surface tension, of water is high compared with that of 

hydrophobic soils. However, soil can absorb water 

while being hydrophobic because of the presence of 

hydrophilic functional groups in organic matter that 

cause the hydrophobicity (hydrophilic sites in 

hydrophobic organic material). Therefore, the 

adsorption of water to low-energy hydrophobic 

organic surfaces could increase the net surface free 

energy of the soil and weaken the water repellency. 

Accordingly, the reduction of contact angle with 

contact time can be explained as a result of the 

adsorption of water molecules onto soil-water contact 

surface and the consequent increase in surface free 

energy.  

507

International Symposium on Agriculture and Environment 2013
University of Ruhuna Sri Lanka



Compared with other organic materials, CE added soils 

maintained high contact angle for a longer period 

showing that CE litter might cause a soil to be repellent 

for a longer period, even though it is in contact with 

water. 

The contact angle decreased exponentially with the soil-

water contact time. This time dependence of the contact 

angle was attributed to the adsorption of water 

molecules onto low-energy hydrophobic organic matter 

surfaces. 

Being repellent for a longer period, CE litter may cause 

less water entry into the soil, increasing surface runoff as 

well as the vulnerability to topsoil erosion.  
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Abstract

Soil organic matter plays an important role in making a soil wettable or repellent. Water repellency produced by 

heating of non-repellent organic matter in soil is common on burned forests and watersheds. The objective of the 

present study was to identify the effect of laboratory heating on wettability of organic material amended soils. Goat 

manure (GM), poultry litter (PL), Casuarina (CE) leaves, and three types of fine woody debris namely  Alstonia (AL), 

Domba (DO), and Mango (MN) were used to represent organic materials which were heated to  temperature  levels of  
° ° ° °27 C, 60 C, 100 C, 200 C for a 6 h heating duration. The water drop penetration time (WDPT) was used for the 

assessment of wettability. Samples with 50% GM showed the lowest WDPT of ~60 s, whereas those without organic 
° °material amendment showed the highest WDPT of 0 s within temperatures of 27 C to 100 C. Wettability of samples 

°with animal manure did not show a considerable alteration with increasing temperature up to 100 C. Among the plant 

materials, 50% CE and DO showed WDPT>3600s. The WDPT of samples with 50% AL (57 s to 963 s), 50% MN (9s to 

88s), and 5% CE (32s to 133s) increased with increasing temperature from 27°C to 100°C. Wettability of most plant 

materials decreased when the temperature increased. All the animal manure and plant material amended soils, 

except those with 50% PL, became completely wettable (WDPT = 0 s) when the samples were exposed to 200°C. This 

might be explained as a result of the removal of organic matter as CO  and H O under high temperature heating. Reason 2 2

for PL added soils to show a measurable WDPT after heating to 200°C might be the incomplete removal of organic 

matter as a temperature higher than 200°C is required for the loss of organic matter on ignition.

Key words: Heating, Organic matter, Water repellency

Introduction 

Water repellent soil does not wet rapidly when water is 

applied on the surface. Water repellent soils are found 

worldwide especially in adverse type of soils under 

different cropping systems   (Wallis and Horne, 1992). 

Soil organic matter plays an important role in making a 

soil hydrophyllic (wettable) or Hydrophorbic (repellent) 

(Leelamanie and Karube, 2007).

The basic cause behind the creation of water repellency 

in soil is the coating of mineral soil particles with 

hydrophobic organic substances. Organic matter 

induced water repellency in soil occurs by several 

means. The irreversible drying of organic matter induces 

water repellency. Some researchers report that surface 

layers of peat soils are difficult to rewet after drying. 

Organic substances leaching out from plant litter also 

induce water repellency in sand and coarse grained soil. 

Coating of mineral soil particles by hydrophobic 

microbial byproducts would encourage water 

repellency. In addition to the hydrophobic organic 

coatings, intermixing of mineral soil particle with 

hydrophobic organic matter would also create a water 

repellent soil. 

Heating of potentially water repellent soils leads to 

change their wettability (Dekker and Ritsema, 1994).  

Heating of the hydrophobic organic matter in coatings 

or intermixed soils could increase the water repellency. 

Water repellency produced by heating of non-repellent 

organic matter in soil is common in burned forests of 

watersheds. Heating of hydrophobic material in coated 

mineral particles would vaporize the hydrophobic 

organic substances, which would re-condense at cooler 

sites. Heating of organic matter in intermixed soils 

helps to coat adjacent mineral particles with organic 

compounds. 

The severity of soil water repellency upon exposure to 
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heat, mainly due to burning depends on several factors. 

Type of organic matter, vegetation, the severity of fire or 

the heating temperature, heating time, post-heating 

equilibration time are some of the factors that may affect 

the wettability of water repellent soil (Doerr et al., 

2005). The objective of the present study was to identify 

the effect of laboratory heating on wettability of organic 

matter amended soils.

Materials and Methods

Sample preparation

Arable top soil (0-10 cm) obtained from an agricultural 

land, Udupila, Mirissa, (Udults) used for the experiment. 

Soil was air dried and sieved through 2 mm sieve before 

mixing with organic materials.

Goat manure (GM), poultry litter (PL), Casuarina 

(Casuarina equisetifolia, CE) leaves, and three types of 

fine woody debris, Alstonia (Alstonia macrophylla, AL), 

Domba (Calophyllum inophyllum, DO), and Mango 

(Mangifera indica, MN) were used to represent organic 

materials, where the soil without organic manure was 

used as the control. All organic material types were air 

dried ground with a mechanical grinder and sieved 

through 1 mm sieve prior to mixing with sieved soil to 

obtain 5 and 50% of added amounts.

Heat treatment 

° ° ° °Four temperature levels of 27 C, 60 C, 100 C, 200 C, with 

three replicates per treatment were implemented. The 

time of heat exposure was 6 h. Samples placed in 

porcelain crucibles were placed in a preheated muffle 

furnace.. Thereafter, the samples were left under the 

°laboratory conditions (27±3 C, 75±5% relative 

humidity) for 24 h prior to  the wettability assessment. 

Water drop penetration time test

The water drop penetration time (WDPT) was used for 

the assessment of soil wettability. Approximately 5-g 

cooled subsamples in weighing bottles were added 

with one drop of distilled water representing a volume 

of 50-ìl onto the sample surface using a micropipette 

set at a height of 10 mm. The time taken for the 

complete penetration of the water drop was measured. 

Samples with a WDPT ≤ 1 s were considered non-

repellent, 1–60 s slightly repellent, 60–600 s strongly 

repellent, 600–3600 s severely repellent and ≥ 3600s 

extremely repellent (Leelamanie et al., 2008).

Results and Discussion 

The WDPT of animal manure and plant materials 

amended soils at various temperatures are shown in 

Figure 1 (a) and (b), respectively. Samples with 50% 

GM showed the lowest WDPT of ~60 s, whereas the soil 

samples without organic material amendment showed 

the highest WDPT near 0 s under temperature ranging 

° °from 27 C to 100 C. According to the WDPT data, the 

wettability of samples with animal manure did not 

show a considerable alteration with increasing 

°temperature up to 100 C (Figure 1-a)

Figure 1 . Water drop penetration time for (a) animal manure (b) plant materials amended soils at different temperatures. 
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Among the plant materials, 50% CE and DO showed 

extreme water repellency  indicating a WDPT of >3600 s. 

Similar to the animal manure, the wettability of samples 

with 50% CE, 50% DO, 5% AL, 5% DO, 5% MN  plant 

materials did not show a considerable difference with 

°increasing temperature up to 100 C (Figure 1- b). 

In contrast, the WDPT of samples with 50% AL (57 s to 

963 s), 50% MN (9 s to 88 s), and 5% CE (32 s to 133 s) 

°increased with increasing temperature from 27 C  to 

°100 C showing a decreasing wettability. Therefore, care 

should be taken when analyzing wettability and related 

properties of soils such as surface free energy as 

preheating in sample preparations would affect the 

measurements. All the animal manure and plant 

material amended soils, except those with 50% PL, 

became completely wettable reaching a WDPT of 0 s, 

°when the samples were exposed to 200 C for 6 h period. 

This might be explained as a result of the removal of 

organic matter as CO  and H O under high temperature 2 2

heating, because the presence of organic material is 

responsible for generating water repellency in soils. 

Although these materials showed loss of organic matter 

with heating upto 200°C, total removal of organic matter 

(loss on ignition) in all samples cannot be expected at 

this temperature. This might be the reason for PL to 

show a measurable WDPT after heating to 200°C. 

Most plant materials showed a decrease in wettability 

along with an increasing heating temperature up to a 

certain intermediate temperature level. This might be 

important because preheating of samples is included 

many laboratory experiments.

All the animal manure and plant material amended 

soils, except those with 50% PL, became completely 

wettable (WDPT = 0 s) when the samples were exposed 

°to 200 C for 6 h period. 

Removal of organic carbon as CO  and H O under high 2 2

temperature heating might be the reason for this, 

where heating to a higher temperature might be 

needed for the removal of organic matter on PL.

References

Dekker, L.W., Ritsema, C.J. 1994. How water moves in a 

water repellent sandy soil: 1. Potential and 

actual water repellency. Water Resource Res, 

30:, 2507 – 2517.

Doerr, S.H., Douglas, P., Evans, R.C., Morley, C.P., 

Mullinger, N.J., Bryan, R., Shakesby, R.A. 2005. 

Effects of heating and post-heating 

equilibration times on soil water repellency, 

Australian Journal of Soil Research, 43:261 – 

267. 

Leelamanie, D.A.L., Karube, J. 2007. Effects of organic 

compounds, water content and clay on water 

repellency of a model sandy soil. Soil Science 

and Plant Nutrition, 53:711 – 719.

Leelamanie, D.A.L., Karube, J., Yoshida, A. 2008. 

Characterizing water repellency indices: 

contact angle and water drop penetration 

time of hydrophobized sand. Soil Science and 

Plant Nutrition, 54: 179 –187.

Wallis, M.G., Horne, D.J. 1992. Soil water repellency. 

Adv. Soil Science, 20: 91 – 146. 

511

International Symposium on Agriculture and Environment 2013
University of Ruhuna Sri Lanka





Isolation and Morphological Characterization of Endophytic Bacteria from Oryza rufipogan
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Abstract

Reports on isolations of endophytic diazotrophic bacteria from wild rice indicate the potential use of such bacteria as 

alternative nitrogen sources for rice cultivation. Objectives of this study were to isolate local endophyitc bacteria from 

Oryza rufipogan and to characterize them based on morphology and antibiotic resistance for potential use in future 

breeding programmes aiming in planta nitrogen fixation. 16 endophytic bacterial colonies were isolated from the 

roots, stem and leaves of Oryza rufipogan. Cell shapes, colony pigmentation, colony morphology and development 

were observed. Gram staining was performed for the isolates. Response to selected antibiotics (carbenicillin and 
-1 -1cefotaxime at100 mg/l  and kanamycin at 50 mg l  was observed on AG medium at 30°C for 48 to 72 hours. All isolates 

were Gram negative. There were long and short rods and round cells of different sizes. One to 3 days were taken for 

colony development. Twelve isolates were moderately resistant to carbenicillin while isolate 4 and 10 were resistant 

to cefotaxime and kanamycin, respectively. Isolates of 7(2) and 2(1) showed a better growth on kanamycin containing 

medium with an average colony diameter of 7 and 6 mm in contrast to that of 6 and 4 mm in control, respectively. 

Isolate numbers of 2(1) and 6(2) exhibited resistance to all 3 antibiotics. Colony colour varied from yellow, light 

brown, dark brown and reddish pink. Undulating colony margins and opaque nature (in light transmission) were 

common. Flat, convex and umbonate elevations were observed. Identification of above morphologically different 

isolates through 16S rRN analysis will be useful for molecular characterization for experiments on alternative 

nitrogen for rice in the future.

Key words: Endophytic bacteria, Isolation, Oryzarufipogan

Introduction 

A variety of endophytic diazotrophic bacteria have been 

isolated from legumes and non-legume species 

including wild rice and significant in planta nitrogen 

fixation have been reported in some of them (Chaintreuil 

et al., 2000). As the expenditure for inorganic nitrogen 

fertilizer contributes to the major cost of rice production 

and health and environmental issues, endophytic 

diazotrophic bacteria are of great importance as an 

alternative potential source of nitrogen to rice. On the 

other hand, endophytic bacteria which can fix nitrogen 

within plant tissues are independent of external 

environmental stress and could be a good candidate for 

nitrogen supply in the era of climate change. 

Wild rice is closely related to cultivated rice, O. sativa. 

Endophytic bacteria from wild rice Oryzaalta had been 

reported as a valuable bio resource (Baldani et al., 1997). 

Diverse endophytic nitrogen fixing bacteria have been 

isolated from plant tissues of O. rifipogon in south China 

(Guixiang et al., 2007). Sri Lanka being a biodiversity 

hot spot in the tropics, there is a possibility for a variety 

of such novel bacteria in local wild rice as well.

Objectives of this study were to check the presence of 

local potential endophyitc bacteria from Oryza 

rufipogan and to identify the variation among them 

mainly through morphological characters, antibiotic 

resistance and gram staining.

Colony morphology is widely used as a parameter of 

differentiation of bacteria (Guixiang et al., 2007). 

Antibiotic resistance of bacteria is also useful: 

Cefotaxime and carbenicillin are broad-spectrum 

antibiotics that disturb during cell wall mucopeptide 

biosynthesis in bacteria. Kanamycin inhibits protein 

synthesis by binding to 70S ribosome.
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Materials and Methods

Bacteria isolation from Oryzarufipogan plants

Bacteria were obtained from randomly selected plants 

of wild rice Oryza rufipogonin greenhouse which were 

originally collected from Thihagoda, Sri Lanka. Surface 

sterilization and streaking of plant extract on tryptone- 

glucose- yeast extract agar (TY) medium for sterility 

check and yeast extract manitol (YEM) for isolation were 

according to the method described in Chaintreuil et al 

0(2000). Plates were incubated at 30 C under 16 hours of 

light and 8 hours of darkness. Single colonies were 

picked and re-streaked on AG medium with 3 

replicates.

Gram staining and determination of cell shape

Gram staining procedure was followed for all isolates 

and slides were observed under light microscope 

(MICROS MCX100, Australia).

 

  

Iso late 

  

Sou rce 

of 

is olatio

n 

  Treatments Morpholo gical var iatio n of colonies     

C K  Cef Cab Color  margin Elevation Texture 

Light 

transm iss ion 

2(2) Root R M R S M R Light brown Undulating Flat shiny to dull translucent 

2(1) Root R R* M R M R Light brown entire Flat shiny to dull translucent 

1(1) Root R M R S M R Brownish 

yellow 

lobate Flat shiny to dull opaque 

1(4) Root R M R S S Brown  entire Convex M ucoid opaque 

4(1) Root R M R S M R reddish pink Undulating Convex shiny to dull opaque 

3(3) Stem R** R** S S Yellow Undulating Flat M ucoid opaque 

3(2) Stem R R* S M R Light brown entire Flat Granular translucent 

3(1) Stem R S M R M R Light brown lobate umbon ate shiny to dull opaque 

5(1) Stem R S S M R White Undulating umbon ate smooth to 

wrinkled 

opaque 

4(4) Root R S S M R Brown Undulating Convex M ucoid opaque 

4(3) Root R R S R Brownish 

yellow 

Undulating Convex mucoid opaque 

4(2) Root R S S M R Light brown erose Flat mucoid opaque 

7(2) Root R R* S S Brownish 

yellow 

Undulating Flat mucoid opaque 

7(1) Root R** S S S Brown Undulating Convex mucoid opaque 

6(2) Leaves R M R R R Light brown erose Convex mucoid translucent 

6(1) Leaves R S M R R Brownish 

yellow 

Undulating Convex mucoid opaque 

(C=control, K= Kanamycin, Cef=Cefotaxime, Cab=Cabenicillin, R=Resistance, MR= Moodaratly resistance, 

S=Susceptible, R*=Better growth than in control, R**= Slow growth)

Table 1. Antibiotic resistance and colony morphology of 16 endophytic bacterial colonies on AG medium.
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Morphological characterization

Colony shape, diameter, margin, texture, elevation, 

light transmission and colour were observed (

).

Determination of antibiotic resistance

AG plates containing antibiotics at the following 

-1concentrations: Carbenicillin (100 mgl ), kanamycin (50 

-1 -1mgl ) and cefotaxime (100 mgl ). Bacterial isolates were 

plated as dot from tooth picks onto AG solid medium 

with or without one of the antibiotics and incubated as 

above in 3 replicates. Colony size (diameter) was 

measured for several times during the first week.

Results and Discussion 

Sixteen distinct isolates were identified. All isolates 

were gram negative. Long and short rods and round 

bacterial cells were observed. All isolates were gram 

negative. There were long and short rods and round cells 

of different sizes. One to 3 days were taken for colony 

development. Colony colour varied from yellow, light 

brown, dark brown and reddish pink. Undulating colony 

margins and opaque nature (in light transmission) were 

common. Flat, convex and umbonate elevations were 

observed. Colony size varied in diameter 3-11mm from 

http: // 

www.mansfield.ohio-state. edu /~ sabedon / 

biol4035.htm

one day to 3 days for colony development. Twelve 

isolates were moderately resistant to carbenicillin 

while 4 and 10 isolates were resistant tocefotaxime 

and kanamycin, respectively. Isolate numbers of 7(2) 

and 2(1) showed a better growth on kanamycin 

containing medium with an average colony diameter 

of 7 and 6 mm in contrast to that of 6 and 4 mm in 

control respectively. Isolate 2 (1) and 6 (2) exhibited 

resistance to all 3 antibiotics (Table1).
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Variability of Some Morpho-Physiological Characteristics of Weedy Rice in Ampara District of Sri Lanka
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Abstract

Weedy rice is considered as one of the most troublesome, difficult-to-manage and economically damaging weed in Sri 

Lanka. Weedy rice affects the growth, yield and quality of cultivated rice. However, weedy rice may contain important 

genes which can be incorporated into the cultivated varieties. Therefore  study on morpho-physiological 

characteristics of weedy rice are important to adopt efficient control measures and it may also be helpful to rice 

breeders in developing new rice varieties. Therefore, this study was aimed to determine the morpho-physiological 

diversity of weedy rice in Ampara district. Ampara, Akkareipattu and Lahugala locations from Ampara districts were 

selected as sampling sites.Weedy rice populations representing locations were grown in a common field in a complete 

randomized design with four replications. Plant height, thousand grain weight, own length, number of spikelet per 

panicle, number of filling seeds per panicle, number of unfilled grains per panicle, number of shattered seeds per 

panicle were measured and germination percentage and seed viability were tested. Significant variations were 

observed in measured characteristics of weedy rice populations in Ampara District. Number of shattered seeds per 

panicle showed the highest variablility (CV-76.7%) compared to  all the other characteristics. Significant differences 

among three populations for all the measured characteristics except for plant height and viability percentage were 

observed. Measured characteristic of Lahugala population were very similer to that of wild rice and significantly 

differed  from those from other two locations.

Key words: Morpho-physiological characterization, Variation, Weedy rice

Introduction

Rice is a staple food for nearly half of the world's 

population and it is the main staple food for Sri Lankans. 

Weeds are one of the main constraints affecting rice 

production worldwide. Among many other weeds, 

weedy rice is the main competitor with cultivated rice, 

affecting both growth and yield (Zainudin et al., 

2010).Weedy rice is currently considered as one of the 

most  troublesome,  d i f f icul t - to-manage  and 

economically damaging weed in Sri Lanka due to its 

impact on the main staple food crop of Sri Lankans 

(Marambe, 2009). Weedy rice was first reported in Sri 

Lanka in 1990 in a small area in Ampara District in 

Eastern Province but, by 1997, it had become a serious 

problem in the area. At present, weedy rice is becoming 

common in most rice growing areas in Sri Lanka. 

Morphologically, weedy rice is highly variable in almost 

all the vegetative and reproductive characteristics with 

each other and appears to be an intermediate between 

wild and cultivated rice (Qianjin et al., 2006).Weedy 

rice belogs to the same species of cultivated rice (i.e. it 

usually has the same genome), but it behaves 

differently. It normally grows faster; makes better use 

of the available N; produces more tillers, panicles and 

biomass in general; shatters earlier; has better 

resistance to adverse dry conditions; and possesses 

longer dormancy in soil. Higher levels of seed 

shattering and seed dormancy have enriched the soil 

seed bank of weedy rice in infested fields.

Weedy rice may contain important genes which can be 

incorporated into the cultivated rice. Since weedy rice 

is considered as a natural hybrid between cultivated 

rice and wild rice it may be possible to use weedy rice 

as a bridge to transfer genes from the secondary gene 

pool to cultivated rice. Thus studies of morpho-
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physiological characteristics of weedy riceare important 

to adopt efficient control measures and it may also be 

helpful to rice breeders in developing new rice varieties. 

Therefore, this study was aimed to determine the 

morpho-physiological diversity of weedy rice in Ampara 

district.

Materials and Methods

A higher weedy rice infested fields were selected as 

sampling sites. Three locations from Ampara districts 

were selected. The selected locations were Ampara, 

Akkareipaththu and Lahugala. In each location 30 weedy 

rice panicles were randomly collected. 20 seeds were 

collected from each 30 panicles of a  location and then 

those were mixed well and used for field experiment as a 

representative sample. This procedure was done for 

samples collected from all three locations.To eliminate 

environmental effects, weedy rice populations were 

grown in a common paddy field in 2 X 2 m plots in a 

completely randomized design with four replications. 

Weedy rice seedlings were transplanted in the plots with 

20 X 20 cm inter and intra raw spacing and all the 

management practices were adopted according to the 

recommendations of the Department of Agriculture. 

Panicles were covered by netted nylon bags to collect 

shattered seeds.Ten plants from each of the weedy and 

cultivated rice per plot were randomly selected for 

measurement. Plant height, thousand grain weight, 

own length, number of spikelet per panicle, number of 

unfilled seeds per panicle and number of shattering 

seeds per panicle were measured at harvest stage. 

Germination percentage and seed viability were tested 

three months after harvesting. Statistical analysis was 

done using the SAS computer programme.

Results and Discussion

A higher level of variations was observed within 

selected characteristics of weedy rice among weedy 

rice populations in Ampara District. Shattering 

percentage was the highest variable characteristic 

(CV-76.7%) comparedto other characteristics (Table 

1). The high seed shattering may enrich the soil seed 

bank of weedy rice in infested fields. Thousand seed 

weight was the lowest variable characteristic (CV-

13.0%) compared to other characteristics (Table 1). 

No. of filled grains per panicle, No. of unfilled grains per 

panicle, Own length and germination percentage (3 

months after harvesting) also showed high variability. 

Although a small area was selected for the study, 

results showed the high variability among location, so 

that weedy rice is a highly diverse weed.

