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PREFACE  
The Young Scientists Forum (YSF) has been hosted by National Science and Technology 
Commission (NASTEC) of Sri Lanka since 2000, to provide an opportunity for young 
scientists in the country to voice their opinions on science and technology related issues. 
The YSF currently consists of more than 500 members representing diverse disciplines. 
Steering Committee (SC) of YSF started publishing a Thematic Publication from 2022 as 
one of the annual activities of YSF. The theme of the e-book for 2024 ά/ƭƛƳŀǘƛŎ ŎƘŀƴƎŜǎΣ 
ƛƳǇŀŎǘǎΣ ǾǳƭƴŜǊŀōƛƭƛǘȅΣ ƳƛǘƛƎŀǘƛƻƴ ŀƴŘ ŀŘŀǇǘŀǘƛƻƴǎΤ {Ǌƛ [ŀƴƪŀƴ ǇŜǊǎǇŜŎǘƛǾŜέ 
 
The purpose of this thematic publication is to provide a comprehensive assessment of 

climate change vulnerability and adaptation strategies specific to Sri Lanka. 

Understanding the vulnerability of Sri Lanka to climate change and identifying effective 

adaptation strategies is crucial for ensuring the country's sustainable development and 

the well-being of its population. This thematic publication provides following deliverables 

under four main themes namely: Agriculture & Livestock, Fisheries, Coastal & Water 

Resources, Infrastructure & Technological Development and Renewable & Green Energy  

Given that the mandate of NASTEC is to advise the government in making policies on 
science and technology related aspects, SC firmly believes that this would be a golden 
opportunity for young scientists to raise their opinions and perspectives in a more critical, 
different and comprehensive manner. 
 
This thematic publication on climate change vulnerability and adaptation in Sri Lanka will 

provide a comprehensive understanding of the country's climate-related challenges and 

opportunities. By assessing vulnerability, analyzing impacts, evaluating adaptation 

strategies, and proposing policy recommendations, this publication will contribute to the 

body of knowledge on climate change adaptation and facilitate evidence-based decision-

making. It will serve as a valuable resource for policymakers, researchers, and 

practitioners working towards building a climate-resilient future for Sri Lanka. 

 
 
 
 
 
Editorial Board  
YSF Thematic Publcation-2024 
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Message from the Chairman /NASTEC 

 

 

 

 

 

 

 
As the Chairman of the National Science and Technology Commission (NASTEC), it gives me great 
pleasure to see that the Young Scientists of Sri Lanka who have gathered under the Young 
Scientists Forum (YSF) of NASTEC and addressing the issues that are currently prevailing in both 
Sri Lanka and the World as a whole such as the Climate Change Impact. Climate Change is one of 
the key subjects that were recently discussed at the 9th Biennial Conference on Science and 
Technology by NASTEC. It is very encouraging to see the younger scientific generation also giving 
attention on mitigating such an important concern. This thematic e-publication under the title 
ά/ƭƛƳŀǘƛŎ ŎƘŀƴƎŜǎΣ ƛƳǇŀŎǘǎΣ ǾǳƭƴŜǊŀōƛƭƛǘȅΣ ƳƛǘƛƎŀǘƛƻƴ ŀƴŘ ŀŘŀǇǘŀǘƛƻƴǎΤ {Ǌƛ [ŀƴƪŀƴ ǇŜǊǎǇŜŎǘƛǾŜέ ƛǎ 
one of their efforts in educating the scientific community to mitigate this global wide adverse 
situation. This is their third consecutive chapter e-publication in recent years and I am proud to 
see all these publications have addressed most important subjects that affect the country in 
recent years.   
 
Going through this publication, I have observed many interesting topics that thoroughly discuss 
the issues and policy gaps observed in the fields of Agriculture and livestock, Fisheries, coastal and 
water resources, Infrastructure and Technological Development, Renewable and green 
Technology, etc. related to climate change aspects encountered in the current Sri Lankan 
perspective and the proposals in policy and strategic approaches to find solutions to the existing 
problems.  
 
Sri Lanka has many resourceful and talented young scientists, both within the country and abroad, 
in universities, S&T institutes, private industries and organizations, whose knowledge and 
expertise can be used to bring about these proposed sustainable strategic solutions to take the 
country to a socioeconomically and environmentally better state from the current predicament 
and to meet the expected SDG goals.  
 
I would like to thank and congratulate all the chapter authors of this publication for their 
contributions of innovative solutions expressed in this book and to Prof. Nayana Gunathilaka, 
Editor-in-Chief and the Editorial Committee of YSF for taking initiative to compile such a 
comprehensive publication.   
 

Prof. Veranja Karunaratne 

Chairperson 

National Science and Technology Commission 
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Message from the Acting Director/NASTEC 

 

 

 

 

 

 

I am pleased to deliver this message to the E-book published by the National Science and 

Technology Commission's (NASTEC) Young Scientists Forum for 2024. This e-book is focused on 

the Climatic changes, impacts, vulnerability, mitigation and adaptations under Sri Lankan 

perspective. The aim of this thematic publication is to provide a comprehensive outlook on how 

different sectors could work together to seek solutions for the climate change impact considering 

the individual sectoral approaches/strategies.  

Sri Lanka is bound to meeting the UN Sustainable Development Goals (SDGs) by 2030 and one of 

these goals include Goal 13: Climate Action. Sri Lanka has also increased their commitment to 

achieving the Nationally Determined Contributions (NDCs), which is the achievement of the long-

term goals of the Paris Agreement, and has outlined targets in an Implementation Plan till 2030 

ǿƛǘƘ ǘƘŜ ǎǳǇǇƻǊǘ ŦǊƻƳ ǘƘŜ ¦ƴƛǘŜŘ bŀǘƛƻƴǎ 5ŜǾŜƭƻǇƳŜƴǘ tǊƻƎǊŀƳƳŜ ό¦b5tύΩǎ /ƭƛƳŀǘŜ tǊƻƳƛǎŜ 

Phase II Project. Therefore, considering the greater need of meeting these goals related to climate 

change, the launching of such a publication by YSF, which highlights the existing policy gaps and 

necessary policy needs, can be considered as a timely project. 

NASTEC, as the government's policy advisory body for science and technology affairs including 

climate change and mitigation, will use the review findings to identify gaps and recommend policy 

initiatives to address them. This e-book will also provide a wealth of information for readers who 

wish to conduct further research in specific topics. 

This E-book consists of 18 chapters, each with a different topic linked to the main title under 

several sub-sectors such as Agriculture, Fisheries, Renewable Energy and Technological 

Development. The YSF Editorial Committee along with expert reviewers has thoroughly evaluated 

these Chapters to ensure that the main title's major components were covered. Therefore, this 

publication will deliver great service for research and development and also for policymakers in 

finding effective policy interventions for the current climate change impact. Furthermore, this E-

book will be helpful for instilling scientific thinking in the general public.  

It is my pleasure to express my gratitude to the Chairman and all members of the YSF Steering 

Committee, with special thanks to the Editor-in-Chief, Prof Nayana Gunathilaka, for their tireless 

effort in making this E-book a reality. I also express my gratitude and congratulate all the young 

scientists who contributed chapters to this E-book. 

 

Geethani S. Kannangara 

Actg. Director/ CEO 
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Message from the Chairperson/YSF 

 
 
 
 
 
 
 
 
 
 
 
 
 

As the Chairman of the Young Scientists Forum (YSF), it is with great pleasure to bring this message 
to the 3rd E-book thematic publication compiled by the YSF of the National Science and Technology 
Commission (NASTEC). The thematic E-ōƻƻƪ ƛƴǎƛƎƘǘǎ ƛƴǘƻ ǘƘŜ ά/ƭƛƳŀǘƛŎ /ƘŀƴƎŜǎΣ LƳǇŀŎǘǎΣ 
±ǳƭƴŜǊŀōƛƭƛǘȅΣ aƛǘƛƎŀǘƛƻƴΣ ŀƴŘ !ŘŀǇǘŀǘƛƻƴǎΥ {Ǌƛ [ŀƴƪŀƴ tŜǊǎǇŜŎǘƛǾŜέΦ Lǘ ŀƛƳǎ ǘƻ ǇǊƻǾƛŘŜ ŀ 
comprehensive overview of the climatic changes specific to Sri Lanka, exploring their impacts, 
vulnerabilities, and the strategies adopted for mitigation and adaptation.  
 
The issue of climate change is one of the most pressing challenges of our time, with far-reaching 
consequences for the environment, society, and economy. In the Sri Lankan context, the impact 
of climatic changes is increasingly evident, affecting various facets of our lives, from agriculture 
and biodiversity to infrastructure and public health. 
 
This thematic E-book consisted of 19 book chapters, delving into the multifaceted aspects of 
climatic changes in Sri Lanka under the four main themes; Agriculture & Livestock; Fisheries, 
Coastal & Water Resources; Infrastructure & Technological Development and Renewable & Green 
Energy.  Each chapter with different topics pondered scientific thoughts and perspectives that can 
significantly contribute to the richness and depth of this compilation. 
        
I deem that this valuable contribution will not only enhance the knowledge base within our 
scientific community but also foster meaningful discussions and inspire future research and policy 
initiatives. 
 
I wish to take this opportunity to compliment all the authors for bestowing their perceptions on 
the thematic topics that committed thorough addressing of climatic changes in Sri Lanka, and I am 
in debt to all the reviewers who kindly and thoroughly cooperated in reviewing and improving the 
chapters, that determinedly contributed to the high quality of the final published chapters in the 
e-book.  
 
One last note of my appreciation to Prof. Nayana Gunathilaka, Editor-in-Chief and the Editorial 
Committee of the e-book and the YSF steering committee for compiling and promoting this e-book 
and extending their invaluable support to find solutions for a sustainable and resilient future. 
 
Prof. Kalpa W. Samarakoon 
Chairperson YSF- 2023 
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Effects of climate change and adaptation strategies on food 

security in Sri Lanka 

 

R.M.A.S.D. Rajakaruna1*, B.G.N. Sewwandi2, M.M.M. Najim2 

Abstract  
The impacts of climate change have a major influence on the food security of a country. Sri Lanka 
is a developing nation that is severely affected by the shifts in climate. Therefore, this book chapter 
aims to analyze the effects of climate change on food security from a Sri Lankan perspective. The 
agriculture, livestock, and fisheries sectors play crucial roles in the food production of Sri Lanka, 
which is jeopardized by various climate change-related factors. Extreme weather events, increases 
in temperature, and precipitation fluctuations affect agricultural productivity and enhance pest 
and disease outbreaks. The livestock industry is more vulnerable to climate change due to the 
sensitivity of animals to the stresses caused by fluctuations in climate. Reduction of forage quality, 
heat shock, loss of optimum environmental conditions, spread of diseases, and disease dynamics 
due to climate change can decline the growth of animals, reduce production and accelerate the 
mortality rate. Climate impacts such as sea level rise, increase in sea surface temperature, and 
degradation of ecosystems reduce the yield from fisheries. Therefore, the adaptation strategies 
that are crucial for overcoming the adverse impacts of climate change on food security are 
discussed in this study to achieve climate resilience in the agriculture, livestock, and fisheries 
sectors in Sri Lanka. 
 

Keywords: Agriculture, Climate resilience, Food production, Livestock, Nutrition 
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Introduction 
The climate is the long-term weather patterns in a geographic location. Climate is a crucial factor 
that controls the survival of life on Earth. Global climate is affected by many climate phenomena, 
such as the El-Niño-Southern Oscillation (ENSO) and Indian Ocean Dipole (IOD) [1-2]. 
Nevertheless, human-induced changes in global climate have become more dominant in the 
present world than natural factors. The primary sources of human-induced climate change are 
emissions due to energy use, urbanization, and land use changes [3]. The effects of climate change 
can be seen throughout the world. Biodiversity has been affected by climate change. Some animal 
species shift their climatic niches as a response to climate change, while some species are led to 
extinction [4]. An increase in global mean temperature has adversely impacted coastal resources, 
forestry, marine ecosystem productivity, and terrestrial ecosystem productivity [5]. FAO et al [6] 
have identified climate extremes as a major driver of food insecurity and malnutrition since severe 
and frequent climate extremes disrupt food supply chains, especially in developing countries.  
 
World Food Summit [7] has declared that food security exists when all people, at all times, have 
physical and economic access to sufficient, safe, and nutritious food that meets their nutritional 
requirements and food preferences that are essential for their lives to be active and healthy. The 
four pillars of food security have been identified as availability, access, utilization, and stability. 
Food availability is the availability of sufficient amounts of food of good quality. Access is access 
by people to sufficient food sources for obtaining appropriate foods for a nutritious diet. 
Utilization is the process of utilizing food to meet all physiological needs through a healthy diet, 
access to clean water, sanitary conditions, and health care. Stability means having access to 
enough food without being cut off by cyclical or unexpected shocks [8]. 
 
Nevertheless, ensuring global food security has become more challenging due to the rapid 
increase in population [9]. The world population is expected to increase to 9.7 billion by 2050 [10]. 
Especially, vulnerable groups such as women are more susceptible to food insecurity due to their 
significant contribution to the production and preparation of food and their lower dietary intake 
as household food managers [11-12]. Children also face various health, nutritional, and 
developmental problems due to household food insecurity [13]. Therefore, food insecurity has 
become a serious issue that affects the health, nutrition, and behavior of individuals. It 
exacerbates the susceptibility of people to cardiovascular diseases, nonalcoholic fatty liver 
disease, and advanced fibrosis [14-16]. A study by Kim-Mozeleski et al [17] found that higher 
smoking prevalence is induced by the psychological distress related to food insecurity. Long-term 
food insecurity, such as limited access to food and low nutrient intake, causes mental health 
problems, including depression, anxiety, and behavioral changes in both children and adults [18-
20].  
 
The climate change impacts on food security could be severe in developing countries [21]. Sri 
Lanka is an island in the Indian Ocean that experiences four monsoon seasons annually. They are 
the Northeast monsoon, Southwest monsoon, first inter monsoon, and second inter monsoon. 
The Northeast monsoon occurs from December to February. Southwest monsoon occurs from 
May to September, providing rainfall to the Southwestern part of the country. The first inter-
monsoon occurs from March to April. The second inter-monsoon occurs from October to 
November [22]. The land area of Sri Lanka has been divided into three zones: wet zone, dry zone, 
and intermediate zone, according to these rainfall patterns [23-24]. 
 
Agriculture, livestock, fisheries, and aquaculture are the main food production sectors in Sri Lanka 
that are greatly influenced by climate change. Although Sri Lanka is a country with low greenhouse 
gas emissions, it is considered a highly vulnerable country to climate change. Climate change can 
directly affect food security in many pathways. Agricultural and fisheries productivity could vary 
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over climate change, leading to adverse effects on livelihoods, income generated, and elevation 
of food prices. Climate-induced disease burdens could hinder food utilization by people. Esham et 
al [25] have found that climate-related issues threaten food security in Sri Lanka, reducing 
agricultural productivity, food loss along supply chains, low resilience of the rural poor community 
to climate change, and higher malnutrition levels among children. Therefore, the aim of this study 
is to analyze the literature related to the impacts of climate change on food security and available 
adaptation strategies from a Sri Lankan perspective and to suggest measures to improve the 
current knowledge and facilities to combat the harmful impacts of climate change on food security 
in Sri Lanka. 
 

Agriculture 
Agriculture is the most vulnerable sector to climate change due to its high sensitivity to climate 
variations. Climate change disrupts soil fertility, irrigation, and plant growth and enhances the 
infestation of pests and diseases [26]. In addition to the pressure of the increasing global 
population, climate change has reduced global food security by decreasing agricultural 
productivity. South Asia is highly affected by rainfall variability, elevating temperatures, and 
extreme climatic events such as droughts, floods, heat waves, and storms. In contrast, agriculture 
causes climate change by emitting considerable amounts of greenhouse gases [27]. Many crops 
in South Asia would experience a large reduction in yields with increasing temperatures, while 
changes in precipitation patterns could induce failure in rainfed agriculture [28].  
 
For example, crop production in Sri Lanka could be taken. Wickramasinghe et al [29] have found 
that agriculture in the Northern and Eastern parts of Sri Lanka shows high vulnerability to climate 
change due to droughts, while agriculture in the Northern and Eastern coastal zones is highly 
vulnerable to floods. In addition, Central highlands have been identified as vulnerable to 
landslides. Water scarcity is a serious problem for agriculture in Sri Lanka. Farmers face difficulties 
in irrigation due to a lack of rainfall and increased periods of droughts, which are expected to 
enhance in the future [24]. De Silva et al [23] have found that the average irrigation water 
requirement for paddy production in Sri Lanka will increase by 23% due to a lack of rainfall in the 
wet season by 2050.  
 
An increase in temperature could also increase the water consumption by crops, especially in the 
dry zone of Sri Lanka [23]. A study conducted by Jayathilaka et al [30] in a mid-country wet zone 
has shown that the decrease in annual rainfall and an increase of temperature by 1.4°C from 1980 
ς 2007 in the particular area has led to an increase in yield and the areal extent covered by coconut 
and tea plantations. A rise in atmospheric temperature causes increased plant respiration rate 
and evapotranspiration [26]. Gunathilaka et al [31] have studied how weather variations affect 
tea production in Sri Lanka. The results of the study have shown a negative correlation between 
tea production and an increase in both rainfall and average temperature. An increase in average 
temperature by 1 °C would reduce tea production by 4.6%, while an additional 100 mm of annual 
rainfall could decrease tea production by 1%. 
 
The climate in Sri Lanka has shown a statistically significant decrease in long-term annual 
precipitation and an increase in long-term average annual temperature. Variations in mean rainfall 
intensity during monsoon seasons have been correlated with the El-Niño-Southern Oscillation 
(ENSO) [32]. ENSO is well known for influencing global crop production, especially rice production, 
by inducing anomalies in rainfall and temperature [33]. Some studies show that Sri Lankan 
agriculture is also affected by ENSO [34-35]. There are two agricultural seasons in Sri Lanka, 
namely, Yala (AprilςSeptember) and Maha (OctoberςMarch). According to a streamflow study in 
the Kelani River, the streamflow in the La Niña phase was 32% higher than that in the El Niño 
phase during the Yala season. In the Maha season, during the El Niño phase, the streamflow 
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enhanced from October to December and reduced from January to February. The management 
of agriculture heavily depends on in-season rainfall and streamflow, which is affected by ENSO 
[35]. For instance, farmers may grow flood-resistant varieties in the Maha season and drought-
resistant short-term varieties in the Yala season, which is water-constrained. Another study 
showed that the El Niño phase causes an increase in the average Maha rice production and a 
decrease in Yala rice production due to rainfall anomalies during the Maha season. Nevertheless, 
there is a potential for flooding during Maha cultivation [34]. It is also important for irrigation 
managers to increase the carryover storage to overcome water deficits in the January to April 
period caused by the El Niño phase. Chithranayana and Punyawardena [36] have observed high 
spatial variability in rainfall in Yala and Maha seasons due to climate variations causing a lack of 
water available for cultivation, leading to a reduction of cropland extent to half. 
 
Crop vulnerability to pests, diseases, and invasive species has been enhanced due to changes in 
weather patterns due to climate change in Sri Lanka [37-38]. A higher frequency of extreme 
weather events caused by climate change could lead to the emergence of infectious diseases in 
plants. For instance, dry weather favors insect vectors and viruses, while wet weather favors 
fungal and bacterial pathogens [39]. Studies have found that the main crops such as paddy, tea, 
and coconut cultivated in Sri Lanka are highly sensitive to climate change-induced pest, disease, 
and invasive species outbreaks, which leads to higher investments in controlling those harmful 
impacts [23], [37], [40]. These factors reduce agricultural production in many areas of Sri Lanka. A 
study by Kariyawasam et al [41] used climatic suitability maps to assess the vulnerability of 
croplands to invasive plant species. The study has found that areas including vegetable, fruit, tea, 
rubber, coconut, home gardens, and grasslands are susceptible to invasive plant species, 
indicating negative impacts on food production in Sri Lanka. Out of all croplands, coconut 
plantations are more vulnerable to invasion, while aquatic agricultural lands such as paddy fields 
are more likely to be invaded by Eichhornia crassipes and Salvinia molesta under current climatic 
conditions in Sri Lanka. In addition a relatively high climatic suitability has been shown by south 
and western parts of Sri Lanka for establishment of invasive plant species [42]. A study by 
Ratnayake et al [43] has found that crop wild relatives that are important in supplying genetic 
materials for the development of crop varieties with higher yields has become vulnerable to 
climate change due to reduction of land area with suitable environmental conditions. In future 
this could severely affect Sri Lankan agriculture leading to food insecurity. 
 
Rural poor people, who comprise more than 75% of the poorest people in the world, are 
vulnerable to climate change because they live in fragile ecosystems and practice rainfed 
agriculture on which their entire livelihood depends [44]. Smallholder farmers have been more 
vulnerable to climatic stresses in addition to the economic constraints they face by pursuing 
agriculture in a developing country like Sri Lanka. Lack of water for irrigation has been identified 
as the main climate-related issue for small-scale crop cultivation in Sri Lanka, according to a study 
conducted by Esham and Garforth [45] in Rathnapura District, Sri Lanka. Small retail stalls and 
open-air markets with no refrigeration facilities in Sri Lanka are exposed to temperature rises, 
exacerbating post-harvest food losses due to climate change [25]. Abeysekara et al [46] have 
found that climate-induced reductions in crops will increase the prices of agricultural products, 
leading to a reduction in food consumption within the next few decades. A study conducted by 
Menike and Arachchi [47] has found that smallholder farmers in Sri Lanka show a high 
responsiveness to climate variations and reduce the effects of rainfall, temperature, and wind 
through adaptation measures. According to that study, the decision-making for implementing 
climate adaptations has been proportional to the family size, education level, access to loans, and 
access to information through electronic media. Gunatilake [48] has found that household food 
security in rural farming households in some areas of Sri Lanka is vulnerable even to mild droughts 
because of the reduction of food production due to crop damage by droughts. Suresh et al [49] 
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have studied that farmers who adapt to climate change receive a higher average rice yield 
compared to non-adaptors in the Batticaloa district, Sri Lanka. In that study, education has been 
identified as the main driver for implementing climate adaptation measures in agriculture, 
indicating the importance of providing climate adaptation awareness for farmers. 
 
Labor demand for agriculture, such as the tea plantation sector, has limited crop-switching 
opportunities and long pre-harvesting seasons, varying with the effects of climate change. 
According to a study by Gunathilaka et al [50], a decrease in labor demand has been observed in 
the south-west monsoon, the north-east monsoon, and the second inter-monsoon owing to 
higher rainfall and increased cloud cover that reduces tea growth and amount of tea leaves 
harvested. Higher rainfall also discourages worker turnout. Nevertheless, the same study has 
found a positive relationship between labor demand and rainfall in the first inter-monsoon due to 
relatively low rainfall during this season, which occurs mainly in the evenings, leaving the daytime 
sunny. The same study has estimated a reduction of 2.5% in overall labor demand for tea 
production by 2050 due to an increase in rainfall.  
 
Coastal agriculture is easily affected by climate change compared to inland farming because 
coastal ecosystems undergo frequent changes due to climate change and anthropogenic stressors 
[51]. Climate-related hazards in coastal areas include sea level rise, floods, storm surges, increased 
coastal erosion, seawater intrusion, and elevation of ocean acidity and sea surface temperature. 
Sea level rise has been found to be the main climatic factor that affects coastal farming. In 
addition, frequent flooding of salt water and rising soil and water salinity in coastal areas lead to 
the abandoning of coastal farmlands [52]. 
 
Carbon fertilization is the increase in the rate of photosynthesis in plants due to the increase in 
carbon dioxide (CO2) in the atmosphere. Mendelsohn [53] studied that a 3% increase in net crop 
revenue occurs in Asian agriculture due to carbon fertilization when considering both loss and gain 
of crop net revenues due to a 1.5°C rise in temperature. Nevertheless, the same study also 
evaluated a 13% loss in net crop revenue with a 3°C rise in temperature, indicating the 
vulnerability of agriculture to a rise in temperature. In contrast, photosynthesis has been 
enhanced, with increased CO2 concentration in the atmosphere leading to higher plant growth 
and productivity [26]. The studies conducted by De Silva et al [23] and Droogers [54] in the Walawe 
river basin, Sri Lanka, have found that climate change also has positive impacts on agriculture. A 
rise in crop growth and an increase in average yields have occurred due to increased CO2 levels 
and precipitation. Nevertheless, the same study indicates the possibility of reducing agricultural 
yields due to frequent extreme climate events. 
 

Livestock 
Climate change severely affects livestock production and food security. Global warming has been 
identified as playing a major role in determining livestock output than precipitation patterns. Heat 
stress induced by variations in weather, temperature, humidity, and wind speed directly affects 
dairy and beef production. Meat and meat products, which include poultry, pig, cattle, goat, and 
sheep, are one of the main protein sources consumed in Sri Lanka [55]. Higher temperatures 
reduce the feed intake and fertility of animals while enhancing mortality and susceptibility to 
diseases [56]. The reproductive performance of cows has been decreased by climate change by 
exacerbating embryonic death and reduction in implantation [57]Φ !ōƻǳǘ м ɕ/ ƛƴŎǊŜŀǎŜ ƛƴ Ǝƭƻōŀƭ 
temperature could induce a 9.7% average reduction in beef production. Livestock production in 
tropical agriculture-dependent countries with low-income levels is more vulnerable to climate 
change [58]. A study conducted by Carvajal et al [59] has found that the cattle population in 
tropical zone is highly vulnerable to heat stress due to difficulty in controlling temperature and 
humidity in the tropical zone. According to a study by Craine et al [60], elevated temperatures 
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have led to a decline in forage quality, protein, and energy availability, which limit the 
performance of cattle due to nutrient deficiencies. 
 
Nevertheless, some tropical cattle possess better tolerance and resistance traits for overheating, 
such as slick and light color coat types [59]. Native breeds of tropical countries and their 
crossbreeds can be used to improve production at high temperatures [57]. The temperature 
humidity index (THI) is used to determine the extent of heat stress in animals [61]. A study by 
Gamameda et al [62] has also found that local cattle and their crossbreeds have the highest 
capability to cope with high THI levels in Sri Lanka. In that study, local cattle were able to produce 
the same production level of milk from THI 80 to 83 while other cow breeds such as Friesian cows 
and Jersey cows showed a decreasing trend in milk production with THI value. Therefore, the 
promotion of local breeds for milk production could be effective as an adaptation to climate 
change. 
 
Feng et al [63] have found that income generated by livestock has increased with the increase in 
a long-term increase in precipitation while it has decreased with the long-term rise in 
temperature. With the decrease in rainfall, a declining trend in cattle population has been 
observed by Megersa et al [64], indicating possible negative impacts of climate change on pastoral 
systems. Nevertheless, Rajakaruna and Warnakulasooriya [65] have studied parasitic infections 
such as Ascaris lumbricoides, Fasciola sp. Schistosoma sp. and Isospora sp. in dairy cattle have 
been increased due to high rainfalls compared to low rainfall periods in Kandy District, Sri Lanka.  
 
In high-temperature environments (> 26 ɕ/ύ  ǿƛǘƘ ƘƛƎƘ ƘǳƳƛŘƛǘȅΣ ǇƻǳƭǘǊȅ ǇǊƻŘǳŎǘƛƻƴ όŜƎƎǎ ŀƴŘ 
meat) is reduced with the massive mortality rates due to the absence of sweat glands in birds that 
makes them unable to tolerate those harsh conditions [66]. Reduced feed intake, increased 
susceptibility to diseases, and inferior product quality are adverse effects of environmental stress 
in birds [67]. Pest infection is a huge problem faced by the poultry industry due to climate change, 
which induces the need to use disinfection agents for poultry houses and to protect animals from 
diseases spread by pests. For instance, breeding locations of mosquito larvae are destroyed, and 
insecticides are applied to eliminate mosquito infections when the climate favors the spreading 
of mosquitoes in tropical countries [68]. 
 