Characteristics Weedy rice population  Co efficient of variation 
among three locations (CV 
%) 

 
Ampara 

 
Akkareipattu 

 
Lahugala 

 

Plant height (cm) 139.2 137.9 140.1  14.2 

Thousand seed weight (g) 25.7a 24.5a 20.9b  13.0 

No. of spikelets per panicle 114.0a 97.5b  73.8c  21.2 

No. of filled grain per panicle 57.5a 45.6b  12.9c  35.9 

No. of unfilled grains per panicle 42.2a 43.8a 60.9b  33.4 

No. of shattered seeds per panicle 12.9a 9.9a 66.0b  76.7 

Own length (cm) 0.9a 1.8a 6.5b  69.5 

Germination percentage (3 
months after harvesting) 

90a 72 b 25c  42.6 

Viability percentage (3 months 
after harvesting) 

93a 92 a 89a  14.8 

 

Table 1. Mean comparisons and variation of some morpho-physiological characteristics among location specific 

                 populations of weedy rice in Ampara District.

Means with the same letter are not significantly different at P>0.05 within a characteristic.
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Significant differences were founded among three 

populations for all the selected characteristics except for 

plant height and viability percentage (Table 1).  This 

indicates that  the morpho-physiological characteristic 

of weedy rice varied from a location to location even 

within a District. Lahugala population significantly 

differed  from the other two locations for most of the 

characteristics (Table 1). Number of unfilled grains per 

panicle, Number of of shattered seeds per panicle and 

own length were very high and number of spikelets per 

panicle, thousand seed weight, number of filled grain 

per panicle, germination percentage (3 months after 

harvesting) were low in Lahugala population when 

compared to other two populations. Germination 

percentage was very low (25%) while viability 

percentage was very high (89%) three months after 

harvesting in Lahugala population so that seed 

dormancy appeared to be very high in Lahugala 

population. Due to seeds dormancy, weedy rice seeds 

may remain over long period in soil without losing 

viability and it will help to increase the soil seed bank. 

Most of the characteristics (longer own, less thousand 

seed weight, high number of unfilled grains per panicle, 

high number of shattered seeds per panicle and low 

germination percentage) in Lahugala population 

appeared very close to the characteristics, that can be 

seen in wild rice. Thus, it appeared that Lahugala 

population may have evolved by natural out-crossing 

of wild rice with cultivated rice. 
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Effect of Cold Pre Treatment on Callogenesis of Selected Indica Rice Genotypes Via Anther Culture
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Abstract

Indica rice varieties are highly recalcitrant to anther culture. Androgenesis results in homozygous progeny from a 

heterozygous parent in a single generation and provides excellent material for research, plant breeding and plant 

transformation. Physical, chemical treatments given to flower buds or anthers prior to culture can be highly inductive 

to the development of pollen into plants. The most significant is cold pre treatment and is genotypic dependent. The 

aim of this study was to determine the optimum cold pre treatment duration required for anther culture in selected 

Indica rice varieties. Genotypes of BG 379-2, BW 267-3, Kahata wee, and AT 362 varieties were selected for the study 

based on their yield and other desirable characters such as grain quality, tolerance to iron toxicity, resistance to pest 

and disease which are sufficient for rice breeding programmes. Panicles of these varieties were cold pre treated at 
010 C for 6-12 days and anthers were cultured in agar solidified N6 medium supplemented with 2.0mg / l 2-4 D, 

 0.5mg/l kinetin and 2.5mg/l NAA. The highest callus induction frequency (4.09) was observed in At 362 while the 

least was recorded in Kahata wee. The effect of variety and cold pre treatment was significant (p<0.05) for the callus 
0induction frequency. Cold pre treatment for 7 days at 10 C had the highest callus induction frequency in genotypes of 

Kahata wee, BG379-2,BW267-3 and AT 362 had highest callus development in 12 days was found to be most effective 

for anther culture in experimental genotypes used in the study. 

Key words: Anther culture, Callus induction, Cold pre treatment

Introduction

Anther culture is an important biotechnological tool in 

rice breeding. Androgenesis results in homozygous 

progeny from a heterozygous parent in a single 

generation and provides excellent material for research, 

plant breeding and plant transformation. Production of 

haploids and dihaploid plants have been useful in 

providing access to recessive genes and for 

biotechnological manipulations. Using pollen parents 

from anther culture in rice breeding can reduce breeding 

time, increase selection efficiency and save space and 

labour in the field by allowing selection of fine strains in 

early generations.

Exploitation of anther culture technique in breeding and 

genetics research is limited due to very low regeneration 

frequency of anthers of rice in indica cultivars and their 

genotypic dependence (Balachandran et al., 1999). 

It was reported that certain physical and chemical 

treatments given to flower buds or anthers prior to 

culture, can be highly inductive to the development of 

pollen into plants (Maheshwari et. al., 1980).The most 

significant is cold treatment. According to Genovesi 

and Magill (1979), cold treated anthers containing uni 

nucleate microspores form callus at a much higher rate 

in rice. The aim of this study was to determine the 

optimum cold pre treatment duration required for 

anther culture in selected Indica rice varieties.

Materials and Methods

Plant materials and growth conditions: Seeds of 

BG379-2, BW267-3, Kahata wee, and AT 362 varieties 

were obtained from the Regional Rice Research and 

Development Institute, Bombuwala and were grown in 

pots under green house conditions following the 

standard agronomic practices recommended by 

Department of Agriculture.
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Anther pre-treatment and preparation for culture: 

Panicles were collected at the booting stage, before the 

heading when the distance between the flag leaf auricle 

and penultimate leaf collar was 7-12 cm by making clean 

cut below the node where panicle arose. After removing 

the leaf blades panicles were wrapped together in 

Aluminum foil, placed in a polythene bags and kept in an 

oincubator at 10 C for 6,7,8,9,10,11 and 12 days for the 

cold pre treatment. The intact panicles were rinsed with 

70% (v/v) ethanol for 20s.Spikelets were then removed 

and surface sterilized with 30% (v/v) commercial 

bleach solution (Clorox) for 20 min and rinsed 

thoroughly with sterilized distilled water. 

Spikelets were cut at the base and the anthers were 

gently squeezed out using a sterilized forcep and a pair 

of scissors. Approximately hundred anthers were 

inoculated in petri dishes with agar solidified N6 

medium supplemented with 2.0mg/l 2-4 D, 0.5mg/l 

kinetin and 2.5mg/l NAA. One petri dish constituted one 

replicate and an average of ten replicates were cultured 

for each genotype with one cold treatment. The cultures 

were kept in dark at 28°C for callus induction and 

examined at weekly intervals for six weeks and the 

percentage of anthers forming calli (callus induction 

frequency) was recorded after six weeks.

Data analyses: The data were analyzed as a completely 

randomized design using the analysis of variance 

(ANOVA).

Results and Discussion

Effect of cold pre treatment on callus induction 

Callus induction started three weeks after culture 

establishment. The highest callus induction frequency 

was observed in At 362 while lowest was recorded in 

traditional variety, Kahata wee (Table 1).The effect of 

variety and cold pre treatment was significant (p<0.05) 

for the callus induction frequency. Similarly, the 

interaction effect of the above two factors was 

significant at 5% significance level. Significant 

genotype × pre treatment interaction implies that the 

determination of suitable pre treatment condition has 

the ability to further increase the responsiveness in 

both genetically high and low responsive genotypes.

0Overall, cold pre treatment at 10 C for 7 days showed 

higher callus induction frequencies in genotypes of 

Kahata wee, BG379-2, BW267-3 compared to other 

cold pre treatment durations.  AT 362 produced 

0 highest callus development in 12 days at 10 C and 

0kahata wee performed best in 7 days at 10 C (figure 1, 

table 2).It implies that the application of cold pre 

treatment is genotype dependent.Datta (2005) 

reported that, the response to chilling or heating is also 

genotype dependent. Temperature is one of the most 

important factors that influences the induction of 

pollen embryo callus development. According to 

Reddy et al.,(1985), pre treatment of anthers by low 

and elevated temperatures had stimulatory effect for 

callus induction and plantlet yield in rice, which 

supporting our results.  

 

Variety        Mean calli frequency 

Kahata wee              1.85b 

BG 379-2             3.33ab 

BW 267-3             1.95b 

AT 362             4.09a 

Table 1. Mean calli frequency of tested varieties 
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Variety  Treatment Duration (days)   

  6 7 8 9 10 11 12 

Kahata wee   1.67b c 3.67a 2.67ab 2.00bc 1.67bc 1.00d c 0.34d 

BG 379-2  3.33b 9.00a 3.34b 2.67b 3.33b 1.34b 0.50b 

BW267-3  2.67b 6.00a 1.67b c 1.00bc 1.33bc 1.00b c 0.00c 

AT 362  3.67b c 3.00c 1.67c 1.67c 6.67b 1.34c 10.67a 

 

Table2. Duration of cold pre-treatment on callus induction in anther cultures of selected Indica rice varieties.

Different letters in a column indicate a significant difference among the cold pre-treatment duration on callus 

induction in anther cultures of selected Indica rice varieties based on Duncan's Multiple Range Test at 5% level.

Figure 1. (a) Callogenesis of AT362 on twelve days cold pre treatment duration (b) Callus of Kahata wee on seven 

                  days cold pre treatment duration.
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Callus Induction Ability of Anthers in Selected Improved Rice Varieties in Sri Lanka
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Abstract

In rice (Oryza sativa L.), anther culture technique is one of the efficient and practically important biotechnological tool 

to produce haploids in-vitro. The indica sub species of rice has a lower efficiency of haploid plant production 

compared to japonica sub species. This study examined four indica type Sri Lankan improved rice varieties AT362, 

BW272-6b, BW267-3 and BG379-2 for the high frequency callus induction from cold pre-treated anthers by N6 

medium with three different growth regulator combinations. The varieties were selected based on the yield and other 

desirable characters such as grain quality, tolerance to iron toxicity, resistance to pest and disease etc. which could be 
0used in rice breeding to incorporate desirable characters. Panicles were cold pre treated at 10 C for 7 days and anthers 

were cultured in agar solidified three modified N6 culture media. Significant variations were observed with respect to 

callus induction among the four Sri Lankan improved cultivars tested in relation to callus percentage of anthers 

forming calli (callus induction frequency) through anther culture. Calli were formed in varieties AT362, BW272-6b, 

BW267-3, and BG379-2.The highest callus induction frequency (6.67) observed in variety BG379-2, which was 

different from other three callus forming varieties (Table 2).All rice varieties had higher callus initiation ability in N6 

medium supplemented with 2.0mg/l of 2,4-D and 0.5mg/l of Kinetin. 

Key words: Anther culture, Rice ssp.indica, Callus induction

Introduction

Sri Lankan rice varieties possess high yield and other 

desirable characters such as good grain quality, 

tolerance to iron toxicity; resistance to pest and disease 

etc. that can be used in rice breeding to incorporate 

desirable characters.  The advent of various 

biotechnological techniques in recent years has offered 

new tools for developing high yielding rice varieties 

possessing good grain characteristics to boost rice 

export and meet domestic demand. Among these tools, 

anther culture is emerging as an effective technique in 

rice breeding, particularly when applied to potential 

hybrid. Anther culture in rice breeding can reduce 

breeding time, increase selection efficiency and save 

space and labour in the field by allowing selection of elite 

genotypes in early generations (Shih-Wei and Zhi-Hong, 

1991). Androgenesis results in homozygous progeny 

from a heterozygous parent in a single generation and 

provides excellent material for research, plant breeding 

and plant transformation (Wang et al., 2000). Production 

of haploids and dihaploid plants have been useful in 

providing access to recessive genes and for 

biotechnological manipulations (Sopory and Munshi, 

1996). But the application of this technique to rice sp. 

indica is limited, because response of indica varieties to 

anther culture is less than japonica varieties (Bhojwani 

et al., 2003).

Therefore, the goal of this research was to optimize the 

callus formation ability of selected improved rice 

varieties via anther culture by optimizing growth 

regulators in culture medium.

Materials and Methods

Plant materials and growth conditions: Seeds of 

AT362, BW272-6b, BW267-3 and BG379-2 varieties 

were obtained from the Regional Rice Research and 

Development Institute, Bombuwala and were grown in 

pots under green house conditions following the 

standard agronomic practices recommended by 

Department of Agriculture.
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Anther pre-treatment and preparation for culture: 

Panicles were collected at the booting stage, before the 

heading when the distance between the flag leaf auricle 

and penultimate leaf collar was 7-12 cm by making clean 

cut below the node where panicle arose. After removing 

the leaf blades, panicles were wrapped together in 

aluminum foil, placed in a polythene bags, and kept in an 

oincubator at 10 C for 7days to cold pre-treatment. The 

intact panicles were rinsed with 70% (v/v) ethanol for 

20s.Spikelets were then removed and surface sterilized 

with 30% (v/v) commercial bleach solution (Clorox) for 

20 min and rinsed thoroughly with sterilized distilled 

water. 

Spikelets were cut at the base and the anthers were 

gently squeezed out using a sterilized forceps and a pair 

of scissors. About 100-120 anthers were cultured in 

each petri dish containing 15-20ml of culture medium 

and incubated in dark at 25°C.Callus initiation from 

anthers was tested on three culture media (Table1) 

which were N6 medium. One petri dish constituted one 

replicate and an average of 40 replicates were cultured 

from four genotypes in one treatment. The cultures were 

kept in dark at 25°C (Chen et al., 1991) for callus 

induction and examined at weekly intervals for six 

weeks and the percentage of anthers forming calli 

(callus induction frequency) was recorded after six 

weeks.

Results and Discussion

Significant variations were observed with respect to 

callus induction among the four varieties tested. This 

could be due to its inheritance as a recessive trait of 

anther culture response. Calli were formed in varieties 

AT362, BW272-6b, BW267-3, and BG379-2.The 

highest callus induction frequency (6.67) was 

observed variety BG379-2 with medium 1 and 2.Other 

tested varieties (AT362, BW272-6b and BW267-3) 

showed highest callus induction frequency in medium 

1.

This study revealed that growth regulators play an 

important role in callus induction from anthers. 

Medium1 and 2 showed significantly highest callus 

forming ability than medium 3.

There was a genotypic effect on callus induction 

frequency among tested varieties. If suitable 

genotypes and proper medium are used it is possible to 

increase the plant regeneration frequency in Indica 

rice anther culture which is considered as a bottle neck 

in the use of biotechnology in rice improvement.
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Medium 2,4-D (mg/l) NAA (mg/l) Kinetin (mg/l) 

M1 2 0 0.5 

M2 2 0 1 

M3 0 2 0.5 

 

Table 1. Different concentrations and combinations of 

                  growth regulators used in callus induction 

                  medium (N6)

Data analyses: The data were analyzed as a completely 
randomized design using the analysis of variance (ANOVA).

 Variety  Treatment  

 M1 M2 M3 

AT362 3.00 1.34b 1.00 

BW272-6b 1.67 1.00b 1.00 

BW267-3 3.67   3 .00ab 1.33 

BG379-2 6.67 6.67a 1.67 

 

Table 2. Effect of culture medium on callus induction 

                 of selected Indica rice varieties.

Different letters in the column (a, b) indicate a 

significant difference among according to Duncan's 

Multiple Rang Test at 5% level.
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Abstract

Organic rice farming has gained increasing attention throughout the world in recent past. Therefore, best rice 

varieties needed to be identified to perform well under organic conditions for increasing rice grain yield.This study 

was carried out at Regional Rice Research Center, Bombuwela to identify the best improved and traditional rice 

varieties for organic farming. Seven improved Bw361, Bw363, Bw364, Bw272-6b, Bg359, Bw03-1073, Bw05-1621 

and two traditional rice varieties Herath banda and Murungakayan were cultivated under Randomized Complete 

Block Design with three replicates. A total of five (05) agronomic traits (Growth rate at seedling stage (GR),Culm 

Length (CL),Panicle length (PL), Days to 50% flowering (DF), Days to maturity (DM),and five (05) yield characteristics 

(Panicle weight (PW), Number of spikelets per panicle (NS), Number of filled spikelets per panicle (NFS),100 grain 

weight (SW), Net plot yield (GY) were measured from selected 10 plants per each plot. Analysis of variance performed 

on the selected traits revealed that improved varieties, Bw 361,Bw 363, Bw364 Bw359 and traditional variety 

Murungakayan were the best for organic farming. Among them Bw 361, Bg359, Bw 363 yielded above 4t/ha (over 

80bu/ac) under organic condition in low country wet zone.

Key words: Rice, Yield, Characteristics, Organic

Introduction

Rice (Oryza. sativa L.) is an important world staple food 

and is consumed by nearly one-half of the global 

population (Fageria  and Baligar, 2003). In Sri Lanka, rice 

occupies 34 percent (0.77 million ha) of the total 

cultivated area (Agstat 2008). Modern agricultural 

systems have been developed to obtain the highest 

yields and the highest economic profits. Intensive tillage, 

application of inorganic fertilizer, irrigation, chemical 

pest and disease control and genetic manipulation of 

crop plants are practiced to achieve these goals. 

Industrial countries use 72 million tons of chemical 

fertilizer while developing countries use 43 million 

tones (Census and Statistics 2009, Central Bank 2009). 

Rice cultivation in Sri Lanka during pre green revolution 

era used long duration indigenous varieties, had single 

season cultivation and used bone meal as a fertilizer. 

There were no herbicides and pesticides and no 

pressure to increase yield. But at present, the high 

yielding rice types that are used in 99% of the cultivation 

need chemical fertilizer.  Annual estimated 

requirement of fertilizer is 0.32 million mt and this 

entire requirement is annually imported to Sri Lanka 

incurring a cost of 2.88 billion rupees (Sri Lanka 

Customs, Central Bank 2010).Applying chemical 

fertilizer in excess to the crop can contaminate the 

wells and nitrates in drinking water cause a health 

problem to the animals and people. The extensive use 

of pesticides creates more direct problems for farm 

workers (Weerakoon et al., 2000).

Organic Farming, which is responsible for material 

recycling in agricultural ecosystem and crop 

production with minimal environmental load, has 

played a crucial role from ecological protection and 

agricultural production (Dahama 1997). The use of 

traditional varieties had major problems of lodging 

and less yield potential under organic conditions. 

Therefore, objective of this study was to identify best 

improved rice varieties and promising traditional rice 

varieties for organic rice farming.
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Materials and Methods

The experiment was conducted at the Regional Rice 

Research and Development Center, Bombuwala. Seven 

improved (Bw361, Bw 363, Bw364, Bw272-6b, Bw 05-

1621, Bw 03-1073, Bg 359) and two traditional 

(Murugakayan and Herathbanda) rice varieties were 

used as experimental materials.

For the field layout Randomized Complete Block Design 

(RCBD) was used with 3 replicates during yala season. 

For each replicate seeds of each variety was sown in 3m x 

5m plot with 18 cm between hills and rows. Soil PH and 

EC was measured for each plot before seeds sowing and 

adding fertilizer amendments. At land preparation,each 

plot was treated with different organic materials on the 

given table below.

Experiment was maintained under rainfed condition. 

thWeeds developed in the plots were hand-removed at 4  

th thweek and 6  week and plant thinning was done at 13  

after seed sowing. Powdered neem seeds with rate of 

500g/10 l of water soaked for 24 hours filtered and 

ndsprayed at 3 days interval for thrips at 2  week and for 

paddy bug at flowering to maturity stage.

A total of five (05) agronomic and five (05) yield 

characteristics were measured at various growth 

stages using the standard evaluation system for rice 

developed by the International Rice Research Institute 

(IRRI) as indicated in Table3. Data were analyzed using 

ANOVA and The Duncan's Multiple Range Test (DMRT) 

was carried out to examine significant differences 

between factors.

Results and Discussion

Agronomic Characters

Analysis of variance performed on the selected traits 

revealed significant differences among the tested 

th thvarieties. Growth rate increased from 6  week to 8  

week in all varieties. Significantly highest growth rate 

Variety Characters 

Bw 361 3½ months, red  pericarp, moderately resistant to GM,BPH. recommended for dry and 

intermediate zone. 

Bw 363 3 ½ months, white pericarp, moderately resistant to blast, GM,BPH and tolerance to iron 

toxicity. 

Bw 364 3 ½ months, red pericarp, moderately resistant to blast, GM,BPH and tolerance to iron toxicity, 

recommended for wet zone 

Bw 272-6b 3 months, red samba, resistant to blast, tolerance to logging, susceptible to iron toxicity, 

recommended for low country wet zone 

Bg 359 3-3 ½ months, white pericarp samba, resistant to blast, GM,BPH, moderately resistant to iron 

toxicity, recommended for wet zone 

Bw 05-1621 3 ½ months, red pericarp, tolerance to iron toxicity 

Bw 03-1073 3 months, red samba 

Herathbanda 3½ months, red pericarp,120-130 cm plant height, susceptible to logging, low tillering 

Murungakayan 4-4 ½ months, white pericarp,127-135cm plant height 

 

Table 1. Description of tested varieties

 Gliricidia 

t/ac 

ERP 

Kg/ac 

BRH 

Kg/ac 

Rice Straw 

t/ac 

Gliricidia 

Kg/plot 

ERP 

g/plot 

BRH 

g/plot 

Rice Straw 

Kg/plot 

Basal 2 100 250 2 7.5 375 937.5 7.5 

2-3 wks 2    7.5    

5-6 wks 2    7.5    

 
(ERP-Eppawala Rock Phosphate,BRH-Burn Rice Husk)

Table 2.Fertilizer combinations utilized at different growth stages
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Character Method of measurement 

Growth Rate-GR GR at 6th week=(seedling height 6th week-seedling height 4th week)/Time 

GR at 8th week= (seedling height 8th week-seedling height 6thweek)/Time 

Culm Length (cm)-CL Height from the ground level to base of the panicle after heading 

Panicle length(cm)-PL Length from the base to tip of the panicle 

Days to 50% flowering-DF Time duration from the date of sowing to 50% flowering 

Days to maturity-DM Time duration from seeding to the time more than 80% of the grains on the panicles 

are fully ripened. 

Panicle weight-PW(g) Average weight of 10 panicles at  14% moisture level 

Number of spikelets per 

panicle-NS 

Average number of spikelets from 10 panicles 

Number of filled spikelets per 

panicle-NFS 

Average number of filled spikelets from 10 panicles 

1000 seed weight –SW(g) Weight of 100 filled seeds/100)*1000 

Grain Yield-GY(t/ha) Net plot yield without border.Net plot size was 10.824m2 

 

Table 3.  Selected Characteristics and their methods of measurements

observed for Herathbanda variety at both weeks while 

thBw 361 showed the lowest growth rate (2.64) at 6  week 

thBw 363 (6.86) was 8  week. Significantly highest culm 

length (91.87cm), panicle length (26.73cm) also 

observed in Herath banda variety while Bw 359 showed 

the lowest culm length (62.97cm) and Bw 363 showed 

 Treatment                                              Trait 

 GR 6th GR 8th CL PL DF DM 

Bw 05-1621 3.15de 10.05bc 76.9b 24.83ab 81.0a 108a 

Bw 364 4.16cd 9.45bcd 77.47b 23.23bc 71.67de 94.33b 

Bw 361 2.64e 7.38cd 54.03d 21.17d 76.33bc 107.33a 

Bw 363 3.21de 6.86d 55.67d 21.06d 76.33bc 107a 

Bw 359 3.16de 8.39bcd 62.97c 21.53cd 78.33ab 106.33a 

Bw 272-6b 5.35b 10.46b 70.8b 26.4 a 74.33cde 95b 

Bw 03-1073 3.77cd 10.40b 73.37b 25.1 ab 70.67e 91.67b 

Herathbanda 8.77a 13.27a 91.87a 26.73a 75bcd 105a 

Murungakayan 4.56bc 9.24cd 76.83b 24.97ab 74.33cde 105.67a 

CV% 13.37 15.53 5.19 4.72 2.73 2.89 

 

Table 4. Mean comparison of agronomic traits of  selected rice cultivars

the lowest panicle length (21.06cm).Significantly 

highest number of days to 50% flowering was 

observed for the Bw 05-1621 breeding line. Bw 03-

1073 breeding line showed the lowest number of days. 

There were no significant variations for the number of 

days to maturity among all rice varieties except Bw 

(GR-Growth Rate, CL-Culm Length, PL-Panicle Length, DF-Days to Flowering, DM-Days to Maturity)

(Different letters behind the mean value indicate significant differences between populations based on Duncan's 

Multiple Range Test).
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th272-6b and Bw 03-1073 breeding line. Growth rate at 8  

week was the most variable (CV-15.53%) trait while 

Number of days to 50% flowering was the least variable 

(CV-2.73%) character.

Yield related characters

There were significant differences (p<0.05) in yield 

related traits among the tested rice varieties.

Bw 361 showed the highest panicle weight (2.99g) while 

Bw 03-1073 breeding line showed the lowest value 

Treatment                                Trait 

 PW NS NFS SW GY 

Bw 05-1621 2.43ab 124.3ab 97.73b 2.25c 3.17abc 

Bw 364 2.79ab 136.07ab 102.2ab 2.53b 3.64ab 

Bw 361 2.99a 156.27a 113.63ab 2.46b 4.08a 

Bw 363 2.7ab 143.97ab 95.83b 2.51b 4.21a 

Bw 359 2.51ab 123.33ab 94.37b 2.53b 4.01ab 

Bw 272-6b 2.48ab 147.63ab 134.43a 1.74d 3.89ab 

Bw 03-1073 1.96b 115.4b 102.63ab 1.75d 2.92bc 

Herathbanda 2.67ab 113.17b 78.57b 3.15a 2.41c 

Murungakayan 2.64ab 126.87ab 106.77ab 2.24c 3.89ab 

CV% 18.03 15.59 17.87 2.69 16.23 

 

Table 5.  Mean comparison of ycharacters

(PW-Panicle Weight,NS-No of Spikelets/Panicle,NFS-No of 

Filled Spikelets/Panicle,SW-Seed Weight,GY-Grain Yield)

(1.96g) for panicle weight. No significant difference was 

observed for the Number of spikelets per panicle among 

all varieties except Bw 03-1073 breeding line and 

Herath banda variety. Significantly the highest number 

of filled spikelets per panicle was observed for Bw 272-

6b compared to that of Bw363, Bw 359 and Herath 

banda varieties. Herath banda showed the significantly 

the highest seed weight (3.15) than others. The highest 

(P <0.05) grain yield was observed for Bw 363 compared 

to that of Bw 03-1073 breeding line and Herath banda 

traditional variety. Among the yield related traits Panicle 

weight was the highest variable character (Cv-18.03%) 

while 100 seed weight was the least variable (2.69%) 

character.

The traditional variety Herath banda showed the 

highest performances for the agronomic traits such as 

growth rate, culm length, panicle length and days to 

maturity. But it showed the lowest number of filled 

spikelets per panicle and the lowest grain yield at 

ripening stage. Therefore, improved rice varieties, Bw 

361, Bw 364, Bw 363, Bg 359 and traditional variety 

Murungakayan are the best varieties for the organic 

farming. Among them Bw 361, Bg359, Bw 363 was 

yielded above 4t/ha (over 80bu/ac) under organic 

condition in low country wet zone.

References

Agstat, 2008. Pocket book of agricultural statistics. 

Department of Agriculture, Sri Lanka, vol.5, 

pp.1.

Fageria, N.K. and Baligar, V.C. 2003. Upland rice and 

allelopathy. Commun. Soil Sci. Plant Anal. 

34:1311–1329.

Census and Statistics. 2009. Statistical abstract, 

Agriculture and Environmental Statistics 

Division. Department of Census and 

Statistics, Colombo, Sri Lanka.

Central Bank Annual Report. 2010. for the average 

Producer Prices of Selected Items, The 

Central Bank of Sri Lanka, Colombo.

Dahama, A.K. 1997.Organic farming for sustainable 

ndAgriculture.(2  edition), Agrobios, India.

Weerakoon, W.M.W.K.T. and Moss, 2000. Atmospheric 

carbon dioxide and fertilizer nitrogen effects 

on radiation interception by rice. Plant and 

Soil. 220: 99-106.

532

The letters behind the mean value indicate significant

ifferences between populations based on Duncan's 

Multiple Range Test. Mean with the same letters are not 

significantly different.

International Symposium on Agriculture and Environment 2013
University of Ruhuna Sri Lanka



Pollination Studies in Hybrid Tomato Seed Production (Lycopersicon esculentum Mill)

1 2 1 1W.J.G.Buddhika , Ranjani Peris , Disna Ratnasekera   and A.P.T.Subhashi
1 Department of Agricultural Biology, Faculty of Agriculture, University of Ruhuna, Matara, Sri Lanka.
2Horticulture Crops Research and Development Institute, Gannoruwa, Peradeniya, Sri Lanka.

Abstract

Tomato (Lycopersicon esculentum Mill.), a solanaceous self pollinated vegetable crop. It occupies the largest area 

among the vegetable crops in the world after potato. This study was conducted on pollen viability, stigma receptivity 

and effect of fruit picking on seed yield and quality, using the parents of hybrid Maheshi, at the experiment field of 

Horticulture crops Research and Development Institute (HORDI), Gannoruwa, Peradeniya. Three experiments were 

conducted and Randomized Complete Block Design with 3 replicates was used for all experiments. To identify the 
0effective period for pollen viability, pollen stored for seven days under room temperature(25-27 C),refrigerated 

- - 0condition(9-100C), and deep freeze condition( 4 - 5 C) to obtain high fruit set and seed set. For all temperature 

conditions, the highest values for pollen viability, fruit set%, average fruit weight and seed number per fruit were 

observed for one day storage period. Emasculated female flowers remained fully receptive until fourth day of 

emasculation with higher fruit set. Except the second and third pickings there were no significant difference in total 

fruit yield, seed yield, seed weight and seed number per fruit until seventh picking. The viability of seeds extracted 

after sixth picking gave significantly lower viability percentage. Therefore, seeds from late pickings should not be 

recommended in tomato seed production.

Key  words: Tomato, Emasculation, Picking Stages

Introduction

Tomato (Lycopersicon esculentum Mill) is an important 

vegetable crop,as it has high nutrient of vitamin A, B, C 

and minerals which consider as essential compounds in 

human diet. The lycopene which contains in red 

pigments prevents the growth of cancers (Antherton and 

Rudich,1984).People are more concerned on the 

economically beneficial characters such as high yield, 

quality, uniformity and resistance to pest and diseases. 

The exotic hybrids gained high demand for the quality 

and yield, though it does not contain more resistance to 

pest and diseases. The department of Agriculture has 

developed new promising hybrids of tomato and brinjal 

to improve local market, but it is necessary to maintain 

genetic purity of the parents for continuous production 

of local hybrids. Not like in seed production of open 

pollinated varieties, the hybrid seed production is a 

tedious one. Abundance of the pollen is very rare due to 

unfavorable environment conditions (Dampsey, 

1970).This shortage of pollen creates inefficiency in 

hybrid seed production.

For the supplementary pollination, pollen grains have 

to be stored in viable conditions until use, to ensure the 

availability of pollen throughout the year to continue 

the hybridization process. And also this eliminates the 

need of growing pollen parents in breeding programs 

and save the considerable time and space involved in 

staggered sowing of male parent to synchronize 

flowering with female parent. Therefore this study was 

initiated with the objective of finding out the storage 

period of pollen for an effective seed production, to 

study the effective time period for efficient fruit set 

after emasculation and study the quantity of seed 

production at different picking stages.

Materials and Methods

The experiment was conducted at the experiment field 

of Horticulture crops Research and Development 

Institute (HORDI), Gannoruwa, Peradeniya. Three 

experiments were conducted and Randomized 

Complete Block Design with 3 replicates was used for 

all experiments.
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1. Effect of pollen storage period in hybrid seed 

production.

Parents of Hybrid Maheshi (P1xP2) were selected as 

experimental materials.Emasculation was done by 

using sharp forceps for the flower buds which just 

opened and hand pollination was practiced after 2 days 

of emasculation The number of days of pollen stored 

under different temperature conditions, (Room 

temperature (T1-250C-270C); Refrigerator (T2-90C-

- -100C);Deep freezer( 4 - 5 0C) were considered as 

treatments and each treatment consist pollens of 15 

male flowers. All the management practices including 

fertilizer application, pest and disease management etc. 

were performed according to the recommendations of 

the Department of Agriculture, Sri Lanka.At the maturity 

stage, fruit set percentage, fruit weight, seed number per 

fruit,seed weight per fruit and seed to fruit ratio were 

measured.Collected data were analyzed by using 

ANOVA.

2. Study on effective time period for efficient fruit set 

after emasculation

Parents of Hybrid Maheshi (P1xP2) were selected as 

experimental materials. Emasculation was done for the 

flower buds which petals were just out by using sharp 

forceps,and hand pollination was practiced after 2 days 

.

of emasculation.The days after emasculation (One day 

after emasculation-T1, two days after emasculation-

T2,three days after emasculation-T3, four days after 

emasculation- -T4, five days after emasculation-T5, six 

days after emasculation-T6, seven days after 

emasculation-T7) were selected as treatments. Each 

treatment consist pollens of 15 male flowers. At the 

maturity stage, fruit set percentage, fruit weight, seed 

number per fruit, seed to fruit ratio were measured. 

3. Studies on quantity and quality of seed produced 

at different picking stages

Parents of Hybrid Maheshi (P1*P2) were selected as 

experimental materials. After maturity fruits were 

picked at regular intervals of three days lasting for 

twenty one days. Totally seven pickings were made and 

in each picking fifteen fruits (five fruits per replicate) 

were harvested separately and total fruit yield, total 

seed yield, fruit weight, number of seeds per fruit, seed 

to fruit ratio and seed viability were measured.

Data collected were analyzed using  ANOVA.

 

D ays o f 
pollen 
storage 

Pollen viability Fruit set% Average fruit weight Seed number/fruit 

 T1 T2 T3 T1 T2 T3 T1 T2 T3 T1 T2 T3 

1 95.2 a 97.1a 91a 93.3a 86.7a 80a 74.3a 80.2a 75.3a 76.9a 44.7a 69 .3a 

2 78.3b 92.2a 20bc 60a 60a 13.3c 34.6ab 60.6a 27bc 20.2bc 49.3a 7.3b 

3 22c 88a 21.1bc 6.7c 86.7a 13.3c 32.1ab 88.1a 29.4bc 22.7bc 56.9a 27 b 

4 17.4cd 80b 18.4cd 13.3c 60a 13.3c 30.2ab 93.1a 25.1bc 57.6ab 48.1a 20 b 

5 9.4d 61.2c 32.35d 6.7c 86.7a 40b 45.5ab 89.7a 41.5b 27abc 47.12a 22 .4b 

6 4.1d 5.23d 0d 0c 6.7b 0c 0b 14.5b 0c 0c 8b 0b 

7 1.2d 0.7d 0d 0c 6.7b 0c 0b 11.3b 0c 0c 2b 0b 

(T1-room temperature(250C-270C),T2-refrigerated condition (90C-100C),T3-defreeze condition((-40C)-(-50C)

Mean with the same letters are not significantly different. (P>0.05).

Table 1. Changes of measured characteristics with pollen storage period.
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Results and Discussions

1.   Effect of pollen storage period in hybrid seed 

production.

For all temperature conditions, the highest values for 

pollen viability, fruit set.%, average fruit weight and seed 

number per fruit were observed for one day storage 

period. There was no significant difference for fruit set, 

average fruit weight and seed number per fruit up to five 

days in refrigerated condition. 

The highest fruit set% (91.1%) was observed in flowers 

pollinated in four days after emasculation.The 

receptivity of the stigma was maximized in fourth day of 

emasculation and thereafter declined confirming the 

findings of Yogeesaha(1999). Also weight per fruit, 

total seed yield, number of seeds per fruit and s/f ratio 

were maximized in fourth day of emasculation. 

Leopold and Kriedemenn (1975), Shivanna et al. 

(1997) also revealed that maximum seed set may be 

obtained by pollinating receptive stigmas at the 

optimal time.

There was no significant difference in seed viability 

until fifth picking. Thereafter viability of seeds 

decreased gradually.The highest fruit yield,seed 

yield,fruit weight,seed weight per fruit,seed number 

per fruit and s/f ratio were observed in second and 

third pickings.

 

1 51.3c 73.5b 219.7d 26.6b 0.3bc 

2 70.1b 92.4ab 694.3c 65a 0.7ab 

3 80ab 117a 718.3b 63.2a 0.5bc 

4 91.1a 117.3a 919.3a 67.4a 0.6abc 

5 88a 95.06ab 766b 57.7a 0.8a 

6 55.56c 93.6ab 255.3c 29.5b 0.3ac 

7 3.84d 30.43c 100.7d 21.7b 0.5abc 

Picking no Viability Total fruit 
yield 

Total seed 
yield 

Weight of 
fruit 

Seed 
weight/fruit 

Seed 
no/fruit 

Seed/fruit 
ratio 

1 88.75a 282.58b 0.973c 56.52b 0.194c 26.4d 0.47bc 

2 95.6a 458.76a 2.203a 91.75a 0.44a 67.46a 0.75a 

3 98.92a 464.79a 1.55bc 92.99a 0.31b 67.06a 0.74a 

4 93a 330.16b 1.025c 66.01b 0.21c 31.86cd 0.48bc 

5 90.1a 345.50b 1.23bc 69.09b 0.25bc 49.4b 0.71ab 

6 78.78b 366.99b 1.27bc 73.39b 0.25bc 43.93bc 0.60abc 

7 74.2b 337.82b 1.13c 67.56b 0.23c 25.8d 0.39c 

 Mean with the same letters are not significantly different. (P>0.05).

Table 3. Changes of measured characteristics with picking number
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Abstract

Copper and Zinc are essential micronutrients but at high levels could negatively affect plant growth. Long-term and 

residual effects of cattle manure application were studied on forage yield and Cu and Zn concentrations under rain-

fed and irrigation. Experiment started in 1973 and continued till 2009. Cattle manure was applied at 0, 30, 60 and 90 
-1 -1Mg ha  under rain-fed and 0, 60, 120 and 180 Mg ha  under irrigation. One set of plots were subjected to continuous 

application of manure for 36 years (1973 – 2009), second set of plots were subjected to continuous applications for 30 

years (1973-2002) followed by no application and third set of plots were under cultivation only for 14 years 
-1(1973–1986) followed by no application. Continuous manure application increased the Cu (5 to 49 mg kg ) and Zn (14 

-1to 118 mg kg ) in forage. Copper and Zn contents were affected by the rate of manure application in some of the years 

where highest manure rate giving highest Cu and Zn in forage. Manure effect on yield was significant (P<0.05) for 

some of the years where lowest yields were recorded by the continuous highest manure application rate. Number of 

years of continuous manure application (14, 30 or 36 years) was significant for forage Cu and Zn contents where 

shortest length (14 years) recording significantly lower contents than 30 or 36 years. Long-term manure application 

suggests possible nutrient imbalances though the forage Zn and Cu contents did not reach to toxic levels in this study. 

Key words: Manure rate, Manure application length, Phytotoxicity, Plant tissue analysis, Residual effect

Introduction

Copper and Zn are essential to both plants and animals to 

complete their life cycles. Animal manure is a good 

source of Zn and Cu, in addition to other plant macro and 

micronutrients. Addition of organic manure creates a 

situation where unknown quantities of micro-nutrients 

are added to soils since the base of applications would be 

the total N requirements for crops. When high levels of 

multi-elements are loaded to soils, synergistic and 

antagonistic interactions among elements are possible 

affecting crop growth and yield. Generally, at nutrient 

imbalance conditions some nutrient metal interactions 

synergistically reduce crop yields. Long-term 

application of cattle manure to forage crops causes 

tissue nutrient imbalances (Hao and Chang, 2003). The 

availability of Cu and Zn in soil mainly depends on pH, 

competing cations, sorption sites and phosphates. 

Excessive manure applications reported trace metal 

loading in soils (Benke et al., 2008). Further long-term 

manure applications also provided evidence for build 

up total N, total P, NO -N, soil test P and electrical 3

conductivity in soils (Indraratne et al., 2009). Hence 

application of animal manure at required rates based 

on N to agricultural lands could increases Cu and Zn 

contents in soils to the levels higher than the plant 

requirements or even to the levels toxic to the plants.  

The objective of this study was to evaluate the manure 

application rate and length of manure application on 

forage yield and copper and zinc concentrations in 

forage grown under rain-fed and irrigation.

Materials and Methods

The experiment was conducted on a Dark Brown 

Chernozemic clay loam soil (Typic Haploboroll) at the 

Agricultural and Agri-Food Canada Research Centre in 

Lethbridge, Alberta, Canada, during 1973 to 2009. 

Details on the split-split plot design and soil properties 

were provided by Sommerfeldt and Chang (1985). 
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C

Forage samples were analysed using  0.25g fine 

ground sample digested with 5 mL 50% HNO  and 2 mL 3

030% H O  , digested for 1 hr at 90 C while adding another 2 2

2 mL 30% H O  in half way. Samples were brought to 50 2 2

mL, filtered and Cu and Zn concentrations measured 

using an atomic absorption spectrometer.

Separate statistical analyses were performed for non-

irrigated and irrigated treatments using the MIXED 

procedure in SAS for the analysis of variance (ANOVA). 

Results and Discussion

Forage yield was significantly affected by irrigation 

giving higher yield under irrigated than under rain-fed 

attle feedlot manure was applied at 0, 30, 60 and 90 Mg 

-1 -1 -1 -1ha  yr under rain-fed and 0, 60, 120 and 180 Mg ha  yr  

under irrigation. One set of plots were under continuous 

annual manure application  for 14 years (1973–1986) 

followed by no application (1987-2009), second set of 

plots were subjected to continuous applications for 30 

years (1973-2002) followed by no application (2003-

2009) and third set of plots were subjected to 

continuous application of manure for 36 years (1973 – 

2009). Hence 3 manure application durations, namely 

36 years, 30 years and 14 years were considered in this 

study. Barely or corn forage were harvested for making 

silage each year.

Archived samples collected in 1998, 2000, 2001, 2002, 

2003, 2007, 2008 and 2009 were used for  

determination of forage yields and total Cu and Zn 

concentrations in forage tissues. Yield data were 

available only for 1998, 2003, 2007, 2008 and 2009 

under rain-fed and 1998, 2000, 2001, 2003, 2007, 2008 

and 2009 under irrigation. In years 2000 and 2001 yield 

data in rain-fed treatments were not accounted due to 

drought and 2002 yield data not accounted due to hail 

damage. The total Cu and Zn contents were determined 

for all years except for 2001 rain-fed due to total loss of 

forage. 

conditions (Table 1). 

  

Building up of large quantities of soluble salts in 

manure treatments (Hao and Chang, 2003) could have 

been the possible reason for the decline in yield. 

Copper concentrations in forage range from 5 to 49 mg 

-1 -kg  and Zn concentrations range from 14 to 118 mg kg

1. The presence of Cu and Zn in excess can induce iron 

(Fe) and manganese (Mn) deficiencies in plants, 

aggravating the degree of phytotoxicity. Therefore, 

nutrient imbalances also could have contributed for 

yield decline in highest manure rate treatments.

Copper contents were affected by rate of manure 

application in 3 out of 8 years whereas Zn content 

affecting 6 out of 8 years (Table 1). Highest manure rate 

applied contributed for highest Cu and Zn contents in 

-1forage. Forage Cu contents ranged from 5 to 37 mg kg  

-1under rain-fed and 5 to 49 mg kg  under irrigated 

treatments over the years. Highest manure rate 

applied for longest period gave highest Cu in forage. 

Copper and Zn loadings in soils were calculated based 

on average Cu and Zn concentrations in manure and 

number of years of manure applications. Accordingly, 

 

Similarly, 

Zinc contents in forage vary from 

-1 -114 to 93 mg kg  under rain-fed and 15 to 118 mg kg  

under irrigated as a result of heavy Zn loadings 

occurred in soils over the years. Highest Zn contents 

showed in the highest manure rate, but the Zn content 

in silage is below the toxic limits reported for other 

crops (Macnicol and Becket, 1985).

Manure effect on yield was 

significant for 4 out of 8 studied years and lowest 

yields were recorded by the continuous highest 

-1 -1manure application rate (36 years at 180 Mg ha  yr ).

 

5 

to 60 kg of Cu under rain-fed and 10 to 114 kg of Cu 

under irrigated were loaded in soils over the years of 

cultivation. 33 to 420 kg of Zn under rain-fed 

and 66 to 808 kg of Zn under irrigated were also loaded 

in soils. Forage Cu contents did not correspond to the 

Cu loadings in soils. 
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Shortest length of manure application, i.e., 14 years, 

showed lowest Cu and Zn in forage. No significant 

difference observed for Cu and Zn in forage between 36 

years and 30 years of manure applications. It is clear 

from the results discontinuation of manure application 

after 14 years reduces the Cu and Zn contents in silage. 

Yield reductions observed in highest continuous annual 

manure applications indicated nutrient imbalances. 

Forage Cu content increased with increasing manure 

applications for one-third of cropping events while that 

of Zn for two-third of events. Because of the high loading 

of Cu and Zn, high Cu and Zn uptake is possible leading to 

phytotoxicity. Maximum concentrations observed for Cu 

and Zn in plants were lower than the values claimed for 

toxicity. Therefore, the soil pH, possible Cu-Zn 

interactions and other soil related factors such as high 

loading of P and development of soil salinity might be 

the possible reasons for low Cu and Zn uptake in plants 

in soils loaded with Cu and Zn. 
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 1998 2000 2001 2002 2003 2007 2008 2009 

--------------------------------------------- forage yield (Mg/ha) --------------------------------------------- 

Irrigation (I) 0.000 ND# ND ND 0.001 0.000 0.000 0.005 

Manure (M) NS* 0.002 0.026 ND 0.044 NS 0.007 NS 

I x M 0.011 ND ND ND NS NS NS NS 

Rain-fed -M 0.005 ND ND ND 0.044 NS 0.007 NS 

Irrigated -M NS 0.002 0.026 ND NS NS NS NS 

---------------------------------------------- Cu (mg/kg) ------------------------------ -- -- -- ------------------- 

Irrigation (I) NS 0.000 ND 0.034 NS NS NS NS 

Manure (M) 0.000 NS 0.000 0.032 NS NS NS NS 

I x M 0.000 NS ND NS NS NS NS NS 

Rain-fed -M 0.000 NS 0.000 0.011 NS NS NS NS 

Irrigated -M 0.000 NS 0.000 0.011 NS NS NS NS 

------------------------------------------------------ --  Zn (mg/kg) --------------------------------------------- 

Irrigation (I) NS 0.000 ND 0.030 NS 0.000 0.000 0.000 

Manure (M) NS 0.000 0.000 0.000 NS 0.000 0.000 0.000 

I x M NS NS ND 0.000 NS NS 0.016 NS 

Rain-fed -M NS NS ND 0.000 NS 0.000 0.000 0.000 

Irrigated -M NS 0.000 0.000 0.000 NS 0.008 0.000 0.000 

 

Table 1. Probability values indicating statistical significance of irrigation type (rain-fed and irrigated) and manure 

                 effect (four manure rates and residual manure effect corresponding to each manure rate) on forage yield 

                 and Cu and Zn contents in forage

 * *non significance;  No data available or did not account due to high yield losses
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Screening Some Traditional Rice Cultivars in Sri Lanka for Salinity Tolerance at the Seedling Stage in a 

Hydrophonic System
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Faculty of Agriculture, University of Ruhuna, Mapalana, Kamburupitiya

Abstract

Salinity is a major constraint for rice production of the world. Salinity affects all growth stages of rice plant which limit 

growth and yield of rice. In present study sixteen traditional rice cultivars were investigated for salinity stress at the 

seedling stage. The experiment was carried out according to the randomized complete block design with four 

replicates and ten plants were included in to each replicate. Dormancy broken, surface sterilized rice seeds were 

germinated in distilled water for three days and they were transferred to Yoshida solution salinized up to 6 dS/m. 