Fisheries and Aquaculture 
Low-latitude regions are expected to have reduced vertical mixing and reduced nutrient recycling 
in the oceans, which would lead to a reduction in fish production. Extreme climate events could 
have severe impacts on both inland and marine fisheries. Climate change negatively affects marine 
fisheries by declining the size and age of fish populations and decreasing the biodiversity of marine 
ecosystems. Inland fisheries could be pressurized by changes in rainfall [69]. Shifts in the 
distribution of the yield of marine species and marine net primary productivity occur due to 
climate change [70]. Sri Lanka is an island surrounded by the Indian Ocean which is rich with many 
marine and coastal resources. Fisheries are one of the major economic activities that are essential 
for both the economy and food safety of the country. It provides food, nutrition, and livelihoods 
for millions of people around the world [71]. Direct effects of climate change on fisheries include 
changing growth, productivity, reproductive capacity, mortality, and distribution of fish stocks 
[72]. 
 
Inland fisheries provide high-quality, affordable food for people who are vulnerable to food 
insecurity due to poverty throughout the world while providing millions of livelihood 
opportunities globally [73]. Inland water bodies are already heavily stressed by agricultural 
activities, deforestation, and increasing development activities in watershed areas. Therefore, 
climate impacts are an additional burden on inland water bodies reducing the productivity of 
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fisheries. Community-based fisheries in Sri Lanka are affected by climate change and the 
frequency and severity of natural disasters [74]. A reduction of fish catch and catch per unit in 
inland reservoirs occur due to the migration of fish to newly inundated areas created by heavy 
rainfall [75].  
 
Changes in ecosystems occur due to climate change, including changes in environmental variables 
such as temperature, dissolved oxygen, and dissolved carbon dioxide levels, creating unfavorable 
conditions for marine organisms which lead to changes in marine food webs and productivity [76], 
[77]. It negatively affects fisheries economies. In addition to that, ocean conditions are severely 
affected by extreme weather events, inducing adverse impacts on fisheries and aquaculture [78]. 
Coastal zones are highly vulnerable to climate change. The climatic stresses in the coastal zone 
that affect fisheries and aquaculture include floods, droughts, high salinity levels in soil, sea level 
rise, and cyclones [79]. During the tsunami disaster of 2004, marine fisheries in ten out of fourteen 
coastal districts were severely damaged, including damages to fishing boats, fishing communities, 
livelihoods, and infrastructure [80]. Variability in weather and increasing frequency and extreme 
weather events induced by climate change have severe effects on fish and fish products by habitat 
destruction, such as loss of coral reefs, changing fish migration patterns, and growth of fish stocks 
[73], [81], [82]. According to climate change projections of RCP 8.5 (representative concentration 
pathway) from the Intergovernmental Panel on Climate Change (IPCC), it is expected to have a 7% 
- 12.1% decrease in total maximum fish catch potential in exclusive economic zones from 2000 to 
2050 [73]. A decline in yellowfin tuna catch has been observed by Sambah et al [83] with the 
increase in sea surface temperature in the Indian Ocean. The rate of pathogenic bacteria 
occurrence in the marine environment increases at high temperatures induced by climate change 
[73]. Pathogens cause mass mortalities in many marine species, such as plants, corals, fish, and 
mammals [72].  
 
Shrimp farming is a popular aquaculture sector in Sri Lanka. It is also affected by climate change. 
For instance, Jayasinghe et al [71] have shown how different climate-related consequences 
negatively affect the shrimp culture in Sri Lanka. Cyclones could cause damage to the 
infrastructure and also cause cross-contamination of ponds, leading to the spread of diseases. 
Higher water evaporation in culture ponds during prolonged drought periods and the temperature 
rises cause salinity stresses on shrimp culture systems that reduce yields and enhance disease 
outbreaks. Coastal flooding could also damage shrimp farming infrastructure and could introduce 
predators and pathogens to culture systems. Asia is the main source of shrimp production that 
faces different extreme climate events, such as cyclones, sea-level rise, high salinity, floods, and 
droughts [84]. Climate change directly affects the water quality used in shrimp farming [85]. A 
study by [86] has found that environmental parameters such as high salinity, temperature, and 
pH induce the occurrence of vibriosis in shrimp farms, reducing shrimp yield. 
 

Climate adaptation strategies 
Climate change is unavoidable, and adaptation to its adverse effects is essential. More adaptation 
measures can be improved and utilized to reduce the impact of climate change and enhance food 
security in Sri Lanka. The Climate Change Secretariat of the Ministry of Environment is the main 
national initiative for addressing climate change impacts in Sri Lanka. It is the National adaptation 
plan for climate change impacts in Sri Lanka 2016 ς 2025, prepared in line with the guidelines of 
the United Nations Framework Convention on Climate Change (UNFCCC) provides a holistic 
approach to implementing climate adaptation strategies in all the most vulnerable sectors, 
including agriculture, livestock, and fisheries to ensure climate resilience in Sri Lanka [87]. It guides 
the authorities in developing policies, institutional setup, resource distribution, technology 
development, and capacity building in those sectors. Further, the draft National Policy on Climate 
Change 2023, which is the updated version of the National Climate Change Policy of Sri Lanka in 



10 
 

2012 has also addressed food security through related climate adaptation strategies to promote 
practices such as climate-smart agriculture and climate-smart animal husbandry and enhance the 
dissemination of climate information [88-89].   
 
Climate resilience of agriculture can be achieved by various adaptation measures. Crop 
diversification is an effective method that involves cultivating more than one species of crops in a 
given area. It ensures the resilience of agricultural systems of smallholder farming, leading to the 
stabilization of food stocks and household food security [90]. Rainwater harvesting can be used to 
cope with the reduction of rainfall and increasing irrigation water requirements [91]. Utilization 
of water-conserving irrigation technologies such as micro-irrigation, sprinkler irrigation, low-
pressure pump irrigation, and channel irrigation can significantly contribute to managing 
agricultural water demand [92]. Crop residue retention in fields can improve soil physical, 
chemical, and biological properties and also reduces large amount of CO2 emitted by burning of 
crop residues [93-94]. Therefore, productive crop residue management is essential to combat 
climate stresses on agriculture. The development of stress-tolerant crop varieties can improve 
agricultural productivity, improve resilience, and reduce carbon emissions. Nevertheless, further 
research needs to be conducted to determine the magnitude of climate change impacts on crops 
depending on the variety, geographical zone, and production demand [95]. Remote sensing and 
meteorological services play a major role in collecting reliable and timely information on the 
impacts of climate variations on agriculture. Remote sensing contributes to the efficient use of 
natural resources, assessment of potential yield, and management of pests and diseases in 
agriculture [96]. Capacity building of agricultural communities is crucial for knowledge-based 
disaster risk reduction and adaptation to climate variations [97-98].  
 
The climate change impacts on livestock systems could be minimized by research and 
development of climate-tolerant species [99]. Local breeds of cattle and poultry are known to 
have more resistance to high temperatures and arid environments that have the potential to 
overcome the decline of livestock production due to climate change [100-101]. For instance, in 
Kerala, India, maintaining heat and tropical disease-resistant smaller native cows is more cost-
effective for smallholder farmers than maintaining imported Holstein cattle stressed by tropical 
environmental conditions [102]. Genetic improvements in local breeds could be used to enhance 
meat and milk production. To overcome the lower quality and quantity of forage for livestock, 
techniques such as intercropping that intensifies both soil fertility and forage yield could be used 
[103]. Continuous animal health monitoring is essential for effective control of climate-related 
pest and disease outbreaks [104].  
 
Climate change adaptation methods such as genetic improvements and provision of locally 
available feed for fish could be utilized to reduce the effects of climate change on fisheries. 
Establishing marine protected areas and protecting existing ones could assist in restoring marine 
fish stocks and prevent degradation caused by climate change [105-106]. Restoration and 
conservation of mangroves could improve the buffer against severe climate events such as 
tsunamis, cyclones, and floods [107-108]. Proper financial mechanisms and disaster risk response 
by the government can reduce the effects of extreme climate events on food security [109].    

 
Conclusion 
Climate change is a major factor that affects the food security of Sri Lanka. Agriculture is a highly 
sensitive sector to climate change impacts. Changes in rainfall patterns, increase in temperature, 
climate-related pest and invasive species outbreaks, extreme climate events such as floods and 
droughts can severely affect the agricultural productivity of the country. Smallholder farmers and 
laborers are easily affected by climate variations. Nevertheless, some studies have shown an 
increase in crop yield with an increase in CO2 concentration in the atmosphere. Climate impacts 
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such as heat stress, water scarcity, extreme climate events, and climate-induced pest and disease 
outbreaks reduce livestock production. Both inland and marine fisheries are affected by climate 
change. Changes in ecosystem health due to climate change negatively affect marine fisheries by 
creating unfavorable conditions. Extreme climate events, sea level rise, and increased sea surface 
temperature lead to the reduction of fish catch. The available normative instruments, such as the 
National adaptation plan for climate change impacts in Sri Lanka and the National Policy on 
Climate Change, provide a holistic approach to climate adaptation strategies to ensure food 
security in Sri Lanka. Climate resilience in agriculture, livestock, and fisheries can be achieved by 
following effective adaptive measures suggested by previous studies. Nevertheless, capacity 
building, dissemination of climate information, and conducting future research towards climate 
resilience at the local level are crucial to determine and overcome the adverse impacts of climate 
change on food security in Sri Lanka. 
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An overview of the impact of climatic change on the 
occurrence of aflatoxins in cereals: Sri Lankan perspective 

 

M.R.P. Chasna, D.U. Rajawardana*, P.N.R.J. Amunugoda 

 

Abstract  
Aflatoxins, a group of toxic and carcinogenic metabolites, are primarily produced by 

Aspergillus flavus and Aspergillus parasiticus which are prominent in hot humid tropical 

climates similar to Sri Lanka. Climate changes can positively impact the presence of 

aflatoxigenic fungi and aflatoxin production in cereals and cereal-based products, among 

which rice and corn are the most common victims. In Sri Lanka, rice is the main staple food, 

and corn is consumed in high amounts due to its high protein content by pregnant and breast-

feeding mothers, and children and is also used as a main animal feed. The fungal growth and 

aflatoxin production in cereal crops depends on several factors, including weather and 

climate. Changes in weather and climate such as increased temperature, heavy rainfalls, and 

droughts are the modulating factors of Aspergillus growth and subsequent aflatoxin 

production. Prolonged exposure to aflatoxins leads to acute and/ or chronic "aflatoxicosis" in 

humans with teratogenic, genotoxic, immunosuppressive, and mutagenic effects. Thus, 

considering the importance of aflatoxins in the food chain, the maximum allowable limits for 

aflatoxins in foods have been established by various governments including the European 

Commission. However, in Sri Lanka, the regulation for aflatoxins in cereals is still at the drafted 

level. To alleviate the harmful effects of these toxins on the health of humans and animals, 

the development of a safe, stable, and effective multifaceted approach to combating 

contamination of food with aflatoxins is necessary. Thus, this chapter analyses the impact of 

climate change on the occurrence of aflatoxin in cereals, primarily in corn and rice respective 

to Sri Lanka, and the possible prevention strategies to assure food quality and safety.  
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Introduction to mycotoxins  
Mycotoxins 
Mycotoxins are secondary toxic metabolites produced by filamentous fungi, which 

contaminate foods and feeds, causing numerous negative health effects in humans and 

animals and also causing huge economic losses throughout the value chain [1-2]. Prolonged 

exposure to these low molecular weight compounds can cause a range of symptoms and 

illnesses in humans, both acute and chronic, ranging from cold and flu-like symptoms to 

immune deficiency, organ failure, cancer, and even death [3]. This exposure can occur through 

skin contact, inhalation, or ingestion [4], and the high-risk categories including young, elderly, 

and those with compromised immune systems are more vulnerable to the negative health 

effects of mycotoxins [5].   

 

The early estimates from the Food and Agriculture Organization (FAO) [4] stated that 

mycotoxin contamination affected 25% of global crops, and the more recent estimates 

suggested that this may be increased to 60ς80%. The role of weather and climate is significant 

in all factors associated with mycotoxin contamination as presented in Figure 1 [1]. 

Figure 1. Factors affecting mycotoxin occurrence in the food chain (Source: Krogh, 1978) 

Mycotoxins can be grouped according to their global occurrence, toxicity, and economic 

impact, and they contaminate a range of foods, feeds, and water systems [2]. Different groups 

of mycotoxins and their affected commodities are summarized in Table 1.  
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Table 1. Group of mycotoxins and affected commodities (Source: Frisvad et al., 2019) 
 

Mycotoxin Commodity 

Aflatoxins Corn, wheat, copra, peanuts, milk, eggs, nuts, figs 

Citrinin Cereal grain (corn, wheat, rice, barley) 

Cyclopiazonic acid Corn, peanut, cheese 

Ochratoxin A Cereal grain (corn, wheat, oat, barley), coffee, cocoa, grapes 

Patulin Apple juice, moldy feed 

Penicillic acid Stored corn, cereal grain, dried bean 

Penitrem English walnut, hamburger bun, beer 

Sterigmaatocystin Green coffee, grains, hard cheese, peas 

Trichothecenes Corn, wheat, barley, oats, commercial cattle feeds 

Zearalenone Corn, water system 

 

Aflatoxins  
Among mycotoxins, aflatoxins are considered as one of the most important groups due to 

their toxicity, global occurrence, and economic impact. As of now, around twenty aflatoxins 

have been identified, where aflatoxin B1 (AFB1) is the most frequently detected aflatoxin in 

agricultural commodities. The other three most common naturally occurring aflatoxins are 

aflatoxin B2 (AFB2), aflatoxin G1 (AFG1), and aflatoxin G2 (AFG2) [2], [7]. Aflatoxins have the 

highest acute and chronic toxicity of all mycotoxins and have numerous negative health 

effects on humans and animals, where aflatoxins B1, B2, G1, G2, and M1, M2 are of public 

health importance as they frequently contaminate food intended for human consumption [8]ς

[10]. The toxicity levels of aflatoxin decrease in the form of B1>G1>B2>G2 [11], where AFB1 is 

the most powerful, dangerous, and abundant toxin [12], moreover the heterogeneity of AFB1 

makes its risk more challenging [13].  

 

The four main aflatoxin types (AFB1, AFB2, AFG1, and AFG2) are primarily produced by 

toxigenic strains of the Aspergillus fungi [2], [7], which are one of the most important food 

spoilage organisms that dominate the food supply chain in areas with wet and warm climates 

[14]. While the genus Aspergillus has more than 200 species, only less than twenty species are 

known to produce aflatoxins, the toxic and carcinogenic metabolites. Aspergillus flavus and 

Aspergillus parasiticus are the two dominant species that produce aflatoxins [15-17] in or on 

foods, and to a lesser extent, these toxic metabolites are produced by Aspergillus bombycis, 

Aspergillus ochraceoroseus, Aspergillus nomius, Aspergillus astellatus and Aspergillus 

pseudotamari [5]. Major toxins produced by A. flavus are AFB1, and AFB2 whereas, A. 

parasiticus produces two additional toxins named AFGI and AFG2 [12], [18-19]. 

Exposure to aflatoxins may lead to aflatoxicosis with teratogenic, genotoxic, 

immunosuppressive, and mutagenic effects [20]. Among aflatoxin-related health outcomes, 

liver carcinogenicity and child health threats have been recognized as increasingly important 

by the European Food Safety Authority (EFSA) [21]. The International Agency for Research on 

Cancer (IARC) has grouped AFB1, AFB2, AFG1, AFG2, and AFM1 as Group 1 human 

carcinogenic compounds, and among them, AFB1 has the most pronounced toxic and 

carcinogenic effects [20]. However, the potential health impacts depend on several factors 

such as age, gender, the amount of ingested aflatoxins, and the prior health status of an 

individual [21].  To date, several aflatoxin outbreaks have happened all over the globe, and 



22 
 

the major outbreaks were listed in Daily Mirror by Prof. Deepal Mathew on May 2021 as below 

summarized [22]. 

Table 2. Major aflatoxin outbreaks (Source: Mathew, 2021) 
 

Year Country/ region Affected commodity Aflatoxin outbreak/ 

consequences 

 

1974 India (Gujarat and 

Rajasthan) 

Maize 106 estimated deaths 
 

2003 Kenya Maize 120 confirmed deaths 

2013 Many countries in 

Europe 

Milk N/A 

2014 Kenya Maize flour Five brands of maize flour were 

recalled due to contamination 

with aflatoxins    

2021 USA Pet food N/A 

2021 Sri Lanka Coconut oil Contamination of coconut oil 
imported from Malaysia with 
aflatoxins  

  

The above list indicates that the frequency of aflatoxin outbreaks has been increased in the 

21st century. The Commission of the European Communities reported  [23] that AFB1 has no 

threshold level below which no tumor would develop. Thus, only a zero level of exposure can 

vouch for no risk. The maximum allowable limits for aflatoxins in food and feed have been 

established by various governments to protect human and animal health. Among them, the 

most rigorous maximum allowable levels are set out for AFB1 and total aflatoxins (sum of 

AFB1, AFB2, AFG1, and AFG2) by the European Commission [24-25]. 

 

Global climate change and Sri Lankan perspective  
Climate is both a complex and interactive system that consists of the atmosphere, water 

bodies, land surface, and living beings [26], and the internal dynamics of this system can be 

significantly influenced by various external factors resulting in several changes inside the 

system [27]. Human-driven or anthropogenic forces have become the key reasons, over the 

natural processes, for the climate changes today [28]. Climate change is defined as a change 

in average weather conditions on Earth that persists over an extended period, which means 

climate change is a significant fluctuation in the prevailing state of average weather patterns 

that lasts over several decades or longer [29]Φ hǾŜǊ ƎŜƻƭƻƎƛŎŀƭ ǘƛƳŜΣ ǘƘŜ 9ŀǊǘƘΩǎ ŎƭƛƳŀǘŜ Ƙŀǎ 

been constantly changing contributing to several variations all over the world [27].  

 

Climate Change in Sri Lanka 
No country is immune to the impact of climate change, and the situation in Sri Lanka is not 

different from the global context. Sri Lanka has been drastically affected by many climate 

change challenges [30], and the Science Community in Sri Lanka has shown ample evidence 

for the issue [31]. Although Sri Lanka seems somewhat distant from other countries and 

nestled amid the Indian Ocean, it is predominantly vulnerable to climate change owing to its 

unique geographical location [30]. It leads to several impacts, mainly including rising 

temperatures, changes in precipitation patterns, and an increase in extreme weather events 
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[32-33]. The Institute of Policy Studies of Sri Lanka (IPS) stated that the intensity and frequency 

of these extreme weather events due to climate change have increased significantly within 

the country [33].  

 

Moreover, the World Bank Group (WBG) reported that Sri Lanka regularly experiences a very 

high temperature with an average maximum of 32ᴈ leading to a 4% annual probability of 

severe droughts [28]. Climate changes can occur due to many reasons such as natural or 

anthropogenic forces. Among these two categories, anthropogenic forces have become the 

key reasons for the occurrence of these climate changes in Sri Lanka. Accordingly, many 

challenges can incur significantly due to the devastating impacts of climate change, and the 

impacts related to aflatoxins are highlighted in the below conceptual framework (Figure 2) 

[28]. 

 

Figure 2. Climate change challenges (Source: Dasandara et al., 2021) 

Effects of climate change patterns on aflatoxins  
Aflatoxins are difuranocoumarin molecules that are produced by the polyketide pathway of 
fungi [8], and the production depends on certain factors such as the nutritional composition 
and genetic susceptibility of the host plant, moisture content, humidity, water activity, 
aeration, temperature, acidity level, fungal population, and physical condition of the crop [15]. 
However, meteorological conditions such as climate change are the most important factor in 
the production of aflatoxins [1]. The effect of climate change on the occurrence of aflatoxins 
is extremely complex and involves many factors including weather and other agronomic 
factors such as soil type [34]. Weather, especially changes in precipitation patterns and an 
increase in average global air temperatures with more extreme events such as heat waves, 
droughts, and extreme precipitation [35] play an important role in fungal infection and 
aflatoxin production in crops [1]. Fungi can affect crops at several stages, including pre-
harvest, harvest, transportation, and storage [36]. However, only one stage is enough for the 
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aflatoxin contamination [1].  Climate change influences the prevalence of fungal species that 
infect cereal crops, and produce mycotoxins [37]. The population of aflatoxin-producing fungi 
associated with cereal crops and soils varies with climate. These fungi survive poorly under 
cool conditions (temperature < 20ᴈ), whereas the population of A. flavus in warmer regions 
(temperature > 25ᴈ) is high, where Aspergillus sp. are common throughout crop surfaces, 
soils, and air [38]. 
 

The climate also influences the type of aflatoxin-producing fungi, as a result, these fungi are 

different in different geographical locations [39]. Where high temperatures and dry conditions 

favor the growth and dispersal of spores of A. flavus, drought together with high temperatures 

favors the production of aflatoxins in fields [14]. Hence, a change in temperature towards the 

higher temperatures will tend to increase aflatoxin contamination. Crops grown in warmer 

climates have a higher chance of infection by A. flavus and, an aflatoxin-producing fungi, while 

in some regions, infection only occurs when temperatures rise and is associated with drought 

[40]. Therefore, it can be stated that climate change has a profound effect on both the growth 

of aflatoxin-producing fungi and relative aflatoxin production. Paterson and Lima [1] 

suggested that a major risk in developed countries will be in temperate zones when 

temperatures tend to increase greater than 30ᴈ. Thus, Sri Lanka as a tropical country with an 

average maximum temperature of 32ᴈ is more vulnerable to aflatoxin contamination. 

 

Adverse effects of aflatoxins 
The presence of aflatoxins in foods is recognized as a global food safety concern by the World 

Health Organization (WHO) since they exhibit several toxic effects on humans. Exposure to 

ŀŦƭŀǘƻȄƛƴǎ Ŏŀƴ ƭŜŀŘ ǘƻ άŀŦƭŀǘƻȄƛŎƻǎƛǎέ ǘƘŀǘ ŎƻǳƭŘ ōŜ ŀŎǳǘŜ ƻǊ ŎƘǊƻƴƛŎΣ and the toxic effects 

exhibited by aflatoxins depend on several factors such as age, gender, dosage, exposure 

duration, and nutritional status of individuals  [18],[41]. Acute aflatoxicosis is prevalent when 

individuals are exposed to food contaminated with high doses of aflatoxins, and the symptoms 

include abdominal pain, vomiting, diarrhea, pulmonary edema, cerebral edema, anorexia, 

fatty liver, acute hepatitis, jaundice, depression, and photosensitivity [18],[41]. Acute 

poisoning is more prevalent in developing countries such as Sri Lanka due to the increased risk 

of contamination of staple food, lack of food security, absence of aflatoxin awareness, and 

lack of regulatory limits [42].  

 

On the other hand, chronic aflatoxicosis is caused by being exposed to low doses of aflatoxins 

for an extended period which results in immune suppression and cancer [42]. According to 

toxicological studies, aflatoxins have been demonstrated as mutagenic compounds that can 

alter DNA leading to changes in chromosomes and mutations in genetic codes [43], and thus, 

aflatoxins are classified as "Group 1 carcinogen to humans" by the IARC. Additionally, chronic 

exposure to aflatoxins can result in decreasing immunity through decreased antibody 

production, reduced cell-mediated immunity, and decreased resistance to fungal, bacterial, 

and parasitic secondary infections [41], [44]. Aflatoxins can also lead to liver diseases such as 

cirrhosis and hepatomegaly [44]. Unfortunately, exposure to aflatoxins may lead to low birth 

weights since the exposure can occur in the uterus through the trans-placental pathway, and 

in children, it may affect growth since exposure is higher in children due to their low body 

weights. 

Due to aflatoxin contamination, the food products cannot be consumed or exported leading 

to financial losses, and it is most common in developing countries. Additionally, the crop yield 

will be reduced due to fungal infection [35], [45], [46]. 
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Figure 3. Adverse effects of aflatoxins on human health (Source: Gunawardena, 2021) 
 

Occurrence of aflatoxin in cereals: Sri Lankan context 
The occurrence of aflatoxins and their outbreaks were reported in several foods worldwide 

including vegetable oils, nuts, cereals, and dairy products. In Sri Lanka, such occurrences have 

been reported since the early 1980s [36]. High humidity and high temperature, almost always 

present in tropical countries, are known to favor the growth of aflatoxigenic fungi and 

mycotoxin contamination, especially aflatoxins and fumonisins [36], [48]. The climate of Sri 

Lanka is in general inductive to fungal attacks and mycotoxin production, in addition to other 

factors, such as the prevalence of pests, irrigation systems, droughts, agricultural practices, 

and storage techniques. The most common foods for human consumption worldwide are 

cereals and cereal-based products, among which rice and corn are the most commonly 

contaminated by aflatoxins [36], and it is more frequent. In Sri Lanka, aflatoxin B1 is the 

predominant mycotoxin contaminating most agricultural produce including cereals [49]. Prof. 

Deepal Mathew reported on Daily Mirror on May 2021 that, food crops are contaminated in 

either pre-harvest or post-harvest stages, and when considering pre-harvest contamination, 

crops commonly affected are maize, cottonseed, and peanuts. Post-harvest contamination 

occurs mainly in coffee, rice, and spices [22].  

 

Maize 
Maize is one of the most important crops in the world after wheat and rice in terms of 

production, consumption, and trade, hence aflatoxin contamination in maize has important 

ramifications for both health and global trade [35]. Maize (Zea mays L.) was introduced to Sri 

Lanka during the 16th century and due to its high energy value, high protein content, and low 

cultivation cost, it became popular among Sri Lankan farmers and consumers [7]. However, 
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the maize grown in Sri Lanka is unfortunately not safe from aflatoxin contamination, and with 

no regulation on aflatoxin levels found in maize in local markets, the Sri Lankan population is 

at risk of dangerous levels of aflatoxin exposure [50]. 

 

Maize crops grow in warm climates and are prone to infection by A. flavus, a greenish-yellow 

to yellowish-ōǊƻǿƴ ǇƻǿŘŜǊȅ ƳƻƭŘΣ ǿƘƛŎƘ ŎŀǳǎŜǎ ŘƛǎŜŀǎŜǎ ƭƛƪŜ άAspergillus ŜŀǊέ ŀƴŘ άƪŜǊƴŜƭ 

Ǌƻǘ ƻŦ ƳŀƛȊŜέ ƻƴ ŎƻǊƴ όCƛƎǳǊŜ пύ ǿƛǘƘ ǘƘŜ ǇǊƻŘǳŎǘƛƻƴ ƻŦ ŀŦƭŀǘƻȄƛƴǎ [7]. Toxin production and 

fungal populations in maize depend on several factors that stress corn plants [51] including 

the low moisture content of the soil, high daytime maximum temperatures, high nighttime 

minimum temperatures, and nutrient-deficient soils [52], [53]. Moreover, infection occurs 

when temperature rise is coupled with drought conditions [36], [40], [54]. With increasing 

temperatures and more erratic rainfall predicted, climate change will likely impact aflatoxins 

occurrence in Sri Lanka in terms of their type and concentration. These changes may 

negatively impact the quality and quantity of maize grown and therefore raise key issues for 

human health, food safety, and food security [50]. 