After three days, salinity level was increased to 12 dS/m and seedlings were kept in the same conditions for 14 days. 
thShoot length, root length, and survival rate were evaluated on the 14  day and root dry weight and shoot dry weight 

owere evaluated at the end of the experiment after keeping materials at 70 C for 7days. Control experiment was carried 

out along with the treatment. Data were analyzed using ANOVA. Among tested traditional rice cultivars 18% of rice 

cultivars recorded more than 15% survival rates. Sudu Karayal which recorded the highest survival percentage (25%) 

at salinity stress can be considered as a potential cultivar for further studies in salinity tolerance at different growth 

stages.

Key words: Salinity tolerance, Traditional rice cultivars, Yoshida solution

Introduction

Agricultural losses caused by salinity are difficult to 

assess but estimated to be substantial and expected to 

increase with time. Secondary salinization of 

agricultural lands is particularly widespread in arid and 

semiarid environments where crop production requires 

irrigation schemes. Rice is somewhat tolerant to salinity 

at germination stage very sensitive at early seedling 

stage and gains tolerance during vegetative growth. It 

becomes sensitive during pollen development stage but 

increasingly tolerant at maturity stage (Pearson et al., 

1996). Salt tolerance is generally a sustained growth the 

plant in the soil environment impregnated with NaCl or 

other salt combinations (Gregorio et al., 1997). Extent of 

genetic variability present in a gene pool is an important 

factor for genetic improvement in rice. Traditional rice 

gene pool of Sri Lanka consists of many abiotic and biotic 

stress tolerant traits with diverse agronomical 

characters. The selected abiotic stress tolerant rice 

cultivars have a potential of direct introduction in to 

farmer fields (Djilianov et al., 2005) or utilization of 

them in the breeding programs implement to develop 

abiotic stress tolerance rice cultivars (Djilianov et al., 

2005). Therefore, the present study was conducted to 

find the salinity tolerant cultivars within the Sri 

Lankan traditional rice cultivars.

Materials and Method

The experiment was carried out at Faculty of 

Agriculture, University of Ruhuna using sixteen 

traditional rice cultivars selected from PGRC 

Gannoruwa. 

Experiment was designed according to the 

randomized complete block design with four 

replicates and 10 plants per each replicate. Dormancy 

broken, surface sterilized rice seeds were germinated 

in distilled water for three days and they were 

transferred to Yoshida solution salinized up to 6 dS/m. 

After three days salinity level was increased to 12 

dS/m and seedlings were kept in the same conditions 

for 14 days. Root length and survival percentage root 
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dry weight and shoot dry weight were evaluated at the 

oend of the experiment after keeping materials at 70 C for 

7 days. Data were analyzed using ANOVA with Statistical 

Analysis System and Duncan multiple range test was 

performed. 

 Results and Discussion

The highest survival percentage at salinity stress was 

recorded by Sudu Karayal but the highest plant height 

was observed in Polayal, Matara Wee, Sivappu 

Paleusithri, respectively (Table 1). Both Buruma Thavalu 

and Polayal recorded the comparatively higher survival 

percentages as well as green plant heights. Among all the 

tested traditional rice cultivars Sivappu Paleusithri was 

observed significantly highest growth parameters such 

as plant height, root length and shoot dry matter. 

However, its survival percentage was less (Table 1). 

Hence, a single parameter such as green plant height 

can't be used as a tool for the screening of traditional 

rice cultivars for salinity. Rodrigo et al. (2011) reported 

that, salinity significantly affects on plant height, plant 

dry matter weight and plant survival percentage which 

align with the findings of the present study. There were 

strong correlations in between survival percentage 

and plant height, as well as survival percentage and 

root length in rice cultivars grown at the salinized 

solution (Data are not shown).

Among tested traditional rice cultivars Sudu Karayal is 

the best salinity tolerant cultivar at the seedling stage. 

Survival percentage at salinity tolerance is correlated 

with green plant height and root length but a single 

 

Variety PGRC 

accession 

number 

Survival 

percentage 

á=0.0069 

Green 

plant 

height 

(cm) 

á=0.0001 

Root 

length 

(cm) 

á=0.0001 

Root dry 

weight 

(g/plant) 

á=0.0001 

Shoo t dr y 

w eight 

(g/plant) 

á=0.0001 

Induru karayal 3646 5bc 16.2f 6.2c 0.0025bcd 0.0083d ef 

Sudu Karayal 3665 25a 16.4ef 6.3c 0.0035a 0.0098cde 

Sirappu P aleusithri 3389 5bc 22.6a 7.9a 0.0033a 0.0151a 

Kalukanda 3713 0c 16.4ef 7.6ab 0.0025bcd 0.0069f 

Karayal 3463 2.5c 16.9d ef 8.4a 0.0032ab 0.0094cde 

Buruma Thavalu 3652 17.5ab 18.1b cd e 6.1c 0.0035a 0.0112b c 

Polayal 3639 17.5ab 21.7a 8.5a 0.0035a 0.0106b c 

Matara We e 3435 5c 22.1a 6.2c 0.0023cd 0.0105b c 

Madael Galle 3508 2.5c 18.7b cd 5.6c 0.0025bcd 0.0085d ef 

Sudu Goda Wee 3477 5c 18.7b cd 6.5bc 0.0025bcd 0.0101cd 

Muthumanikkam 3645 5c 11.2g 3.7d 0.0014ef 0.0044g 

Yakada Wee 3445 2.5c 19.5b 5.6c 0.0024cd 0.0099cde 

Lumbini 3638 5c 19.2b c 5.8c 0.0025bcd 0.0119b 

Kalu Karayal 3653 5c 19.5b 5.8c 0.0020de 0.0108b c 

Jam is Wee 3616 2.5c 17.6cdef 5.7c 0.0022cd 0.0082ef 

Dawaraddiri 3407 0c 17.3d ef 6.1c 0.0011f 0.0112b c 

Table 1. DMRT grouping of survival percentage, plant height, root length, root dry weight and shoot dry weight
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parameter such as green plant height, root length or dry 

matter weight can't be considered as a tool to evaluate 

the salinity tolerance 
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Abstract

Petroleum hydrocarbon contamination of aquatic environments is of great concern as it possesses adverse negative 

impacts on the natural environment. Bioremediation is a potential alternative in remediation of contaminated 

habitats which uses the natural biological activity through microbial degradation of contaminants. Pseudomonas 

aeruginosa, a Gram negative, aerobic rod bacterium which is able to degrade hydrocarbon has high potential in crude 

oil bioremediation. In view of that, petroleum hydrocarbon degrading bacteria were isolated from wastewater 

collected from Beira Lake and Parliament Lake into a mineral medium containing burnt oil as the hydrocarbon source. 

Biochemical characterization and Gram's staining were done to select the interested bacterium. Most of the isolated 

bacterial colonies were gram negative with rod shaped cells. Genomic DNA extracted from the selected bacterial 

colonies was used in PCR amplification with specific primers designed for the organism. Four bacterial colonies were 

identified from both Beira Lake and Parliament Lake to be Pseudomonas aeruginosa. Amplified products were 

sequenced and one of the isolated organisms was confirmed to be Pseudomonas aeruginosa strain B136-33.

Key  words: Bioremediation, Petroleum Hydrocarbon Contamination, Pseudomonas aeruginosa

Introduction 

Petroleum hydrocarbon contamination of aquatic 

environments is one of the major global issues which 

have adverse negative impacts on ecosystems. 

Exploration, storage, transportation, refining, and use 

and disposal of petroleum hydrocarbon have being 

increasing due to the increasing demand for energy. 

Therefore petroleum has become a global contaminant 

in both quantity and prevalence in the environment. 

According to NAS (National Academy of Sciences) 2003, 

about 46.95% of annual releases (1990-1999) of crude 

oil into the marine environment came from natural oil 

seeps, 2.97% from extraction and 12.52% from 

transportation of petroleum. The remaining 37.56% 

came due to consumption of petroleum. Bioremediation 

is a safe, effective, economic and alternative to 

traditional methods of remediation of the contaminants 

which uses the natural biological activity to reduce, 

remove or transform organic and inorganic pollutants 

where microorganisms (bacteria and fungi) and plant 

materials are involved.

Nearly a hundred species of bacteria, yeasts and other 

fungi have the ability to degrade hydrocarbons and 

such organisms are able to grow in simple mineral 

media enriched with hydrocarbons as the sole source 

of energy.

Pseudomonas, Acinetobacter, Achromobacter, 

Arthrobacter, Brevibacterium, Corynebacterium, Vibrio, 

Flavobacterium, and Micrococcus are recorded as the 

most important bacterial genera of hydrocarbon 

utilizers in aquatic environments whereas, 

Pseudomonas is the most extensively studied and 

isolated genus. Pseudomonas aeruginosa is the best 

known bacteria capable of utilizing hydrocarbons as 

carbon and energy sources (Atlas 1981) and widely 
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studied for the production of rhamnolipids, a 

biosurfactant, which is important in hydrocarbon 

degradation.  Ekanayake et al, (2010) used specific 

primers to amplify the specific region of the 

Pseudomonas aeruginosa genome for the molecular 

characterization of the bacterium. 

The objective of this study was to isolate potential 

petroleum hydrocarbon degrading bacteria, from 

wastewater in Sri Lanka to be used it as a potential 

bioremediation agent.

Materials and Methods

Wastewater samples were collected from Beira Lake 

(BL) and Parliament Lake (PL) in order to isolate 

0bacteria and stored at 4 C.

Waste water was incubated in a minimal medium 

containing NH Cl (2.5 g/L),    KH PO (5.4 g/L), Na HPO  4 2 4 2 4

(4.7 g/L), MnSO  (0.2 g/L), NaCl (0.1 g/L) and burnt oil (2 4

ml/L) at pH 7 (Emtiazi et al., 2004) overnight at 120 rpm 

under room temperature. Ten micro liters of this liquid 

culture was spread on the nutrient agar medium and 

0incubated overnight at 37 C. Single cell colonies from 

each sample were randomly selected to prepare master 

plates. Twenty colonies were characterized using 

Catalase test and KOH test followed by Gram's staining.

DNA was extracted from selected colonies as per the 

methods described by Wilson (1997). Briefly, 5 ml of 

liquid culture was inoculated with selected bacterial 

colonies and incubated overnight at 120 rpm. It was 

spun down and the pellet was re-suspended in TE buffer. 

SDS and proteinase K were added to give a final 

concentration of 100 ìg/ml proteinase K in 0.5% SDS. 

oAfter 1 hr incubation at 37 C, proteins were precipitated 

with 5 M NaCl and CTAB / NaCl at 65 °C for 10 min. Then 

DNA was purified by extraction with Phenol / 

Chloroform / Isoamyl-alcohol (25:24:1) and Chloroform 

/ Isoamyl-alcohol (1:1) and precipitated with 

isopropanol. The pellet was washed with 70% ethanol 

and dissolved in TE buffer. 

Extracted DNA was used in PCR amplification where 

the final reaction volume was 20 ìl with 40 ng of DNA, 

200 ìM of dNTPs, 2 u Taq polymerase (5 u / µl), 10X 

Taq buffer and 0.4 µM of primer forward 5' 

GAACGTGCTGGTCTACGACA 3' and reverse 5' 

GGATACATGCTGCGGTAGT 3' (Ekanayake et al., 2010). 

The PCR program consisted of an initial denauration of 

o o5 min at 94 C followed by 35 cycles of 1 min at 94 C, 1 

o omin at 62 C and 1 min at 72 C with a final extension of 

o o10 min at 72 C. Final holding temperature was 4 C. 

PCR products were electrophoresed on 1% Agarose 

gel. The best amplified DNA fragment was sent to 

Genetech for sequencing by using Sanger dideoxy 

method.

Results and Discussion 

Bacterial colonies isolated on to nutrient agar medium 

possess the ability to utilize the petroleum 

hydrocarbon as the sole source of carbon as they were 

able to grow on the minimal medium with added burnt 

oil as a hydrocarbon source. This confirms the ability of 

these bacteria to survive in petroleum hydrocarbon 

contaminated environments. Master plates were 

prepared with twenty colonies selected from both 

Beira Lake and Parliament Lake wastewater samples 

to conduct further studies. 

Biochemical characterization was done with Catalase 

test, KOH test, and Gram's staining to narrow the 

selection for aerobic Gram negative rod shaped 

bacteria in order to screen the Pseudomonas 

aeruginosa.

According to the results of biochemical tests, there 

were 3 catalase negative bacterial colonies, PL 05, PL 
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06, and PL 10. Most of the colonies gave positive results 

for KOH test except for BL 02, BL 05, BL 06, BL 08, and PL 

03 which was further confirmed by Gram's staining 

(Table1).

Six bacterial colonies BL 01, BL 03, BL 04, BL 07, BL 09, 

BL 10, were selected from Beira Lake and 6 bacterial 

colonies PL 01, PL 02, PL 04, PL 07, PL 08, and PL 09 from 

Parliament Lake for molecular confirmation.

DNA extracted from selected colonies was in 

concentration of 50 ng / ìl.

Isolated colonies were screened according to the 

amplification of the specific region of 162 bp of P. 

aeruginosa genome to confirm P. aeruginosa colonies. 

Best amplification of the interested fragment were 

observed for colonies, BL 07, BL 09, BL 10 and PL 09 in 

between 100 bp and 200 bp region of the 100 bp ladder 

detecting the bacterium among the isolated colonies 

(Figure 1).

Amplified fragment of Colony BL 07 was sequenced 

and analyzed using NCBI blast tool. Sequence for 

Forward Primer was "GGACTACCTGTCCGAG 

AAGGGCGCCCAGGTGGAGATCGTCACCGACGACACCTA

GCCCGGCGTCGCCATGGGTGGCACCACCTTCCCGACCTA

CTACCGCGGCGTGTATCCCA". Sequence alignment 

scores were in between 80-200 which produced 

significant alignments with the sequence of 

Pseudomonas aeruginosa B136-33 having maximum 

identity of 88 % with the 100 % query coverage and the 

E- value was 1e-29. 

 

Col. # KOH test H2O2 test Gram +/- Shape of the cells 
BL 01 + +  (B) - Coccus 

BL 02 - +  (QB) + Rod 

BL 03 + +  (B) - Coccus 

BL 04 + +  (QB) - Rod 

BL 05 - +  (QB) + Rod 

BL 06 - +  (SB) + Rod 

BL 07 + +  (QB) - Rod 

BL 08 - +  (QB) - Coccus 

BL 09 + +  (QB) - Rod 

BL 10 + +  (SB) - Rod 

PL 01 + +  (QB) - Rod 

PL 02 + +  (QB) - Rod 

PL 03 - +  (QB) + Coccus 

PL 04 + +  (QB) - Rod 

PL 05 + - - Rod 

PL 06 + - - Rod 

PL 07 + +  (B) - Rod 

PL 08 + +  (VSB) - Rod 

PL 09 + + (VSB) - Rod 

PL 10 + - - Rod 

BL - Beira Lake, PL - Parliament Lake, QB - Quickly Bubbled, B - Bubbled, SB - Slightly Bubbled, VSB - Very Slightly Bubbled

Table 1. Results of Biochemical tests on colonies isolated from wastewater

 
1                       2                     3                      4                        5                  6                7                   8

 

Figure 1. Agarose gel electrophoresis of PCR products 

of colony DNA Lane 1:  100bp Ladder, Lane 2: Negative 

control, Lane 3:  BL 09, Lane 4:  BL 10, Lane 5: PL 09, 

Lane 6:100bp Ladder, Lane 7, 8: BL 07
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Sequence for Reverse Primer was "GGGCGACGCCGGGCT 

TGGTGTCGTCGGTGACGA-TCTCCACCTGGGCGCCCTT 

CTCGGACAGGTAGTCCGCTGCGGACATGCCGCCGAACTCG

CAGATGGTGTCGTAGACCAGCACGTTCAA".Sequence 

alignment scores were in between 80-200 which 

produced significant alignments with the sequence of 

Pseudomonas aeruginosa B136-33 as with the Sequence 

for forward primer, having maximum identity of 91 % 

with the 98 % query coverage and the E- value was 5e-

34, confirming the isolated colony BL 07 to be 

Pseudomonas aeruginosastrain B136-33.

The isolation of bacteria in the minimal medium with 

hydrocarbon source confirmed the availability of 

petroleum hydrocarbon degrading bacteria in 

wastewater samples of Beira Lake and Parliament Lake. 

Most of the bacterial colonies were gram negative and 

cells were rod shaped. PCR amplification of extracted 

DNA was resulted in expected fragment of 162 bp in four 

bacterial colonies identified from Beira Lake and 

Parliament Lake confirming them to be Pseudomonas 

aeruginosa. Sequence analysis revealed that the isolated 

colony BL 07 is Pseudomonas aeruginosa strain B136-33. 

Further the bacterium can be used for the production of 

genetically engineered microorganisms (GEMs) using 

molecular cloning to be used as a potential 

bioremediation agent.
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Present Situation of Medicinal Plants Grown in Kiranchi, Kilinochchi District in Sri Lanka and Conservation 

Strategies
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Abstract

All cultures from ancient times to the present day have used plants as a source of medicine. Today, according to the 

world health organization (WHO), as many as 80% of the world's people depend on traditional medicine for their 

primary health care needs. The greater part of traditional therapy involves the use of plant extract or their active 

ingredients. The paper reviews the status of medicinal plants grown in Kiranchi and their uses in indigenous 

medicine. The Kiranchi area map was used to locate and count the medicinal plants. The pH of the soil at Kiranchi was 

8.4, which was found to be suitable for growing various medicinal plants. A total of 180 species of medicinal plants 

were recorded. This comprises perennials (75%), annuals (20%), and biennials (5%). Nine poisonous plants were 

also recorded at Kiranchi. Out of 180 plants, 19 used for diabetic mellitus, 16 for skin diseases, 10 for treating 

respiratory diseases and 8 for fever. Further, grouping based on morphology revealed herbs (38%), shrubs (11%), 

trees (36%), lianas (3%), climbers (6%), creepers (2%), cactai (3%), and holo parasite (1%) accounted for the total. 

Based on the usage of plant parts, plants species were grouped as whole plant (30), leaves (60), seeds (16), flowers 

(13), young pods (7), roots (25), root barks (4), stems (6), dry fruits (14), barks (4), rhizomes (3), gums (2), and galls 

(1). Out of 180 species, 19 were spinaches. In addition, economically viable medicinal plants such as Solanum 

virinianum, Acorus calamus, Andrographis paniculata, plumbago zeylanica, and Phyllanthus emblica were also found 

growing at Kiranchi. Grouping of the valuable and potential medicinal plants used in indigenous medicine into 

different categories will help to conserve and promote cultivation of medicinal plants and provides database on the 

existence of medicinal plants to be used by herbalist doctors in Kiranchi. Such in situ conservation should be achieved 

both by setting aside areas as nature reserves and national parks (collectively termed “ protected areas”) and by 

ensuring that as many wild species as possible can continue to survive in managed habitats, such as farms and 

plantation forests. 

Key words: Conservation, Kiranchi, Medicinal plants.

Introduction

Sri Lanka is rich in medicinal plants. Value of medicinal 

plants is not only to the pharmaceutical industry but 

these plants are an essential part of the natural eco-

system and they play an important role in maintaining 

the ecological balance, in conserving soil fertility, 

sustaining the health of wild and even domesticated 

fauna.

Medicinal plants are today utilized in both developing 

and the developed countries where in the developing 

countries, herbal medicines are thought to form the 

backbone of the traditional therapeutic armory. Globally, 

there is a steady increase in demand of medicinal plants 

for various industries. 

The significance of the topic is reflected by the fact that 

the Ayurveda, Siddha and Unani systems of medicine 

and traditional medicine is based on use of extracts 

from plants. Northern Province of Sri Lanka is 

extremely rich in medicinal plants and in their bio-

diversity.

The government of Sri Lanka has several programs to 

promote the cultivation of medicinal plants in the 

country. Among the countries that practice herbal 

medicine, India and Sri Lanka stand best in having 

quality products for preparation of indigenous drugs. 

(Jayatunga and Jayakody 1995).  For this reason, the 

naturally existing herbs have a better utility value for 
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the uses. Therefore, such native medicinal plants have to 

be preserved and protected from destruction. These 

medicinal plants are abundantly grown and found in 

mountainous places, forests, river valleys and open 

plateaus in nature. Existence of naturally growing herbs 

have to be documented to prevent them from 

destruction, and protective measures have to be taken 

against their extinct.

After the war ended, rehabilitation and development 

process is taking place in Northern Province. However 

many of the naturally growing plant species having 

medicinal value have destroyed and there is a risk of 

losing these plants. Therefore promotion of medicinal 

plant cultivations in these areas is important to preserve 

genetic diversity and gene pool.

Record keeping of both existing medicinal plants and 

identified medicinal plant species in Sri Lanka are not 

complete yet. Therefore, there is a national need to 

identify available medicinal plants in a scientific manner 

and to keep inventories of them with local and scientific 

names. Hence this study aims to explore present status 

of the naturally growing medicinal plants in Kiranchi to 

protect them from destruction. 

Materials and Methods 

Area of the study is Kiranchi under the D.S.divison of 

Jeyapuram and situated in the Kilinochchi district.  

Study was carried out in Nov 2012. All the GS areas were 

taken for the survey according to the map was obtained 

from GS. The medicinal plants are identified from the 

information obtained through the fields visits 

conducted by materia  medica section of our university. 

Initially a sample of soil was obtained from the center 

part of the Kiranchi and soil analysis was done at 

Agriculture research center, Thirunelvely. The pH of the 

soil Kiranchi was 8.4, which was found to be suitable for 

different medicinal plants.

Results and discussion 

A total of 180 species of medicinal plants were 

recorded. This comprises perennials (75%) annual 

(20%) and biennials (5%) Table 1. . 

Plant species were grouped according to the part used 

in medicine (Table 2).    

Out of 180, eight plants are used in treating fever, 

Andrographis paniculata,  Peristrophe bicalyculata, 

Mollugo cerviana, Evolvulus alsinoides, Melothria 

heterophylla, Toddalia asiatica, Azadiracta indica,and 

Tinospora cordifolia.

16 are used in treating skin diseases namely, Euphorbia 

hirta, Azadiracta indica,  Pongamia glabra, Indigofera 

Serial No Based on morphology Percentage (%) 
Out of 180 

1 Herbs 38 

2 Shrubs 11 

3 Trees 36 

4 Lianas 3 

5 Climbers 6 

6 Creepers 2 

7 Cacti 3 

8 Holo parasite 1 

 

Table  1. Classification of medicinal plants according 
                 to plat types 

Serial No Parts used in medicine Number of parts 
 used  
out of 180 medicinal  
plants 

1 Whole plants 30 

2 Leaves 60 

3 Seeds 16 

4 Flowers 13 

5 Young pods 07 

6 Root 25 

7 Root bark 04 

8 Dry fruits 14 

9 Stems 06 

10 Bark 04 

11 Rhizome 03 

12 Gums 02 

13 Galls 01 

 

Table 2. Classification according to the parts used in 

                 medicine 
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aspathaloides, Aloe vera, Lowsonia inermis, Ruellia 

tuberose, Acalypha indica, Psoralia corylifolia, Thespesia 

populnea, Cassia alata, Aristolochia bracteolate, 

Tamarindus indica, Heliotropium indicum, Trichosanthus 

bracteata,and Vernonia zeylanica. 

Ten are used in respiratory diseases, Justicia adhatoda, 

Barleria mysorensis, Tylophora asthmatica, Melothria 

maderaspatana, Ocimum sanctum, Solanum trilobatum, 

Solanum xanthocarpum, Coleus ambonicus, Leucus 

aspera, and Oldenlandia umbellata

Out of 180 medicinal plant species, 19 spinaches were 

identified. The Table 3 shows the information about 

those 19 plants

Spinaches are easily available, cheap to buy and easily 

reared in our home garden. While serving as part of 

our diet they would help to maintain health and cure 

much illness.

Nine poisonous plants were also recorded in Kiranchi. 

The table below shows the information about those 9 

plants,

Name of spinach Medicinal value of the spinach 

Cardiospermum halicacabum Used to rheumatic pain and haemorrhoids. It can be taken for breakfast as 

porridge and rasam. 

Basella alba Rich in minerals, good laxative. 

It  is cooked with dhal or potato. Helps to produce sleep also. 

Aerva lanata Used in urinary complain as dysuria. It could be prepared as a tea or porridge. 

Hydrocotyle asiatica It  is a nervine tonic. It improves the memory power and gives luster to skin. It is 

taken as a sambol and herbal tea. 

Boerhavia diffusa It  is cooked with dhal. It  is used in anemia and dropsical conditions. 

Amaranthus viridis The tender leaves in the form of curry either alone or with dhal, cooked with 

garlic. It relieves body pain. It acts as a diuretic and demulcent. 

Cissus quadralagularis Useful in digestive disorders and scurvy. Rasam is made out of this. 

Asparagus racemosus The thin leaves are taken as porridge. They act as tonic, demulcent and 

galactogogue. 

Cassia auriculata They are cut into small pieces and tea prepared leaves are refrigerant, 

astringent and tonic. It  is used in polyuria 

Solanum nigrum They are prepared as a curry with dhal or made into chutney and eaten in 

stomatitis, burning sensation of the stomach. 

Sesbania grandiflora Leaves are laxative and digestive. 

Alteranthera sessilis It  gives luster to the skin. Highly recommended for eye diseases 

Mentha arvensis It  is used for its aromatic, stomachic, carminative and antispasmodic action. It  is 

used in dysmenorrhoea and dyspeptic conditions. 

Eclipta alba It  is cholagogue and hepatic tonic. Use externally is a good hair tonic . Leaves 

eaten frequently improve vision. 

Portilacea oleracea It  is refrigerant, diuretic and relieves bilious conditions. 

Oxalis corniculata The soup is used in convalescence of diarrhea patients. Fresh leaves in the form 

of chutney improve appetite and digestion.  

Ipomoea aquatic It  is a laxative and galactogogue 

Moringa oleifera The tender leaves of this famous tree are used as popular vegetable. It is taken 

for its mineral content. 

Solanum trilobatum It  is used for respiratory conditions. The leaves are prepared as a chutney. 

 
(Source :  Nadkarni 1954).

Table 3. Spinaches 
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Scientific name of 
poisonous plant 

Type of poison Poisonous part Parts used in medicine 

Ricinus communis Organic irritant poison Residuous seeds Leaves, Seeds, Root 

Abrus precatorius Organic irritant poison Seeds Leaves, Root 

Calotrophis procera Organic irritant poison Latex Flowers, Leaves, Root bark 

Plumbago zeylanica Organic irritant poison Root Root bark 

Gloriosa superb Organic irritant poison Root Root (external use) 

Argemone Mexicana Organic irritant poison Seeds Seeds (external use) 

Datura alba Deleriant cerebral poison Seeds Leaves, Root 

Cerebera thevetia Cardiac poison Seeds Root 

Strychnos nux-vomica Spinal poison Seeds Seeds 

 

Table 4. Poisonous plants 

Out of 180 medicinal plants, 19 are used for diabetic 

mellitus (Table 5). 

Information of this study will help to conserve and 

promote cultivation of medicinal plants at Kiranchi. 

Programs should be launched to propagate and cultivate 

all the rare and endangered medicinal species, in-situ 

and ex-situ. Such as Peristrophe bicalyculata, Salvadora 

persica, Melothria heterophylla, Rauvolfia densifolia, and 

Sida cordifolia. Those plants could be considered as rare 

Scientific Name Parts used as hypoglycemic 

Cassia auriculata Leaves, Flowers, Root, Bark, Pods 

Alangium salvifolium Seeds 

Curculigo orchioides Tuberous root 

Gymnema sylvestre Leaves 

Salacia reticulate Bark 

Hemidesmus indicus Root 

Mimosa pudica Leaves, Roots 

Strychnos potatorum Seeds 

Marsilea grandiflora Whole plant 

Ficus bengalensis Bark 

Murraya koengii Leaves 

Costus speciosus Rhizome 

Acacia Arabica Gum 

Coccinea grandis Yung pods, Tubers root 

Euginia jumbolana Seeds 

Tinospora cordifolia Stem 

Cassia fistula Gum, Leaves 

Phyllanthus emblicus Dry fruit 

Mangifera indica Tender leaves 

 

Table 5. Plant used to treat diabetes mellitus

in kiranchi (according to the records obtained during 

field visits). 

Sri Lanka is very rich in medicinal plants resources 

(Jayaweera, 1977). Even though, many species are 

used commercially, they are not cultivated. Up to now 

the required species have been taken from natural 

locations. Due to the high demand, lesser cultivation 

and continuous collection of the resources from 

natural locations, they have diminished and the 

biodiversity is under threat. Improperly planned 

clearing of forests for various development schemes, 
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over exploitation of plants for local and export markets 

resulting in the destruction of medicinal plants. Over 

extraction or exploitation of endemic species must be 

totally banned in the protected areas. Collection of the 

whole plant or root or bark of endemic trees cause much 

damages to them. Rare or threatened species are 

affected worst by this way. Endangered species must be 

identified and laws must be enacted to control 

extraction.

To prohibit any other activities in large open space, 

virgin land and around the areas, where the medicinal 

plants grow lavishly and naturally, this step will assist in 

extending the cultivation of important herbs in these 

areas. Kiranchi area also to be proclaim as “Natural 

Herbal Plants Protection Zone”. Unnecessary use of 

medicinal plants should be banned.
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Abstract

Salinity is a major environmental stress that inhibits plant growth and development. Salt affected areas in the world 

are also increasing year by year thus limiting the agricultural production. Salt tolerant crops are advantageous under 

such conditions as they can cope up with soil salinity. Therefore, it is important to investigate the effect of salt on 

growth performances of targeted crop species. The experiment was carried out to evaluate the growth performance 

of three finger millet varieties (Rawana, Ravi and Oshada) under different salinity levels. The experiment was 

conducted using completely randomized design with three replicates per treatment. Five different salinity levels 

were used for the experiment (0, 2, 4, 6, 8 ds/cm). 21-day-old nursery seedlings were transplanted in polythene bags 

filled only with sand. One week after transplanting recommended amount of Albert solution (10g dissolved in 4.5l of 

water) was added twice a week.  Salt water with different concentrations was applied once in two days. Plants were 

uprooted two months after transplanting for data collection. According to the results of analysis of variance 

interaction of salinity and varietal effect was significant for shoot height, root dry weight and number of leaves per 

plant. Significantly higher shoot height was observed in variety Rawana and Oshada at 2ds/cm. Root dry weight of all 

three varieties showed significant increase with increasing salinity level up to 4ds/cm and then decreased. Variety 

Oshada exhibited the best growth performance compared to other two varieties in all salinity levels. Results revealed 

that finger millet is moderately tolerant to salinity and for better growth performance need slightly saline soils. 

Key words: Finger millet, Salinity, Growth performances, Salt tolerance

Introduction

Soil salinity is one of the major agricultural problems 

affecting crop productivity worldwide and adversely 

affects the plant growth and development. Salinity 

impairs plant growth through osmotic effects, specific 

ion toxicities, and induced nutrient deficiencies (Munns, 

2003).

Cereals are the world's major source of food for human 

nutrition. Among these, finger millet is grown as an 

important food crop in many developing countries of the 

tropics mainly in Africa and Asia. Millets are store-

houses of nutrition. Hundred gram of finger millet 

contains 7.3 of protein (g), 3.6 of fiber (g), 2.7 of Minerals 

(g), 3.9 of Iron(mg) and 344 Calcium(mg).Finger millet 

can be stored for many years under normal room 

temperature (Shobana et al., 2013). It is extraordinarily 

superior to rice and wheat and therefore it is a good 

solution for the malnutrition and thus would highly 

contribute for the food security.

Finger millet can be grown on low fertility soils and 

grows better in the absence of chemical fertilizers in 

dry lands. It is popular among most of the dry zone 

farmers in Sri Lanka due to this low input nature of the 

crop. It has been reported that the soil salinity levels 

are increasing in the most of cultivating lands in dry 

zone (Thiruchelvam and Pathmarajah, 2000). 

 Therefore, the present study 

was conducted to evaluate the vegetative growth 

performances of three finger millet varieties under 

different salinity levels.

These 

areas remained underutilized because most crops 

were unsuitable for growing under saline conditions. 

Therefore, it is important to identify any putative 

salinity tolerant or resistant finger millet varieties for 

cultivating in saline soils.
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Materials and Methods

The research was carried out at Faculty of Agriculture, 

University of Ruhuna, Mapalana, Sri Lanka. Three finger 

millet varieties (Oshada, Ravi and Rawana) were used 

for this experiment and seeds were collected from 

Angunakolapalassa Research Station of the Department 

of Agriculture. Seeds were allowed to germinate in 

nursery trays and after 21 days, seedlings were 

transplanted to polythene bags which were filled only 

with sand. Diluted concentration of Albert solution was 

added once in two days before adding recommended 

concentrations to acclimate plants.

One week after transplanting recommended amount 

(10g dissolved in 4.5l of water) of Albert solution was 

added twice a week.  Different salinity levels (0, 2, 4, 6, 8 

ds/cm) were prepared by diluting sea water. Different 

concentrations of salt water were applied once in two 

days. Plants were uprooted two months after 

transplanting, number of leaves per plant, shoot height, 

shoot dry weight and root dry weight were recorded. 

The experiment was designed as completely 

randomized design with three replicates. Data were 

analyzed using analysis of variance (ANOVA) and 

Duncan's New Multiple Range Test (DNMRT) at P ≤ 

0.05 was used as the mean separation technique.

Results and Discussion

According to the results of analysis of variance, 

interaction of   salinity and varietal effect was 

significant for shoot height, root dry weight and 

number of leaves per plant. No significant effect of 

salinity on shoot dry weight was observed in any of the 

three varieties tested. Significantly higher shoot height 

was observed in variety Rawana and Oshada at 

2ds/cm. Root dry weight of all three varieties showed 

increasing trend with increasing salinity level up to 

4ds/cm and then decreased. When comparing all three 

varieties, variety Oshada showed significantly higher 

shoot weight, root weight, shoot height and number of 

leavers per plant and exhibited the best growth 

performance compared to  other two varieties (Figure 

1).

Figure 1. Effect of salt concentration on growth performances of three finger millet varieties
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Reduction of growth and yield is a common response 

under saline conditions in most crops due to osmotic 

stress and the accumulation of toxic ions (Munns, 2013).

According to an experiment conducted for three cowpea 

varieties by Hadi et al. (2012) under five NaCl salinity 

levels of 10, 20, 30, 40 and 50 mM the growth of cowpea 

decreased with increasing salinity levels. At 50 mM NaCl 

all varieties exhibited extremely poor performances. 

Yakubu et al. (2010) also reported that germination 

percentage, plant height, shoot and root dry weights 

significantly decreased in pearl millet with increasing 

soil salinity. Growth and grain yield of wheat 

significantly decreased with increasing salinity (Munns, 

2003).

However, according to the results from the present 

experiment, finger millet is able to tolerate salinity 

condition up to some extent. Plants growing in a saline 

or sodic environment may face certain limitations, 

particularly in terms of root establishment and biomass 

production. Therefore, plant species that are able to 

colonize in salt affected soils without the need of 

external application of any chemical amendments are 

important for the stabilization and reclamation of the 

soil too. In this regard, finger millet is one of the most 

useful crops in reclaiming saline soils prior to growing 

other crops or pasture (Qadir and Qureshi, 1996). 

According to the results, finger millet is moderately 

tolerant to moderate levels of salinity as it showed 

slightly better growth under slightly saline conditions. 

However, further studies should be carried out to 

evaluate growth performances as well as yield aspects of 

finger millet under different saline conditions.  Out of 

the three varieties tested variety Oshada showed some 

degree of salt tolerance compared to varieties Ravi and 

Rawana.
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Abstract

Principal focus of the study was to investigate the impact of Business Process Reengineering (BPR) on organizational 

operational performance and human factor development. Knowledge and awareness, employee competencies, team 

work, attitudes towards change, compensation and rewards, training and development, impact on personal life were 

treated as inputs to investigate the BPR impact on human factor. Employee productivity, manufacturing cycle duration 

and average overtime hours were treated as inputs for investigate the BPR impact on operational performance. 

Production departments of surf kite and windsurfing sail were selected using stratified sampling technique and the 

employees were selected using simple random sampling. Findings of the operational performance revealed that, BPR 

has positive impact on organizational operational performance. BPR has significant impact on increasing 

productivity and reducing manufacturing cycle time of the organization. Further study revealed that the BPR has 

significant impact on reducing overtime hours in windsurfing sail department. Further, BPR has significant impact on 

knowledge and awareness, employee competencies, team work, compensation and rewards, training and 

development of human factor of the organization. But there was no significant impact of BPR on positive attitudes of 

the employees of the organization. Further, research revealed that only in windsurfing sail department, BPR has 

significant impact on personal life of employees. 

Key words: Business process reengineering, Human factor development, Organizational  performance

Introduction

Business environment is always changing. To survive in 

the ever changing business environment, changing 

organizational process must be competitive. Change is 

unavoidable and no change is vastly preferable, but in a 

period of upheavals change is norm (Drucker, 2000). 

Company reengineering was the most critical change 

that most of the export processors apply. Very recently 

Aqua Dynamics (Pvt) Ltd has realized that to keep up 

with the global demand it is time for organizational 

change. The change was introduced in the mode of 

reengineering the business process, which is known to 

world as Business Process Reengineering (BPR). BPR 

means not only change but also dramatic change 

(Balasubramanian, 2010). Results of the BPR were the 

establishment of, industrial engineering department, 

new incentive system to manage the organizational 

performances and new performance management 

system was based on the worker efficiency calculation 

system.

Before last three years, there was no proper 

performance management system in the company, and 

no proper recognition for workers effective work and 

efforts towards the production. Everyone involved in 

production was given production bonus as a gift for 

their contribution. In general, majority dedicated their 

time and efforts, without receiving proper recognition. 

Bonus was the only motivation to work in the past. 

Organization needed to give more and more over time 

hours to the workers for timely shipments of products 

as there efficiencies were low. That was great loss of 

the time and the money for the company as well as the 

workers.   

 

This study was designed to identify and measure the 

impact of business process reengineering on 

organization's overall performance such as 

manufacturing cycle time, productivity per/head, 

overtime hours, impact of BPR on human resource 

558

Corresponding author: gayanthakage141@yahoo.com

International Symposium on Agriculture and Environment 2013
University of Ruhuna Sri Lanka



development of the business unit and bottom line 

employees' attitudes towards the reengineering 

process.

Materials and Methods

Cross sectional exploratory method was followed with a 

questionnaire to gather qualitative and quantitative 

data. In addition to that secondary data were gathered 

from industrial engineering department regarding 

production performances such as manufacturing cycle 

duration, overtime hours and productivity per head 

before and after process reengineering.

Employee population was 833 in the organization. Total 

population was clustered in to the six production 

departments. Stratified sampling technique was the 

main sampling tool where organization was divided 

into strata and then two production departments were 

selected randomly (Surf Kite department and Wind 

Surfing Sail department).

Hundred and fifty employees were considered for the 

data collection purposes. Study focused on the human 

resources at each level within the organization. Sample 

profile was composed of 40% machine operators, 31% 

helpers, 17% quality checkers, 9% supervisors and 3% 

production assistants. Primary data were collected 

through interviewer administered pre tested 

structured questionnaire and by analyzing of raw data 

gathered from Industrial Engineering Department. 

Production 
Department 

Variable Mean SD 
95% 
Lower 
Bound 

T P 

Surf Kite  K&A 0.75 1.08 0.57 7.06 0.00 

Wind Surfing Sails K&A 0.72 1.01 0.47 4.89 0.00 

Surf Kite PA 0.03 1.32 -0.17 0.3 0.38 

Wind Surfing Sails PA -0.23 1.27 -0.54 -1.26 0.89 

Surf Kite EC 0.72 1.16 0.53 6.34 0.00 

Wind Surfing Sails EC 0.87 0.92 0.64 6.48 0.00 

Surf Kite TW 0.59 1.14 0.40 5.27 0.00 

Wind Surfing Sails TW 0.78 1.02 0.53 5.29 0.00 

Surf Kite C&R 0.26 1.12 0.07 2.36 0.01 

Wind Surfing Sails 
C&R 0.42 1.36 0.09 2.14 0.01 

Surf Kite T&D 0.65 1.04 0.47 6.32 0.00 

Wind Surfing Sails T&D 0.78 0.99 0.54 5.4 0.00 

Surf Kite PL 0.61 1.19 0.41 5.22 0.00 

Wind Surfing Sails PL -0.06 1.27 -0.37 -0.34 0.66 

 

Table 1: Results of the study
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To reveal the employee attitudes towards the change, 

two variables were used as knowledge & awareness and 

attitudes towards the change. To find out impact on 

development of human factor, employee/ worker 

competencies, team work, compensation & rewards, 

training & development and impact on personal life. 

Paired t-test was used to analyze the impact of BPR on 

operational performance of the organization. 

Results and Discussion

Majority of the employees belonged to the mid age (36 – 

45). Sample revealed that 80% of employees of surf kite 

department were females and majority (56%) of them 

was qualified with G.C.E O/L examination. Greater 

portion of employees were belong to the young age 

(25>) group in the windsurfing sail department. Same as 

surf kite department, majority of them were female 

employees and only 23% were males. Majority (43%) of 

them were qualified with G.C.E O/L and well 

experienced. Table 1 discusses the results of the study.

Impact of BPR on human factor development of the 

organization

Both departments had considerable level of awareness 

and knowledge about the changes happening through 

the BPR, and changed and improved processes. It is a 

positive trend of the organization that, employees 

often discuss among peers about changing process 

drivers and drawbacks.  Employees should 

knowledgeable about the changes in routine works 

and system expectations to achieve performance.

 

Attitudes of the employees of the changes appear with 

introducing BPR could be categorized as poor.  It 

indicates in both production departments, employees 

were resistant to change. Most of them were unhappy 

to work with barcode system introduced after the BPR. 

Also they believed that they were always in job risk 

under the new system. 

 

Production 
Department 

Variable Mean SD 
95% 
Lower 
Bound 

T P 

Surf Kite 
Product ivity(Before-
After) 

-1.25 1.55 
(-2.24.)  

-
2.79 

0.01 

Wind Surfing 
Sails 

Product ivity(Before-
After) 

-3.35 4.63 (-6.29-
0.40) 

-
2.51 

0.02 

Surf Kite 
MCT(Before-After) 

5.36 4.11 
(2.75, 
7.97) 

4.52 0.001 

Wind Surfing 
Sails MCT(Before-After) 

5.82 6.259 
(1.84, 
9.79) 

3.22 0.008 

Surf Kite 
OTH(Before-After) 

-183 5126 
(-3440, 
3074) 

-
0.12 

0.90 

Wind Surfing 
Sails OTH(Before-After) 

3653 3861.7 
(1199, 
6106) 

3.28 0.007 

K&A – Knowledge & Awareness                             C&R -Compensation and Rewards
PA – Positive Attitudes                                               T&D – Training & Development
EC - Employee Competencies                                   PL – Personal Life
TW – Team Work                                                          MCT – Manufacturing Cycle Time
OTH – Overtime Hours

Table 1: Continues 
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The impact on employee competencies of BPR can be 

ranked as good. Further, after introducing BPR, they had 

observed improving of productivity and efficiency of 

their peers compared to before introducing the BPR. In 

the new system they have been evaluated according to 

their efficiency in monthly basis. Majority of them were 

believed that team work had increased after BPR and 

they consider their section performance rather than 

individual performance. Also most of them were 

preferred to be compliment rather compete in their 

work station.

After introducing the BPR employees receive their pay 

according to the performance. Earlier they received 

equal amount of bonus without considering their 

performance levels. 

Industrial Engineering (IE) Department was conducting 

awareness and training programmes for employees 

regarding increasing their efficiency levels, production 

bonus, and method improvements. IE department was 

responsible for disseminate the new knowledge to 

respective floor workers. 

Moreover, BPR has facilitated the employees to spend 

more time with their family members than the earlier 

system. However the employees of the Surf Kite 

department had limited time to spend with families. 

They have to sacrifice the spare time to complete the 

targets of the department while working more overtime 

hours. Employees of the Wind Sail department had less 

overtime hours compared to Surf Kite department. 

Impact of  BPR on operational/production 

performances of the organization

Productivity fluctuations were observed due to the 

varying nature of the orders from foreign buyers. At the 

moment windsurfing sail productivity is higher than 

surf kite productivity. Because of global trend of moving 

from windsurfing sailing to kite boarding, company 

downsized the number of employees windsurfing sail 

department. Therefore after BPR sail department runs 

with less number of employees than before BPR 

introducing.