 

 

 

 

 

 

 

 

 

 

 
Figure 4. Kernel rot of maize  

 

Though corn is one such agricultural produce highly susceptible to aflatoxin contamination, 

fewer scientific studies have been conducted on aflatoxin in corn in the Sri Lankan context. 

According to the Food and Drug Administration (FDA), the toxic level of total aflatoxin from 

corn consumption is limited to 20 ppb [36]. Jayaratne et al [55] conducted a research study 

on aflatoxin in corn in the Anuradhapura district, where they found, that out of 60 samples 

collected from the minor-scale corn-grown field, fifteen corn samples had exceeded the 

acceptable level of aflatoxin B1 while 22 samples were free of aflatoxin B1 and 23 samples 

were within the acceptable level; hence concluded that the presence of aflatoxin B1 in corn is 

not habitually distributed throughout the Anuradhapura district.  

 

 

 

 

Aspergillus flavus 

(Greenish-yellow to yellowish-brown powdery mold) 
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Rice 
Rice, Oryzae sativa L. is the staple food in Sri Lanka which is widely produced and consumed 

throughout the country, and approximately 95% of domestic rice requirements are fulfilled by 

the country's national production. Rice is more susceptible to aflatoxin contamination, and it 

is generally caused by the improper drying of rice grains leaving a high moisture content of 

more than 14%. The Aspergillus fungi consequently degrade the quality of the grains while 

also discoloring them. Bandara et al [56] stated that aflatoxin contamination of rice, even at 

low levels, could be disastrous as the average Sri Lankan rice consumption per day is 

particularly high [56-57]. Although this is a crucial health concern, Sri Lanka as a developing 

country has very scarce data sources and studies in this regard. 

 

The tropical climate in Sri Lanka provides favorable conditions for fungal growth, furthermore, 

the poor storage conditions of paddy for months aggravate mold growth. In Sri Lanka, 

generally, the temperature and relative humidity of storage is quite high and estimated at 

27ᴈ and 78%, respectively. As a result, rice especially parboiled rice is more susceptible to 

aflatoxin contamination, and it has been reported in several instances from Sri Lanka and a 

few other South-East Asian countries [58].  

 

Paddy is milled either without parboiling as raw rice or after parboiling as parboiled rice, and 

Dr. Prasanna J.P. Gunawardena reported in the Daily FT on April 2021 that, in Sri Lanka, rice is 

mostly consumed as parboiled rice [47]. Parboiling is a process where paddy is soaked in water 

overnight followed by pre-heating with the husk itself, and then it is sun-dried and then passed 

through a rubber roll sheller to remove the husk and a polisher to remove the outer bran layer 

[19]. Improper sun drying of pre-heated paddy can lead to high moisture contents which 

favors mold growth [56], [59-60].  

 

In commercial parboiling, paddy is soaked in water in large concrete tanks, and this water is 

often reused due to practical issues, which causes high contamination. In the household level 

process, paddy is washed and preheated in clay or copper pots and followed by sun drying in 

open areas. The gelatinized starch within the parboiled rice is more susceptible to fungal 

growth than the starch in raw rice, hence it can be stated that parboiled rice is a more ideal 

substrate for fungal growth and aflatoxin production [56], thus more attention and close 

monitoring needed on parboiling practices [19]. Moreover, Bandara et al  [56] stated that the 

levels of aflatoxin B1 and G1 in parboiled rice were significantly higher than in raw milled rice. 

During the storage, rice is packed in jute or polythene bags and then stacked in warehouses 

with poor ventilation for a longer period which may further increase the growth of Aspergillus 

fungi and aflatoxin production [56], [60]. 

 

Climate change and aflatoxins: Sri Lankan perspective 
Aspergillus species are very diverse and can adapt to a wide range of environmental conditions 

[61], however, they are mainly found in hot humid climates typically in tropical and subtropical 

regions, most significantly between 40°N and 40°S latitudes [62]. Sri Lanka, as a tropical island 

that lies in between these latitudes [63] (Figure 5), has favorable growth conditions for 

Aspergillus fungi.  
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Figure 5. The geographical location of Sri Lanka 
  
Aflatoxin contamination in foods depends on the genetic factor of crops as well as 

microclimate, including product moisture content, water activity (aw), relative humidity, 

temperature, pH value, and substrate composition, where aflatoxin contamination is 

promoted due to stress or physical damage to the crop especially due to drought episodes, 

insect infestation, rain showers during pre-harvest stage, poor harvest timing, insufficient 

drying before storage, and poor storage practices [16], [42]. Additionally, Stepman [64] 

reported that the crops are fungal contaminated particularly under certain conditions such as 

dry weather at the onset of crop maturity.  

 

The optimum growth temperature for Aspergillus fungi is generally 28ᴈς37ᴈ with a high 

humidity of above 80% [55]. However, the growth patterns differ between different strains of 

Aspergillus sp., for example, the optimal growth temperature for A. flavus and A. parasiticus 

are 33ᴈ and 35ᴈ, respectively [66]. As reported by Pleadin et al [20] that the optimum 

conditions for the growth of aflatoxigenic fungi and the production of aflatoxins are the 

temperature of 35ᴈ and the aw of 0.95, and the temperature of 33ᴈ and the aw of 0.99, 

respectively. However, Lizárraga-Paulín et al [16] stated for the Aspergillus sp., the optimal 

growth happens at a temperature of 25ᴈ with a minimum aw of 0.75, and their secondary 

metabolites production starts at 10ς12ᴈ with the most toxic metabolites produced at 25ᴈ 

with the aw of 0.95.  

 

Global warming is expected to induce an increase in global temperatures by 1.5ς4.5ᴈ by the 

end of the 21st century [67], along with an increase in the accumulation of carbon dioxide, 

increase in precipitation, the dominance of extreme weather conditions such as heat waves, 

and an increase in the incidence of flooding and droughts [68], where droughts are considered 

as an important trigger for the biosynthesis of aflatoxins. The sudden change in precipitation 
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and drought patterns followed by increased humidity, temperature, and CO2 levels will directly 

affect the expression of the regulatory and structural genes implicated in aflatoxin 

biosynthesis [69], and elevated CO2 levels can further lead to aflatoxin contamination [70]. 

According to Medina et al. [70], AFB1 production was stimulated under elevated CO2 levels, 

especially when coupled with drought.  

 

Nowadays, it can be observed an unpredictable weather profile throughout the country with 

sudden rainfall, drought, and heat stress. According to the climate risk country profile (CRCP) 

issued by the World Bank Group, Sri Lanka is recognized as vulnerable to climate change 

impacts, ranked 103 out of 181 countries. For upcoming years, projected temperature rises 

are very likely to push ambient temperatures over 30ᴈ on a much more regular basis, and to 

considerably increase the frequency of temperatures over 35ᴈ. Moreover, the incidence of 

permanent heat stress is likely to increase significantly in Sri Lanka, and the research suggests 

an increase in the frequency of drought events in South Asia [71]. Thus, these expected 

climate changes may positively induce the production of aflatoxins in cereals.  

 

Pre-harvest effects  
Developing crops are supposed to be resistant to infection by A. flavus and subsequent 

aflatoxin contamination unless environmental conditions favor the fungal growth and crop 

susceptibility, where fungal infection often follows drought stress and insect injuries. High 

temperature and drought, which often occur during the growing season are likely to 

contribute to poor kernel development [51], and in corn, Aspergillus fungi are associated with 

cob [72] in the field at the time of crop maturity (39). A tan sooty black, greenish, or greenish-

yellow mold grows on and between corn kernels, and the damage is most common near the 

tip of the ear. Silk infection in corn (Figure 6) is favored by high night and day temperatures, 

and sometimes the susceptible maize genotypes got infected with Aspergillus sp. at the time 

of silking. The infection goes through the silk to the developing grains; however, it remains 

latent and causes decay at the time of crop maturity in the form of cob rot. In some cases, the 

grain remains infected but does not show any symptoms [35] 

 

 

 
 

 

 

 

 

 

 

 
 

Figure 6. Silk infection in corn cob 
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Late harvesting of maize and cultivating under nitrogen stress conditions generally produce 

aflatoxins before harvest than maize grown under good management practices and supplied 

with adequate nitrogen. Such contaminated grain may again be spoiled at the time of poor 

storage conditions [35]. 

 

Harvest effects 
The moisture level in the grains is the main indicator for identifying the harvesting time, and 

grains that will be dried after harvest are generally preferred to be harvested when the 

moisture content has dropped below 35% or 30% [73]. Climate change can lead to early 

maturing of the crop, and create favorable conditions for Aspergillus sp. infestation and 

aflatoxin production at the time of harvest, where the thriving of the fungi is most severe 

when crops are caught by rain just before or during harvest. Here, initially, dry seed develops 

water content conducive to contamination, and coupled with optimum temperature, fungal 

infection can be increased with the production of aflatoxins [35]. 

 

Postharvest effects 
Drying is an important stage in aflatoxin control following harvest, thus upon reaching 

adequate moisture content, crops are safely placed in storage. However, with the dominance 

of extreme weather conditions, such as high humidity, reaching adequate moisture content 

before storage would be hard to achieve. The sudden patterns of rainfall, precipitation, and 

dew can lead to the failure of the drying procedures specifically if sun drying is performed in 

open fields [74]. It is essential to control temperature and relative humidity during storage at 

levels below 10ᴈ and 70%, respectively, which would be challenging in traditional storages 

prevalent in Sri Lanka in climate change scenarios [75]. Therefore, under uncontrolled storage 

conditions, pest attacks can be increased leading to the increased growth and multiplication 

of different bacterial and fungal species especially in the presence of elevated temperatures 

and humidity. The xerophilic molds that start the deterioration process in stored grains can 

grow at low water activity, and these molds cannot be detected on freshly harvested grains 

as they occur in very low numbers. The contamination of xerophilic fungi commonly occurs 

when the grains are placed in silos or sheds, and during transport. As these molds grow and 

establish their metabolic activities, subsequently create favorable microenvironments for the 

Aspergillus fungi, where A. flavus in particular, only grows when the relative humidity is above 

85% or moisture content in the grain is above 16% [35]. Moreover, increased water 

evaporation and condensation could lead to damp conditions that support the growth of 

Aspergillus sp., and subsequent aflatoxin production [75]. Therefore, with climate change, 

aflatoxin contamination is expected to increase during storage. 

 

Aflatoxin control 
Aflatoxins are heat-stable chemical compounds that decompose at temperatures ranging 

from 237 to 306ᴈ [76], thus not destroyed during standard cooking. Unfortunately, there is 

no single step found so far to eliminate aflatoxin contamination from foodstuffs, but there are 

numerous control strategies practiced all over the world. Aflatoxin control can be done mainly 

at two points along the supply chain which are pre-harvest and post-harvest stages.  

 

Preharvest strategies  
Pre-harvest control primarily focuses on preventing toxin formation by reducing or eliminating 

fungal growth on crops [77]. It is recommended to plant crop populations that are resistant 

to Aspergillus sp. growth and follow good crop production practices. Balanced fertility 
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programs, timely irrigation to reduce drought stress, and minimizing insect damage reduce 

fungal growth on crops. Moreover, crop rotation can be practiced to reduce fungal growth 

and subsequent aflatoxin production [35]. Coupled with technological advancements, organic 

and biological farming practices can be used to overcome aflatoxin contamination in fields. 

For example, bio-controlling Aspergillus flavus strains with a nutrient-supplying carrier can be 

used to out-compete wild aflatoxigenic strains [55]. 

 

Postharvest strategies  
Reducing the risk of aflatoxin contamination after harvest can be done by following proper 

drying and storage practices despite the unpredictable weather events as below discussed.  

 

Drying and storing of maize: 

The moisture content and the temperature of the maize kernels affect the fungal infection; 

thus, the grains should be further dried to reach a maximum of 13.5% moisture content when 

long storage is intended. The infected seeds and the foreign matters should be removed 

before storing the kernels, and the grains should be safely packed in bags and the quality of 

those grains better to be checked periodically. Moreover, silos can be used for storing maize, 

however, it should be thoroughly cleaned and sanitized before placing the new grains, and 

ƎƻƻŘ ŀŜǊŀǘƛƻƴ ƛǎ ŜǎǎŜƴǘƛŀƭ ƛƴǎƛŘŜ ǘƘŜ ǎƛƭƻǎΦ ¢ƘŜ ǎƛƭƻΩǎ ŦƭƻƻǊ ǎƘƻǳƭŘ ōŜ ŎƻǾŜǊŜŘ-paved, smoothed, 

cleaned, and dried with moisture insulation [73]. 

 

Drying and storing of rice: 

Drying is the most critical step after harvesting a rice crop. When paddy is harvested, it may 

contain up to 25% moisture, resulting in mold development during storage. Thus, the paddy 

grains should be dried as soon as possible after harvesting - ideally within 24 hours. Delays in 

drying, incomplete drying, or ineffective drying will lead to fungal infection. The farm-level 

drying is mostly done through sun drying if the weather is in favorable conditions. However, 

to avoid weather risks, other mechanical drying methods (e.g. Heated air drying, In-store 

drying, and Solar drying) can be practiced [78]. Rice grain is hygroscopic and in open storage 

systems, the grain moisture content will eventually equilibrate with the moisture content of 

the surrounding air. Moreover, high relative humidity and high temperatures typically present 

in humid tropical countries lead to the absorption of more water which in turn results in high 

final moisture content. To reduce these risks, proper storage practices can be followed as 

below discussed [78]. 

Bag storage: 

Lƴ {Ǌƛ [ŀƴƪŀ ƎŜƴŜǊŀƭƭȅΣ ǊƛŎŜ ƎǊŀƛƴ ƛǎ ǎǘƻǊŜŘ ƛƴ плҍул ƪƎ ōŀƎǎ ƳŀŘŜ ŦǊƻƳ ŜƛǘƘŜǊ ƧǳǘŜ ƻǊ ǿƻǾŜƴ 

plastic, and depending on the size of storage, these bags are normally formed into a stack 

(Figure 7). When using bag storage, the following steps should be taken into consideration 

[78].  

Á Jute and plastic bags should not be stacked higher than 4 m and 3 m respectively.  

Á Bags should be stacked under a cover (e.g. under a roof, in a shed or granary, or under 

waterproof tarpaulins.) 

Á A one-meter gap should be left between and around stacks and a 1.5 m clearance 

between the top of the stack and the roof. 

Á Bags should be stacked on pallets or on an above-ground structure to avoid the 

possibility of absorbing moisture from the floor. 
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Á In traditional storage, bags are stacked in outside granaries, which have been 

constructed from timber, mud, or palm leaves. 

 

Figure 7. Bag storage of rice in Sri Lanka (Source:  Warakapitiya, 2017) 

 

Commercial bulk storage: 

Commercial bulk storage, such as silos is not a very common storage practice in Sri Lanka as 

the moisture migration inside the silo can lead to building hot spots. The silos range in size 

ŦǊƻƳ нлҍнΣллл ǘƻƴ ŎŀǇŀŎƛǘȅΣ ŀƴŘ ǘƘŜȅ Ŏŀƴ ōŜ ƳƻǊŜ Ŝŀǎƛƭȅ ǎŜŀƭŜŘ ŦƻǊ ŦǳƳƛƎŀǘƛƻƴ [78].  

 

Hermetic storage systems: 

Sealed or hermetic storage systems are very effective in controlling grain moisture content, 

especially in tropical regions, where the airtight barrier between the grain and the outside 

atmosphere maintains the moisture content of the stored grain as the same as when the 

storage was sealed. In hermetically sealed storage systems grains are placed inside an airtight 

container, which stops water movement between the outside atmosphere and the stored 

grain [78]. However, these post-harvest strategies have shown to be ineffective in ensuring 

the elimination of aflatoxin-producing fungi. Thus, decontamination techniques are 

subsequently required to reduce the risk of aflatoxin contamination [81]. 

 

Aflatoxin removal 
As reported by Dr. Prasanna J.P. Gunawardena in the Daily FT in April 2021, the removal or 

inactivation of aflatoxin in food and feedstuff is a major global concern [47]. Aflatoxins can be 

removed from contaminated foods and feed through physical, chemical, and biological 

means. However, the treatment has its limitations, since the treated products should be safe 

for human consumption. Furthermore, the novel processing technologies involving a 

microwave, UV rays, pulsed light, electrolyzed water, cold plasma, ozone, electron beam, or 

gamma irradiation in combination with biological, physical, chemical, or genetic engineering 

models have the potential to improve the efficiency of aflatoxins decontamination. 
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Regulations and limitations 
Since the discovery of aflatoxins in the 1960s, many countries have implemented regulations 

to protect consumers from the harmful effects of these toxins, and the permissible aflatoxin 

levels in foods were determined using toxicological data, food consumption data, data on the 

level and distribution of aflatoxins in goods intended for human consumption, and data on 

analytical methodology [82]. Prof. Deepal Mathew reported in the Daily Mirror on May 2021 

that, consumption of food containing 1mg/kg or higher of aflatoxins is likely to cause 

aflatoxicosis, and consumption over 1-3 weeks of AFB1 dose of 20 ς 120 mg/kg body weight 

per day can lead to acute toxicity and can be potentially lethal [22].  

According to the Commission of the European Communities, the maximum levels of AFB1 and 

total aflatoxins (AFB1, AFB2, AFG1, and AFG2) for all cereals and all products derived from 

cereals, including processed cereal products should not be beyond 2 µg/kg and 4 µg/kg 

respectively. The maximum level of AFB1 and total aflatoxins set for maize and rice to be 

subjected to sorting or other physical treatment before human consumption or use as an 

ingredient in foodstuffs should not be beyond 5 µg/kg and 10 µg/kg, respectively. The 

maximum aflatoxin level for processed cereal-based foods and baby foods for infants and 

young children is set to 0.1 µg/kg. Moreover, the maximum aflatoxin level for dietary foods 

for special medical purposes intended specifically for infants is set to 0.1 µg/kg [23]. On the 

other hand, in Sri Lanka, the Food Control Administration Union has drafted a regulation for 

aflatoxins in cereals, and the maximum allowable levels are the same as in the Commission of 

the European Communities [83]. However, there is sufficient evidence that demonstrates that 

this amount does not do enough to protect everybody, especially people living in developing 

countries, where cereals (e.g. Rice) are consumed in high amounts and immunity is already 

low for other reasons. Moreover, there are some limits to implementing these regulations in 

Sri Lanka, which are listed below [47].  

1. Most farmers do not know about the existence of aflatoxins, let alone the grave risks 

associated with their consumption, and therefore are not concerned about their 

mitigation. 

2. Quantitative analysis of aflatoxins is optional for locally consumed foods, but 

mandatory for crops designated for export to meet international regulatory 

standards. Therefore, producers do not give importance to the aflatoxin level in food 

which are locally sold.  

 

Policy recommendations 

1. Drives can be arranged at local, regional, and national levels to raise consumer 

awareness on the adverse effects of aflatoxins in cereals, as the aflatoxins may not 

only be present in maize but also Sri Lankan staple food, rice.  

 

2. The national regulation for aflatoxins in cereals is still at the draft level, and it is the 

same as in the Commission of the European Communities. However, the permissible 

limits of aflatoxins in cereals should be re-considered, because people living in 

developing countries like Sri Lanka consume rice daily and in higher amounts, and 

immunity is low when compared to developed nations. 
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3. The aflatoxin level for imported cereals, especially maize should be included in the 

Food (Cereals, Pulses, Legumes, and Derived Products) regulation/Standards. 

 

4. Implementing good agricultural practices (GAPs), good manufacturing practices 

(GMPs), good transporting practices (GTPs) and good storage practices (GSPs) for 

aflatoxin control should be generalized among the food chain, thus knowledge 

transfer programs can be organized starting from the grass root level.  

 

5. Market mechanisms to inspect aflatoxins levels in cereals and regulate quality should 

be introduced at the local or regional level.  

 

Actions are required at local, regional, and national levels to reduce aflatoxin prevalence and 

exposure in Sri Lanka [47]. 

 

Conclusions  
Aflatoxin contamination is prevalent in warm humid climates similar to Sri Lanka and may be 

severe during drought episodes. The literature search conducted in this study highlighted 

knowledge gaps on climate change and aflatoxin production in corn and rice respective to Sri 

Lanka. Projected climate change effects will influence primary agricultural systems and thus 

food security, directly via impacts on yields, and indirectly via impacts on its safety, with 

aflatoxins considered as crucial hazards. Understanding the impact of climate may allow the 

development of improved management practices, better allocation of monitoring efforts, and 

adjustment of agronomic practices in anticipation of climate change. To fill the gaps and 

develop predictive models, further research studies will be needed to effectively predict the 

level of risk of aflatoxins in economically important staple food crops and to understand 

whether they are resilient enough to tolerate the expected climate changes.  
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Smallholder ǾŜƎŜǘŀōƭŜ ŦŀǊƳŜǊǎΩ ŀŘŀǇǘŀǘƛƻƴ ǘƻ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ 
and determinants of decision on adoption:  A Sri Lankan 

experience 
 

K.P.P.Kopiyawattage1*, W.G.S. Ariyadasa2 

 
Abstract  
Smallholder vegetable farmers are highly dependent on rainfall and temperature. Vegetable 
production in the country dropped by 9.1% due to adverse weather conditions in 2017. This 
ǎǘǳŘȅ ŜȄǇƭƻǊŜŘ ǘƘŜ ŦŀŎǘƻǊǎ ŀŦŦŜŎǘƛƴƎ ǎƳŀƭƭƘƻƭŘŜǊ ǾŜƎŜǘŀōƭŜ ŦŀǊƳŜǊǎΩ ŎƘƻƛŎŜǎ of adaptation to 
climate change. Data were collected from 150 respondents selected using multi-stage random 
sampling using a structured questionnaire. A Climate change adoption index was developed 
using Weighted Principle Component (WPC) method. Multiple Linear Regression model was 
used to identify the factors affecting adaptation strategies. According WPC, six climate 
adaptation strategies were identified. Climate change is an important problem in the area and 
many smallholder vegetable farmers have low adaptive capacity. Majority of the farmers (over 
50%) perceived that temperature and rainfall have been increasing in the area during the last 
two decades. Mostly used adaptation strategies by the farmers were crop rotation, irrigation 
and use of drought tolerant crop varieties while micro irrigation and use of trenches were the 
least used adaptation strategies in the area. Choice of an adaptation strategy is affected by 
ǾŀǊƛƻǳǎ ŦŀŎǘƻǊǎ ǎǳŎƘ ŀǎ ŦŀǊƳŜǊǎΩ ƎŜƴŘŜǊΣ ŀƎŜ ƻŦ ǘƘŜ ŦŀǊƳŜǊΣ ŦŀǊƳƛƴƎ ŜȄǇŜǊƛŜƴŎŜΣ ƛƴŎƻƳŜΣ ƭand 
ownership, contact with Extension agents and distance to market. This study recommends to 
develop tailored programs meeting the diverse needs of population segments. Future 
government policies should strengthen adaptive capacity of farmers through better access to 
climate-information. Providing opportunities for non-farm income activities that are less 
sensitive to climate and making farmers aware of those opportunities is important to 
overcome their vulnerability to changes in the climate.    
 

Keywords: Adaptation strategies, Climate change, Limitations, Smallholder vegetable 
farmers 
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Introduction 
Climate change is an inevitable phenomenon and a global challenge. According to the Fourth 
Assessment Report of the UNIPCC [1] project, even with the existing mitigation strategies, the 
climate will change.  It is assessed that global mean temperature will rise from 1.8 ς 4.0 0C by 
the end of the 21st century [2].  South Asia is the highest vulnerable region to climate change 
among other Asian sub-regions [3]. The livelihoods of rain-fed farmers are more sensitive and 
vulnerable to climate change than irrigated farmers because they fully or partially depend on 
fluctuating rainfall for agricultural activities.  
 
Sri Lanka is an agriculture-based developing country. Agriculture contributed 6.9% to the 
Gross Domestic Production (GDP) and over 25% of the population is employed in the 
agriculture sector [4]. The climate of Sri Lanka is mainly influenced by changes in air 
temperature, rainfall patterns, and extreme weather events [5]. Based on the ecological 
parameters (rainfall, soil type, and topography), Sri Lanka is divided into three agro-climatic 
zones: wet zone, intermediate zone, and dry zone. Agriculture in the dry zone is reported to 
be highly vulnerable to the impacts of climate change. Dry zone farmers have recently faced 
numerous challenges due to changes in the rainfall pattern, drought, and flood incidents 
which are additional challenges to dry zone agriculture. 
 
The rural smallholder food producers are severely affected by climate change as they have a 
low adaptive capacity to climate change [5]. Living in the dry zone have made these producers 
highly dependent on natural resources despite the other challenges such as small farm size, 
poor technology, low capitalization, poor infrastructure, and inadequate institutional support 
limit their capacity to adapt to climate change. 
 
Next to rice, the vegetable subsector is the most important sector in agriculture. As with rice, 
vegetables are cultivated throughout the country and a large number of farmers are engaged 
in vegetable cultivation. It contributes around 7.2% to total agricultural production, which is 
around 0.5% of the GDP in Sri Lanka [4]. Main vegetables grown in Sri Lanka can be classified 
into two categories such as up- country vegetable and low-country vegetable. Up-country 
vegetables are mainly cultivated in the central part of the country and low-country vegetables 
are cultivated low land area in dry zone. Major vegetable producing districts are Nuwara- Eliya, 
Badulla, Kandy, Matale, Kurunegala and Anuradhapura. These districts contribute more than 
50% to the total vegetable production in the country.  
 
One of the major problems faced by the vegetable farmers in dry zone is the gradual reduction 
of their Yala season vegetable production. [5] mentioned that vegetable production dropped 
by 9.1 % to 1.5 million metric tons in 2017. Production of low-country and up-country 
vegetables decreased considerably due to adverse weather condition that prevailed 
throughout the year. 
 
Anuradhapura is a district which is located in the North Central province of Sri Lanka. Among 
the land use in Anuradhapura 19% used for vegetable cultivation. There are about 15000 
numbers of small holders in Anuradhapura district. Anuradhapura district is selected because 
it is one of the major low country vegetable cultivation districts in the country. According to 
the census data, Yala season low country vegetable production in Anuradhapura district 
gradually decreased during 2001- 2015 years. Rainfall pattern and temperature are major 
climatic factors which affect vegetable production. Meteorological department data 
highlighted the fluctuation of rainfall amount and pattern in past 20 years which is negatively 
affecting the vegetable farmers in Anuradhapura district.  
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Actions taken to moderate, cope, or take advantage of experienced or anticipated changes in 
climate are called climate adaptation. Adverse effects of climate change can be greatly 
reduced due to the proper implementation of adaptation strategies. Some examples of 
adaptation strategies are planting according to rainfall variability, using micro-irrigation, crop 
diversification, using improved crop varieties, soil conservation, and deducing irrigation depth 
[5].  The use of climate-smart agricultural practices depends on several factors such as 
perception, socioeconomic factors, and perceived difficulty of adoption. However, in Sri 
Lanka, studies on factors affecting the adoption of climate-smart agricultural practices are 
lacking [5].  
 
Adaptation to the adverse impacts of climate change is necessary. Socio-economic, cultural, 
political, institutional, geographical, and ecological factors influence adaptation [6]. Further, 
the perception of farmers on climate change is very important for adapting to the impacts of 
climate change [7]. There is a strong relationship between climate change perception and the 
degree to which climate-induced risks and opportunities affect the farmers and their 
livelihoods. Adoption to adaptation strategies largely depends on the perception of farmers 
towards climate change [8]. The perception which is related to experiences of natural and 
environmental factors varies individually. Even the perceptions of climate change are not 
necessarily consistent with measurable reality; they are involved to adequately reflect real 
challenges. However, no adaptation or maladaptation is the result due to misconceptions 
about climate change and its associated risks and accordingly increasing the negative impact 
of climate change. 
 
However, in Sri Lanka, studies on factors affecting the adoption of climate-smart agricultural 
practices are lacking [5].  Identifying factors affecting adoption is important to make 
implementation plans and to develop policies. This study investigated how these drivers 
ƛƴƅǳŜƴŎŜ ŦŀǊƳŜǊǎΩ ŘŜŎƛǎƛƻƴ-making concerning climate change adaptation. Understanding the 
relative importance of these factors will help farmers easily employ viable adaptation 
practices and to overcome crop production constraints. 
 
¢ƘŜ ƎŜƴŜǊŀƭ ƻōƧŜŎǘƛǾŜ ƻŦ ǘƘƛǎ ǎǘǳŘȅ ǿŀǎ ǘƻ ŀǎǎŜǎǎ ǘƘŜ ŘǊƛǾŜǊǎ ƻŦ ŦŀǊƳŜǊǎΩ ŎƘƻƛŎŜ ŦƻǊ ŀŘŀǇǘŀǘƛƻƴ 
practices for climate change in the Anuradhapura District. This main objective was divided into 
three sub-objectives as identifying and characterizing adaptation strategies employed by 
smallholder farmers to manage the adverse effects of climate change, to determine the 
fŀŎǘƻǊǎ ǘƘŀǘ ƛƴŦƭǳŜƴŎŜ ǎƳŀƭƭƘƻƭŘŜǊ ŦŀǊƳŜǊǎΩ ŎƘƻƛŎŜ ƻŦ ŀŘŀǇǘŀǘƛƻƴΣ ŀƴŘ ǘƻ ƛŘŜƴǘƛŦȅ ƭƛƳƛǘŀǘƛƻƴǎ 
for adopting climate smart agricultural practices. 
 

Methodology 
Profile of the study area 
This study was carried out in Anuradhapura district which is the largest administrative district 
in Sri Lanka. Anuradhapura district contributes to low country vegetable production in a wider 
extent and is more vulnerable to climate change impacts than other vegetable growing 
districts. The district is located at 350km North the capital of the country. Anuradhapura has 
two distinct seasons including a long dry season (March-October) and a rainy season 
(November to February). Further, the rainfall pattern makes two distinct cropping seasons: 
Yala and Maha. Maha is the main cultivation season in Anuradhapura and Yala is the subsidiary 
cultivation season [9]. The average annual temperature is 26.5 °C | 79.7 °F and the average 
annual rainfall is 1255 mm | 49.4 inch. Compared to other administrative districts in Sri Lanka, 
Anuradhapura has more extreme weather events such as droughts. This study was conducted 
in three divisional secretariat divisions in Anuradhapura district: Galenbidunuwewa, 
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Medawachchiya and Thambuththegama which are identified as the most vulnerable divisions 
for climate change.  
 

Sampling procedure 
Target population of this study was smallholder vegetable farmers in Anuradhapura district. 
Multi-Stage sampling techniques which included a combination of sampling techniques was 
used to select GN divisions (lowest level administrative units) and farmers. In the first stage, 
based on the data of high vulnerability areas to climate change 3 Divisional Secretariat 
Divisions (DSD) were selected purposively.  In the second stage five Agrarian Service divisions 
(ASD) were selected from the above three DSD randomly. The third stage involved random 
selection of three GN divisions in each selected ASD. Accordingly, 15 GN divisions were 
selected. Ten vegetable farmers were randomly selected from the list of farmers in each 
chosen GN division. Totally, 150 respondents were used for the study.  
 

Data collection methods 
This study employed both primary and secondary data collected from quantitative data 
collection methods. Primary data were mainly gathered by a field survey using a pre-tested 
structured questionnaire. The questionnaire was pre-tested using ten respondents for validity 
and appropriateness. Based on the limitations identified at the pre-test, the questionnaire 
was modified and revised before the actual interviews. The questionnaire consisted of five 
main sections. The first section of the questionnaire focused on the general and socio-
economic characteristics of the farmers. The second section asked questions about the access 
to climate/weather information. The third section of the questionnaire collected information 
about perception about climate change. The fourth and fifth sections asked questions about 
ŦŀǊƳŜǊǎΩ ŀŘŀǇǘŀǘƛƻƴ ƻǇǘƛƻƴǎ ŀƴŘ ƭƛƳƛǘŀǘƛƻƴǎ Ŧƻr adaptation respectively. Include the 
questionnaire and refer to it. Both published and unpublished data sources were used to 
collect secondary data such as government department, books, web sites and journal articles. 
Data related to climate change in Anuradhapura district, data on annual rainfall, maximum 
and minimum temperature were collected from the Department of Meteorology, Sri Lanka. 

Descriptive data analysis 
Demographic and socio-economic data of this study are presented as descriptive statistics 
such as frequency, percentage, graphs, figures and tables. For these analysis Microsoft excel 
2010 and Statistical Package for Social Sciences (SPSS) were mainly used.  
 

Econometric analysis of data 

Multiple linear regression model 
Multiple linear regression model was used to determine the factors that influence smallholder 
ŦŀǊƳŜǊǎΩ ŎƘƻƛŎŜ ƻŦ ŀŘŀǇǘŀǘƛƻƴ ŀƴŘ ōŀǊǊƛŜǊǎΦ The linear regression model can be expressed as 
follows; 

╨░ ♫ ♫╧ ♫╧ ♫╧ ♫╧ ♫╧ ♫╧ ♫╧ ♫╧ ♫╧
♫ ╧ ♫ ╧ ♫ ╧ ♫ ╧ ♫ ╧ ▄  

╨░  number of adaptation strategies (dependent variables) 

♫  Intercept 

♫ ȣȣȢȢ♫  = regression coefficients 

╧ ȣȣȢ╧  = gender, age, marital status, household size, education level, employment, 
farming experience, distance to input market, distance to output market, land ownership, 
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farm income, extension contact, organization membership and getting credit (independent 
variables) 
 
▄ = error terms 

Climate data analysis 
Trends of rainfall and temperature in Anuradhapura district during last decade (1997-2017) 
were analyzed using descriptive statistical methods. 
 
 

Results and Discussion 

Socio-economic characteristics of respondents 
Descriptive results revealed that majority (81%) of the respondents were male while 19% were 
female respondents. This implies that both male and female respondents are engaged in 
vegetable production in the area. Normally male headed households can be seen than female 
headed households in Sri Lanka and therefore, male dominated agriculture is normal 
assumption. Further, it revealed that higher contribution of smallholder vegetable production 
was given by male farmers while some female farmers were interested to vegetable 
cultivation in small scale level in Anuradhapura district. The mean age of respondents was 50 
years. Monthly income from farming varied between LKR. 500,000.00 and LKR. 4,000.00. The 
mean farming experience of farmers was 22 years. Majority (71%) of the respondents have 
completed secondary education. More than half of the respondents (78%) totally depend on 
agriculture as fulltime farmers while only 22% were part time farmers.   

Perception of farmers on climate change 
On a dichotoƳƻǳǎ ǎŎŀƭŜ όάȅŜǎκƴƻέ ǊŜǎǇƻƴǎŜύ ǘƘŜ ǊŜǎǇƻƴŘŜƴǘǎ ǿŜǊŜ ŀǎƪŜŘ ǘƻ ǎǘŀǘŜ ǿƘŜǘƘŜǊ ƻǊ 
not they had experienced changes in the climate within the past 20 years. After their response, 
the respondents were again asked their perceived experience with six climate change effects 
in Sri Lanka to which they could state their experience as decrease, increase or no change. The 
results in Figure 1 shows that the majority of the respondents (74%) perceived that amount 
of rainfall has changed during main rainy seasons while about 52% of respondents have 
observed a change in the onset of rainfall during last few years. About 49% of respondents 
expressed that recurrence of drought increased with time. As noted by [10] agricultural 
production is particularly vulnerable to irregular or extreme conditions of climate such as 
ƳƻǊŜ ŦǊŜǉǳŜƴǘ ŘǊƻǳƎƘǘǎ ŀƴŘ ŘŜǾƛŀǘƛƻƴǎ ŦǊƻƳ άƴƻǊƳŀƭέ ƎǊƻǿƛƴƎ ǎŜŀǎƻƴ ŎƻƴŘƛǘƛƻƴǎΦ 
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Figure 1. Self-reported experience of climate change  

 
Perceptions on the trend of rainfall and temperature in the past 20 years 
According to the Table 1, more than half (64%) of the respondents perceived that there was 
an increasing trend of rainfall during past 20 years. Few numbers (26%) of respondents 
mentioned that rainfall was fluctuating while only 4% of respondent perceptions were it was 
constant. The majority of the (56%) respondents mentioned that temperature was increasing 
with time and 35% of respondent ideas were temperature has been fluctuating during period.  
 

Table 1. Perceived changes in temperature and rainfall during last 20 years 

Climatic 
event 

Percentage (%) Respondents indicating their experience over the last 20 
years 

 Increasing Decreasing Fluctuating Constant No idea 

Temperature 56 0 35 7 2 

Rainfall 64 0 26 4 6 

 
Majority of the respondents indicated that they had experienced an increase in the 
temperature and rainfall in their areas during the last 20 years. This is evident that farmers in 
the area have taken adaptive measures to overcome the changes in climate over the last 
twenty years.  
 

Trend of rainfall in Anuradhapura district during last two decades 
¢ƻ ǾŜǊƛŦȅ ǊŜǎǇƻƴŘŜƴǘǎΩ ǇŜǊŎŜǇǘƛƻƴǎ ǊŜƎŀǊŘƛƴƎ ǘƘŜ ǊŀƛƴŦŀƭƭ ŀƴŘ ǘŜƳǇŜǊŀǘǳǊŜΣ ŀƴƴǳŀƭ ǊŀƛƴŦŀƭƭ 
data for the last 20 years were obtained from the Meteorological Department of Sri Lanka for 
Anuradhapura district and presented in Figures 2 and 3. Trend   distribution of   annual rainfall 
in Anuradhapura district observed an increasing trend. According to the Figure 2, during 2005, 
2009, 2013 and 2016 annual rainfall has decreased. Rainfall has gradually increased from 2013 
to 2014 while it has decreased drastically in 2016 year. 
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Trend of temperature in Anuradhapura district during last two decades 
As for temperature, an increasing   trend was observed during 1998- 2017 years. In 1999, 
temperature has drastically reduced. After that it shows fluctuating results up to 2005. From 
2006 to 2008, temperature was decreased and temperature was lowest in 2008. 
 

 

Figure 3. Trend of mean temperature in Anuradhapura district  

Adaptation strategies adopted by smallholder vegetable farmers 
An Adaptation Strategy Index was (ASI) developed to assess different adaptation strategies 
used by farmers which held relative importance to others as suggested by [11]. The 
respondents were given different adaptation strategies and were asked to grade through a 
four-point rating scale to rate the importance of each strategy to their cultivation. Following 
index formula used by [11] & [12]  was used to calculate the relative importance of adaptation 
strategies.  

 

 

Figure 2. Trend of annual rainfall in Anuradhapura district  
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ASI = ASn × 0+ ASl × 1 + ASm × 2+ASh × 3 

ASI = Adaptation Strategy Index 

ASn = Frequency of farmers rating adaptation strategy as having no importance 

ASl = Frequency of farmers rating adaptation strategy as having low importance 

ASm = Frequency of farmers rating adaptation strategy as having moderate importance 

ASh = Frequency of farmers rating adaptation strategy as having high importance 

 
According to the study, all respondents used at least one or more adaptation strategies to 
overcome the adverse effects of climate change impacts (Table 2). According to the results, 
mostly used adaptation strategies were crop rotation (84%); followed by more irrigation 
(77%), use of drought tolerant crop varieties (57%), mixed cropping (56%) and having trees 
for shading (53%). Avoidance of flood prone areas (17%), introduction of micro irrigation 
(15%), use of fertilizer (13%) and building trenches (11%) were the least adopted strategies. It 
further revealed that respondents combined different adaptation strategies to regulate its 
negative effects on their cultivation. The variation of adaptation strategies used by the 
respondents may be due to difference in their socio-economic conditions and available 
information regarding that strategy. 
 
According to the observations and focus group discussions had with the respondents, it was 
noted that the crop management strategies used by the respondents in the area were crop 
rotation, mixed cropping, use of drought tolerant crop varieties, change of planting date, 
having trees for shading, shifting of harvesting period and planting of cover crops. Even though 
farmers practice crop rotation as an adaptation strategy to climate change but only a few 
farmers had a wide knowledge of the benefits of the crop rotation such as increasing soil 
nutrients, increasing yield, reducing the spread of pest and diseases in the growing season. 
Respondents used drought tolerant crop varieties like cassava, green gram, cowpea and maize 
to reduce their vulnerability to climate change in drought prone areas. In addition, some 
farmers have changed varieties of vegetables with high market demand in place of new hybrid 
ones that are resistant to drought and pest and diseases. Further the respondents also 
mentioned that they preferred short term varieties over long term varieties due to less 
probability to suffer from drought or flood and can get income in short time. It indicates that 
when selecting vegetable varieties farmers consider not only market advantages but also 
climate risk.  
 
Table 2. Climate change adaptation strategies adopted by respondents 

Adaptation strategy Frequency Percentage (%) 

Use drought tolerant crops 85 57 

Use organic fertilizer 19 13 

Mixed cropping 84 56 

Crop rotation 126 84 

Change of planting date 75 50 

Diversification to non-farm activities 49 33 

 ? trees for shading 80 53 

More irrigation 115 77 
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(Multiple responses) 

Ranked order of adaptation strategies to climate change (Adaptation Strategy Index) 
The ranking of different adaptation strategies to climate change as ranked by the respondents 
are presented in Table 3. Out of 14 adaptation strategies, crop rotation ranked the first and 
thus the most important. Practice of more irrigation was identified as the second-ranked 
adaptation strategy. This was seen as a viable method to increase the yield of production in 
places with poor rain and high occurrence of droughts. The third most important adaptation 
strategy as ranked by the respondents was the use drought tolerant crops. Building trenches 
and avoidance of flood prone areas were ranked as the least important adaptation strategies 
by the respondents. This is most likely due to rare occurrence of flood and water logging 
condition during vegetable production period. 
 
Table 3. Ranked order of the adaptation strategies to climate change 

 

Adaptation strategies categorization using weighted principle component analysis (WPCA) 
The weighted principal component analysis method was used to categorize similar adaptation 
strategies in this study. To make sure the indicators are standardized, suitable variables were 
chosen first. For this research, the extracting from the first component of PCA was used as the 
weights for the variables. The weighted value for each variable varied between -1 and +1 and 
their sign (+ or -) of the variables indicate the direction of relationship with other variables 
used to create the respective index. Finally, an adoption Index for each farmer was calculated. 

Mulching 68 45 

Planting of cover crops 22 15 

Shifting harvesting period 34 23 

Avoidance of flood prone areas 26 17 

Introduce micro irrigation 23 15 

Building trenches 16 11 

Adaptation  strategy Importance  Adaptation 
strategy 
index 

Rank 

high Medium low no 

Crop rotation 106 39 2 3 398 1 

Irrigation more 94 37 14 5 370 2 

Use drought tolerant crops 81 45 21 3 354 3 

Mixed cropping 57 43 23 27 280 4 

Mulching 50 49 28 23 276 5 

Put trees for shading 52 37 41 20 271 6 

Change of planting date 51 32 41 26 258 7 

Introduce micro irrigation 32 54 29 35 233 8 

Diversification to non-farm 
activities 

43 29 37 41 224 9 

Use organic fertilizer 27 36 43 44 196 10 

Shifting of harvesting period 16 31 63 40 173 11 

Planting of cover crops 19 16 53 62 142 12 

Building trenches 16 16 19 99 99 13 

Avoidance of flood prone areas 15 11 17 107 84 14 
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From the weighted principle component analysis, different principal components were 
extracted across all the climate variability stresses as presented in Table 4. Accordingly, five 
climate adaptation categories were identified namely; crop diversification, changing crop 
calendar, soil and water conservation, flood prevention and irrigation.  

Table 4. Climate adaptation categories according to the results of PCA 

 
9ŎƻƴƻƳŜǘǊƛŎ ŜǎǘƛƳŀǘƛƻƴ ƻŦ ŦŀŎǘƻǊǎ ƛƴŦƭǳŜƴŎƛƴƎ ǎƳŀƭƭƘƻƭŘŜǊ ǾŜƎŜǘŀōƭŜ ŦŀǊƳŜǊǎΩ ŀŘŀǇǘŀǘƛƻƴ ǘƻ 
climate change 
Multiple Linear Regression model was used to identify the factors affecting smallholder 
ǾŜƎŜǘŀōƭŜ ŦŀǊƳŜǊǎΩ ŀŘŀǇǘŀǘƛƻƴ ǘƻ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜΦ ¢ƘŜ ŎƻƴǘƛƴƎŜƴŎȅ ŎƻŜŦŦƛŎƛŜƴǘ ǘŜǎǘ ǿŀǎ ǳǎŜŘ 
first, to check collinearity among the independent variables. No correlation was diagnosed 
between the independent variables used in this study. Then, multiple linear regression model 
ǿŀǎ ŜƳǇƭƻȅŜŘ ǘƻ ŘŜǘŜǊƳƛƴŜ ǘƘŜ ŦŀŎǘƻǊǎ ǘƘŀǘ ƛƴŦƭǳŜƴŎŜ ǎƳŀƭƭƘƻƭŘŜǊ ǾŜƎŜǘŀōƭŜ ŦŀǊƳŜǊǎΩ ŎƘƻƛŎŜ 
of adaptation strategy to climate change effects with 14 explanatory variables. From the 
Multiple linear regression model, variables that are significant at less than or equal to 10% 
significance level are discussed as follows. 
 

Component Matrixa  

Adaptation 
Strategy Used 

Rotated Component Categorization 
1 2 3 4 5  

Use drought 
tolerant  
crop varieties 

 0.703    Crop 
Diversification 

Mixed cropping  0.611     

Crop rotation  0.662     
       
Change of planting 
date 
 

  0.566    
Changing crop 
calendar 

Shifting harvesting 
period 

  0.635    

       

Mulching 
Planting of cover 
crops 
Use organic 
fertilizer 
Put trees for 
shading 

0.703 
0.870 
 
0.560 
 
0.603 
 

     
 
Soil and water 
conservation 
 

 
Avoidance flood 
prone areas 
Building trenches 

    
  0.649 
 
0.797 

  
Flood 
prevention 
 

Irrigation more           
0.605 

 
Irrigation 
 

Introduce micro 
irrigation 

    0.681  

Extraction Method: Principal Component Analysis.  
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Gender of farmer: This variable significantly and positively affected use of soil and water 
conservation measures and use of irrigation practices as adaptation strategies. This implies 
that adoption of these strategies was more followed by male respondents than the female 
respondents [13] also found similar results. 

Age of farmer: The results show that age of farmer was positively and significantly (p<0.05) 
influence the of choice of crop diversification and soil and water conservation practices. It also 
revealed that the use of flood prevention strategy to minimize negative impacts of climate 
change has positive and significant (p>0.1) relationship with age of the farmers. This   implies 
that for every additional year in age of the household head, the probability of adapting to crop 
diversification and soil and water conservation is increased with   compared to adopting 
changing crop calendar, irrigation and off farm activities. 

Marital status: Marital status of respondents increases the probability of choosing irrigation 
practices against climate change impacts at 0.05 significance level (p<0.05). 
 
Household size: The finding of the regression model was negatively and significantly (p<0.1) 
related to the use of off-farm activities as an adaptation strategy. This implies that with the 
ƛƴŎǊŜŀǎƛƴƎ ǎƛȊŜ ƻŦ ǘƘŜ ŦŀƳƛƭȅΣ ǘƘŜ ǇǊƻōŀōƛƭƛǘȅ ƻŦ ŦŀǊƳŜǊǎΩ adoption of off farm activities 
decreases. It can be assumed that large family size is able to take up various adaptation 
strategies than small family size which are labor intensive.  
 
Employment: This positively and significantly (p<0.1) influenced farmeǊǎΩ ŘŜŎƛǎƛƻƴ ǘƻ ŀŘŀǇǘ ǘƻ 
off farm activities. This implies that being a full-time farmer increases the probability of 
adopting off farm activities. Because full time vegetable farmers who had already suffered 
from adverse effects of climate change, would have no motivation to on farm adaptation 
strategy.  

Years of farming experience: The coefficient of farming experience was significantly (p<0.05) 
and positively related to adoption of climate change adaptation measures using irrigation 
practices. The number of years one has spent in farming gives an indication of the practical 
knowledge he/she has acquired. Therefore, it could be assumed that highly experienced 
farmers tend to have more skills and knowledge in overcoming negative impacts of climate 
change. 
 
Distance to input market: This variable significantly (p<0.05) and negatively affect the use of 
soil and water conservation techniques. This could be due to the fact that better access to 
markets enables farmers to obtain information on climate change and other important inputs 
they may need if they are to change their practices to cope with predicted future climate risk 
[14]. 

Land ownership: The ownership of the land of the responder has positive and significant 
(p<0.1) impacts on the use of crop diversification practices as an adaptation strategy. This 
implies that if the farmer is the owner of the land there is a possibility of increasing the 
adoption of crop diversification practices such as the use of drought tolerant crop varieties, 
mixed cropping and crop rotation. 

Farm income: The results of the model indicated that farm income has positive and     
significant (p<0.05) impacts on adoption of irrigation practices. This is because when the main 
source of income in farming increase, farmers tend to apply micro irrigation practices such as 
drip irrigation and sprinkler irrigation. And also results shows that a negative relationship 
between farm income and choosing soil and water conservation techniques at 0.1% 
significance level. 



53 
 

Contact with agricultural extension: This positively and significantly (p<0.1) influenced 
ŦŀǊƳŜǊǎΩ ŘŜŎƛǎƛƻƴ ǘƻ ŀŘŀǇǘ ǘƻ ŎǊƻǇ ŘƛǾŜǊǎƛŦƛŎŀǘƛƻƴ ŀǎ ŀŘŀǇǘŀǘƛƻƴ ǘƻ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ŀƴŘ 
variability while it has negative and significant (p<0.05) relationship with soil and water 
conservation practices. With increased information on climate change and adaptation 
techniques, farmers would choose to adapt climate adaptation strategies. As noted by [15] , 
άŜȄǘŜƴǎƛƻƴ ǎŜǊǾƛŎŜǎ ǇǊƻǾƛŘŜ ƛƴŦƻǊƳŀƭ ǘǊŀƛƴƛƴƎ ǘƘŀǘ ƘŜƭǇǎ ǘƻ ǳƴƭƻŎƪ ǘƘŜ ƴŀǘǳǊŀƭ ǘŀƭŜƴǘǎ ŀƴŘ 
inherent enterprising qualities of the farmer, enhancing his ability to understand and evaluate 
ŀƴŘ ŀŘƻǇǘ ƴŜǿ ǇǊƻŘǳŎǘƛƻƴ ǘŜŎƘƴƛǉǳŜǎ ƭŜŀŘƛƴƎ ǘƻ ƛƴŎǊŜŀǎŜŘ ŦŀǊƳ ǇǊƻŘǳŎǘƛǾƛǘȅέΦ !ŎŎƻǊŘƛƴƎ ǘƻ 
the study, selected crop diversification practices were use of drought tolerant crop varieties, 
mixed cropping and crop rotation. This implies that   better awareness of these adaptation 
practices are needed to adopt them. Mulching, planting of cover crops, use organic fertilizer 
and shade trees were identified as soil and water conservation techniques used by the farmers 
through the study.  

Organization membership: Being a member of farmer organization negatively and 
significantly (p<0.05) influence the choice of adopting off farm activities. The possible reason 
could be that through farmer organization provide information on farming, credits and 
resources that can be used when adapting to climate change.  Education level of the farmer, 
distance to output market and availability of credit had no significant influence on adaptation 
to climate change. 
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Table 5. Multiple linear regression estimates for the choice of adaptation strategies 

 

*, **= significant at 10%, 5% significant level, respectively   

Abbreviations: Sig:  Significance Coe: coefficient

Variables Strategy 

Crop diversification Soil, water 
Conservation 

Changing 
crop calendar 

Flood prevention Irrigation 
practices 

Off farm 
activities 

Sig. Coe. Sig. Coe. Sig. Coe. Sig. Coe. Sig. Coe. Sig. Coe. 

Gender  0.49 -0.063 0.034 0.181 0.75 -0.029 0.83 0.02 0.085 0.149 0.32 0.091 

Age of farmer 0.01* 0.296 0.044 0.217 0.93 0.01 0.09 0.196 0.395 0.092 0.528 -0.072 

Marital status 0.84 -0.018 0.311 0.083 0.38 0.078 0.50 -0.059 0.043 -0.169 0.91 0.01 

Household size 0.29 0.097 0.661 -0.038 0.87 0.015 0.46 0.069 0.91 -0.01 0.062 -0.172 

Education level 0.15 0.13 0.615 0.042 0.46 0.068 0.54 -0.056 0.659 -0.038 0.237 0.107 

Employment 0.80 0.024 0.102 -0.15 0.43 -0.08 0.21 -0.126 0.892 0.013 0.067 0.181 

Experience of farmers 0.36 -0.106 0.279 -0.117 0.72 -0.043 0.45 -0.088 0.045* -0.221 0.904 0.014 

Distance to input market 0.589 0.16 0.039**  -0.569 0.404 -0.254 0.889 0.042 0.728 -0.097 0.338 0.281 

Distance to output market 0.227 -0.132 0.662 -0.044 0.124 -0.173 0.345 -0.105 0.678 -0.043 0.289 -0.115 

Land ownership 0.04* 0.18 0.414 -0.073 0.95 0.006 0.11 0.154 0.692 -0.036 0.608 -0.049 

Farm income 0.10 0.146 0.067 -0.154 0.33 -0.089 0.83 0.02 0.048**  0.169 0.81 0.021 

Extension contact 0.09*  0.158 0.002**  -0.278 0.787 0.026 0.664 -0.042 0 0.373 0.8 -0.024 

Organization membership 0.264 0.108 0.314 0.09 0.215 0.123 0.198 -0.127 0.117 -0.142 0.005**  -0.275 

Getting credit 0.544 0.053 0.128 -0.123 0.466 -0.065 0.716 0.032 0.881 0.012 0.999 0 
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Constraints to adopting climate smart agricultural practices 
To identify limitations for adopting climate smart agricultural practices Problem Confrontation 
Index (PCI) was used. This has been widely used in similar studies to identify and investigate 
factors that hinder or constrain adoption practice [11], [16-17]. The respondents were asked to 
rate their perception of each constraint on a four-Ǉƻƛƴǘ [ƛƪŜǊǘ ǎŎŀƭŜ ǊŀƴƎƛƴƎ ŦǊƻƳ άƴƻǘ ŀ ǇǊƻōƭŜƳέ 
ǘƻ άƘƛƎƘƭȅ ǇǊƻōƭŜƳŀǘƛŎέΦ 
 

PCI = Pn × 0 +P1 × 1 + Pm × 2 + Ph × 3 

 
PCI = Problem Confrontation Index  
Pn = Number of respondents who graded the constraint as no problem  
Pl = Number of respondents who graded the constraint as low 
Pm = Number of respondents who graded the constraint as moderate 
Ph = Number of respondents who graded the constraint as high. 
 