Reducing cycle duration requires eliminating or 

reducing non value added activity. Results illustrated 

that, after the BPR both surf kite and wind surfing sail 

departments have saved more than five minutes from 

their manufacturing cycle times. Method improvement 

is one of the duties of the industrial engineering 

department. Method improvement involves, 

identifying and implementing more efficient ways to 

do operations. This is the major reason for reduction of 

product manufacturing cycle durations. Reduction of 

manufacturing cycle duration brings production cost 

reduction, increase through inputs, schedule integrity, 

improves on time delivery and finally profitability of 

the company. 

The new trend of moving windsurfing sailing to kite 

boarding company received more surf kite orders than 

windsurfing sails. But in windsurfing sail department 

there is a significant reduction in overtime hours after 

introducing BPR. Higher overtime hours results lower 

moral of employees, increase worker dependency on 

additional hours, increase cost and expense on 

product.

Employee performance and efficiencies have 

increased after introducing the BPR. Proper training 

programmes, information dissemination regarding 

changes and method improvements may caused to 

increase the employee competencies after BPR. 

Employees who attached to the windsurfing sail 

department valued team behavior than the employees 

in surf kite department. More overtime hours limits 
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their leisure time spend with family members. This may 

be the major reason for the dissatisfaction of employees 

in surf kite department regarding their personal life. 

Organization has a good information flow regarding 

improvements and changes done in routine works after 

the BPR. This could helpful for the increase of efficiency 

of workers. Most of the employees were still preferred 

early system than the new bonus system. Employee 

productivity was increased and manufacturing cycle 

duration was reduced. 
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Abstract

This study was conducted to investigate the agricultural information need and the most popular sources of 

information of the farmers in Mahailluppallama block of the Mahaweli system-H in Anuradhapura district which 

comes under major irrigation scheme and an important agricultural production area in the dry zone. Investigation 

was made by interviewing randomly selected fifty three (n=53) farmers using a semi structured interview schedule. 

Most demanded information by the farmers was on pests and diseases, seeds and planting materials, and marketing in 

the order of importance.   Majority of farmers rely on the Agrarian Service Centre, farmer organization, fellow farmers 

and agriculture input shops in the order of priority to receive information. Results revealed that although mass media 

such as, radio and television play a potential role in reaching a wider audience instantly, farmers do not use such 

information sources significantly. Nevertheless, 42 (79%) farmers read newspapers and pay special attention to 

agricultural information whiles the rest 11 (21%) do not read newspapers as a habit. Only 9% of the farmers had 

computers at home, however, no one was using computers to get agricultural information and had connectivity to 

internet providing an example for digital divide in Sri Lanka. On the other hand, 75% of the farmers had telephone 

facilities. However, only 17 respondents (32%) were aware about the Toll-Free agriculture advisory service (1920) of 

the Department of Agriculture and only 5 (9%) respondents had used the service, highlighting the need for awareness 

programmes. Agricultural programme formats in radio and television should be designed creatively to capture the 

interest of a wider audience in rural farming communities. 

 Key words: Agricultural information, Information need, Sources of information

Introduction

One potential mechanism of increasing the agricultural 

production is the use of new technologies. Agricultural 

information and communication play a major role in this 

process by allowing farmers to adopt improved 

technologies. In addition, information exchange has an 

important implication in developing market systems 

and providing its benefits to all stakeholders of the 

market chain including the producers or the farmers. 

Development of information and communication 

technology provides a new avenue to deliver agricultural 

information. The mobile system is seen as a significant 

system for agriculture information seeking in the future 

as the mobile phone users are increasing day by day and 

the mobile system has a huge potential to be further 

improved (Hassan et al., 2010). However, it is not 

possible to neglect the role of traditional sources of 

information in the rural farming setup.

Farmers need various information on agriculture and 

meet their information needs through different 

sources of information depending on the availability, 

affordability and various other socio-economic 

factors. Efficiency, effectiveness and the other 

characteristics of the information source is also affect 

on the farmers' use of different sources. Access to 

information and improved communication is a crucial 

requirement for sustainable agricultural development. 

However, it is observed that the rural populations still 

have difficulty in accessing crucial information in 
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order to make timely decisions (Anandaraja et al., 2008). 

Therefore, it is vital to understand the information need, 

the existing sources of information and information 

seeking behavior of the farmers in order to improve 

agricultural communication thus use the present 

mechanisms in delivering agricultural extension 

services to the farmers. Therefore, this study was 

conducted to investigate the information need, sources 

of agricultural information and information seeking 

behavior of the farmers in Mahailuppallama area (block) 

which belongs to the Mahaweli system H in the 

Anuradhapura District of Sri Lanka. 

Materials and Methods

Investigation was made by interviewing randomly 

selected fifty three (n=53) farmers from three farmer 

organizations in Mahailluppallama which consist of 266 

farmers. Semi structured interview schedule was used 

as the tool for data collection. Socio-economic factors 

such as age, gender, education level, and problems faced 

in agriculture and information need (seeds and planting 

materials, labour, marketing, pest and diseases, 

irrigation) and availability and usage of television, 

newspapers ,  te lephone,  community  based 

organizations, government organizations, computer 

facilities were studied as the independent variables. 

Dependent variables were the information need and 

the most popular sources of information. Key 

informant discussions were conducted to supplement 

and verify the data gathered. Descriptive statistical 

analysis was performed using Statistical Package for 

Social Sciences. (SPSS) 

Results and discussion

All respondents in the sample were fulltime farmers. 

Majority of them were males 47 (89%). Most of the 

respondents  26 (49%)  were old (>50 years) and 20 

(38%) were in the middle age (41-50 years). 

Education level of the 45% was below Ordinary Level 

(O/L), 35% had O/L qualifications and only 20% had 

Advanced Level (A/L) qualifications. 

Figure 1. Sources of information for the farmers
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The types of information mostly needed by farmers 

were investigated. Accordingly, most needed 

information (54%) was about pests and diseases. This 

may be due to the keen attention of the farmers to 

minimize the yield losses and thereby to increase the 

profit margins. However, the absence of proper channel 

of information leads to an indiscriminate use of 

pesticides.  Second most needed information by the 

farmers was on seed and planting materials (17%) and 

thirdly on marketing information (8%). Similarly, the 

problems faced by the farmers were investigated. Major 

problems were on irrigation (61%), labour scarcity 

(36%) and planting materials (34%). Attention should 

be paid to solve possible problems by providing the 

correct information and facilities at the correct time 

through proper channels. 

 Farmers use different information sources to meet their 

information needs depending on the type of information 

they need, accessibility to information and various other 

socio-economic aspects of their lives. The figure 1 shows 

the most popular sources of information among the 

farmers.

Majority of the farmers received information from the 

Agrarian Service Centre (28%) and the Farmer 

Organization (24%).  Most farmers (96%) were 

members of farmer organizations. Thirdly they received 

information from fellow farmers (15%) and from the 

agriculture input shops (13%). Several important 

agriculture related government institutes are located in 

the study area namely Field Crop Research and 

Development Institute, In-Service Training Institute, 

Seed Certification Service, Seed Farm and Sub campus of 

the Faculty of Agriculture, University of Peradeniya. 

Although farmers (9%) receive information from In-

service Training Institute and Field Crop Research and 

Development Centre No one use the sub campus of the 

Faculty of Agriculture, University of Peradeniya as a 

source of information. The present mechanism of 

university-community interactions are not adequate 

and farmers do not perceive the university as a 

possible source of information. These institutes have 

the potential to disseminate and share information 

with the nearby farming community but the potential 

has yet to be exploited.

Mass media such as, newspapers, radio and television 

play a vital role in disseminating information quickly, 

reaching large number of audience at once. All these 

media content includes at least few agricultural 

messages/programmes per week. According to a 

content analysis of three major national newspapers 

in Sri Lanka in the year 2009, percentage (space) 

allocated for agriculture related information were 

0.4%-0.8% (Abeyrathna et al., 2010). According to the 

present study, 42 (79%) farmers read newspapers and 

paid special attention for agricultural information but 

11 (21%) did not read newspapers as a habit due to 

various circumstances. 

Majority (75%) of the farmers in the study sample had 

telephone facilities (either land phones or hand 

phones) and 26% of the farmers are used telephone to 

get agricultural information. Toll free agriculture 

advisory service (1920) was established by the 

Department of Agriculture to respond the farmers' 

inquiries immediately. However, only 17 (32%) 

farmers in the Mahailluppallama area were aware 

about the service. Only 5 (9%) farmers had used that 

service to obtain relevant information. The call centre 

enabled information systems requires only that the 

user is able to hear and speak. To access the internet-

enabled information system requires that the user be 

familiar with computers and have professional 

operation ability. (Wen et al., 2007). According to the 

present study, only 5 (9%) respondents had a 

computer at their homes. However, no one used 
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computers to get the agricultural information and no 

one had connectivity to internet. As an ICT (Information 

& Communication Technology) initiative, “Cyber 

Extension” mechanism was implemented by the 

Department of Agriculture in 2004 (Wijekoon et al., 

2010). However, farmers did not have cyber extension 

facility at close vicinity and did not aware about that. 

 

Irrigation, seeds and planting materials and labour 

problems were the major issues faced by farmers. 

However, pest and diseases, seeds and planting 

materials and marketing related information were the 

most demanded agricultural information by the 

farmers. Majority of farmers rely on the Agrarian Service 

Centre, Farmer Organization and fellow farmers in the 

order of importance to receive information on 

agriculture. Therefore, these information sources can be 

identified as effective channels of message transfer in 

agricultural extension and rural development 

programmes.  Majority of farmers were not aware about 

the toll free agriculture information service of the 

Department of Agriculture highlighting the need for 

awareness. Farmers received agricultural information 

through newspapers than radio or television. No one 

used computer based information sources to receive 

agricultural information and had connectivity to 

interment providing an example for digital divide in Sri 

Lanka. As most of the government agricultural institutes 

are located in this area programs should be designed to 

strengthen the information sharing with farmers. 
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Farmers' Awareness on Safe Use of Pesticides: A Case Study on Chilli (Capsicum annuum) Farmers in 
Kaluthawalai, Batticaloa
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Abstract

A survey was carried out to investigate the awareness regarding safe use of pesticide among chilli growers in 

Kaluthawalai village as this village is well popular for vegetable cultivation and accounts for heavy use of pesticides in 

Batticaloa District.  A pretested questionnaire was used to collect data from the farmers. Data were collected on the 

personal details of the farmers, details of farming, general awareness about pesticide application, status of safe 

handling of pesticides, status of purchase and store of pesticides, status of recommended personal protection 

equipment use, status on disposal of empty pesticide containers, and care after pesticide application. Collected data 

were analyzed using Statistical Package for Social Sciences (SPSS). The results revealed that almost all the farmers 

depended on chemical pesticides for the management of pest and diseases. About 25% of the farmers in Kaluthawalai 

village sprayed pesticides more than recommended dose.  Approximately, 80% of the farmers were aware about the 

expiry date of the chemical and colour of the label which indicates the toxicity level of chemicals. However, 80% of the 

farmers do not have any consideration about the wind direction while applying chemicals. Around 65% of the farmers 

do not have any knowledge about pre harvest interval. It was observed that only 10% of respondents were using 

face/nose mask and none of them are using head dress, hand gloves and shoes during pesticide application. About 

90% of the respondents took bath and changed clothes after spraying operation performed. However, regarding first 

aid, only 10% respondents had the knowledge. 

Key  words: Pesticide, Pre harvest interval, Toxicity

Introduction

Pesticides are substances used for destroying or 

repelling pests that can damage agricultural crops or can 

act as vectors to spread diseases. Though the praises of 

pesticides include better economic potential in terms of 

increased production of food, their debits have resulted 

in serious health implications to man and his 

environment.  There is now overwhelming evidence that 

some of these chemicals do pose a potential risk to 

humans and other life forms and unwanted side effects 

to the environment (Forget 1993). No segment of the 

population is completely protected against exposure to 

pesticides and the potentially serious health effects, 

though a disproportionate burden is shouldered by the 

people of developing countries and by high risk groups 

in each country (WHO 1990). The high risk groups 

exposed to pesticides include production workers, 

formulators and agricultural farm workers who deal 

with mixing spraying and transporting. The world-wide 

deaths and chronic diseases due to pesticide poisoning 

number is about 1 million per year (Environews Forum 

1999).

The Kaluthawalai village in Batticaloa district is very 

popular for vegetable cultivation where the main 

occupation of these residents is farming and it 

accounts for heavy use of pesticides too. Pesticides  are  

extensively  used  on  vegetable crops  due  to  higher 

susceptibility to  pest and diseases and  quite  higher 

economic  returns from these crops. Among cultivating 

vegetable crops, the chilli is the mostly grown crop in 

this village. Researches which have been conducted in 

other countries indicate that in last two decades 

chemical control of chilli pests has posed problems of 

residues in the fruits (Joia et al. ,2001).

Considering all the facts discussed above, the present 

study was conducted to know the extent of awareness 
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on safe use of pesticides among chilli growers in 

Kaluthawalai village, Batticaloa. 

Materials and Methods 

Kaluthawalai village in Batticaloa District was selected 

for the survey where vegetable is highly cultivated.  

Fourty chilli growers were randomly selected from the 

particular village for this study. Primary data were 

collected from farmers through pretested structured 

questionnaires and interviewing them at their field in 

that village. The data collected were under the following 

topics such as personal details of the farmers, details of 

farming, general awareness about pesticide application, 

status of safe handling of pesticides, status of purchase 

and store of pesticides, status of recommended personal 

protection equipment use, status on disposal of empty 

pesticide containers, and care after pesticide 

application.

The survey was carried out in June of 2013. The collected 

questionnaires were checked for completeness and the 

data were analyzed using SPSS 11.0. Data were confined 

to estimate frequencies and descriptive statistics. 

Results and Discussion

In this study, it was found that insecticides are heavily 

(75%) used in the chilli cultivation followed by 

fungicides (20%) and weedicide use was very minimal 

(5%) in Kaluthawalai area. 'Abamactin', 'Admire', 

'Chlorpyriphos', 'Mancozed' and 'Antrocol' are the 

common pesticides used by chilli farmers in 

Kaluthawalai village.

Status of  handling of pesticides 

The respondent farmers were spraying the chemicals in 

the frequency of 15.03 during crop period. On an average 

once in 12.63 days spraying has been done on the chilli 

crop. Almost all the farmers depended on chemical 

pesticides for the management of pest and diseases and 

 

most of them use moderately toxic chemicals which are 

indicated by yellow colour labels.

 

Also, 25% of the farmers (Table 1) apply the pesticides 

in higher amount than the recommended level. They 

often mix one ounce of chemical in 16l of water without 

considering the type of pesticide and pest population.  

Some of them were using wrong mixtures in chemical 

use such as combining use of 'Abamactin' and 'Admire'. 

The reasons for these were that the recommended 

rates were not effective due to resurgence of pest to 

chemicals. Also, the farmers in Kaluthawalai area did 

not concern much about pre harvest interval. Most of 

the farmers (65%) apply the chemicals and leave only 

7-8 days before harvesting. Hence, it is obvious; 

farmers' choice of pesticide was primarily based on 

efficacy rather than safety.

All the respondents were mixing the chemicals using a 

stick of locally available and all of them used the 

measuring cylinder for making an accurate dosage of 

spray fluid. About 10% of the respondents still 

continue to drink water or eat or smoke during 

spraying even after a lot of repeated advices made by 

Department of Agriculture.

Considerable percentage (80%) of the farmers was 

aware about the expiry date of the chemical and colour 

of the label which indicating the toxicity level of 

chemicals. However, about 80% of the farmers do not 

have any consideration about wind direction while 

applying chemicals. Most of the farmers were spraying 

the chemicals in the morning but some of them spray in 

the evening as they are also engaged in other working 

sectors. 
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Activities % of respondents 

Read pesticides label 80 

Wore  Face/Nose mask 10 

Wore Head dress 0 

Wore  Hand gloves 0 

Wore Shoes 0 

Over used  pesticides than recommended  25 

Drink/eat/smoke during pesticide application 10 

Concerned on Expiry date  80 

Concerned on Wind direction 20 

 

Table 1. General practices followed by chilli farmers in Kaluthawalai, Batticaloa

Status of purchase and store of pesticides

A good sign was observed that all the respondent 

farmers are purchasing pesticides from the authorized 

dealer only. About 75% of them keeping the pesticide in 

separate rooms or on near to roof which beyond the 

reach of children and pet animals.

Tatus of recommended personal protection 

equipment use

It was observed from the responses that only 10% of 

respondents were using face/nose mask (Table 1) and 

none of them are using head dress, hand gloves and 

shoes. It is interesting to note that no one used 

recommended personal protection equipment. Only the 

towels or cotton clothes were used as face/nose mask. 

Everybody expressed these equipments are not fit to this 

climate as results in heavy sweating. But without 

wearing these personal protection equipments, the 

farmers frequently face faint and breathing problems 

during the pesticide application.

Status on disposal of empty pesticide containers

It is recommended that burying is the safest method, but 

very few farmers (20%) had adopted this practice 

others threw them either on field or dumped in bush 

areas adjoining their field. This shows that most of the 

farmers were having low-level knowledge about 

disposal methods of pesticide. No one is reused the 

empty containers. The reasons expressed during 

discussions were quiet interesting to note that present 

day chemicals are available in small bottles in highly 

concentrated forms (50ml, 100ml etc), hence they are 

of no use in daily routines. 

Care after pesticide application

About 90% of the respondents took bath and changed 

clothes after spraying operation performed. However, 

regarding first aid, only 10% respondents had the 

knowledge. No one was concerned about long-term ill 

effects and consequence of pesticide use on human's 

health and environment.

The assessment of the knowledge status of the chilli 

cultivating farmers towards safe use of pesticides 

indicated that almost all the farmers were dependent 

on chemical pesticides for the management of insect 

pest and diseases and most of them were using 

moderately toxic pesticides but some of them at a very 

high frequency and dosage without considering pre 

harvest interval. Most of the farmers didn't take care on 

570

International Symposium on Agriculture and Environment 2013
University of Ruhuna Sri Lanka



safe measurements during pesticide application. Lack of 

knowledge on the future effects of agrochemicals and 

intensive focus on yield made them to overuse chemicals 

and affects their health, sustainability of agriculture and 

the environment. Hence, systemic and well planed 

effective extension programmes are essential to update 

farmers' knowledge on proper and safe use of pesticides 

and its effect on their health and environment. 
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Abstract

Farmer perceptions on existing agricultural policy framework in Sri Lanka were explored with a special attention to 

those policies related to paddy production and marketing. Data were collected from the farmers belong to fifteen well 

operating Paddy Farmer Organizations  in the Polonnaruwa, Hambantota and Kurunegala districts by means of a 

series of key informant surveys and focus group discussions supported by a structured interview schedule from 

March to April 2013. The interviews were transcribed and translated and information gathered in this process was 

analyzed using the N-Vivo Qualitative Data Analysis Software (Version 10). The results highlight that the paddy 

farmers' highest interest was on up keeping the guaranteed purchasing price for paddy. In addition, those policies 

associated with the fertilizer subsidy, seed paddy production, provision of irrigation water, and agro-chemicals have 

grabbed much attention of farmers. The outcome of analysis suggests that paddy farmers in Sri Lanka are yet and 

highly expect a prominent role from the government to retain in paddy farming, especially with respect to controlling 

of markets.  

Key  words: Agricultural policies, Farmer perception, N-Vivo, Paddy sector

Introduction

Agriculture sector is the backbone of Sri Lanka's 

economy as it contributes 11.2% to the Gross Domestic 

Production (GDP) and generates 30% of the country's 

employment. A boost in the agricultural productivity 

growth is essential for reducing poverty in Sri Lanka as 

90% of the poor are relevant to rural agricultural 

economy. Nevertheless, agriculture sector should be 

developed in order to meet the aspirations of people, 

particularly that of the farming community. Thus, this 

sector plays an important role in developing socio-

economic conditions of the country.

When considering about Sri Lankan agriculture sector, 

paddy receives the highest importance as it is the staple 

food. Rice has a contribution of 1.8% to the total GDP and 

per capita consumption is about 100 kg per annum. 

Paddy cultivation occupies 25% of the total cultivable 

land and approximately 2 million famers engage in 

farming as their main occupation. There are more than 

6.5 million people, nearly 30% of the employees in the 

total production in the island, are either directly or 

indirectly involving in various activities related to 

paddy industry, including production, processing and 

marketing (Central Bank Annual Report, 2011). 

Therefore introduction and regulation of agricultural 

policies is very much important as policies are the 

courses of actions chosen by government towards an 

aspect of the economy (Cafiero, 2003).

Production and marketing policies are the key policies 

that uplift the performance of agricultural sector. 

Investigating on the farmers' perception on 

production and marketing policies related to paddy is 

important. Central Bank Annual Reports from 1980 to 

2011 show that policies like fertilizer subsidy, 

irrigation schemes, practices on seeds and planting 

materials and chemical, are the most common 

production policies that have been implemented to 

fine tune the paddy production sector, while 
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guaranteed purchasing price is the most employed 

policy in paddy marketing. Therefore, this research 

looks at the perceptions of paddy farmers in Sri Lanka on 

existing policies related to paddy production (fertilizer 

subsidy, irrigation, seed paddy, planting materials and 

agro-chemicals) and marketing (guaranteed purchasing 

price).   

Materials and Methods

Study Area 

Based on importance of amongst the paddy cultivating 

districts in Sri Lanka, Polonnaruwa, Hambantota and 

Kurunegala districts were selected to carry out this 

study.

Data Collection and Analysis

Initially, reviewing of the Central Bank Annual Reports 

from 1980 to 2011was carried out to identify prevailing 

policies implemented in the paddy sector. Then 5 farmer 

organizations were selected from each district under 

using following selection criteria.

(1) Government approved and registered  

organisations; 

(2) Minimum registered farmers 100; 

(3) Each member cultivate minimum of 1 ha

By involving key informants from each of these, focus 

group discussions were carried out to decide the 

framework of the questionnaire, the content flow and 

time requiring to complete an interview. Ultimately a 

questionnaire which is designed to collect farmers' 

personnel data, data about the Farmer Organization 

they represent and perception on different agricultural 

policies was designed. Then a key informant survey was 

done by interviewing the total sample of 15.

All interviews are audio recorded and they were 

transcribed into the qualitative data analytical software 

package: N-Vivo 10 to evaluate the contents. As in 

Jayasinghe-Mudalige and Henson, (2007), the 

information included in each statement was used in 

developing the categories/government agricultural 

policies. Word frequencies of each district with respect 

to the five major production and marketing policies 

were found out. Further, district-wise, the most 

common quotations on each policy were exposed and 

the farmer organizations who stressed those policies 

was identified through first order quotes.

Results and Discussion

The analysis, generated a large number of quotes of 

farmers under policies considered, organized in a way 

that reflect their unique characteristics and examined 

the potential relationship between these government 

agricultural policies and domestic paddy production 

with respect to the farmer organization's served paddy 

market. As the particular interest of this process is the 

'frequency' (Ikram et al., 2012): the number of times a 

given government agricultural policy was referred to 

by the leader of the farmer organization. According to 

that, policies related to guaranteed purchasing price, 

fertiliser subsidy, seeds and planting materials, 

irrigation schemes and agrochemicals were gained 

higher interest in descending order (Figure 1).