Table 6. Ranked of the constraints faced by respondents 

 

Table 6 summarizes the problems identified by respondents which constrain the adoption of 
climate smart agricultural practices. A ranking of the problems was conducted using a Problem 
Confrontation Index (PCI) with a PCI value of 350Φ  High cost of farm input was ranked first and 
seems to be the most critical problem of the respondents in the region studied in terms of 

Constraints to adoption Degree of constraints PCI Rank 

High moderate Low no 
problem 

High cost of farm input 68 66 14 2 350 1 

Lack of irrigation water 61 42 30 16 297 2 

 
Poor awareness of 
adaptation practices 

 
45 

 
60 

 
17 

 
28 

 
272 

 
3 

Less profit 23 89 17 21 264 4 

Limited access to agricultural 
markets 

28 58 22 42 222 5 

 
Lack of access to timely 
weather information 

 
29 

 
41 

 
35 

 
45 

 
204 

 
6 

 
Limited access to agricultural 
extension officers 

 
27 

 
38 

 
26 

 
59 

 
183 

 
7 

 
Poor health 

 
35 

 
29 

 
19 

 
67 

 
182 

 
8 

Inadequate farm labors 17 37 36 60 161 9 

Lack of access to credit 
facilities 

20 36 24 70 156 10 

Limited farm size 14 40 32 64 154 11 
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adoption of climate change adaptation strategies. Lack of irrigation water was ranked as the 
second most critical problem faced by the respondents. Poor awareness of adaptation practices, 
less profit and limited access to agricultural market were ranked the third, fourth and fifth most 
suffering problems, respectively. Additionally, the respondents also considered lack of timely 
weather information, limited access to agricultural extension officers and poor health as moderate 
constraints, while inadequate farm labors, lack of access to credit facilities as and limited farm size 
were the lowest constraints. 
 

Conclusions 
The results this study show that the majority of the farmers have experienced a change in the 
climate for the last two decades in terms of extended dry periods and declining rainfall. As a result 
of that the vegetable production of the area has been severely affected and the farmers have 
been practicing several adaptation strategies to overcome the negative impacts of climate change 
for their cultivation. Mostly used adaptation strategies by the farmers were crop rotation, 
irrigation and use of drought tolerant crop varieties while micro irrigation and use of trenches 
were the least used adaptation strategies in the area. Choice of an adaptation strategy is affected 
ōȅ ǾŀǊƛƻǳǎ ŦŀŎǘƻǊǎ ǎǳŎƘ ŀǎ ŦŀǊƳŜǊǎΩ ƎŜƴŘŜǊΣ ŀƎŜ ƻŦ ǘƘŜ ŦŀǊƳŜǊΣ ŦŀǊƳƛƴƎ ŜȄǇŜǊƛŜƴŎŜΣ ƛƴŎƻƳŜΣ ƭŀƴŘ 
ownership, contact with Extension agents and distance to market.  
 

Recommendation 
The study recommends strengthening agricultural extension services, providing irrigation facilities 
and promoting rural micro-finance institutions to facilitate choosing appropriate adaptation 
strategies. Moreover, analysis of adaptation practices and constraints at farmer level will help 
facilitate government policy implementation. Programs on climate adaptation strategies should 
consider the heterogeneity of the population and develop tailored programs meeting the diverse 
needs of different population segments. Further, future government policies need to focus on 
ǎǘǊŜƴƎǘƘŜƴƛƴƎ ǎƳŀƭƭƘƻƭŘŜǊ ŦŀǊƳŜǊǎΩ ŀŘŀǇǘŀǘƛƻƴ ŎŀǇŀŎƛǘȅ ǘƘǊƻǳƎƘ ǇǊƻǾƛŘƛƴƎ ŀŎŎŜǎǎ ǘƻ ŎƭƛƳŀǘŜ 
related information. 
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{ǳǎǘŀƛƴŀōƭŜ [ƛǾŜƭƛƘƻƻŘǎ ƻŦ !ƎǊŀǊƛŀƴ /ƻƳƳǳƴƛǝŜǎ ƛƴ ŀ /ƘŀƴƎƛƴƎ 
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Abstract 
¢Ƙƛǎ ŎƘŀǇǘŜǊ ŜȄǇƭƻǊŜǎ ŀƎǊŀǊƛŀƴ ŎƻƳƳǳƴƛǝŜǎϥ ŎƘŀƭƭŜƴƎŜǎ ŀƴŘ ŀŘŀǇǝǾŜ ǎǘǊŀǘŜƎƛŜǎΣ ŜȄǇƭƛŎƛǘƭȅ ŦƻŎǳǎƛƴƎ 
ƻƴ ǊƛŎŜ ŦŀǊƳŜǊǎ ƛƴ ǘƘŜ ŘǊȅ ȊƻƴŜ ƻŦ {Ǌƛ [ŀƴƪŀ ƛƴ ǘƘŜ ŦŀŎŜ ƻŦ ŀ ŎƘŀƴƎƛƴƎ ŎƭƛƳŀǘŜΦ ¢ƘŜ ŎƘŀǇǘŜǊ ǳǎŜǎ ǘƘŜ 
{ǳǎǘŀƛƴŀōƭŜ [ƛǾŜƭƛƘƻƻŘ CǊŀƳŜǿƻǊƪ ό{[Cύ ŀǎ ŀ ŎƻƴŎŜǇǘǳŀƭ ƭŜƴǎ ǘƻ ƘƛƎƘƭƛƎƘǘ ǘƘŜ ƛƴǘŜǊǇƭŀȅ ƻŦ ǾŀǊƛƻǳǎ 
ƭƛǾŜƭƛƘƻƻŘ ŀǎǎŜǘǎΣ ƛƴŎƭǳŘƛƴƎ ƘǳƳŀƴΣ ƴŀǘǳǊŀƭΣ ǎƻŎƛŀƭΣ ŬƴŀƴŎƛŀƭΣ ŀƴŘ ǇƘȅǎƛŎŀƭ ŀǎǎŜǘǎΣ ƛƴ ǎƘŀǇƛƴƎ 
ǊŜǎƛƭƛŜƴŎŜ ŀƴŘ ǎǳǎǘŀƛƴŀōƛƭƛǘȅΦ ¢ƘŜ ŎƘŀǇǘŜǊ ŜƳǇƘŀǎƛȊŜǎ ƛƴǘŜƎǊŀǝƴƎ ǘǊŀŘƛǝƻƴŀƭ ƪƴƻǿƭŜŘƎŜ ǿƛǘƘ 
ƳƻŘŜǊƴ ǘŜŎƘƴƻƭƻƎƛŎŀƭ ƛƴǘŜǊǾŜƴǝƻƴǎ ǘƻ ŦƻǎǘŜǊ ŎƭƛƳŀǘŜ ǊŜǎƛƭƛŜƴŎŜΦ Lǘ ƘƛƎƘƭƛƎƘǘǎ Ǿƛǘŀƭ ǎǘǊŀǘŜƎƛŜǎΣ 
ƛƴŎƭǳŘƛƴƎ ŎƻƳƳǳƴƛǘȅπōŀǎŜŘ ŀŘŀǇǘŀǝƻƴ ƛƴƛǝŀǝǾŜǎΣ ƛƴǘŜƎǊŀǝƴƎ ƭƻŎŀƭ ƪƴƻǿƭŜŘƎŜΣ ŎŀǇŀŎƛǘȅ ōǳƛƭŘƛƴƎΣ 
ŜŀǊƭȅ ǿŀǊƴƛƴƎ ǎȅǎǘŜƳǎΣ ŎƭƛƳŀǘŜπǊŜǎƛƭƛŜƴǘ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ŘŜǾŜƭƻǇƳŜƴǘΣ ƭƛǾŜƭƛƘƻƻŘ ŘƛǾŜǊǎƛŬŎŀǝƻƴΣ 
ƴŀǘǳǊŀƭ ǊŜǎƻǳǊŎŜ ƳŀƴŀƎŜƳŜƴǘΣ ŀƴŘ ƛƳǇƭŜƳŜƴǝƴƎ ŬƴŀƴŎŜ ŀƴŘ ŎǊƻǇ ƛƴǎǳǊŀƴŎŜ ƳŜŎƘŀƴƛǎƳǎΦ ¢ƘŜ 
ŎƘŀǇǘŜǊ ŀƭǎƻ ǎǘǊŜǎǎŜǎ ǘƘŜ ƛƳǇƻǊǘŀƴŎŜ ƻŦ ŎƻƭƭŀōƻǊŀǝǾŜ ŜũƻǊǘǎ ƛƴǾƻƭǾƛƴƎ bDhǎΣ ƎƻǾŜǊƴƳŜƴǘ ŜƴǝǝŜǎΣ 
ŀƴŘ ǇǊƛǾŀǘŜ ǎŜŎǘƻǊ ƛƴǎǝǘǳǘŜǎ ƛƴ ŀƳǇƭƛŦȅƛƴƎ ǘƘŜ ƛƳǇŀŎǘ ƻŦ ǘƘŜǎŜ ǎǘǊŀǘŜƎƛŜǎΦ 5ǊŀǿƛƴƎ ƻƴ ŜƳǇƛǊƛŎŀƭ 
ǊŜǎŜŀǊŎƘ ŀƴŘ ŎŀǎŜ ǎǘǳŘƛŜǎΣ ǘƘŜ ŎƘŀǇǘŜǊ ƻũŜǊǎ ŀ ŎƻƳǇǊŜƘŜƴǎƛǾŜ ƻǾŜǊǾƛŜǿ ƻŦ ǘƘŜ ŀŘŀǇǝǾŜ ƳŜŀǎǳǊŜǎ 
ŜƳǇƭƻȅŜŘ ōȅ ǊƛŎŜ ŦŀǊƳŜǊǎ ƛƴ ǘƘŜ ŘǊȅ ȊƻƴŜΣ ŜƳǇƘŀǎƛȊƛƴƎ ǘƘŜ ƴŜŜŘ ŦƻǊ ŎƻƴǘŜȄǘπǎǇŜŎƛŬŎΣ ƛƴǘŜƎǊŀǘŜŘΣ 
ŀƴŘ ŎƻƭƭŀōƻǊŀǝǾŜ ŀǇǇǊƻŀŎƘŜǎΦ ¢ƘŜ ƛƴǎƛƎƘǘǎ ǇǊƻǾƛŘŜŘ ǎŜǊǾŜ ŀǎ ŀ ǾŀƭǳŀōƭŜ ǊŜŦŜǊŜƴŎŜ ŦƻǊ ǎƛƳƛƭŀǊ 
ŀƎǊŀǊƛŀƴ ŎƻƳƳǳƴƛǝŜǎ ǿƻǊƭŘǿƛŘŜΣ ƴŀǾƛƎŀǝƴƎ ǘƘŜ ŎƘŀƭƭŜƴƎŜǎ ƻŦ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ǘƻ ŜƴǎǳǊŜ 
ǎǳǎǘŀƛƴŀōƭŜ ƭƛǾŜƭƛƘƻƻŘǎΦ 

 

Keywords: Climate change, Community-based adaptation, Sustainable Livelihood Framework, 

Resilience, Sustainability  

 

 

 

 

 

 

 

 

 

_________________________________ 
Department of Agricultural Systems, Faculty of Agriculture, Rajarata University of Sri Lanka 
* Corresponding author: amilalanka@agri.rjt.ac.lk 

CHAPTER 4 Agriculture and Livestock  

mailto:amilalanka@agri.rjt.ac.lk


60 
 
 

LƴǘǊƻŘǳŎǝƻƴ 
/ƭƛƳŀǘŜΣ ǿƘƛŎƘ ǊŜŦŜǊǎ ǘƻ ǘƘŜ ǘȅǇƛŎŀƭ ǿŜŀǘƘŜǊ ǇŀǧŜǊƴǎ ƛƴ ŀ ǇŀǊǝŎǳƭŀǊ ŀǊŜŀ ƻǾŜǊ ŀ ŘŜŬƴŜŘ ǇŜǊƛƻŘΣ 
ǎƛƎƴƛŬŎŀƴǘƭȅ ƛƴƅǳŜƴŎŜǎ ǘƘŜ ŎƘŀǊŀŎǘŜǊƛǎǝŎǎ ƻŦ ŘƛǾŜǊǎŜ ǊŜƎƛƻƴǎ ƛƴ {Ǌƛ [ŀƴƪŀ ώмϐΣ ώнϐΦ ¢ƘŜ ƛǎƭŀƴŘ ƛǎ 
Ƴŀƛƴƭȅ ŘƛǾƛŘŜŘ ƛƴǘƻ ǘƘǊŜŜ Ƴŀƛƴ ŎƭƛƳŀǝŎ ȊƻƴŜǎΥ ǘƘŜ ²Ŝǘ ½ƻƴŜΣ ǘƘŜ 5Ǌȅ ½ƻƴŜΣ ŀƴŘ ǘƘŜ LƴǘŜǊƳŜŘƛŀǘŜ 
½ƻƴŜΦ ¢ƘŜ ŘǊȅ ȊƻƴŜΣ ǿƘƛŎƘ ŎƻǾŜǊǎ ŀōƻǳǘ ǘǿƻπǘƘƛǊŘǎ ƻŦ ǘƘŜ ƛǎƭŀƴŘΣ ƛǎ ǎŜƳƛπŀǊƛŘ ŀƴŘ ŎƘŀǊŀŎǘŜǊƛȊŜŘ ōȅ 
ǎŜŀǎƻƴŀƭ ŎƘŀƴƎŜǎΦ Lǘǎ ŘƛǎǝƴŎǘ ŦŜŀǘǳǊŜǎΣ ǎǳŎƘ ŀǎ ŀƴŎƛŜƴǘ ǘŀƴƪǎΣ ǊŜƅŜŎǘ ŀ ǊƛŎƘ ƘƛǎǘƻǊȅ ƛƴ ŀƎǊƛŎǳƭǘǳǊŜ 
ώоϐΣ ώпϐΦ ¢ƘŜ ƴƻǊǘƘŜŀǎǘ Ƴƻƴǎƻƻƴ ƭŀǊƎŜƭȅ ǎƘŀǇŜǎ ǘƘƛǎ ǊŜƎƛƻƴϥǎ ŎƭƛƳŀǘŜΣ ƭŜŀŘƛƴƎ ǘƻ ŀ ǎǇŜŎƛŬŎ Ǌŀƛƴȅ 
ǎŜŀǎƻƴ ŦǊƻƳ hŎǘƻōŜǊ ǘƻ WŀƴǳŀǊȅ ŀƴŘ ŀ ƭƻƴƎ ŘǊȅ ǇŜǊƛƻŘ ŦǊƻƳ aŀȅ ǘƻ {ŜǇǘŜƳōŜǊΣ ǳƴƭƛƪŜ ǘƘŜ ƳƻǊŜ 
ǊŜƎǳƭŀǊ ǊŀƛƴŦŀƭƭ ƛƴ ǘƘŜ ²Ŝǘ ½ƻƴŜ ώрπуϐΦ Lƴ ŎƻƴǘǊŀǎǘ ǘƻ ǘƘŜ ǎŜƳƛπŀǊƛŘ ŎƭƛƳŀǘŜ ƻŦ ǘƘŜ ŘǊȅ ȊƻƴŜΣ ǘƘŜ ǿŜǘ 
ȊƻƴŜ ƛƴ ǘƘŜ ǎƻǳǘƘǿŜǎǘŜǊƴ ǊŜƎƛƻƴΣ ǘƘŜ ŎŜƴǘǊŀƭ Ƙƛƭƭ ǊŜƎƛƻƴΣ ŀƴŘ ǘƘŜ ƛƴǘŜǊƳŜŘƛŀǘŜ ȊƻƴŜ ǎǳǊǊƻǳƴŘƛƴƎ 
ǘƘŜ ŎŜƴǘǊŀƭ Ƙƛƭƭǎ ƻũŜǊ ŘƛũŜǊŜƴǘ ŎƭƛƳŀǝŎ ŎƻƴŘƛǝƻƴǎΦ ¢ƘŜ ŘǊȅ ȊƻƴŜϥǎ ǊŜƭŀǝǾŜƭȅ ƘƛƎƘ ǘŜƳǇŜǊŀǘǳǊŜǎ ŀƴŘ 
ƭƻǿ ƘǳƳƛŘƛǘȅ ŎƻƴǘǊŀǎǘ ǿƛǘƘ ǘƘŜ ƘǳƳƛŘ ǎƻǳǘƘ ŀƴŘ ǿŜǎǘ ƻŦ {Ǌƛ [ŀƴƪŀΦ Lǘǎ ǘǊƻǇƛŎŀƭ ƳƛȄŜŘ ŜǾŜǊƎǊŜŜƴ 
ŀƴŘ ǘƘƻǊƴ ŦƻǊŜǎǘǎ ŀŘŘ ǘƻ ǘƘŜ ŜŎƻƭƻƎƛŎŀƭ ǾŀǊƛŜǘȅ ώнϐΣώпϐΣώрϐΦ ¢ƘŜ ŎƭƛƳŀǘŜ ƛƴ ǘƘŜ ŘǊȅ ȊƻƴŜ Ƙŀǎ 
ǎƛƎƴƛŬŎŀƴǘƭȅ ƛƳǇŀŎǘŜŘ ƛǘǎ ŦŀǊƳƛƴƎ ƳŜǘƘƻŘǎ ǘƘǊƻǳƎƘƻǳǘ ƘƛǎǘƻǊȅΦ !ǊŎƘŀŜƻƭƻƎƛŎŀƭ ŜǾƛŘŜƴŎŜ ǊŜǾŜŀƭǎ 
ŎƻƳǇƭŜȄ ƛǊǊƛƎŀǝƻƴ ǎȅǎǘŜƳǎ ƻǾŜǊ ǘǿƻ ǘƘƻǳǎŀƴŘ ȅŜŀǊǎ ƻƭŘΣ ǎƘƻǿƛƴƎ Ƙƻǿ ǇŜƻǇƭŜ ƘŀǾŜ ŀŘŀǇǘŜŘ ǘƻ ǘƘŜ 
ŎƭƛƳŀǘŜ ǘƘŜǊŜΦ ¢ƘŜǎŜ ŀƴŎƛŜƴǘ ǎȅǎǘŜƳǎ ǳƴŘŜǊǎŎƻǊŜ ǘƘŜ ŀǊŜŀϥǎ ǎǘǊƻƴƎ ŀƎǊƛŎǳƭǘǳǊŀƭ ōŀŎƪƎǊƻǳƴŘ ŀƴŘ 
ǊŜƭƛŀƴŎŜ ƻƴ Ƴƻƴǎƻƻƴ Ǌŀƛƴǎ ŦƻǊ ǎǳŎŎŜǎǎŦǳƭ ŦŀǊƳƛƴƎ ώмлϐΣώсϐΦ IƻǿŜǾŜǊΣ ǘƘƛǎ ƘƛǎǘƻǊƛŎŀƭƭȅ ŀŘŀǇǝǾŜ 
ŀƎǊƛŎǳƭǘǳǊŀƭ ǎȅǎǘŜƳ ƴƻǿ ŦŀŎŜǎ ǳƴǇǊŜŎŜŘŜƴǘŜŘ ŎƘŀƭƭŜƴƎŜǎ ŘǳŜ ǘƻ ŜƳŜǊƎƛƴƎ Ǝƭƻōŀƭ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ 
ǇŀǧŜǊƴǎΦ 
 
! ƴƻǝŎŜŀōƭŜ ǎƘƛƊ ǘƻǿŀǊŘǎ ƳƻǊŜ ŜȄǘŜƴŘŜŘ ŘǊƻǳƎƘǘǎΣ ƛƴŎƻƴǎƛǎǘŜƴǘ ǊŀƛƴŦŀƭƭΣ ŀƴŘ ƛƴŎǊŜŀǎŜŘ ƛƴǎǘŀƴŎŜǎ 
ƻŦ ŜȄǘǊŜƳŜ ǿŜŀǘƘŜǊΣ ǎǳŎƘ ŀǎ ŘǊƻǳƎƘǘǎ ŀƴŘ ƅŀǎƘ ƅƻƻŘǎΣ ƳŀǊƪǎ ŀ ŘŜǾƛŀǝƻƴ ŦǊƻƳ ǘƘŜ ǘǊŀŘƛǝƻƴŀƭƭȅ 
ǊŜƭƛŀōƭŜ Ƴƻƴǎƻƻƴ ŎȅŎƭŜǎ ƛƳǇƻǊǘŀƴǘ ŦƻǊ ŦŀǊƳƛƴƎ ώмнπмоϐΦ ¦ƴǇǊŜŘƛŎǘŀōƭŜ ǊŀƛƴŦŀƭƭ ŀũŜŎǘǎ ǘƘŜ ǇƭŀƴƴƛƴƎ 
ƻŦ ŀƎǊƛŎǳƭǘǳǊŜ ŀƴŘ ǘƘŜ ǊŜƎƛƻƴϥǎ ƛǊǊƛƎŀǝƻƴ ǿŀǘŜǊ ƳŀƴŀƎŜƳŜƴǘΦ ¢ƘŜ ŀǊŜŀ ƛǎ ŀƭǎƻ ŜȄǇŜǊƛŜƴŎƛƴƎ ƘƛƎƘŜǊ 
ŀǾŜǊŀƎŜ ǘŜƳǇŜǊŀǘǳǊŜǎ ǘƘŀƴ ōŜŦƻǊŜΣ ƛƴƅǳŜƴŎƛƴƎ ƛǘǎ ŜŎƻǎȅǎǘŜƳΣ ǘƘŜ ƎǊƻǿǘƘ ŎȅŎƭŜǎ ƻŦ ŎǊƻǇǎΣ ŀƴŘ ǘƘŜ 
ǊŀǘŜ ŀǘ ǿƘƛŎƘ ǿŀǘŜǊ ŜǾŀǇƻǊŀǘŜǎ ώпϐΦ ¢ƘŜ ŦǊŜǉǳŜƴŎȅ ŀƴŘ ǎŜǾŜǊƛǘȅ ƻŦ ŜȄǘǊŜƳŜ ǿŜŀǘƘŜǊ ŜǾŜƴǘǎΣ 
ƛƴŎƭǳŘƛƴƎ ǳƴǳǎǳŀƭ ƅƻƻŘƛƴƎ ŀƴŘ ƛƴǘŜƴǎŜ ŘǊƻǳƎƘǘǎΣ ŀǊŜ ǊƛǎƛƴƎΦ ²ƘƛƭŜ ƅƻƻŘǎ Ŏŀƴ ǇǊƻǾƛŘŜ ǿŀǘŜǊΣ ǘƘŜȅ 
ƻƊŜƴ ƘŀǊƳ ŎǊƻǇǎ ŀƴŘ ƛƴǘŜǊǊǳǇǘ ŀƎǊƛŎǳƭǘǳǊŀƭ ŀŎǝǾƛǝŜǎΦ hƴ ǘƘŜ ƻǘƘŜǊ ƘŀƴŘΣ ǇǊƻƭƻƴƎŜŘ ŘǊƻǳƎƘǘǎ 
ŎƘŀƭƭŜƴƎŜ ǘƘŜ ŀǾŀƛƭŀōƛƭƛǘȅ ƻŦ ǿŀǘŜǊ ŀƴŘ ǘƘŜ ǎǳǊǾƛǾŀƭ ƻŦ ŎǊƻǇǎΦ ¢ƘŜǎŜ ŎƘŀƴƎƛƴƎ ŎƭƛƳŀǘŜ ŎƻƴŘƛǝƻƴǎ ŀǊŜ 
ōŜŎƻƳƛƴƎ ƳƻǊŜ ǊŜƎǳƭŀǊΣ ƛƴŘƛŎŀǝƴƎ ŀ ƴŜŜŘ ǘƻ ǊŜŀǎǎŜǎǎ ǘƘŜ ŦŀǊƳƛƴƎ ŀƴŘ ǿŀǘŜǊ ƳŀƴŀƎŜƳŜƴǘ 
ƳŜǘƘƻŘǎ ǘƘŀǘ ƘŀǾŜ ŜȄƛǎǘŜŘ ŦƻǊ ŎŜƴǘǳǊƛŜǎ ώммϐΣώмпϐΦ ¢Ƙƛǎ ŜǾƻƭǾƛƴƎ ŎƭƛƳŀǘŜ ǎŎŜƴŀǊƛƻ ŘƛǎǊǳǇǘǎ 
ŀƎǊƛŎǳƭǘǳǊŀƭ ǇǊŀŎǝŎŜǎ ŀƴŘ ƭŜŀŘǎ ǘƻ ŀ ǊŀƴƎŜ ƻŦ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŎƘŀƭƭŜƴƎŜǎ ǘƘŀǘ ŦǳǊǘƘŜǊ ŎƻƳǇƭƛŎŀǘŜ ǘƘŜ 
ǎƛǘǳŀǝƻƴΦ 
 
!ƭǘŜǊŜŘ ǊŀƛƴŦŀƭƭ ǇŀǧŜǊƴǎΣ ƛƴŎǊŜŀǎŜŘ ǘŜƳǇŜǊŀǘǳǊŜǎΣ ŀƴŘ ƳƻǊŜ ŜȄǘǊŜƳŜ ǿŜŀǘƘŜǊ ŜǾŜƴǘǎ ŀǊŜ ŎŀǳǎƛƴƎ 
ǾŀǊƛƻǳǎ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƛǎǎǳŜǎΦ tǊƻƭƻƴƎŜŘ ŘǊƻǳƎƘǘǎ ŀƴŘ ǳƴǇǊŜŘƛŎǘŀōƭŜ ǊŀƛƴŦŀƭƭ ƘŀǾŜ ƭŜŘ ǘƻ ǿŀǘŜǊ 
ǎŎŀǊŎƛǘȅΦ ¢Ƙƛǎ ǎŎŀǊŎƛǘȅ ƛƳǇŀŎǘǎ ǘƘŜ ŀƎǊƛŎǳƭǘǳǊŀƭ ǿŀǘŜǊ ǎǳǇǇƭȅΣ ƭŜŀŘǎ ǘƻ ǎƻƛƭ ŘŜƎǊŀŘŀǝƻƴΣ ŀƴŘ ǊŜŘǳŎŜǎ 
ōƛƻŘƛǾŜǊǎƛǘȅΦ /ƘŀƴƎŜǎ ƛƴ ǊŀƛƴŦŀƭƭ ŘƛǎǊǳǇǘ ǘƘŜ ƘȅŘǊƻƭƻƎƛŎŀƭ ŎȅŎƭŜΣ ŀũŜŎǝƴƎ ǎǳǊŦŀŎŜ ŀƴŘ ƎǊƻǳƴŘǿŀǘŜǊ 
ώфϐΦ /ƭƛƳŀǘŜ ŎƘŀƴƎŜ ŀƭǎƻ ŎŀǳǎŜǎ ǎƻƛƭ ŜǊƻǎƛƻƴ ŀƴŘ ƴǳǘǊƛŜƴǘ ŘŜǇƭŜǝƻƴΣ ŘŜŎǊŜŀǎƛƴƎ ŀƎǊƛŎǳƭǘǳǊŀƭ 
ǇǊƻŘǳŎǝǾƛǘȅΦ 9ƭŜǾŀǘŜŘ ǘŜƳǇŜǊŀǘǳǊŜǎ ƭŜŀŘ ǘƻ ƘƛƎƘŜǊ ŜǾŀǇƻǊŀǝƻƴ ǊŀǘŜǎΣ ŦǳǊǘƘŜǊ ƭƛƳƛǝƴƎ ŎǊƻǇ 
ŀǾŀƛƭŀōƛƭƛǘȅΦ ²ƘƛƭŜ ƅŀǎƘ ƅƻƻŘǎ ǘŜƳǇƻǊŀǊƛƭȅ ǊŜƭƛŜǾŜ ǿŀǘŜǊ ǎŎŀǊŎƛǘȅΣ ǘƘŜȅ ŀƭǎƻ ŎŀǳǎŜ ǎƻƛƭ ŜǊƻǎƛƻƴ ŀƴŘ 
ŘŀƳŀƎŜ ŀƎǊƛŎǳƭǘǳǊŀƭ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜΦ ¢ƘŜǎŜ ŎƘŀƭƭŜƴƎŜǎΣ ŜǎǇŜŎƛŀƭƭȅ ǎƛƎƴƛŬŎŀƴǘ ƛƴ ŀ ǊŜƎƛƻƴ ǊŜƭƛŀƴǘ ƻƴ 
ŀƎǊƛŎǳƭǘǳǊŜΣ ǳƴŘŜǊƭƛƴŜ ǘƘŜ ǳǊƎŜƴŎȅ ƻŦ ŀŘŘǊŜǎǎƛƴƎ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ƛƴ ǘƘŜ ŘǊȅ ȊƻƴŜ ώммϐΣώмпϐΦ ¢ƘŜ 
ǇǊƻŦƻǳƴŘ ƛƳǇŀŎǘ ƻŦ ǘƘŜǎŜ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŎƘŀƴƎŜǎ ƻƴ ǘƘŜ ŘǊȅ ȊƻƴŜϥǎ ŀƎǊƛŎǳƭǘǳǊŀƭ ǎŜŎǘƻǊΣ ǇŀǊǝŎǳƭŀǊƭȅ 
ǊƛŎŜ ŦŀǊƳƛƴƎΣ ǇƻǎŜǎ ǎƛƎƴƛŬŎŀƴǘ ŎƘŀƭƭŜƴƎŜǎ ǘƻ ǘƘŜ ƭƛǾŜƭƛƘƻƻŘǎ ƻŦ ƭƻŎŀƭ ŎƻƳƳǳƴƛǝŜǎ ŀƴŘ ǘƘŜ ŎǳƭǘǳǊŀƭ 
ƘŜǊƛǘŀƎŜ ǎǳǎǘŀƛƴŜŘ ŦƻǊ ŎŜƴǘǳǊƛŜǎΦ 
 