Figure 1. Word frequencies of farmers regarding 

                    government agriculture policies
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Although it is the variation of interests on production 

and marketing policies as a whole, some fluctuations are 

visible in district-wise consideration. Thus, first order 

quotes (Figure 2) of the five policies with highest 

frequencies were examined. 
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· No proper water management system 
· Develop & protect prevailing irrigation schemes 

· Promote organic manure 

· good, but amount has been reduced 

· Good, but this isn’t affecting  the private buyers 
and no minimum price for them 
· Purchasing & storage facilities should improve  

· Better if the government agents can come to the 
paddy fields to purchase 
· Improve storage facilities 

· No government agents that buy  harvest 
· sell to private buyers at lower price  

· Subsidy should be given for organic manures on 
behalf of chemical fertilizer 
· good, but famers are una ble to get the fertilizer 

· Promote organic manure 
· not enough 

· Agro chemicals shouldn’t be used.  
· Don’t get proper instructions in using the 

· Use of agrochemicals is rejected by majority 
· Promote traditional organic chemicals  

· Agrochemical subsidy 
· Effectives of the traditional chemicals has to be 

promoted 

· No problem  
· Impose strict water distribution regulations 

· Lack of water is the huge problem 
· Reduce water, environmental pollution and 

· Seed farms should be established and maintained 
by govt. 
· High yielding disease resistant varieties 

· More government paddy seed farms 
· Distribution of new high yielding varieties  

· No proper state seed distribution system 

· Believe in self prepared seed varieties 

Figure 2. First order quotes on production and marketing policies

Guaranteed Purchasing Price

There are some issues like no buyer to that price, low 

storage facilities, transportation to buying centres 

difficulties in meeting Paddy Marketing Boards 
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standards at low cost which has been ultimately directed 

the farmers to sell the harvest to private buyers at low 

price. 

Fertilizer Subsidy

While appreciating fertiliser subsidy, not getting at 

correct time and reduction in the amount were the 

negative points as mentioned. Moreover, promoting 

organic fertiliser was a stressed suggestion. 

Seeds and Planting Materials

Although most farmers' common practice was to 

produce own seed paddy or buy from nearby healthy 

looking paddy fields, establishing more government 

paddy seeds farm and distributing seeds at a favourable 

price, developing higher yielding varieties were 

showcased by resulted first order quotes.

Irrigation Schemes

Polonnaruwa farmers were asking to protect prevailing 

irrigation system and develop more while Kurunegala 

farmers' main issue was irrigation. Hambantota farmers 

were in a need of an efficient water distribution system. 

Agro Chemicals

Inorganic chemical usage has minimized in 

Polonnaruwa and Hambantota as those farmers have 

identified the effectiveness and environmental 

friendliness of natural and biological control methods 

while farmers in Kurunegala district are still stuck into 

agro chemicals.

Farmers in the three districts had the highest interest on 

guaranteed price. Strengthening, spreading the Paddy 

Marketing Board in every main city and developing more 

storage facilities by the government were the key points 

that emphasized by all farmers.  Promoting the usage of 

organic manure behalf of chemicals fertilizer was the 

consent of most farmers while farmers in Kurunegala 

district suggested for a subsidy for the chemical 

fertilizer. The analysis came up with suggestions that 

the government should establish more paddy seed 

farms and allocate funds for developing new high 

yielding varieties frequently. When considering 

irrigation, Kurunegala farmers were suffering from the 

unavailability of water as their cultivations are rain fed. 

Reducing water pollution, deforestation, and 

environmental pollution were the key points that came 

up from that district. 

The qualitative analysis also suggests that the relative 

importance of agriculture policies differs among the 

three districts. For example, farmer organizations in 

Polonnaruwa are more concerned on the guaranteed 

price for their paddy, the fertilizer subsidy and 

agrochemicals. Seeds and planting materials are the 

main issues in Kurunegala district. Further, farmer 

organizations in the Kurunegala district suffer from 

sacristy of water, other districts do not face this issue 

significantly.  
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Abstract

Dietary patterns show a significant impact on non-communicable diseases while the socio economic factors shape 

dietary patterns differently based on the situation. This study attempted to analyze the socio economic determinants 

of household dietary patterns. A questionnaire survey was conducted in Anuradhapura Municipal council area to 

collect dietary and socio economic data from 60 households selected based on the cluster sampling. The Principle 

component analysis was applied to define the dietary patterns. Logistic analysis was conducted including the dietary 

patterns and the socio economic factors as dependent and independent variables, respectively to measure the 

association in between them. The study identified three dietary patterns with unique food behaviors. Healthy 

patterns were characterized by high consumption of rice, pulses, tubers, fish and fruits. The unhealthy pattern was 

rich with wheat, meats, dairy foods, oils and confectionaries. Moreover, 31.7% families followed the unhealthy 

pattern whereas 68.3% favored the other. Small families preferred unhealthy diets than the large families. With 

compared to Muslims, Sinhalese were less favor the unhealthy diets. Tamils had no consistent association with any 

pattern. Both government and self-employees favored the healthy diets compared to private sector employees. The 

education level had no significant association with diet patterns whereas income was inversely associated with the 

unhealthy pattern.  The results concluded the unhealthy diet pattern is prominent among the families with more 

children, private employments, low incomes and the Muslim ethnicity while families with few children, self-

employments, government jobs, high incomes and Sinhala ethnicity prefer healthy diets. 

Key words: Dietary patterns, Household units, Socio economic determinants

Introduction

With the development of the world health sector, there is 

an impressive progress in the control and the prevention 

of communicable diseases. At the same time, there is a 

growing trend of increasing non-communicable 

diseases (NCD) and it represents the major disease 

burden in low and middle-income countries according to 

Popkin (1994). Common NCD are cardiovascular 

diseases, cancers, respiratory diseases, chronic 

obstructive pulmonary diseases and diabetics.

 

According to the World Heart Federation (2011), NCD 

kill 36 million people a year – more than all other causes 

combined. They are the most frequent cause of death in 

most countries and account for nearly two thirds of all 

deaths globally. Though diverse in symptoms, all 

prominent NCD share common risk factors. As 

revealed by Halpin et al. (2010) chronic diseases share 

four major risk factors; tobaccos use, physical 

inactivity, unhealthy diets and alcohol abuse. Among 

these, unhealthy dietary patterns have a significant 

place and related with prominent chronic diseases 

including cardiovascular diseases, diabetics, 

respiratory diseases, and cancers. 

To prevent NCD should limit the consumption of total 

and saturated fats, sugars and salts according to Halpin 

et al, (2010). As revealed by Popkin (2002) diets that 

increases the risk of NCD are relatively high in total fat, 

saturated fat, sugar, salt, refined grains and foods of 

animal origin, where as diets that project against NCD 

are relatively high in minimally processed grains, 
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legumes, fiber, vegetables, fruits. Further,   according to 

Popkin (1994), a transition of dietary patterns towards 

the NCD promoting diets could identify in Asian 

countries, including Sri Lanka. Moreover, this is 

prominent among urbanized populations. 

Past empirical studies have discovered that different 

socio economic factors are related with this transition. 

Economy, age, household production statuses are 

influenced on diets as revealed by Popkin (1994). Craig 

et al. (2009) identified age, education level and 

occupation of parents as the major determinants of 

diets. However, these determinants are varying with 

different consumer groups. Hence, the present study 

aimed at examines existing dietary patterns among 

urban households and analyze the effect of socio 

economic factors on these patterns.  

Materials and Methods

The study was conducted in Anuradhapura Municipal 

Council (MC) area. Using Cluster sampling method, 60 

households were selected. To derive dietary patterns, 

food frequency questionnaire (FFQ) was used. A 

structured questionnaire was used to gather data on 

socio economic status. Both questionnaires were 

pretested before used. The FFQ was designed to 

measure the frequency of food intake for a seven-day 

recall period under eleven food groups. Through the 

structured questionnaire, data on monthly household 

income, ethnicity, family size, education level and 

occupation were collected.

To identify the existing dietary patterns FFQs were 

analyzed using the Principle Component Analysis (PCA) 

in statistical software SPSS 16.0 version. Mean 

consumption frequencies of each food group were used 

as variables to derive dietary patterns. To measure the 

inter correlations among variables and the 

appropriateness of PCA, measure of sampling adequacy 

was tested. Significance of derived factors was 

measured based on communalities. Varimax rotation 

was applied to have theoretically meaningful factors. 

Based on factor loadings identified the factors (dietary 

patterns) to be retained. 

Logistic analysis was applied to measure the 

association between identified dietary patterns and 

socio economic factors. Diet pattern was the 

dependent variable whereas socio economic factors 

were the predictor variables. Ethnicity, family size and 

occupation were coded as categorical variables while 

education level and income was entered as continuous 

variables. Family size was measured under two 

categories as number of children ≤3 and no of children 

>3. Three major ethnicities (Sinhala, Tamil, and 

Muslims) were considered. Occupation was 

categorized as primary, secondary and tertiary. Mean 

monthly income was measured. The Hosmer and 

Lemeshow test was done to test the fitness of data to 

model. According to the level of significance (p = 0.05) 

and the logistic coefficients in the estimated model, the 

association between diet patterns and each 

independent variable was identified.

Results and Discussion

Descriptive characteristics of the sample were 

Sinhalese (67%), Tamils (13%), Muslims (20%), and 

small families (63%), primary educated (20%), 

secondary educated (52%) while tertiary educated 

were (28%). Also 18% of households were self-

employed, 33% had government jobs and 49% were in 

private sector. 

Out of total 20% had an income ≤ Rs.20000.00, 73% 

had an income of Rs.20000.00 – 40000.00 whereas 4% 

had an income > Rs.40000.00.  
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Three dietary patterns were identified through the PCA 

analysis. The first diet pattern explained a 25.57 

variance of the dietary data. The second factor explained 

15.57% variance of dietary data while the third pattern 

explained a variance of 13.59%. The first diet pattern 

had high factor loading on wheat, meats, dairy foods, oil 

foods and confectionary. The second factor had high 

loadings on tubers and root crops, fish and fruits. Rice 

and pulses were highly loaded on the third diet pattern. 

Accordingly, families belongs to each pattern have high 

consumption of highly loaded food items.

Consequently, first dietary pattern was assigned as an 

unhealthy pattern and the Second and third patterns 

were as healthy based on the NCD related dietary data 

revealed by Popkin (2002) (1994). Out of total 68.3 %, 

families had shown a healthy dietary pattern. The 

unhealthy pattern had showed by 31.7 %. The logistic 

analysis measured variations in the outcomes explained 

by predictors at chi square value 41.536 (p < 0.05). 

According to the results, families with less number of 

children showed a strong negative relationship with the 

unhealthy dietary pattern compared to families with 

more children (p<0.05). Simply families with few 

children are more likely to healthy diets than others. 

Level of education showed a poor negative association 

with the unhealthy pattern (p> 0.05). 

Households who engaged in self employments or 

government jobs showed a strong negative association 

and less likelihood with the unhealthy diets with 

compared to private sector employees (p<0.05). 

Simply self-employed people and government job-

holding households are more likely to healthy patterns 

while private sector employees more likely to 

unhealthy diets. Monthly household income showed a 

negative association (p< 0.05) with the unhealthy 

pattern indicating when household's income is high 

they are less likely to have unhealthy diets. With 

compared to Muslims, Sinhalese were less likely to 

have unhealthy diets and showed a strong negative 

relationship (p< 0.05). Accordingly, Muslims were 

more favor the unhealthy pattern. Tamils had no 

significant preference for neither healthy nor 

unhealthy pattern (p> 0.05) though they showed a 

positive association with the unhealthy pattern. 

The results conclude that there are two prominent 

dietary patterns among the urban households in 

 
Variables  B Coefficients Standard Errors P Value 

Small families  

( large families ) 

-2.60 1.13 0.0 2 

Private sector    0.0 10 

Self employment  

( private sector) 

-3.98 1.67 0.0 2 

Government sector 

( private sector) 

-3.46 1.25 0.0 1 

Income  -0.19 0.08 0.0 2 

Education level -0.07 0.17 0.6 7 

Muslims   0.0 1 

Sinhalese (  Muslims ) -3.01 1.33 0.0 3 

Tamils (  Muslims ) 0.80 1.77 0.6 5 

Table 1. Estimated coefficients of the Logistic Analysis
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Anuradhapura MC area, as unhealthy and healthy. 

Healthy patterns are richer with food groups, which 

reduce the risk of NCD while unhealthy pattern is richer 

with food groups that increase the risk of NCD. Families 

with small number of children, self-employment and 

government jobs, Sinhala ethnicity and high household 

incomes are more likely to the healthy patterns. In 

contrast, families with more children, private sector 

jobs, Muslims and low-income families are more likely to 

the unhealthy pattern. 
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Abstract

Red onion plays a vital role in the diet of Sri Lankan and is a high value cash crop of the dry and intermediate zone. 

Major red onion growing areas are Jaffna, Vavuniya, Mullaitivu, Trincomalee and Puttalam. This study was designed to 

analyze gross income, profitability of red onion cultivation and to determine the factors affecting gross income/crop 

value of onions in Kuchchaveli DS division, Trincomalee District. Simple random sampling technique was used to 

draw the sample. Data were collected through pre tested questionnaires and were analyzed for frequencies, cross-

tabulations and regression analysis. The average area of land cultivated by an onion farmer was 1.68 acres.    A Cobb-

Douglas production function was applied to find the factors affecting the crop value of onions in both seasons. 

Planting material and marketed quantity had significant effects on crop value of red onions in Maha. 

Key  words: Red onions, Production, Cobb-Douglas function, Gross Income, Profits

Introduction

Red onion has a vital role in the diet of Sri Lankans and is 

a high value cash crop of the dry and intermediate zones. 

Red onion cultivation was confined to the northern part 

of the country until it was recently extended to non-

traditional areas, thus promoting off-season production. 

Major red onion growing areas are Jaffna, Vavuniya, 

Mullaitivu, Trincomalee and Puttalam (Gunawardena, 

1990). Red onions are cultivated in both 'Maha' and 

'Yala' seasons on highland and home gardens. Red onion 

cultivated area was initially 1,200 acres in 1975 and then 

it extended to 1,950 acres. More than 50% of the red 

onion production in Trincomalee is coming from Nilaveli 

area. Total cultivated extent for 2012 in Trincomalee was 

261 ha in Yala as well 676 ha in Maha season. Around 

84% of onions cultivation takes place in Kuchchaveli 

Divisional Secretariat in Trincomalee District where 

total production of red onions was 9,675 tons in Maha 

2012 to early Yala 2013 and domestic consumption was 

3,920 tons. Most of the products are marketed to 

wholesalers from Colombo and Dambulla areas (DS 

office, Kuchchaveli, 2012).

Jaffna is the major district for onion cultivation 

compared to Trincomalee District and high level of 

onion production in Jaffna leads to low prices in 

Trincomalee District, is a major problem faced by 

onion farmers. Moreover, importation of red onions 

from India during harvesting period reduces the 

income of red onion farmers. While pest and disease 

attack and unfavorable climatic conditions such as 

flooding, cloudy weather, and heavy rain also severely 

affect red onion cultivation. Major objective of the 

study is to analyze the red onions production in 

Nilaveli AI range in Kuchchaveli DS Division of 

Trincomalee District. The specific objective of the 

study is to identify the factors that influence the crop 

value of red onions and profitability. 

Materials and Methods

In Trincomalee District, there are eleven DS divisions. 

But large scale of red onion production is carried out in 

Kuchchaveli DS division. In Kuchchaveli DS division, 

Nilaveli AI range was selected as a study area which 

covers five GN divisions. The selected villages in the GN 
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divisions were Nilaveli–01, Thamarakulam, Nilaveli-02, 

Nilaveli-03 and Gopalapuram according to the number 

of red onion farmers and the extent of onion cultivation. 

Proportionate sample size was selected from each GN 

division. Simple random sampling method was used to 

select the samples. Thus the final sample comprised of 

90 onion farmers as respondents from the five villages.  

A structured questionnaire was designed for 

interviewing onion farmers. Primary data were 

collected using a pretested questionnaire among the 

sample farmers through personal interviews. 

Discussions were also held with key informants: AI, 

village headman, presidents of farmer associations. The 

Cobb-Douglas function was used to examine the factors 

affecting crop value for both Maha and Yala seasons. 

Data analysis was confined to descriptive, frequencies 

and simple linear regressions (log-log form). 

Results and Discussion

The average area of land cultivated with onions by a 

farmer was 1.68 acres. In Maha season the average 

yield of red onions was 5,294.34kg/ac, while in the 

Yala season the average yield 3,905.84kg/ac. 

Significant difference (P<0.01) was observed in 

average yield of the red onions between Maha and Yala 

seasons. Average gross income in Maha season was 

Rs.455, 920 per acre and in Yala season it was Rs.303, 

090 per acre, which were significantly different 

(P<0.01). Average profit in Maha season was Rs.205, 

850 per acre, while in the Yala season it was Rs.49, 349 

per acre, which were significantly different (P<0.01).

Regression results indicated that the factors of 

marketed quantity and planting material had 

significant impact on gross income/crop value of red 

onions in the Maha season. 

Onion was cultivated on less than 2 acres of land in the 

Kuchchaveli DS area of Trincomalee district.  

Significant difference was observed in average yield of 

 

                   Coefficients 

                              B 

(Constant) 2.279  (2.514) 

1.Land preparation cost (X1) 0.022 (0.045) 

2. Planting material cost (X2) 0.507 ** (0.2) 

3. Fertilizer amount (X3) 0.028  (0.102) 

4. Agrochemical cost (X4) -0.004 (0.091) 

5. Marketed quantity (X5) 0.533* (0.07) 

R2 0.47 

F 14.728* 

N = 90 (Within brackets- Std. errors)   Dependent variable = Gross Income (Crop value)

 Table 1. Production elasticities and related production function statistics for value of onion production in Maha 

                  season (P < 0.01)
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the red onions between Maha and Yala seasons, with 

Maha season yield being greater. Average gross income 

in Maha season was significantly different from that of 

Yala season. Average profit in Maha season was also 

significantly different from the profits obtained in Yala 

season. The Cobb-Douglas production function showed 

that an increasing economic returns to scale existed in 

red onion cultivation in the Maha season. Planting 

material and marketed quantity had significant effects 

on crop value of red onions in Maha.
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Abstract

Inadequate access to finance by the farmers has been identified as one of the contributing factors to the paddy 

cultivation, value addition and distribution of the country. Microfinance is a key policy strategy to solve the financial 

difficulties that affect directly the paddy production. The purpose of this study was to identify and assess the problems 

face by the paddy farmers in using microfinance facilities for their production, processing and selling activities. 

Primary data were collected through a survey from a sample of 40 paddy farmers and 10 government and non 

government (NGO) microfinance institutions in Anuradhapura District. Potential problems faced by the lenders and 

borrowers were analyzed by using the student t test statistical analysis tool. The perceptions of paddy farmers 

towards the constraints identified were not vary with respect to their age group, education, farming experience and 

gender. Higher interest rates, collateral requirements, strict repayment structures and high competition were the 

main constraints that faced by both paddy farmers and microfinance institutions. Government and non government 

authorities have to make policies to remove the constraints which hinder the accessibility to microfinance facilities by 

paddy farmers as well as to remove the barriers face by the financial institution within sector.

Key words: Financial services, Microfinance, Paddy farmers

Introduction 

Sri Lanka has an agricultural based economy and 

agriculture sector plays a significant role by contributing 

12.1% to the Gross Domestic Production (GDP) and 

generates 30% of the country's employment (Central 

Bank, 2011). More than 70% of the total population in Sri 

Lanka lives in rural areas while they depend on 

agriculture as their livelihoods. Paddy sector of Sri Lanka 

has a significant concern as it is the staple food. Rice has a 

contribution of 1.8% to the total GDP and per capita 

consumption is about 100 kg per annum (Central Bank, 

2011). 

Many farmers who involved in paddy cultivation are 

suffering from poverty and cultivating with assistance of 

government and NGO financial institutes. Incentives and 

subsidies from government or loans at lower interest 

rate have been identified as helping hand to break the 

poverty cycle of poor paddy farmers (Bandara et al., 

 

2007). In 2011, Rs. 4, 298 million has been distributed 

as short term agricultural credit and loan term 

agricultural credit to the paddy farmers (Central Bank, 

2011). There are two parts in the rural financial sector 

which are known as formal and informal rural financial 

sources. Only 10% of finance requirement of famers is 

fulfilled by formal financial market while informal 

financial market contributes to the rest. 

Microfinance (MF) refers to small scale financial 

services, primarily credit and savings to the economic 

active low income clients by financial institutions in 

order to provide goods and services. Microfinance 

institutions are local communities that offer financial 

services in the form of savings and credit (Renuka and 

Athauda, 2010). Paddy farmers usually require finance 

for land preparation, purchasing of seeds and planting 

materials, agro chemicals, fertilizer, payments of labor, 

transport, storage and for their day to day expenses. 

586

Corresponding author: tamaraathauda@gmail.com

International Symposium on Agriculture and Environment 2013
University of Ruhuna Sri Lanka



With this background, the aim of this study is to assess 

the main constraints for microfinance accessibility from 

the standpoints of both borrowers and lenders and to 

evaluate their perceptions. 

Materials and Methods

The primary data were collected by means of a survey, to 

find out the problems that the paddy farmers face with 

respect to access their financial facilities. Considering 

the fact that the highest paddy production and high 

mobilization of micro finance institutions, the sample 

was selected in Anuradhapura District. Data were 

collected from a sample of 40 paddy farmers selected 

through random sampling technique. And 10 

microfinance institutions were selected from both 

government and non-governmental sector. The data 

were collected through face-to-face interviews using a 

pre-tested questionnaire. Rankings of the constraints 

were obtained and the mean rankings were calculated 

for the constraints that the paddy farmers perceived for 

accessibility to credit from financial institutions. In 

addition, the microfinance officers in institutions from 

where those paddy farmers obtained their credit 

facilities were also asked to indicate their rankings on 

the same set of constraints. With that the mean rankings 

were calculated and compared with respect to following 

three categories.

Governance and Management

1. Vague rules, conditions and regulations

2. Not fully aware of the benefits

3. Rigid public relations

4. Too complex coordination

5. Complex documentation

Quality of Service

6. Complex loan procedure

7. Rigid collateral requirements

8. Loan processing time is too long

 

  

 

 

9. Loan amount is not sufficient to fulfil the need

10. High interest rate

11. Re-payment system is too difficult for farmer

12. Compared to informal credits, less accessibility

13. No sufficient funds to lend for all qualifying 

applicants

Customer Care and Support Services

14. No system to address the issues of lacking 

farming knowledge

15. Less leasing facilities

16. Less flexibility for loan repayment

17. No case-by-case approach

18. No guidance for loan usage

The data were analyzed using both descriptive and 

inferential statistics. The mean ranks of the constraints 

were calculated from the ranks given by the farmers 

and microfinance officers separately. The mean ranks 

provided by two groups were subjected to a Student-t-

test to test the different of the perceiving of constraints.  

Probability value (p) for each value of t is calculated.

x , x = Mean values of both populations1 2

s s  = Variance of both populations1, 2

n n = Sample size of each population 1 , 2

Results and Discussion 

Both male and female respondents stated that vague 

rules conditions and regulations are the main 

constraints when obtaining loans from government 

institutions. Rigid collateral requirement was the 

major issue under the quality of the product. No 

system to address the issues of lack of farming 

knowledge was identified under customer care and 

support services. In obtaining microfinance loans from 

non government institutions, both male and female 

t = 
1x  - x l1 2

2 2(S / n  + S / n )1 1 2 2
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respondents were mentioned high interest rate was the 

major issue. Less flexibility in loan repayment was the 

next problem they faced when access to the formal credit 

facilities. These constraints not vary with respect to 

their education level, farming experience and monthly 

income also. Both government and non government 

microfinance institutions mentioned that vague rules 

and conditions, rigid collateral requirements and no 

system to address the lacking farming knowledge are the 

major three issues faced when granting microfinance 

loans to the paddy farmers. 

Student t test was employed to find out the different in 

mean ranks provided by the farmers and the 

microfinance institutes. Both farmers and microfinance 

institutes have identified the vague rules, conditions and 

regulations, rigid public relations are the two major 

 

Constraints   t  values 

Governance and Management Government Non-Government 

Vague rules, conditions and regu lations 1.63 0.27 

Not fully aware of the benefits 6.54* 4.92* 

Rigid public relations -1.04 2.40* 

Too complex coordination 4.06* 1.65 

Complex documentation -9.43* -4.76* 

Quality   

Complex loan procedure 1.23 7.14* 

Rigid collateral requirements -4.05* 16.68* 

Loan processing time is t oo long 0.13 2.57* 

Loan amount is not sufficient to fulfil the need 0.74 -1.73 

High interest rate 5.19* -4.79* 

Re-payment system is t oo difficu lt for farmer 0.97 11.43* 

Compared to informal credits, less accessibility 2.27* 4.83* 

No sufficient funds to lend for all qualifying applicants 3.19* 3.20* 

Customer care and support services   

No system to address the issues of lacking farming knowledge 0.20 1.88 

Less leasing facilities 7.50* 5.55* 

Less flexibility for loan repayment 2.25* 6.14* 

No case-by-case approach 2.97* 5.13* 

No guidance for loan usage -13.2* 5.18* 

Table 1. The outcomes of Student-t-test

Note: * Significant at 95% confidence interval 

problems in this sector. Under the quality of the 

product category; complex loan procedure, 

insufficient loan amount to fulfill the farmers need and 

difficulties in repayment system for farmers are 

mentioned by both lenders and borrowers. The major 

problem identified by the both two parties is no system 

to address the issues of lack of farming knowledge 

under third category. All other considered constraints 

were significantly different according to the 

perception of paddy farmers and microfinance 

institutions. Both paddy farmers and the institutions 

perceived that the vague rules and conditions, 

insufficient loan amount to fulfill the need and no 

system to address the issues are the constraints of 

obtaining loan schemes in non government 

institutions (Table 1).
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Lack of availability of credit facilities is one of the main 

problems that the majority of the paddy farmers face in 

Sri Lanka. Although, the paddy sector has a considerable 

contribution towards the country's GDP, the constraints 

such as higher interest rates, collateral requirements 

and strict repayment structures of the loans make 

farmers uncomfortable in obtaining the loans. Selection 

of the loan amount and the collateral requirement by the 

microfinance institute was also considered as a 

constraint. These constraints are mentioned by the 

paddy farmers as they affect them to access institutional 

finance. High competition and obtaining loans from 

different financial institutions by paddy farmers within 

the same period of time were mentioned mostly by the 

microfinance officers in the respective institutions. 

Therefore, it is suggested that government and non 

government authorities should be flexible in order to 

remove the constraints that paddy farmers have to 

access to institutional finance easily. 
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Awareness of Three Communities about the Nutritional Importance of Animal Source Foods
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Abstract

Awareness of three communities (rural non-Samurdhi holders, Samurdhi holders and estate Tamil) about the 

nutritional importance of animal source foods (ASF) and misconceptions related to them were determined. 

Knowledge scores of 50 respondents of each community were determined by administrating a questionnaire 

containing 20 knowledge testing statements.  The knowledge score of the whole population was as low as 6.2 out of 20 

(34%).  Age and gender had no significant effect on knowledge score. Awareness about the nutritional importance of 

ASF was significantly different among three communities; rural non Samurdhi holders (9.6), Samurdhi holders (8) 

and estate Tamil (2.9). It was concluded that knowledge level about nutritional importance of ASF is not at a 

satisfactory level in all three communities and some misconceptions prevails across all communities.  Awareness 

programs are needed to promote nutritional well being of the society.  

Key  words: Animal, Food, Knowledge, Communities, Misconceptions 

Introduction 

Animal source food such as meat, egg, milk has played a 

critical role in human development, including early 

contributions to the evolution of bipedal locomotion and 

the development of a larger brain (Milton, 2003). ASF are 

energy-dense and good sources of protein and a large 

number of key micronutrients including Vitamin A, iron, 

calcium, riboflavin and Zn deficiencies of which have 

severe adverse consequences (Randolph et al., 2007). 

Except few algae, ASF are the only source of vitamin B  12

(Shane, 2000). Often, nutrients (proteins/amino acids, 

iron and zinc) in ASF are of greater bioavailability than 

those from plant sources. Furthermore, plant based 

foods contain a range of anti-nutrients such as phytic 

acid and dietary fibe that inhibit the absorption and (or) 

retention of nutrients such as iron and zinc (Gibson, 

1994).  Due mainly to above reasons, consumption of 

ASF can enhance nutritional status, especially of 

nutritionally vulnerable groups such as young children 

and pregnant and lactating women and of the young 

children who have limited gastric capacity relative to 

their high nutritional requirements during rapid growth 

and development (Roubenoff, 2000).

Rajapaksa et al. (2011) have shown that malnutrition 

remains a large and persistent problem in Sri Lanka. 

They have reported that almost half (50.7%) of the 

population was on less than recommended dietary 

energy intake. Dietary diversity was low with low 

consumption of important food items such as fruits, 

meat, egg, fish and dairy.  Fish and egg were consumed 

by only 25 and 18% households, respectively.  Low 

body weight, protein energy malnutrition, anemia, 

Vitamin A deficiency were high. Protein intake was 

below 55 g per day.  The percentage contributions of 

egg, milk and fish to the total house hold calories intake 

was as low as 7% (Rajapaksa et al.,2011). The 

prevalence of malnutrition was high among rural and 

estate sectors and among low income communities. 

Given the nutritional superiority of ASF, increased 

consumption of them can play a vital role in improving 

the nutritional status of those communities. 

However, the consumption of animal source foods 

particularly, meat, egg and milk and their products are 

low in Sri Lanka.  Per capita consumptions of chicken 

meat, egg, pork, goat meat in Sri Lanka were as low as 

5.6 Kg, 82 eggs, 0.30 Kg, and 0.07Kg, respectively 

(DLPH 2011). The level of the consumption of ASF is 
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influenced by a range of economic, socio-cultural and 

personal factors (Dietz et al., 1995).  De Silva (2009) 

shown that poor awareness about the dietary 

requirements was a major reason for the malnutrition in 

estate sector.  Recently, Grunert et al. (2010) have shown 

that nutrition knowledge influenced the understanding 

about the food label information and both aspects are 

affected by demographic variables.  Randolph et al. 

(2007) have shown that a number of misconceptions 

hampers the efforts to capitalize on the nutritional and 

health benefits that livestock can provide.  Based on 

above findings, it is hypothesized that the consumption 

of ASF may be influenced by the awareness about the 

nutritional importance of those products.  The objective 

of this study was to determine the level of awareness 

about the nutritional importance of ASF among three 

communities in Sri Lanka.  

Materials and Methods

Agalawatta Grama Niladari Division of Agalawatta 

Divisional Secretariat was selected for the study.  The 

study was mainly a rural community.   Fifty Samurdhi 

receiving households and another fifty non Samurdhi 

receiving families were randomly selected from the list 

of households available with Agalawatta Grama Niladari.  

Fifty more estate living Tamil families were also 

purposively selected.  

Method used by  et al. (2008) was used to 

determine the level of awareness.   A structured type 

pre-tested questionnaire was used to collect the 

information.  The questionnaire contained a set of 

statements covering a range of issues related to the 

nutritional importance of ASF (milk, meat, fish, egg) 

and some common nutritional misconceptions related 

to ASF.  Respondents were asked to state whether each 

of the 20 statements was correct or incorrect.  Each 

correct and incorrect answer was given 1 or -1 point. 

Then, the level of certainty of the answer given was also 

asked. Four certainty levels; completely uncertain, 

uncertain, certain and completely certain received 0, 

0.33, 0.66 and 1 points, respectively. Then point related 

to certainty level was multiplied by the relevant score 

for the correctness of the answer.   As to how points 

were assigned under eight different scenarios is given 

in Table 1. For each respondent, weighted points 

(using certainty measures as weights) were summed 

up as a measure of knowledge score.  Theoretically, the 

knowledge score ranged from -20 to 20. Knowledge 

scores were analyzed as a completely randomize 

design assuming three communities as treatments 

households as replicates.  

Results and Discussion

The knowledge score of the whole population was as 

low as 6.2 out of 20 (34%).  The knowledge level of the 

respondents of this study is lower than the nutrition 

Hsu

 Answer  Answer scenarios and points   

Correctness 

of the answer 

Correct  

1 Points 

Incorrect -1 

Certainty level  CU 

0 points 

U 

0.33 

points 

C 

0.66 

points 

CC 

1 point 

CU 

0 points 

U 

0.33 

points 

C 

0.66 

points 

CC 

1 point 

Final score  

 0 0.33 0.66 1 0 -33 -0.66 -1 

 CU; completely uncertain, U; Uncertain, C: Certain, CC; Completely Certain 

Table 1.  Points given under each of the eight scenarios 
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knowledge index (1.6 out of 3) of a sample of UK retail 

shoppers, as reported by Grunert et al. (2010).  It is 

suggested that among other reasons, poor awareness 

about the nutritional importance may also affect the ASF 

consumption pattern.  Age and gender had no significant 

effect on knowledge score. In contrast, Grunert et al. 

(2010) showed that older people have less nutrition 

knowledge. There was no significant difference between 

the knowledge scores of the respondents who had no 

education and those had only primary education.  

However, knowledge scores of responded who had 

grade 6-9 (6.5), AL/OL (9.1) and university education 

(14.9) were significantly different among each other and 

better than those had education up to grade 5. It is 

interesting to note that awareness about the nutritional 

importance of the ASFs was not perfect even among 

graduates. In a survey with 2200 Physicians, Kushner 

(1995) have also reported that 62% of the respondents 

were on opinion that they lack adequate knowledge in 

nutrition.  It is suggested that awareness programs, 

specifically aimed at nutrition are needed to promote 

nutritional well being of the society.  

The awareness about the nutritional importance of ASF 

as determined by the knowledge score was significantly 

different among three communities; rural non Samurdhi 

holders (9.6), Samurdhi holders (8) and estate Tamil 

(2.9) (Table 2).  Results of this study strongly suggest 

that general education level has a direct influence on 

the awareness about the nutritional importance of ASF. 

In general education level was highest in non Samurdhi 

receiving community followed by Samurdhi holders 

and estate Tamil community.  The knowledge score 

also followed that trend.  De Silva (2000) also showed 

that knowledge about dietary requirements was low 

among estate Tamil community. Furthermore, 

knowledge and even misconceptions are passed from 

mothers to daughters and daughter-in-laws.  Among 

female, knowledge score of the age group 40-59 (8.5) 

and 60-70 (6.9) were significantly higher than that of 

age group 20-39 (5.5).  Meanwhile, young males (20-

39 years) (9.6) had significantly higher knowledge 

score.  Among estate Tamil community, middle age 

respondents (30-59) had higher knowledge score than 

young and older respondents.  Such difference was not 

seen among other two communities.  Poor knowledge 

level of young females may have severe long term 

negative implications. Therefore, awareness programs 

aiming at females, particularly young are of 

importance.  Among non Samurdhi holders and those 

received Samurdhi,  knowledge score of those had 

grade 6-10 and O/L and A/L were not significantly 

Demographic variable Community  

Non Samurdhi recipients Samurdhi 

recipients 

Estate Tamil 

          Gender        Male          9.2     7.4    3.5 6.7 

      Female        10.0     8.3    2.3 6.8 

          Mean        9.6    7.8    2.9  

          Age (yrs)        20-39        10    8.7    10.2 6.8 

      40-59        7.8    8.7    7.3 7.1 

      60-70       2.5    3.8    1.9 2.7 
          Mean         9.6    8.0    2.7  

          Educationlevel        No         -    -    0.65 2.9 P<0.001 

      Gr 1-5        5.9    6.4    0.73 4.0 

      6-10        8.4    8.9    0.400 6.5 

     OL/AL        9.8    8.2    - 9.1 

     Graduates        14.9    -  14.3 

Overall Mean 

        9.6     8    2.9 P<0.001 

 

Table 2.  Knowledge score of three communities as affected by gender, age and education level

level

Mean P Value
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different.  In both communities, those had no education 

had lower knowledge score than those had education. In 

estate Tamil community, education level was poor and 

had no effects on knowledge score.  

The statement that received highest mean score (0.84 

out of 1) was “risk of heart diseases are high with beef 

compared to broiler meat”. The statement that received 

lowest score (-0.22 out of 1) was “milk is a good source of 

iron”.  For some aspects respondents had negative score 

(Table 3). Low awareness about the nutritional 

importance and the prevalence of misconceptions 

regarding the ASF were seen across all communities. 

Unfortunately, and probably due to extensive 

propaganda movements, Tamil community was of 

opinion that milk powder is more nutritious than fresh 

milk. Indicating the strength of the deep rooted 

misconception, the knowledge score of the whole 

population for that statement was as low as 0.33. Estate 

Tamil community and Samurdhi recipients believed that 

brown eggs are more nutritious than white egg.  

Interestingly, even non Samurdhi recipient community 

did not know that crabs are high in cholesterol and milk 

is a poor source of iron.  

It was concluded that knowledge level about nutritional 

importance of ASF are not at a satisfactory level in all 

three communities.  Numerous misconceptions related 

to ASF prevail in all communities.  The situation is worse 

in estate Tamil community.  Awareness programs are 

needed to improve the knowledge about ASF. 

Knowledge testing statement  Community Whole population  

Non Samurdhi 

recipients  

Samurdhi 

recipients 

Estate Tamil   

Crabs and prawn are cholesterol  rich 

ASF 

      *  * * 

Brown eggs are more nutritious than 

white eggs 

 * * * 

Milk is a iron rich food * * * * 

Milk powder is more nutritious than 

fresh milk  

  *  

 

Table 3.  Statements for which respondents had negative score
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Abstract

The increasing demand for organically grown food products and the increase of awareness of the need of protecting 

land resources against the long-term impacts of non-organic farming have led many farmer groups in the paddy 

producing areas to convert into organic paddy farming. This study was carried out with the aim of examining the level 

of knowledge and awareness and the attitudes towards organic paddy farming in the Kurunegala District. The data 

were collected primarily from a questionnaire based survey by means of face-to-face interviews from a sample of sixty 

paddy farmers of six Divisional Secretariat Divisions in the district. Farmer were well aware about the conventional 

organic farming practices even though they have less knowledge about the concepts of organic farming and the 

technical aspects of the practices. Mean scores were calculated from the responses given by the farmers to the 

attitudinal statements which was ranging from one to five. The results revealed that the farmer attitudes are positive 

towards organic paddy farming with the view of extended benefits and health impacts. However, farmers were not 

satisfied about the performances of organic product output with compared to non-organic product performances. 

The study suggests that mainstreaming of available agricultural policies that enhance the organic paddy farming in 

order to meet both local and international demand for green products is a timely need.  

Key  words: Attitudes, Awareness, Knowledge, Organic farming

Introduction 

Organic farming is gaining popularity in all over the 

world today as it can diversify agricultural production 

system toward attaining improved productivity, farm 

income and food safety and seen as a sustainable 

alternative to chemical-based agricultural systems. 

International Federation of Organic Agriculture 

Movements (IFOAM) has defined organic agriculture as 

“a process that develops a viable and sustainable agro 

ecosystem” (IFOAM, 2000). Organic methods have been 

adopted more rapidly in many industrialized countries 

than in the third world (Lampkin and Padel, 1994). 

Interest in organically produced food is increasing 

throughout the world in response to concerns about 

intensive agricultural practices and their potential effect 

on human health as well as on the environment. Organic 

farming is not widespread in Sri Lanka though there is a 

growing interest for organic products. The increasing 

environmental awareness and the health concern 

among the people however, have led to increase the 

farmers engage in organic cultivation though the 

number is very low. There are many non-governmental 

organizations trying to promote this type of farming 

(Smith, 2002). According to IFOAM and FiBL (2006), 

the number of farmers engaged in organic agriculture 

in Sri Lanka during the year 2006 is 3,300 occupying 

15,215 hectares which is only 0.65% of total cultivated 

land. 

In Sri Lanka, rice is not only the staple food, but also a 

main source of income providing jobs for most 

villagers. From the very ancient days, increasing rice 

production has been one of the priorities of the Sri 

Lankan agricultural development. It is not only to meet 

the growing demand of rice, but also to improve farmer 

income and to support food security. Like other rice 

producing countries, planting high yielding varieties 

and adding more mineral fertilizers are widely 
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implemented to elevate rice and land productivities. In 

this light, the specific objectives of this study were to 

assess the level of knowledge and awareness on organic 

paddy farming in farmers in Kurunegala District and to 

evaluate their knowledge, awareness and attitudes 

towards organic paddy farming.  

Materials and Methods

The data collection was limited only to six randomly 

selected DS Divisions in Kurunegala District due to the 

time constraints of the study. Data were collected from 

ten randomly selected paddy farmers from each DS 

Division (n=60), during March to April 2013. A pre-

tested structured questionnaire was administered to 

gather the data from the respondents via face-to-face 

interviews. The questionnaire was consisted of three 

main question categories including; (1) general 

information of the farmers, (2) knowledge and 

awareness on organic paddy farming and (3) attitudes 

towards organic farming. The knowledge on organic 

paddy farming was investigated through simple-

dichotomy statements (i.e. True/ False) whereas the 

attitude was measured by using five-point Likert scale 

statements ranging from strongly disagree to strongly 

agree. The data were analyzed by employing descriptive 

measures such as means, percentages etc. Using the 

scores provided by the respondents to the given 

statements mean scores (i.e. ranging from 1-5) were 

calculated and used to compare between the statements. 

Results and Discussion

The knowledge on organic farming was investigated 

through ten simple-dichotomy statements (i.e. True/ 

False). The percentage of “True” answer for each 

statement was calculated and the statements along with 

their responses are ranked as follows: (1) Use chemical 

fertilizers to increase plant growth (98.3%); (2) Use 

chemical insecticides to control insect pest (98.3%); (3) 

Use chemical herbicides to control weed (96.7%); (4) Do 

not control weed manually as it will only waste time 

(93.3%); (5) Use kitchen wastes, plant wastes and 

animal wastes to fertile soil (83.3%); (6) Any sort of 

prior knowledge has been gained on organic paddy 

farming methods (43.3%); (7) Do composting to 

improve soil fertility and water conservation (33.3%); 

(8) Rotate crops to control weed, pest and also to 

improve soil fertility (16.7%); (9) Limit the use of 

chemical pesticides to control pests (5.0%) and (10) 

Choose resistant paddy varieties to reduce damage to 

plants (3.3%). As per the results, majority of the 

respondents (98%), aware only about the inorganic 

fertilizers and pest control measures as they are 

commonly available, easy to use and generate quick 

results. Ninety three percent of the farmers stated that, 

they perceive organic methods such as manual 

weeding are effective but time consuming compared to 

chemical controls such as the use of herbicides. 

Interestingly, 83% of the farmers aware that they can 

use kitchen wastes, plant/animal wastes to increase 

the fertility level of the soil and, a considerable 

percentage (33%) was aware about the use of compost 

to improve the soil structure and fertility. Indicating 

highest percentages for inorganic or chemical 

cultivation systems reveals that farmers in Kurunegala 

District are not well aware on the organic paddy 

farming practices.

The data on the attitudes towards organic farming 

were gathered on eight attitudinal statements 

prepared based on various aspects of organic farming. 

Respondents were asked to indicate their score from 

one to five based on the level they accept the particular 

statement. The statements were: (1) Organic farming 

will decrease the production cost by reducing the input 

purchases (S ), (2) Chemical pesticides are more 1

suitable to control pests (S ), (3) Chemical herbicides 2

are more suitable to control weeds (S ), (4) Organic 3

farming will only troublesome the farmers as it needs 
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more attention (S ), (5) Organic farming is difficult to 4

implement due to difficulties in obtaining organic 

matters (S ), (6) Organic farming will only be benefiting 5

the consumers not the producers (S ), (7) Organic 6

farming is effective in increasing the texture and fertility 

of soil (S ) and (8) Organic farming can increase the 7

income of farmers (S ). The mean scores were calculated 8

for separate statements to evaluate the attitudes of 

average respondent with respect to each statement 

(Figure 1).

The majority of the respondents agreed on the 

effectiveness of organic farming systems on improving 

soil texture and fertility with a mean score of 3.6. 

Farmers also agreed on the ability of organic farming to 

reduce the cost of production by reducing the input cost 

with a mean score of 3.5. Famers were in an indifferent 

situation with the suitability of using organic products to 

control weeds and pests compared to non-organic 

products. Also, they disagreed on the statements (i.e. S , 4

S  and S ) which reflect the barriers of adapting organic 5 6

farming systems and disadvantages of it with mean 

scores of 2.5, 2.4 and 2.5 respectively (Figure 1).

The results suggest that farmers are having positive 

attitudes towards organic farming and its' extended 

benefits as majority of them were agreed on positive 

statements which reflect the advantages of organic 

paddy farming by getting a mean score of more than 

three. But, still they were indifferent about the 

Figure 1. Attitudes towards organic paddy farming

effectiveness of organic farming systems with respect 

to non-organic systems especially in the situations 

where they demand immediate results. 

This study explored the knowledge and awareness of 

paddy farmers about organic farming systems and how 

they perceive the importance of shifting into organic 

farming while concerning its extended benefits. The 

outcome of the study suggested that farmers are aware 

on most common practices of organic paddy farming 

but still, not knowledgeable enough on technical 

aspects which help them to understand the concept 

and the practices of organic farming. However, 

majority of the farmers are aware on general concepts 

of organic farming. The outcome of the study, as a 

result, highlights the importance of augmenting the 

awareness of farmers on more technical aspects of 

organic paddy farming. The Rice Research and 

Development Institute of Sri Lanka can take the lead of 

this initiative as they already possess a separate 

division for organic farming. It is also recommended to 

strengthen the available agricultural policies 

introduced by the government related to organic 

paddy cultivation in order to encourage the farmer 

involvement. 
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