Lƴ ǘƘŜ ŘǊȅ ȊƻƴŜΣ ŀƎǊƛŎǳƭǘǳǊŜΣ ŜǎǇŜŎƛŀƭƭȅ ǊƛŎŜ ŦŀǊƳƛƴƎΣ Ǉƭŀȅǎ ŀ ŎŜƴǘǊŀƭ ǊƻƭŜ ƛƴ ǘƘŜ ŎƻƳƳǳƴƛǝŜǎϥ ǎƻŎƛŀƭΣ 
ŎǳƭǘǳǊŀƭΣ ŀƴŘ ŜŎƻƴƻƳƛŎ ŀǎǇŜŎǘǎΦ wƛŎŜ ŎǳƭǝǾŀǝƻƴΣ ŀ ǘǊŀŘƛǝƻƴ ƻŦ ƻǾŜǊ ǘǿƻ ǘƘƻǳǎŀƴŘ ȅŜŀǊǎΣ ƛǎ ŀƴ 
ŜŎƻƴƻƳƛŎ ŀŎǝǾƛǘȅ ŀƴŘ ŀ ŎǊƛǝŎŀƭ ŎǳƭǘǳǊŀƭ ŜƭŜƳŜƴǘΣ ƛƴǾƻƭǾƛƴƎ ŀ ǎƛƎƴƛŬŎŀƴǘ ǇƻǊǝƻƴ ƻŦ ǘƘŜ ǇƻǇǳƭŀǝƻƴ 
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ŀƴŘ ǎƘŀǇƛƴƎ ƭƻŎŀƭ ŎǳǎǘƻƳǎΦ ¢Ƙƛǎ ŦƻǊƳ ƻŦ ŀƎǊƛŎǳƭǘǳǊŜΣ ŜǎǎŜƴǝŀƭ ǘƻ ǘƘŜ ǊŜƎƛƻƴϥǎ ŜŎƻƴƻƳȅΣ ǎǝƳǳƭŀǘŜǎ 
ŀǎǎƻŎƛŀǘŜŘ ƛƴŘǳǎǘǊƛŜǎ ŀƴŘ ŎƻƴǘǊƛōǳǘŜǎ ǘƻ ŀōƻǳǘ сл҈ ƻŦ ǘƘŜ ŎƻǳƴǘǊȅϥǎ ǊƛŎŜ ǇǊƻŘǳŎǝƻƴ ώмлϐΣώмрϐΦ 
¢ǊŀŘƛǝƻƴŀƭ ǊƛŎŜ ŦŀǊƳƛƴƎ ƳŜǘƘƻŘǎ ƛƴ ǘƘŜ ŘǊȅ ȊƻƴŜ ƘŀǾŜ ŜǾƻƭǾŜŘ ǘƻ ƳŀǘŎƘ ǘƘŜ ƘƛǎǘƻǊƛŎŀƭ ŎƭƛƳŀǘŜ 
ǇŀǧŜǊƴǎΦ {Ƴŀƭƭ ¢ŀƴƪ /ŀǎŎŀŘŜ {ȅǎǘŜƳǎ ό{¢/{ύ ƘŀǾŜ ŜũŜŎǝǾŜƭȅ ƳŀƴŀƎŜŘ ǿŀǘŜǊ ŀŎǊƻǎǎ ŘƛũŜǊŜƴǘ 
ǎŜŀǎƻƴǎΦ ¢ƘŜǎŜ ǎȅǎǘŜƳǎ ǊŜǇǊŜǎŜƴǘ ŎǊǳŎƛŀƭ ŀŘŀǇǘŀǝƻƴǎ ǘƻ ǘƘŜ ǊŜƎƛƻƴϥǎ ǳƴƛǉǳŜ ŎƭƛƳŀǝŎ ŎƻƴŘƛǝƻƴǎΣ 
Ǿƛǘŀƭ ŦƻǊ ǎǳǎǘŀƛƴƛƴƎ ǊƛŎŜ ŦŀǊƳƛƴƎ ŘŜǎǇƛǘŜ ŎƭƛƳŀǝŎ ŎƘŀƴƎŜǎΦ IƻǿŜǾŜǊΣ ǊŜŎŜƴǘ ŎƭƛƳŀǘŜ ǎƘƛƊǎ ŀǊŜ 
ŎƘŀƭƭŜƴƎƛƴƎ ǘƘŜǎŜ ǎȅǎǘŜƳǎΣ ŘƛǎǘǳǊōƛƴƎ ǘƘŜ ŀƭƛƎƴƳŜƴǘ ǿƛǘƘ Ƴƻƴǎƻƻƴ ŎȅŎƭŜǎΣ ŀũŜŎǝƴƎ ŎǊƻǇ ȅƛŜƭŘǎΣ 
ŀƴŘ ƭŜŀŘƛƴƎ ǘƻ ŎǊƻǇ ŦŀƛƭǳǊŜǎ ώммϐΣώмпϐΦ ¢ƘŜ ǊŜǎƛƭƛŜƴŎŜ ƻŦ ǘƘŜǎŜ ŦŀǊƳƛƴƎ ŎƻƳƳǳƴƛǝŜǎ Ƙŀǎ ōŜŎƻƳŜ 
ƳƻǊŜ ŎǊƛǝŎŀƭ ǘƘŀƴ ŜǾŜǊ ŀǎ ǘƘŜȅ Ƴǳǎǘ ŀŘŀǇǘ ŀƴŘ ŜƴǎǳǊŜ ǘƘŜ ŎƻƴǝƴǳŜŘ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ƻŦ ǊƛŎŜ ŦŀǊƳƛƴƎΣ 
ŀ ǇǊŀŎǝŎŜ ŘŜŜǇƭȅ ƛƴƎǊŀƛƴŜŘ ƛƴ ǘƘŜ ǊŜƎƛƻƴϥǎ ƛŘŜƴǝǘȅΦ ¢ƘŜ ǘŜǎǘ ƻŦ ŎƘŀƴƎƛƴƎ ŎƭƛƳŀǘŜ ŎƻƴŘƛǝƻƴǎ ŦƻǊ 
ǘƘŜǎŜ ŜȄƛǎǝƴƎ ǊƛŎŜ ŦŀǊƳƛƴƎ ǇǊŀŎǝŎŜǎ ƛƴǘǊƻŘǳŎŜǎ ŦǳǊǘƘŜǊ ŎƻƳǇƭŜȄƛǝŜǎ ƛƴǘƻ ǘƘŜ ŎǳƭǝǾŀǝƻƴ ǇǊƻŎŜǎǎΣ 
ŜƳǇƘŀǎƛȊƛƴƎ ǘƘŜ ŎǊƛǝŎŀƭ ƴŜŜŘ ŦƻǊ ŀŘŀǇǘŀǝƻƴ ŀƴŘ ǊŜǎƛƭƛŜƴŎŜΦ 
 
¢ƘŜ ƛƴǘŜǊŀŎǝƻƴ ōŜǘǿŜŜƴ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ŀƴŘ ǊƛŎŜ ŦŀǊƳƛƴƎ ƛƴ ǘƘŜ ŘǊȅ ȊƻƴŜ ƻŦ {Ǌƛ [ŀƴƪŀ ƛǎ ƛƴǘǊƛŎŀǘŜΦ 
/ƭƛƳŀǘŜ ŎƘŀƴƎŜ ŎƻƴǎƛŘŜǊŀōƭȅ ƛƳǇŀŎǘǎ ǊƛŎŜ ŦŀǊƳƛƴƎΣ ƭŜŀŘƛƴƎ ǘƻ ŀƭǘŜǊŜŘ ǇƭŀƴǝƴƎ ǎŎƘŜŘǳƭŜǎΣ ƎǊŜŀǘŜǊ 
Ǌƛǎƪ ƻŦ ǇŜǎǘǎ ŀƴŘ ŘƛǎŜŀǎŜǎΣ ŀƴŘ ǾŀǊƛŀōƭŜ ǿŀǘŜǊ ǎǳǇǇƭȅΦ ¢ƘŜǎŜ ŎƘŀƴƎŜǎ ŎŀǳǎŜ ǳƴǇǊŜŘƛŎǘŀōƭŜ ŎǊƻǇ 
ȅƛŜƭŘǎΣ ǳǇǎŜǩƴƎ ǘƘŜ ŦŀǊƳƛƴƎ ŎŀƭŜƴŘŀǊ ŜǎǘŀōƭƛǎƘŜŘ ƻǾŜǊ ŎŜƴǘǳǊƛŜǎΦ ¢ƘŜ ƛƴŎƻƴǎƛǎǘŜƴŎȅ ƻŦ ǊŀƛƴŦŀƭƭ ŀƴŘ 
ƘƛƎƘŜǊ ǘŜƳǇŜǊŀǘǳǊŜǎ ƴŜŎŜǎǎƛǘŀǘŜ ŎƘŀƴƎŜǎ ƛƴ ŀƎǊƛŎǳƭǘǳǊŀƭ ƳŜǘƘƻŘǎΣ ŎƻƳǇŜƭƭƛƴƎ ŦŀǊƳŜǊǎ ǘƻ ŀŘƧǳǎǘ ǘƻ 
ǘƘŜǎŜ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ǎƘƛƊǎΦ ¢ƘŜ ƻƴŎŜ ǊŜƭƛŀōƭŜ Ƴƻƴǎƻƻƴ ǇŀǧŜǊƴǎΣ ŜǎǎŜƴǝŀƭ ŦƻǊ ǝƳƛƴƎ ǊƛŎŜ 
ŎǳƭǝǾŀǝƻƴΣ ƴƻǿ ǇǊŜǎŜƴǘ ŀ ŎƘŀƭƭŜƴƎŜ ώммϐΣώмпϐΦ ¢Ƙƛǎ ŘƛǎǘǳǊōŀƴŎŜ ŜȄǘŜƴŘǎ ōŜȅƻƴŘ ŀƎǊƛŎǳƭǘǳǊŀƭ 
ŎƻƴŎŜǊƴǎΣ ŀũŜŎǝƴƎ ǘƘŜ ŦŀǊƳƛƴƎ ŎƻƳƳǳƴƛǝŜǎϥ ƭƛǾŜƭƛƘƻƻŘǎΣ ŜŎƻƴƻƳƛŎ ǎŜŎǳǊƛǘȅΣ ŀƴŘ ŎǳƭǘǳǊŀƭ ŀƴŘ 
ǎƻŎƛŀƭ ǘǊŀŘƛǝƻƴǎΦ /ƭƛƳŀǘŜ ŎƘŀƴƎŜ Ǉǳǘǎ ǊƛŎŜ ŦŀǊƳƛƴƎΣ ŘŜŜǇƭȅ ŎƻƴƴŜŎǘŜŘ ǘƻ ƭƻŎŀƭ ŎǳǎǘƻƳǎ ŀƴŘ ǎƻŎƛŜǘŀƭ 
ŦǊŀƳŜǿƻǊƪǎΣ ŀǘ ǊƛǎƪΦ !ŘŘƛǝƻƴŀƭƭȅΣ ǘƘŜ ǊƛǎƛƴƎ ƻŎŎǳǊǊŜƴŎŜ ƻŦ ŜȄǘǊŜƳŜ ǿŜŀǘƘŜǊ ŎƻƴŘƛǝƻƴǎ ǎǳŎƘ ŀǎ 
ŘǊƻǳƎƘǘǎ ŀƴŘ ƅƻƻŘǎ ŀƎƎǊŀǾŀǘŜǎ ǘƘŜǎŜ ƛǎǎǳŜǎΣ ŘŀƳŀƎƛƴƎ ŎǊƻǇǎΣ ŘŜŎǊŜŀǎƛƴƎ ȅƛŜƭŘǎΣ ŀƴŘ ŜƴŘŀƴƎŜǊƛƴƎ 
ǘƘŜ ǊŜƎƛƻƴϥǎ ŦƻƻŘ ǎŜŎǳǊƛǘȅ ŀƴŘ ŜŎƻƴƻƳƛŎ ǿŜƭƭπōŜƛƴƎ ώмнπмоϐΦ DƛǾŜƴ ǘƘŜǎŜ ǇǊƻŦƻǳƴŘ ƛƳǇŀŎǘǎΣ ǘƘŜǊŜ 
ƛǎ ŀƴ ƛƴŎǊŜŀǎƛƴƎ ŦƻŎǳǎ ƻƴ ŘŜǾŜƭƻǇƛƴƎ ǎǳǎǘŀƛƴŀōƭŜ ƭƛǾŜƭƛƘƻƻŘ ǎǘǊŀǘŜƎƛŜǎ ǘƻ ƘŜƭǇ ǘƘŜǎŜ ŎƻƳƳǳƴƛǝŜǎ 
ŀŘŀǇǘ ǘƻ ǘƘŜ ŜǾŜǊπŎƘŀƴƎƛƴƎ ŀƎǊƛŎǳƭǘǳǊŀƭ ƭŀƴŘǎŎŀǇŜΦ 
 
Lƴ ǊŜǎǇƻƴǎŜ ǘƻ ǘƘŜ ŎƘŀƭƭŜƴƎŜǎ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ǇƻǎŜǎ ƛƴ ŀƎǊƛŎǳƭǘǳǊŜΣ ǎǳǎǘŀƛƴŀōƭŜ ƭƛǾŜƭƛƘƻƻŘǎ ƘŀǾŜ 
ōŜŎƻƳŜ ŜǎǎŜƴǝŀƭ ŦƻǊ ŀŘŀǇǘŀǝƻƴΦ ¢Ƙƛǎ ŀǇǇǊƻŀŎƘ ŀƛƳǎ ǘƻ ƛƴŎǊŜŀǎŜ ǘƘŜ ǊŜǎƛƭƛŜƴŎŜ ŀƴŘ ŀŘŀǇǘŀōƛƭƛǘȅ ƻŦ 
ŦŀǊƳƛƴƎ ŎƻƳƳǳƴƛǝŜǎΣ ƘŜƭǇƛƴƎ ǘƘŜƳ Ƴŀƛƴǘŀƛƴ ǘƘŜƛǊ ƭƛǾŜƭƛƘƻƻŘǎ ŀƳƛŘ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ǎƘƛƊǎΦ ¢ƘŜ 
ǎǳǎǘŀƛƴŀōƭŜ ƭƛǾŜƭƛƘƻƻŘ ŦǊŀƳŜǿƻǊƪ ŜƳǇƘŀǎƛȊŜǎ ŘƛǾŜǊǎƛŦȅƛƴƎ ƛƴŎƻƳŜ ǎƻǳǊŎŜǎΣ ƛƳǇǊƻǾƛƴƎ ǊŜǎƻǳǊŎŜ 
ŀŎŎŜǎǎΣ ŀƴŘ ŜũŜŎǝǾŜƭȅ ƳŀƴŀƎƛƴƎ Ǌƛǎƪǎ ŀƴŘ ǾǳƭƴŜǊŀōƛƭƛǝŜǎΦ Lƴ ǘƘŜ ŘǊȅ ȊƻƴŜΣ ǘƘƛǎ ƛƴǾƻƭǾŜǎ ŘŜǾŜƭƻǇƛƴƎ 
ǎǳǎǘŀƛƴŀōƭŜ ŀƎǊƛŎǳƭǘǳǊŀƭ ǇǊŀŎǝŎŜǎ ǘƘŀǘ ŀǊŜ ǊŜǎƛƭƛŜƴǘ ǘƻ ŎƭƛƳŀǘŜ ǾŀǊƛŀōƛƭƛǘȅ ŀƴŘ ǘƘǳǎ ŎŀǇŀōƭŜ ƻŦ 
ǇǊŜǎŜǊǾƛƴƎ ǘƘŜ ǎƻŎƛƻπŜŎƻƴƻƳƛŎ ŀƴŘ ŎǳƭǘǳǊŀƭ ƛƴǘŜƎǊƛǘȅ ƻŦ ǘƘŜ ǊŜƎƛƻƴ ώмсπмтϐΦ ¢ƘŜǎŜ ŦǊŀƳŜǿƻǊƪǎ 
ǇǊƻƳƻǘŜ ŀ ŎƻƳǇǊŜƘŜƴǎƛǾŜ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ǘƘŜ ŎƻƴƴŜŎǝƻƴǎ ōŜǘǿŜŜƴ ŎƭƛƳŀǘŜΣ ŀƎǊƛŎǳƭǘǳǊŜΣ ŀƴŘ 
ǎƻŎƛŜǘȅΦ ¢ƘǳǎΣ ǎƘƛƊƛƴƎ ǘƻǿŀǊŘǎ ŀŘŀǇǝǾŜ ŀƴŘ ŜƴƘŀƴŎŜŘ ŀƎǊƛŎǳƭǘǳǊŀƭ ǇǊŀŎǝŎŜǎ ƎǊƻǳƴŘŜŘ ƛƴ 
ǎǳǎǘŀƛƴŀōƭŜ ƭƛǾŜƭƛƘƻƻŘ ǇǊƛƴŎƛǇƭŜǎ ōŜŎƻƳŜǎ ŎǊƛǝŎŀƭ ŦƻǊ ǘƘŜ ŦǳǘǳǊŜ ƻŦ ǊƛŎŜ ŦŀǊƳƛƴƎ ƛƴ ŘǊȅ ȊƻƴŜǎΦ Lǘ ƛǎ 
ƛƳǇƻǊǘŀƴǘ ǘƻ ǊŜŀǎǎŜǎǎ ŀƴŘ ƳƻŘƛŦȅ ǘƘŜǎŜ ǇǊŀŎǝŎŜǎΣ ŦƻŎǳǎƛƴƎ ƻƴ ǎƘƻǊǘπǘŜǊƳ ǎƻƭǳǝƻƴǎ ŀƴŘ ƭƻƴƎπǘŜǊƳ 
ǎǘǊŀǘŜƎƛŜǎ ǘƻ ǎǳǎǘŀƛƴ ǊƛŎŜ ŦŀǊƳƛƴƎ ǳƴŘŜǊ ŜǾƻƭǾƛƴƎ ŎƭƛƳŀǘŜ ŎƻƴŘƛǝƻƴǎΦ !ŘŘƛǝƻƴŀƭƭȅΣ ƛƴǘŜƎǊŀǝƴƎ ǘƘŜǎŜ 
ǎǘǊŀǘŜƎƛŜǎ ǿƛǘƘ ōǊƻŀŘŜǊ ŎƻƳƳǳƴƛǘȅ ŘŜǾŜƭƻǇƳŜƴǘ ƛƴƛǝŀǝǾŜǎ ƛǎ ǾƛǘŀƭΦ CǳǊǘƘŜǊΣ ŀŘŀǇǝƴƎ ǘƻ ŎƭƛƳŀǘŜ 
ŎƘŀƴƎŜπǊŜƭŀǘŜŘ ǎƘƛƊǎ ƛƴǾƻƭǾŜǎ ƳƻǊŜ ǘƘŀƴ Ƨǳǎǘ ŀƭǘŜǊƛƴƎ ŦŀǊƳƛƴƎ ǘŜŎƘƴƛǉǳŜǎΤ ƛǘ ǊŜǉǳƛǊŜǎ ŀ ƘƻƭƛǎǝŎ 
ŀǇǇǊƻŀŎƘ ǘƘŀǘ ŎƻƳōƛƴŜǎ ǎǳǎǘŀƛƴŀōƭŜ ƭƛǾŜƭƛƘƻƻŘ ŦǊŀƳŜǿƻǊƪǎ ǿƛǘƘ ǊŜǎƛƭƛŜƴǘ ŀƎǊƛŎǳƭǘǳǊŀƭ ƳŜǘƘƻŘǎΦ 
¢ƘŜǊŜŦƻǊŜΣ ǘƘƛǎ ŎƘŀǇǘŜǊ ŀƛƳǎ ǘƻ ŜȄǇƭƻǊŜ ǘƘŜǎŜ ŀǎǇŜŎǘǎ ƛƴ ŘŜǇǘƘΦ Lǘ ǇǊƻǾƛŘŜǎ ŀƴ ƛƴπŘŜǇǘƘ ƻǾŜǊǾƛŜǿ 
ƻŦ ǘƘŜ ŜũŜŎǘǎ ƻŦ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ƻƴ ǊƛŎŜ ŦŀǊƳƛƴƎ ƛƴ ǘƘŜ ŘǊȅ ȊƻƴŜ ŀƴŘ ǘƘŜ ǎǘǊŀǘŜƎƛŜǎ ŀƭƛƎƴŜŘ ǿƛǘƘ ǘƘŜ 
ǎǳǎǘŀƛƴŀōƭŜ ƭƛǾŜƭƛƘƻƻŘ ŦǊŀƳŜǿƻǊƪǎ ǘƻ Ƴŀƛƴǘŀƛƴ ǘƘƛǎ ǎŜŎǘƻǊΦ  
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¢ƘŜ ǎǳǎǘŀƛƴŀōƭŜ ƭƛǾŜƭƛƘƻƻŘ ŦǊŀƳŜǿƻǊƪ ό{[Cύ 
¢ƘŜ {ǳǎǘŀƛƴŀōƭŜ [ƛǾŜƭƛƘƻƻŘ CǊŀƳŜǿƻǊƪ ό{[Cύ ƛǎ ǳǎŜŘ ŀǎ ǘƘŜ ŎƻƴŎŜǇǘǳŀƭ ŦǊŀƳŜǿƻǊƪ ǘƻ ŜȄǇƭŀƛƴ ŀƴŘ 
ǉǳŀƴǝŦȅ ǘƘŜ ŎƻƴǘǊƛōǳǝƻƴ ƻŦ ŘƛũŜǊŜƴǘ ǘȅǇŜǎ ƻŦ ƭƛǾŜƭƛƘƻƻŘ ŀǎǎŜǘǎ ǇŜǊǘŀƛƴƛƴƎ ǘƻ ŀŎƘƛŜǾƛƴƎ ƭƛǾŜƭƛƘƻƻŘ 
ƻǳǘŎƻƳŜǎ ǎƛƴŎŜ {[C ŦƻŎǳǎŜǎ ƻƴ ǇƻǎǎƛōƛƭƛǝŜǎΣ ŎƻƴǎǘǊŀƛƴǘǎ ƻǊ ŎŀǇŀōƛƭƛǘȅ ǘƻ ŀŎǘ ƛƴ ƻǊŘŜǊ ǘƻ ŜǎŎŀǇŜ 
ǇƻǾŜǊǘȅ ŀƴŘ ǾǳƭƴŜǊŀōƛƭƛǘȅΣ ǿƘƛŎƘ ŘŜǘŜǊƳƛƴŜŘ ōȅ ǘƘŜ ŀǎǎŜǘǎ ƛƴ ƳŀǘŜǊƛŀƭ ƴƻƴπƳŀǘŜǊƛŀƭ ǘŜǊƳǎ ώмуπмфϐΦ    

 

 

CƛƎǳǊŜ мΦ {ǳǎǘŀƛƴŀōƭŜ [ƛǾŜƭƛƘƻƻŘ CǊŀƳŜǿƻǊƪ ό{[Cύ ό{ƻǳǊŎŜΥ {ƛƭǾŀ Ŝǘ ŀƭΦΣ нллпύ     

{[C ŀƴŘ ǘƘŜ [ƛǾŜƭƛƘƻƻŘ ŎŀǇƛǘŀƭǎ 
¢ƘŜ {[C Ŏƻƴǘŀƛƴǎ ƭƛǾŜƭƛƘƻƻŘ ŀǎǎŜǘǎ ŀǎǎǳƳƛƴƎ ǘƘŜƛǊ ƛƳǇƻǊǘŀƴŎŜ ƛƴ мύ ǎǳǇǇƻǊǝƴƎ ǘƘŜ ƛƴŘƛǾƛŘǳŀƭǎΩ 
ŀōƛƭƛǘȅ ǘƻ ŜǎŎŀǇŜ ǇƻǾŜǊǘȅΣ нύ ōŀƭŀƴŎƛƴƎ ǘƘŜ ŘƛǾŜǊǎƛǘȅ ŀƴŘ ƴǳƳōŜǊ ƻŦ ŀǎǎŜǘǎΣ оύ ŘŜǘŜǊƳƛƴƛƴƎ ƭƛǾŜƭƛƘƻƻŘ 
ƻǇǝƻƴǎ ŀƴŘ пύ ǘǊŀƴǎŦƻǊƳƛƴƎ ǘƘŜ ŀǎǎŜǘǎ ƛƴǘƻ ƭƛǾŜƭƛƘƻƻŘ ƻǳǘŎƻƳŜǎΦ ¢ƘŜ {[C ƛǎ ŎƻƳǇƻǎŜŘ ƻŦ ŬǾŜ 
ŎŀǘŜƎƻǊƛŜǎΣ ǿƘƛŎƘ ŀǊŜ ǇǊŜǎŜƴǘŜŘ ƛƴ ŀ ǇŜƴǘŀƎƻƴΦ ¢ƘŜ ŎŜƴǘǊŜ Ǉƻƛƴǘ ƻŦ ǘƘŜ ŬƎǳǊŜΣ ǿƘŜǊŜ ŀƭƭ ƭƛƴŜǎ ƳŜŜǘΣ 
ǊŜǇǊŜǎŜƴǘǎ ȊŜǊƻ ŀŎŎŜǎǎ ǘƻ ŀǎǎŜǘǎΣ ǿƘƛƭŜ ǘƘŜ ƻǳǘŜǊ ǇŜǊƛƳŜǘŜǊ ǊŜǇǊŜǎŜƴǘǎ ƳŀȄƛƳǳƳ ŀŎŎŜǎǎ ǘƻ ŀǎǎŜǘǎΦ 
hƴ ǘƘƛǎ ōŀǎƛǎΣ ŘƛũŜǊŜƴǘ ǎƘŀǇŜŘ ǇŜƴǘŀƎƻƴǎ Ŏŀƴ ŘǊƻǿƴ ŦƻǊ ŘƛũŜǊŜƴǘ ŎƻƳƳǳƴƛǝŜǎ ƻǊ ǎƻŎƛŀƭ ƎǊƻǳǇǎ 
ǿƛǘƘƛƴ ŀ ŎƻƳƳǳƴƛǘȅΦ ¢ƘŜ ǊŀǝƻƴŀƭŜ ōŜƘƛƴŘ ǘƘŜ ǎŜƭŜŎǝƻƴ ƻŦ ǘƘŜǎŜ ŬǾŜ ŎŀǘŜƎƻǊƛŜǎ ƛǎ ǘƘŜ ōŜƭƛŜŦ ǘƘŀǘ 
ǇŜƻǇƭŜ ǊŜǉǳƛǊŜ ŀ ǊŀƴƎŜ ƻŦ ŀǎǎŜǘǎ ǘƻ ŀŎƘƛŜǾŜ ǇƻǎƛǝǾŜ ƭƛǾŜƭƛƘƻƻŘ ƻǳǘŎƻƳŜǎΦ Lƴ ŎƻƴǘǊŀǎǘΣ ǘƘŜ ŘŜǎƛǊŜŘ 
ƻǳǘŎƻƳŜǎ Ŏŀƴƴƻǘ ōŜ ŀŎƘƛŜǾŜŘ ǿƛǘƘ ŀ ǎƛƴƎƭŜ ŎŀǇƛǘŀƭ ŜƴŘƻǿƳŜƴǘ ŀƭƻƴŜ ώнлπнмϐΦ  
 
LΦ IǳƳŀƴ ŎŀǇƛǘŀƭΥ IǳƳŀƴ ŎŀǇƛǘŀƭ ƛǎ ŎƻƴǎƛŘŜǊŜŘ ǘƘŜ ŀōƛƭƛǘȅ ƻŦ ǇŜƻǇƭŜ ǘƻ ǇǊŀŎǝŎŜ ǎǇŜŎƛŬŎ 

ƭƛǾŜƭƛƘƻƻŘ ǎǘǊŀǘŜƎƛŜǎΦ ¢Ƙƛǎ ŀōƛƭƛǘȅ ƛǎ ŘŜǘŜǊƳƛƴŜŘ ōȅ ǎƪƛƭƭǎΣ ƪƴƻǿƭŜŘƎŜΣ ƎƻƻŘ ƘŜŀƭǘƘΣ ŀƴŘ ǘƘŜ 
ŀōƛƭƛǘȅ ǘƻ ƭŀōƻǳǊΦ !ǘ ǘƘŜ ƘƻǳǎŜƘƻƭŘ ƭŜǾŜƭΣ ƘǳƳŀƴ ŎŀǇƛǘŀƭ ƛǎ ŀ ŦŀŎǘƻǊ ƛƴ ǘƘŜ ŀƳƻǳƴǘ ŀƴŘ ǉǳŀƭƛǘȅ 
ƻŦ ƭŀōƻǳǊ ŀǾŀƛƭŀōƭŜΦ  
 

LLΦ {ƻŎƛŀƭ ŎŀǇƛǘŀƭΥ {ƻŎƛŀƭ ŎŀǇƛǘŀƭ ƛǎ ŘŜŬƴŜŘ ŀǎ ƘŀǾƛƴƎ ŀŎŎŜǎǎ ǘƻ ǎƻŎƛŀƭ ƴŜǘǿƻǊƪǎ ŀƴŘ 
ŎƻƴƴŜŎǘŜŘƴŜǎǎΣ ǿƘƛŎƘ ƎƛǾŜ ǇŜƻǇƭŜ ǘƘŜ ŀōƛƭƛǘȅ ǘƻ ǿƻǊƪ ǘƻƎŜǘƘŜǊ ǿƛǘƘ ƻǘƘŜǊǎΦ IǳƳŀƴ 
ǊŜƭŀǝƻƴǎƘƛǇǎ ƻŦ ǘǊǳǎǘΣ ǊŜŎƛǇǊƻŎƛǘȅΣ ŀƴŘ ŜȄŎƘŀƴƎŜ ŦŀŎƛƭƛǘŀǘŜ ŎƻƻǇŜǊŀǝƻƴ ŀƴŘ ƳŜƳōŜǊǎƘƛǇ ƻŦ 
ƳƻǊŜ ŦƻǊƳŀƭƛȊŜŘ ƎǊƻǳǇǎΦ {ƻŎƛŀƭ ŎŀǇƛǘŀƭ Ŏŀƴ ƘŜƭǇ ǊŜŘǳŎŜ ǘƘŜ ϥŦǊŜŜ ǊƛŘŜǊϥ ǇǊƻōƭŜƳǎ ŀǎǎƻŎƛŀǘŜŘ 
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ǿƛǘƘ ǇǳōƭƛŎ ƎƻƻŘǎΦ !ƴ ƛƴŎǊŜƳŜƴǘ ƛƴ ǎƻŎƛŀƭ ŎŀǇƛǘŀƭ Ŏŀƴ ōŜ ŜũŜŎǝǾŜ ƛƴ ƛƳǇǊƻǾƛƴƎ ǘƘŜ 
ƳŀƴŀƎŜƳŜƴǘ ƻŦ ŎƻƳƳƻƴ ǊŜǎƻǳǊŎŜǎ ŀƴŘ ǘƘŜ ƳŀƛƴǘŜƴŀƴŎŜ ƻŦ ǎƘŀǊŜŘ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜΦ  
 

LLLΦ bŀǘǳǊŀƭ ŎŀǇƛǘŀƭΥ bŀǘǳǊŀƭ ŎŀǇƛǘŀƭ ǎƛƎƴƛŬŜǎ ǘƘŜ ǎǘƻŎƪ ƻŦ ƴŀǘǳǊŀƭ ǊŜǎƻǳǊŎŜǎ ǘƘŀǘ ǇŜƻǇƭŜ Ŏŀƴ ǳǎŜΦ 
bŀǘǳǊŀƭ ŎŀǇƛǘŀƭ ǾŀǊƛŜǎ ŦǊƻƳ ǇǳōƭƛŎ ƎƻƻŘǎ ǎǳŎƘ ŀǎ ŎƭŜŀƴƭƛƴŜǎǎ ŀƴŘ ōƛƻŘƛǾŜǊǎƛǘȅ ǳǇ ǘƻ ǇǊƛǾŀǘŜ 
ƎƻƻŘǎ ƭƛƪŜ ŀŎŎŜǎǎ ǘƻ ƭŀƴŘΣ ŀŎŎŜǎǎ ǘƻ ƴŀǘǳǊŀƭ ǊŜǎƻǳǊŎŜǎ ƭƛƪŜ ǿŀǘŜǊ ŀƴŘ ŦŜǊǝƭŜ ǎƻƛƭΣ ŀƴŘ ŀŎŎŜǎǎ 
ǘƻ ƭƛǾŜǎǘƻŎƪΦ bŀǘǳǊŀƭ ŎŀǇƛǘŀƭ ƛǎ ǎƛƎƴƛŬŎŀƴǘ ǘƻ ǘƘƻǎŜ ǿƘƻ ŘŜǊƛǾŜ ŀƭƭ ƻǊ ǇŀǊǘ ƻŦ ǘƘŜƛǊ ƭƛǾŜƭƛƘƻƻŘ 
ŦǊƻƳ ǊŜǎƻǳǊŎŜπōŀǎŜŘ ŀŎǝǾƛǝŜǎ όŦŀǊƳƛƴƎΣ ŬǎƘƛƴƎΣ ƎŀǘƘŜǊƛƴƎ ƛƴ ǘƘŜ ŦƻǊŜǎǘΣ ƳƛƴŜǊŀƭ 
ŜȄǘǊŀŎǝƻƴύΦ CƻǊ ƛƴǎǘŀƴŎŜΣ ǇŀŘŘȅ ŦŀǊƳŜǊǎ ƛƴ {Ǌƛ [ŀƴƪŀƴ ŘǊȅ ȊƻƴŜ ƴŜŜŘ ƳǳŎƘ ƻŦ ǘƘƛǎ ƴŀǘǳǊŀƭ 
ǊŜǎƻǳǊŎŜ ǘƻ ŎƻƴŘǳŎǘ ǘƘŜƛǊ ƻŎŎǳǇŀǝƻƴǎΦ  
 

L±Φ tƘȅǎƛŎŀƭ ŎŀǇƛǘŀƭΥ tƘȅǎƛŎŀƭ ŎŀǇƛǘŀƭ Ŏƻƴǎƛǎǘǎ ƻŦ ǘƘŜ ǇǊƻŘǳŎŜŘ ƎƻƻŘǎ ŀƴŘ ǎŜǊǾƛŎŜǎ ǘƘŀǘ ŀ ƘǳƳŀƴ 
ǇǊƻǾƛŘŜǎΦ 9ȄŀƳǇƭŜǎ ŀǊŜ ŀŎŎŜǎǎ ǘƻ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ǎǳŎƘ ŀǎ ǊƻŀŘǎ ŀƴŘ ǊŀƛƭǿŀȅǎΣ ōǳǘ ŀƭǎƻ ŀŎŎŜǎǎ 
ǘƻ ǎƘŜƭǘŜǊ ƻǊ ǇǳōƭƛŎ ǎŜǊǾƛŎŜǎ ƭƛƪŜ ŎƭŜŀƴ ŘǊƛƴƪƛƴƎ ǿŀǘŜǊ ŀƴŘ ŜƭŜŎǘǊƛŎƛǘȅΦ !ŎŎŜǎǎ ǘƻ ǘƘŜǎŜ 
ǊŜǎƻǳǊŎŜǎ ƛǎ ŎǊǳŎƛŀƭ ƛƴ ǊŜŀŎƘƛƴƎ ǿŜƭƭπōŜƛƴƎ ŀƴŘ ǇǊƻǎǇŜǊƛǘȅΦ  
 

±Φ CƛƴŀƴŎƛŀƭ ŎŀǇƛǘŀƭΥ !ŎŎŜǎǎ ǘƻ ŬƴŀƴŎƛŀƭ ǊŜǎƻǳǊŎŜǎΣ ǎǳŎƘ ŀǎ ƛƴŎƻƳŜ ŀƴŘ ǎŀǾƛƴƎǎ όōŀƴƪ ŘŜǇƻǎƛǘǎ 
ƻǊ ƭƛǉǳƛŘ ŀǎǎŜǘǎ ǎǳŎƘ ŀǎ ƧŜǿŜƭƭŜǊȅ ŀƴŘ ƭƛǾŜǎǘƻŎƪύΣ ƛǎ ŀƴ ŜǎǎŜƴǝŀƭ ŜƭŜƳŜƴǘ ŦƻǊ ƭƛǾŜƭƛƘƻƻŘ 
ŘŜǾŜƭƻǇƳŜƴǘΦ Lǘ Ŏŀƴ ōŜ ŎƻƴǾŜǊǘŜŘ ƛƴǘƻ ƻǘƘŜǊ ǘȅǇŜǎ ƻŦ ŀǎǎŜǘǎ ŀƴŘ Ŏŀƴ ōŜ ǳǎŜŘ ŦƻǊ ǘƘŜ ŘƛǊŜŎǘ 
ŀŎƘƛŜǾŜƳŜƴǘ ƻŦ ƭƛǾŜƭƛƘƻƻŘ ƻǳǘŎƻƳŜǎΦ 

 

[ƛǾŜƭƛƘƻƻŘ ǎǘǊŀǘŜƎƛŜǎ ŀƴŘ ƻǳǘŎƻƳŜǎ 
[ƛǾŜƭƛƘƻƻŘ ǎǘǊŀǘŜƎƛŜǎ ǊŜŦŜǊ ǘƻ ǘƘŜ ŀŎǝǾƛǝŜǎ ŘŜǇƭƻȅŜŘ ōȅ ƘƻǳǎŜƘƻƭŘǎ ǘƻ ƎŜƴŜǊŀǘŜ ŀ ƳŜŀƴǎ ƻŦ ƭƛǾƛƴƎΦ 
!ŎŎƻǊŘƛƴƎ ǘƻ 9ƭƭƛǎ ώннϐΣ ƭƛǾŜƭƛƘƻƻŘ ŀŎǝǾƛǝŜǎ Ŏŀƴ ōŜ ŘƛǾƛŘŜŘ ƛƴǘƻ ƴŀǘǳǊŀƭ ǊŜǎƻǳǊŎŜǎ ŀƴŘ ƴƻƴπƴŀǘǳǊŀƭ 
ǊŜǎƻǳǊŎŜπōŀǎŜŘ ŀŎǝǾƛǝŜǎΦ bŀǘǳǊŀƭ ǊŜǎƻǳǊŎŜπōŀǎŜŘ ŀŎǝǾƛǝŜǎ ƛƴŎƭǳŘŜ ǘƘŜ ŎƻƭƭŜŎǝƻƴ ƻŦ ǊŜǎƻǳǊŎŜǎ 
ŦǊƻƳ ŦƻǊŜǎǘǎΣ ŦƻƻŘ ŀƴŘ ƴƻƴπŦƻƻŘ ŎǳƭǝǾŀǝƻƴΣ ƭƛǾŜǎǘƻŎƪ ǊŜŀǊƛƴƎΣ ŀƴŘ ƴƻƴπŦŀǊƳ ŀŎǝǾƛǝŜǎΦ bƻƴπ
ƴŀǘǳǊŀƭπōŀǎŜŘ ŀŎǝǾƛǝŜǎ ƛƴŎƭǳŘŜ ǊǳǊŀƭ ǘǊŀŘŜΣ ƻǘƘŜǊ ǊǳǊŀƭ ǎŜǊǾƛŎŜǎ όǾŜƘƛŎƭŜ ǊŜǇŀƛǊύΣ ŀƴŘ ǊǳǊŀƭ 
ƳŀƴǳŦŀŎǘǳǊƛƴƎΦ [ƛǾŜƭƛƘƻƻŘ ƻǳǘŎƻƳŜǎ ŀǊŜ ǘƘŜ ŀŎƘƛŜǾŜƳŜƴǘǎ ƻǊ ƻǳǘǇǳǘǎ ƻŦ ƭƛǾŜƭƛƘƻƻŘ ǎǘǊŀǘŜƎƛŜǎΦ CƻǊ 
ƛƴǎǘŀƴŎŜΣ ƳƻǊŜ ƛƴŎƻƳŜΣ ƛƴŎǊŜŀǎŜŘ ǿŜƭƭπōŜƛƴƎΣ ǊŜŘǳŎŜŘ ǾǳƭƴŜǊŀōƛƭƛǘȅΣ ƛƳǇǊƻǾŜŘ ŦƻƻŘ ǎŜŎǳǊƛǘȅΣ ŀƴŘ 
ƳƻǊŜ ǎǳǎǘŀƛƴŀōƭŜ ǳǎŜ ƻŦ ƴŀǘǳǊŀƭ ǊŜǎƻǳǊŎŜǎ ŀǊŜ ǘƘŜǎŜ ŜȄŀƳǇƭŜǎΦ 

 
±ǳƭƴŜǊŀōƛƭƛǘȅ ŎƻƴǘŜȄǘ ŀƴŘ ƛƳǇŀŎǘ ƻƴ ƭƛǾŜƭƛƘƻƻŘǎ 
¢ƘŜ ǾǳƭƴŜǊŀōƛƭƛǘȅ ŎƻƴǘŜȄǘ Ŏŀƴ ōŜ ƛƴǘŜǊǇǊŜǘŜŘ ŀǎ ōŜƛƴƎ ǘƘŜ ŜȄǘŜǊƴŀƭ ŜƴǾƛǊƻƴƳŜƴǘΦ ¢ƘǳǎΣ ƛǘ Ƙŀǎ ƴƻ 
ŎƻƴǘǊƻƭ ƻǾŜǊ ŀƴŘ Ƙŀǎ ŀ ŘƛǊŜŎǘ ƛƳǇŀŎǘ ƻƴ ŀƴ ƛƴŘƛǾƛŘǳŀƭϥǎ ŀǎǎŜǘ ǎǘŀǘǳǎ ŀƴŘ ƭƛǾŜƭƛƘƻƻŘ ƻǳǘŎƻƳŜǎΦ CƻǊ ŀ 
ōŜǧŜǊ ǳƴŘŜǊǎǘŀƴŘƛƴƎΣ ǘƘŜ ǾǳƭƴŜǊŀōƛƭƛǘȅ ŎƻƴǘŜȄǘ Ŏŀƴ ōŜ ŦǳǊǘƘŜǊ ǎǳōŘƛǾƛŘŜŘ ƛƴǘƻ ǘƘǊŜŜ ŀǊŜŀǎΥ ǘǊŜƴŘǎΣ 
ǎƘƻŎƪǎΣ ŀƴŘ ǎŜŀǎƻƴŀƭƛǘȅ ώнлϐΦ ¢ŀōƭŜ м ǎƘƻǿǎ ǎƻƳŜ ŜȄŀƳǇƭŜǎ ƻŦ ǘǊŜƴŘǎΣ ǎƘƻŎƪǎ ŀƴŘ ǎŜŀǎƻƴŀƭƛǘȅΦ 
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¢ŀōƭŜ мΦ ¢ƘŜ ǇƻǎǎƛōƭŜ ǾǳƭƴŜǊŀōƛƭƛǝŜǎ ŘǳŜ ǘƻ ǘƘŜ ŘȅƴŀƳƛŎǎ ƛƴ ǘƘŜ ŜȄǘŜǊƴŀƭ ŜƴǾƛǊƻƴƳŜƴǘ 

Trends 1. Population trends  
2. Resource trends 
3. National /international economic trends 
4. Trends in governance (including politics) 
5. Technological trends 

Shocks 
 

1. Human health shocks 
2. Natural shocks 
3. Economic shocks 
4. Conflict 
5. Crop/livestock health shock 

Seasonality 
 

1. Price changes 
2. Production changes 
3. Health status change 
4. Natural resource availability changes               

 

Iƻǿ ǘƻ ǳǎŜ {[C ŦƻǊ ǘƘŜ ōŜǧŜǊƳŜƴǘ ƻŦ ŎƻƳƳǳƴƛǝŜǎ  
!ǎ ŀ ŦŀŎǘ ƻŦ ŜǾƛŘŜƴŎŜΣ ǘƘŜ ǎƻǳƴŘ ǇǊƛƴŎƛǇƭŜǎ ƻŦ ŘŜǾŜƭƻǇƳŜƴǘ ŀǊŜ ǊŜƅŜŎǘŜŘ ōȅ {ǳǎǘŀƛƴŀōƭŜ [ƛǾŜƭƛƘƻƻŘ 
5ŜǾŜƭƻǇƳŜƴǘΦ {ǳŎƘ ǇǊƛƴŎƛǇƭŜǎ ŀǊŜ Ƴŀƛƴƭȅ ƭƛƴƪŜŘ ǘƻ мύ !ǎǎŜǘ ōǳƛƭŘƛƴƎ όŬƴŀƴŎƛŀƭΣ ƴŀǘǳǊŀƭΣ ƘǳƳŀƴΣ 
ǇƘȅǎƛŎŀƭΣ ǎƻŎƛŀƭύΤ нύ [ƛǾŜƭƛƘƻƻŘǎ όŎƻƳǇǊƛǎŜǎ ƻŦ ŀǎǎŜǘǎΣ ŎŀǇŀōƛƭƛǝŜǎΣ ŀƴŘ ŀŎǝǾƛǝŜǎ ƴŜŎŜǎǎŀǊȅ ŦƻǊ 
ƳŜŀƴǎ ƻŦ ƭƛǾƛƴƎύΤ оύ wŜŘǳŎƛƴƎ ŜȄǇƻǎǳǊŜ ǘƻ ǎƘƻŎƪǎ ŀƴŘ ǎǘǊŜǎǎ ŀƴŘ пύ {ǳǎǘŀƛƴŀōƛƭƛǘȅ ŜƴƘŀƴŎŜƳŜƴǘ 
ώноϐΦ !Ǝŀƛƴǎǘ ǘƘƛǎ ōŀŎƪŘǊƻǇΣ {[C Ƙŀǎ ōŜŜƴ ƘŜƭǇŦǳƭ ƛƴ ƛŘŜƴǝŦȅƛƴƎ ǎǳŎƘ ƭƛƴƪǎΦ CƻǊ ƛƴǎǘŀƴŎŜΣ 5ŀƴƎ Ŝǘ ŀƭΦ 
ώнпϐ ŀŘƻǇǘŜŘ {[C ǘƻ ŀƴŀƭȅȊŜ ǘƘŜ ƛƳǇŀŎǘ ƻŦ ǘƘŜ /Ƙƛƴŀ DǊŀƛƴ ŦƻǊ DǊŜŜƴ tǊƻƎǊŀƳƳŜ όDDtύ ƻƴ ǘƘŜ 
ǇŀǊǝŎƛǇŀƴǘϥǎ ƭƛǾŜƭƛƘƻƻŘǎ ƛƴ /ƘƛƴŀΦ ¦ŘŀȅŀƪǳƳŀǊŀ ŀƴŘ {ƘǊŜǎǘƘŀ ώнрϐ ŜƳǇƭƻȅŜŘ {[C ǘƻ ŜȄǇƭƻǊŜ 
ƭƛǾŜƭƛƘƻƻŘ ƛƳǇŀŎǘǎ ŘǳŜ ǘƻ ǘƘŜ ŎƻƴǎǘǊǳŎǝƻƴ ƻŦ {ŀƳŀƴŀƭǿŜǿŀ IȅŘǊƻŜƭŜŎǘǊƛŎƛǘȅ wŜǎŜǊǾƻƛǊΣ {Ǌƛ [ŀƴƪŀΦ 
!ōŜǊŀǘƘƴŜ Ŝǘ ŀƭΦ ώнсϐ ŀǇǇƭƛŜŘ {[C ǘƻ ƛƴǾŜǎǝƎŀǘŜ ǘƘŜ ŜũŜŎǘǎ ƻŦ ŎǳƭǘǳǊŜπōŀǎŜŘ ŬǎƘƛƴƎ ƻƴ ǘƘŜ ƭƛǾŜƭƛƘƻƻŘ 
ƻŦ ǘǿƻ ŬǎƘƛƴƎ ŎƻƳƳǳƴƛǝŜǎ ƛƴ ǘƘŜ tǳǧŀƭŀƳ ŘƛǎǘǊƛŎǘ ƛƴ {Ǌƛ [ŀƴƪŀΦ aƻǊŜƻǾŜǊΣ ¦b5tΣ C!hΣ ŀƴŘ LC!5 
ƘŀǾŜ ǳǎŜŘ {[C ŦƻǊ ǘƘŜ ǇǳǊǇƻǎŜ ƳŜƴǝƻƴŜŘ ŀōƻǾŜ ǎƛƴŎŜ ǘƘŜ нлллǎΦ ¢ƘŜǊŜŦƻǊŜΣ {[C Ŏŀƴ ōŜ ǳǎŜŘ ǘƻ 
ƳƻƴƛǘƻǊ ǘƘŜ ǇǊƻƎǊŜǎǎ ƻŦ ŜȄƛǎǝƴƎ ŎƭƛƳŀǘŜ ŀŘŀǇǘŀǝƻƴ ǊŜƎŀǊŘƛƴƎ ǘƘŜ ŀŎƘƛŜǾŜƳŜƴǘ ƻŦ ƭƛǾŜƭƛƘƻƻŘ 
ƻǳǘŎƻƳŜǎ ōȅ ǇŀŘŘȅ ŦŀǊƳŜǊǎ ƛƴ ǘƘŜ ŘǊȅ ȊƻƴŜ ƻŦ {Ǌƛ [ŀƴƪŀΦ 

 

/ƭƛƳŀǘŜ ŀŘŀǇǘŀǝƻƴ ƛƴ ǇŀŘŘȅ ŦŀǊƳƛƴƎ ƛƴ ǘƘŜ ŘǊȅ ȊƻƴŜ ƻŦ {Ǌƛ [ŀƴƪŀ  
!ƎǊƛŎǳƭǘǳǊŀƭ ǇǊŀŎǝŎŜǎ ŀƴŘ ǘƘŜ ƭƛǾŜƭƛƘƻƻŘǎ ƻŦ ǇŀŘŘȅ ŦŀǊƳŜǊǎ ƛƴ ǘƘŜ ŘǊȅ ȊƻƴŜ ƻŦ {Ǌƛ [ŀƴƪŀ ƘŀǾŜ ōŜŜƴ 
ǇǊƻŦƻǳƴŘƭȅ ŀũŜŎǘŜŘ ōȅ ŎƭƛƳŀǝŎ ŎƘŀƭƭŜƴƎŜǎΦ Lƴ ǇŀǊǝŎǳƭŀǊΣ ǘƘŜǎŜ ŎƘŀƭƭŜƴƎŜǎ ƛƴŎƭǳŘŜ ŜȄǘŜƴŘŜŘ 
ŘǊƻǳƎƘǘ ǇŜǊƛƻŘǎΣ ŜǊǊŀǝŎ ǊŀƛƴŦŀƭƭΣ ƘƛƎƘŜǊ ǘŜƳǇŜǊŀǘǳǊŜǎΣ ŀƴŘ ŀƴ ƛƴŎǊŜŀǎŜŘ ŦǊŜǉǳŜƴŎȅ ƻŦ ŜȄǘǊŜƳŜ 
ŎƭƛƳŀǝŎ ŜǾŜƴǘǎ ώмтϐΣ ώнтπнфϐΦ ¢ƘŜǎŜ ŦŀŎǘƻǊǎΣ ŀƭƻƴƎ ǿƛǘƘ ǘƘŜ ǊŜƎƛƻƴϥǎ ƭƻǿ ŀƴƴǳŀƭ ǇǊŜŎƛǇƛǘŀǝƻƴ ŀƴŘ 
ƘƛƎƘ ŜǾŀǇƻǊŀǝƻƴ ǊŀǘŜǎΣ ƳŀƪŜ ǇŀŘŘȅ ŦŀǊƳƛƴƎ ǇŀǊǝŎǳƭŀǊƭȅ ǾǳƭƴŜǊŀōƭŜ ǘƻ ǿŀǘŜǊ ǎŎŀǊŎƛǘȅ ώнфπолϐΦ ¢Ƙƛǎ 
ǊŜƎƛƻƴϥǎ ǇŀŘŘȅ ŦŀǊƳƛƴƎ ǊŜǉǳƛǊŜǎ ŎƭƛƳŀǘŜ ŀŘŀǇǘŀǝƻƴ ǘƻ ŀŘŘǊŜǎǎ ǿŀǘŜǊ ǎŎŀǊŎƛǘȅΣ ƻǇǝƳƛȊŜ ǇƭŀƴǝƴƎ 
ǎŎƘŜŘǳƭŜǎ ōŀǎŜŘ ƻƴ ǊŀƛƴŦŀƭƭ ǇŀǧŜǊƴǎΣ ŀƴŘ ƛƴǘŜƎǊŀǘŜ ǘǊŀŘƛǝƻƴŀƭ ƪƴƻǿƭŜŘƎŜ ǿƛǘƘ ƳƻŘŜǊƴ ǎǘǊŀǘŜƎƛŜǎ 
ǘƻ ŜƴǎǳǊŜ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ώмтϐΣώолϐΦ /ƭƛƳŀǘŜ ŀŘŀǇǘŀǝƻƴ ƛƴ ǇŀŘŘȅ ŦŀǊƳƛƴƎ ƛƴǾƻƭǾŜǎ ƛƳǇǊƻǾƛƴƎ ǿŀǘŜǊ 
ǳǎŜ ŜŶŎƛŜƴŎȅΣ ŀŘƧǳǎǝƴƎ ŎǊƻǇǇƛƴƎ ǎŎƘŜŘǳƭŜǎΣ ŀƴŘ ǇǊƻƳƻǝƴƎ ǘǊŀŘƛǝƻƴŀƭ ǇǊŀŎǝŎŜǎΣ ŀƭƭ ƻŦ ǿƘƛŎƘ 
ŎƻƴǘǊƛōǳǘŜ ǘƻ ōƻƻǎǝƴƎ ǊŜǎƛƭƛŜƴŎŜ ŀƎŀƛƴǎǘ ŎƭƛƳŀǝŎ ŎƘŀƭƭŜƴƎŜǎ ŀƴŘ ŜƴǎǳǊƛƴƎ ǎǳǎǘŀƛƴŀōƭŜ ŀƎǊƛŎǳƭǘǳǊŀƭ 
ǇǊƻŘǳŎǝǾƛǘȅ ώолϐΦ CŀǊƳŜǊǎ Ŏŀƴ ōŜǧŜǊ ƴŀǾƛƎŀǘŜ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ƛƴ ǘƘŜ ŘǊȅ ȊƻƴŜ ǘƘǊƻǳƎƘ ǘƘŜǎŜ 
ŀŘŀǇǘŀǝƻƴ ƳŜŀǎǳǊŜǎ ǿƘƛƭŜ ƳŀƛƴǘŀƛƴƛƴƎ ŜƴǾƛǊƻƴƳŜƴǘŀƭƭȅ ǎǳǎǘŀƛƴŀōƭŜ ǇǊŀŎǝŎŜǎΦ 
  
IƛǎǘƻǊƛŎŀƭƭȅΣ ǇŀŘŘȅ ŦŀǊƳŜǊǎ ƛƴ ǘƘŜ ŘǊȅ ȊƻƴŜ ƻŦ {Ǌƛ [ŀƴƪŀ ƘŀǾŜ ŀŘŀǇǘŜŘ ǘƻ ƘŀǊǎƘ ŎƭƛƳŀǘŜǎ ōȅ 
ŜƳǇƭƻȅƛƴƎ Ƴŀƴȅ ǘǊŀŘƛǝƻƴŀƭ ǇǊŀŎǝŎŜǎΦ ²ŀǘŜǊ ŀǾŀƛƭŀōƛƭƛǘȅ ŘǳǊƛƴƎ ŘǊȅ ǎǇŜƭƭǎ Ƙŀǎ ōŜŜƴ ŜƴǎǳǊŜŘ ōȅ 
ŀƴŎƛŜƴǘ ǘŀƴƪ ŎŀǎŎŀŘŜ ǎȅǎǘŜƳǎΣ ǳǎŜŘ ŦƻǊ ƻǾŜǊ нллл ȅŜŀǊǎΣ ǿƘƛŎƘ ŎƻƭƭŜŎǘΣ ǎǘƻǊŜΣ ŀƴŘ ŘƛǎǘǊƛōǳǘŜ ǊŀƛƴŦŀƭƭ 
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ŀƴŘ Ǌǳƴƻũ ώммϐΦ IƻƳŜ ƎŀǊŘŜƴǎΣ ǿƘƛŎƘ ǎŜǊǾŜ ŀǎ ƳǳƭǝπŦǳƴŎǝƻƴŀƭ ƭŀƴŘπǳǎŜ ǎȅǎǘŜƳǎΣ ŀǊŜ ŀƭǎƻ 
ǊŜŎƻƎƴƛȊŜŘ ŦƻǊ ǘƘŜƛǊ ǊŜǎƛƭƛŜƴŎŜ ǘƻ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ŀƴŘ ŎƻƴǘǊƛōǳǝƻƴǎ ǘƻ ŦƻƻŘ ǎŜŎǳǊƛǘȅ ώомϐΦ 
!ŘŀǇǘŀǝƻƴ Ƙŀǎ ōŜŜƴ ǎǳǇǇƻǊǘŜŘ ōȅ ŎǳƭǝǾŀǝƴƎ ƛƴŘƛƎŜƴƻǳǎ ǊƛŎŜ ǾŀǊƛŜǝŜǎ ǘƘŀǘ ŀǊŜ ŘǊƻǳƎƘǘπǘƻƭŜǊŀƴǘΣ 
ǎǳǇǇƭŜƳŜƴǘŜŘ ōȅ ƛƴǘǊƻŘǳŎƛƴƎ ƻǘƘŜǊ ŘǊƻǳƎƘǘπǘƻƭŜǊŀƴǘ ŎǊƻǇǎ ώонϐΦ ¢Ƙƛǎ ƛƴǘŜƎǊŀǝƻƴ ƻŦ ŀƴŎƛŜƴǘ 
ƪƴƻǿƭŜŘƎŜ ŀƴŘ ƳƻŘŜǊƴ ǘŜŎƘƴƻƭƻƎȅ Ƙŀǎ ŜǾƻƭǾŜŘ ώммϐΦ Lǘ Ƙŀǎ ƴƻǘ ƻƴƭȅ ǎǘǊŜƴƎǘƘŜƴŜŘ ŀƎǊƛŎǳƭǘǳǊŀƭ 
ǊŜǎƛƭƛŜƴŎŜ ōǳǘ ŀƭǎƻ ǎŀŦŜƎǳŀǊŘŜŘ ƭƛǾŜƭƛƘƻƻŘǎΦ 5ƛǾŜǊǎƛŬŎŀǝƻƴ ǎǘǊŀǘŜƎƛŜǎ ƘŀǾŜ ǊŜŘǳŎŜŘ ŘŜǇŜƴŘŜƴŎŜ ƻƴ 
ǇŀŘŘȅ ŀƭƻƴŜΣ ŜƴǎǳǊƛƴƎ ƭƛǾŜƭƛƘƻƻŘ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ŀƳƛŘǎǘ ŎƭƛƳŀǝŎ ǳƴŎŜǊǘŀƛƴǝŜǎ ώмтϐΦ Lǘ ŜƳǇƘŀǎƛȊŜǎ 
Ƙƻǿ ǘǊŀŘƛǝƻƴ ŀƴŘ ƳƻŘŜǊƴƛǘȅ ƛƴǘŜǊŀŎǘ ƛƴ ǎƘŀǇƛƴƎ ǘƘŜ ŀŘŀǇǝǾŜ ŎŀǇŀŎƛǝŜǎ ƻŦ ŀƎǊŀǊƛŀƴ ŎƻƳƳǳƴƛǝŜǎ 
ƛƴ ŘǊȅ ŀǊŜŀǎ ƻŦ {Ǌƛ [ŀƴƪŀΦ 
 
tŀŘŘȅ ŦŀǊƳŜǊǎ ƛƴ ǘƘŜ ŘǊȅ ȊƻƴŜ ƻŦ {Ǌƛ [ŀƴƪŀ ƘŀǾŜ ŀŘƻǇǘŜŘ ŀ ǊŀƴƎŜ ƻŦ ƳƻŘŜǊƴ ŀŘŀǇǘŀǝƻƴ ǎǘǊŀǘŜƎƛŜǎ 
ƛƴ ƻǊŘŜǊ ǘƻ ǎǳǎǘŀƛƴ ǘƘŜƛǊ ƭƛǾŜƭƛƘƻƻŘǎΦ !ƳƻƴƎ ǘƘŜǎŜ ƳŜŀǎǳǊŜǎ ŀǊŜ ǎǘǊŜǎǎπǘƻƭŜǊŀƴǘ ǊƛŎŜ ǾŀǊƛŜǝŜǎΣ 
ǇǊŜŎƛǎƛƻƴ ŀƎǊƛŎǳƭǘǳǊŜΣ ŜŶŎƛŜƴǘ ǿŀǘŜǊ ƳŀƴŀƎŜƳŜƴǘ ǎȅǎǘŜƳǎ ǎǳŎƘ ŀǎ ŘǊƛǇ ƛǊǊƛƎŀǝƻƴΣ ŀƴŘ ǊŀƛƴǿŀǘŜǊ 
ƘŀǊǾŜǎǝƴƎ ώонϐΦ CǳǊǘƘŜǊƳƻǊŜΣ ǘƘŜ ǊŜǎǘƻǊŀǝƻƴ ŀƴŘ ƳŀƛƴǘŜƴŀƴŎŜ ƻŦ ǘǊŀŘƛǝƻƴŀƭ ƛǊǊƛƎŀǝƻƴ ǎȅǎǘŜƳǎΣ 
ǎǳŎƘ ŀǎ ǾƛƭƭŀƎŜ ǘŀƴƪǎ ŀƴŘ ǘŀƴƪ ŎŀǎŎŀŘŜ ǎȅǎǘŜƳǎΣ ƘŀǾŜ ōŜŜƴ ŎǊǳŎƛŀƭ ǘƻ ŜũŜŎǝǾŜ ǿŀǘŜǊ ƳŀƴŀƎŜƳŜƴǘ 
ώммϐΦ !ƎǊƻπǿŜƭƭπōŀǎŜŘ ŀƎǊƛŎǳƭǘǳǊŜ ƛƴŎƻǊǇƻǊŀǝƴƎ ŀƎǊƻŦƻǊŜǎǘǊȅ ŎƘŀǊŀŎǘŜǊƛǎǝŎǎ ƻũŜǊǎ ƅŜȄƛōƛƭƛǘȅ ƛƴ 
ŀŘŀǇǝƴƎ ǘƻ ŎƘŀƴƎƛƴƎ ŎƭƛƳŀǝŎ ŎƻƴŘƛǝƻƴǎ ώнфϐΦ !ƎǊƛŎǳƭǘǳǊŀƭ ǘŜŎƘƴƻƭƻƎȅ ŀƴŘ ŎƭƛƳŀǘŜ ǎŎƛŜƴŎŜ 
ŀŘǾŀƴŎŜǎ ƘŀǾŜ ǎƛƎƴƛŬŎŀƴǘƭȅ ōƻƻǎǘŜŘ ǘƘŜǎŜ ǎǘǊŀǘŜƎƛŜǎΣ ƎƛǾƛƴƎ ŦŀǊƳŜǊǎ ŀ ōŜǧŜǊ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ 
ǿŜŀǘƘŜǊ ǇŀǧŜǊƴǎ ŀƴŘ ǎƻƛƭ ƘŜŀƭǘƘ ώммϐΦ ¢ƻ ŜƴŎƻǳǊŀƎŜ ǘƘŜ ŀŘƻǇǝƻƴ ƻŦ ŎƭƛƳŀǘŜπǊŜǎƛƭƛŜƴǘ ǇǊŀŎǝŎŜǎΣ 
ƎƻǾŜǊƴƳŜƴǘ ŀƎŜƴŎƛŜǎ ŀƴŘ ƴƻƴπƎƻǾŜǊƴƳŜƴǘŀƭ ƻǊƎŀƴƛȊŀǝƻƴǎ ǇǊƻǾƛŘŜ ŜȄǘŜƴǎƛƻƴ ǎŜǊǾƛŎŜǎΣ ǘǊŀƛƴƛƴƎΣ 
ŀƎǊƛŎǳƭǘǳǊŀƭ ƛƴǇǳǘǎΣ ŀƴŘ ŬƴŀƴŎƛŀƭ ŀǎǎƛǎǘŀƴŎŜ ώооϐΦ /ƻƳƳǳƴƛǘȅπōŀǎŜŘ ƻǊƎŀƴƛȊŀǝƻƴǎ ŀǊŜ Ǿƛǘŀƭ ǘƻ 
ǎƘŀǊƛƴƎ ƪƴƻǿƭŜŘƎŜ ŀƴŘ ǘŀƪƛƴƎ ŎƻƭƭŜŎǝǾŜ ŀŎǝƻƴ ŀǎ ŎƭƛƳŀǘŜπƛƴŘǳŎŜŘ ŎƘŀƭƭŜƴƎŜǎ ƎǊƻǿΦ ¢ƘŜǎŜ Ƴǳƭǝπ
ǝŜǊŜŘ ǎǳǇǇƻǊǘ ǎǘǊǳŎǘǳǊŜǎ ŀŎŎŜƭŜǊŀǘŜ ŎƭƛƳŀǘŜπǊŜǎƛƭƛŜƴǘ ǇŀŘŘȅ ŦŀǊƳƛƴƎ ǇǊŀŎǝŎŜǎ ƛƴ ǘƘŜ ǊŜƎƛƻƴΦ 
 
{ŜǾŜǊŀƭ ŎŀǎŜ ǎǘǳŘƛŜǎ ŦǊƻƳ ǘƘŜ ŘǊȅ ȊƻƴŜ ƻŦ {Ǌƛ [ŀƴƪŀ ǎƘŜŘ ƭƛƎƘǘ ƻƴ ǎǳŎŎŜǎǎŦǳƭ ŀŘŀǇǘŀǝƻƴ ǇǊŀŎǝŎŜǎ 
ŀƳƻƴƎ ǇŀŘŘȅ ŦŀǊƳŜǊǎΦ !ŎŎƻǊŘƛƴƎ ǘƻ 9ǎƘŀƳ ϧ DŀǊŦƻǊǘƘ ώмтϐΣ ǎƳŀƭƭƘƻƭŘŜǊ ŦŀǊƳŜǊǎ ƴŜŜŘ ŦŜŀǎƛōƭŜ 
ŀŘŀǇǘŀǝƻƴ ŀǇǇǊƻŀŎƘŜǎΣ ŜƳǇƘŀǎƛȊƛƴƎ ǘƘŜ ƴŜŜŘ ǘƻ ƳŀƛƴǎǘǊŜŀƳ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ŀŘŀǇǘŀǝƻƴ ǇƻƭƛŎƛŜǎ 
ƛƴǘƻ ƴŀǝƻƴŀƭ ŘŜǾŜƭƻǇƳŜƴǘ ǇƭŀƴǎΦ .ŜōŜǊƳŜƛŜǊ Ŝǘ ŀƭΦ ώммϐ ƘƛƎƘƭƛƎƘǘ Ƙƻǿ ŦŀǊƳŜǊǎ ƛƴ ǘƘŜ 
!ƴǳǊŀŘƘŀǇǳǊŀ ŘƛǎǘǊƛŎǘ ǳǝƭƛȊŜŘ ǘǊŀŘƛǝƻƴŀƭ ǿŀǘŜǊ ǎǘƻǊŀƎŜ ǎȅǎǘŜƳǎ ƛƴ ŎƻƳōƛƴŀǝƻƴ ǿƛǘƘ ƳƻŘŜǊƴ ŘǊƛǇ 
ƛǊǊƛƎŀǝƻƴ ǘŜŎƘƴƛǉǳŜǎ ǘƻ ŜƴƘŀƴŎŜ ǿŀǘŜǊ ŜŶŎƛŜƴŎȅΦ Lƴ {Ǌƛ [ŀƴƪŀΣ ǘǊŀŘƛǝƻƴŀƭ ŀƴŘ ƳƻŘŜǊƴ ǇǊŀŎǝŎŜǎ 
ŎƻŜȄƛǎǘ ƛƴ ƘŀǊƳƻƴȅΣ ŀǎ ŘƛǎŎǳǎǎŜŘ ōȅ !ōŜȅǿŀǊŘŀƴŀ Ŝǘ ŀƭΦ ώмлϐΦ ¢Ƙƛǎ ƛƭƭǳǎǘǊŀǘŜǎ ǘƘŜ ƛƳǇƻǊǘŀƴŎŜ ƻŦ 
ŎƻƴǘŜȄǘǳŀƭƛȊŜŘ ŀŘŀǇǘŀǝƻƴ ǎǘǊŀǘŜƎƛŜǎ ǊŜŎƻƎƴƛȊƛƴƎ ǘƘŜ ǎƻŎƛƻπŎǳƭǘǳǊŀƭ ŀƴŘ ƘƛǎǘƻǊƛŎŀƭ ŦŀōǊƛŎ ǿƛǘƘƛƴ 
ǿƘƛŎƘ ŀƎǊŀǊƛŀƴ ŎƻƳƳǳƴƛǝŜǎ ƻǇŜǊŀǘŜ ώмлϐΣώмтϐΦ .ŀǎŜŘ ƻƴ ǘƘŜǎŜ ǎǘǳŘƛŜǎΣ ƛƴǘŜƎǊŀǝƴƎ ǘǊŀŘƛǝƻƴŀƭ 
ǇǊŀŎǝŎŜǎ ǿƛǘƘ ƳƻŘŜǊƴ ǘŜŎƘƴƻƭƻƎƛŎŀƭ ƛƴǘŜǊǾŜƴǝƻƴǎ Ƴŀȅ ōŜ ƴŜŎŜǎǎŀǊȅ ŦƻǊ ŜũŜŎǝǾŜ ŀŘŀǇǘŀǝƻƴ ƛƴ 
ŎƭƛƳŀǘŜπǾǳƭƴŜǊŀōƭŜ ǊŜƎƛƻƴǎΦ ²ƛǘƘ ǘƘŜǎŜ ƛƴǎƛƎƘǘǎΣ ǎƛƳƛƭŀǊ ŀƎǊƻŜŎƻƭƻƎƛŎŀƭ ȊƻƴŜǎ ǿƻǊƭŘǿƛŘŜ Ŏŀƴ 
ŘŜǾŜƭƻǇ ƳƻǊŜ ŜũŜŎǝǾŜ ŎƭƛƳŀǘŜ ŀŘŀǇǘŀǝƻƴ ǎǘǊŀǘŜƎƛŜǎΦ 
 
¢ƘŜ ƛƴǘŜƎǊŀǝƻƴ ƻŦ ŎƭƛƳŀǘŜ ŀŘŀǇǘŀǝƻƴ ǇǊŀŎǝŎŜǎ Ƙŀǎ ǎƛƎƴƛŬŎŀƴǘƭȅ ƛƴƅǳŜƴŎŜŘ ǇŀŘŘȅ ŦŀǊƳƛƴƎ 
ǇǊƻŘǳŎǝǾƛǘȅΣ ƛƴŎƻƳŜ ƭŜǾŜƭǎΣ ŀƴŘ ŦƻƻŘ ǎŜŎǳǊƛǘȅ ƛƴ ǘƘŜ ŘǊȅ ȊƻƴŜ ƻŦ {Ǌƛ [ŀƴƪŀ ώнуϐΦ 5ŜǎǇƛǘŜ ŀŘǾŜǊǎŜ 
ŎƭƛƳŀǝŎ ŎƻƴŘƛǝƻƴǎΣ ŘǊƻǳƎƘǘπǊŜǎƛǎǘŀƴǘ ǊƛŎŜ ǾŀǊƛŜǝŜǎ ŀƴŘ ŜŶŎƛŜƴǘ ǿŀǘŜǊ ƳŀƴŀƎŜƳŜƴǘΣ ƛƴŎƭǳŘƛƴƎ 
ǘǊŀŘƛǝƻƴŀƭ ǾƛƭƭŀƎŜ ǘŀƴƪ ŎŀǎŎŀŘŜ ǎȅǎǘŜƳǎΣ ƘŀǾŜ ŜƴƘŀƴŎŜŘ ŎǊƻǇ ȅƛŜƭŘǎ ώммϐΣώнтϐΦ CŀǊƳ ƛƴŎƻƳŜ ƭŜǾŜƭǎ 
ƘŀǾŜ ƛƴŎǊŜŀǎŜŘΣ ŦƻǎǘŜǊƛƴƎ ŜŎƻƴƻƳƛŎ ǎǘŀōƛƭƛǘȅΣ ŀƭǘƘƻǳƎƘ ƳŀƪƛƴƎ ŎƭƛƳŀǘŜ ŀŘŀǇǘŀǝƻƴ ǇǊƻŬǘŀōƭŜ 
ǊŜƳŀƛƴǎ ŎƘŀƭƭŜƴƎƛƴƎ ώмсϐΦ Lƴ ŀŘŘƛǝƻƴ ǘƻ ƛƳǇǊƻǾƛƴƎ ŦƻƻŘ ǎŜŎǳǊƛǘȅΣ ǘƘŜǎŜ ǎǘǊŀǘŜƎƛŜǎ ƘŀǾŜ ǊŜŘǳŎŜŘ 
ǘƻȄƛŎ ŜƭŜƳŜƴǘǎ ƛƴ ǊƛŎŜ ŀƴŘ ƛƳǇǊƻǾŜŘ ǇǳōƭƛŎ ƘŜŀƭǘƘ ώопϐΦ ¢ƘŜǎŜ ōŜƴŜŬǘǎ ƘŀǾŜ ƭŜŘ ǘƻ ƎǊŜŀǘŜǊ ǊŜǎƛƭƛŜƴŎŜ 
ǘƻ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ŀƴŘ ƻǘƘŜǊ ŜȄǘŜǊƴŀƭ ǎƘƻŎƪǎΦ 9ƴƘŀƴŎŜŘ ǿŀǘŜǊ ǳǎŜ ŜŶŎƛŜƴŎȅΣ ƛƳǇǊƻǾŜŘ ǎƻƛƭ ƘŜŀƭǘƘΣ 
ŀƴŘ ŘƛǾŜǊǎƛǘȅ ƻŦ ŎǊƻǇ ǾŀǊƛŜǝŜǎ ƘŀǾŜ ǇǊƻǾƛŘŜŘ ŦŀǊƳƛƴƎ ŎƻƳƳǳƴƛǝŜǎ ǿƛǘƘ ŀ ƳƻǊŜ ǎǳōǎǘŀƴǝŀƭ ōǳũŜǊ 
ŀƎŀƛƴǎǘ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ώмтϐΦ Lƴ ǘƘŜ ŘǊȅ ȊƻƴŜ ƻŦ {Ǌƛ [ŀƴƪŀΣ ŎƭƛƳŀǘŜ ŀŘŀǇǘŀǝƻƴ ǇǊŀŎǝŎŜǎ ǳƴŘŜƴƛŀōƭȅ 
ŎƻƴǘǊƛōǳǘŜ ǘƻ ŀ ƳƻǊŜ ǎǳǎǘŀƛƴŀōƭŜ ŀƴŘ ǊŜǎƛƭƛŜƴǘ ŀƎǊƛŎǳƭǘǳǊŀƭ ƭŀƴŘǎŎŀǇŜΦ 
 
¢ƘŜǊŜ ŀǊŜ ǎŜǾŜǊŀƭ ŎƘŀƭƭŜƴƎŜǎ ǘƘŀǘ ǇŀŘŘȅ ŦŀǊƳŜǊǎ ŦŀŎŜ ƛƴ ǘƘŜ ŘǊȅ ȊƻƴŜ ƻŦ {Ǌƛ [ŀƴƪŀ ǿƘŜƴ ŀŘƻǇǝƴƎ 
ŎƭƛƳŀǘŜ ŀŘŀǇǘŀǝƻƴ ǇǊŀŎǝŎŜǎΦ CƛƴŀƴŎŜ ŎƻƴǎǘǊŀƛƴǘǎ ŎƻƴǎǝǘǳǘŜ ŀ ǎƛƎƴƛŬŎŀƴǘ ōŀǊǊƛŜǊ ǘƻ ŀŎǉǳƛǊƛƴƎ 
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ƳƻŘŜǊƴ ŀƎǊƛŎǳƭǘǳǊŀƭ ǘŜŎƘƴƻƭƻƎƛŜǎ ŀƴŘ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ŦƻǊ ŜŶŎƛŜƴǘ ǿŀǘŜǊ ƳŀƴŀƎŜƳŜƴǘ ŀƴŘ ǎƻƛƭ 
ŎƻƴǎŜǊǾŀǝƻƴ ώмтϐΦ tŀŘŘȅ ǇǊƻŘǳŎǝƻƴ ƛƴ ǘƘŜ ŘǊȅ ȊƻƴŜ ƛǎ ŜǎǇŜŎƛŀƭƭȅ ǾǳƭƴŜǊŀōƭŜ ǘƻ ǿŀǘŜǊ ǎƘƻǊǘŀƎŜǎ 
ώмсϐΦ ¢ƘŜǊŜ ƛǎ ŀ ƪƴƻǿƭŜŘƎŜ ƎŀǇ ǿƘŜǊŜ ŦŀǊƳŜǊǎ Ƴŀȅ ƴŜŜŘ ƳƻǊŜ ƛƴŦƻǊƳŀǝƻƴ ƻǊ ǘǊŀƛƴƛƴƎ ǘƻ 
ƛƳǇƭŜƳŜƴǘ ƴŜǿ ŀŘŀǇǘŀǝƻƴ ǎǘǊŀǘŜƎƛŜǎ ŜũŜŎǝǾŜƭȅ ώорϐΣώосϐΦ Lƴǎǝǘǳǝƻƴŀƭ ŦŀŎǘƻǊǎΣ ƛƴŎƭǳŘƛƴƎ ǇƻǾŜǊǘȅ 
ŀƴŘ ƳŀǊƎƛƴŀƭ ƭŀƴŘΣ Ŏŀƴ ŎƻƳǇƭƛŎŀǘŜ ŀŘƻǇǝƴƎ ŎƭƛƳŀǘŜπǎƳŀǊǘ ǇǊŀŎǝŎŜǎ ώотϐΦ 5ŜǾŜƭƻǇƛƴƎ ǊƛǾŜǊ ōŀǎƛƴ 
ƳŀƴŀƎŜƳŜƴǘ ǇǊƻƧŜŎǘǎ ƛƴǘŜƎǊŀǝƴƎ ǘǊŀŘƛǝƻƴŀƭ ƪƴƻǿƭŜŘƎŜΣ ǎǳŎƘ ŀǎ ǘƘŜ aŀƘŀǿŜƭƛ 5ŜǾŜƭƻǇƳŜƴǘ 
tǊƻƎǊŀƳΣ Ŏŀƴ ŜƴƘŀƴŎŜ ŎƭƛƳŀǘŜ ŀŘŀǇǘŀǝƻƴ ŀƴŘ ǊŜǎƛƭƛŜƴŎŜ ώолϐΦ ¢ƘŜ ǘŀƴƪ ŎŀǎŎŀŘŜ ǎȅǎǘŜƳǎ ŀǊŜ 
ǊŜǎƛƭƛŜƴǘ ǘƻ ŎƭƛƳŀǝŎ ƅǳŎǘǳŀǝƻƴǎ ŀƴŘ ōǳũŜǊ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ŜũŜŎǘǎ ƛƴ ǘƘŜ ŘǊȅ ȊƻƴŜ ώммϐΦ Lƴ ƻǊŘŜǊ ǘƻ 
ǎǘŜŜǊ ǇŀŘŘȅ ŦŀǊƳƛƴƎ ǘƻǿŀǊŘǎ ŀ ƳƻǊŜ ǊŜǎƛƭƛŜƴǘ ǇŀǘƘ ŀƳƛŘǎǘ ŎƘŀƴƎƛƴƎ ŎƭƛƳŀǝŎ ŎƻƴŘƛǝƻƴǎΣ ŎƭƛƳŀǘŜπ
ǎƳŀǊǘ ŀƎǊƛŎǳƭǘǳǊŀƭ ǇǊŀŎǝŎŜǎ ǎǳŎƘ ŀǎ ŘǊƻǳƎƘǘπǘƻƭŜǊŀƴǘ ŎǊƻǇ ǾŀǊƛŜǝŜǎ ŀƴŘ ǿŀǘŜǊπǎŀǾƛƴƎ ƛǊǊƛƎŀǝƻƴ 
ǘŜŎƘƴƛǉǳŜǎ ǿƛƭƭ ōŜ ƛƳǇŜǊŀǝǾŜΦ 
 
tƻƭƛŎȅ ƛƴǘŜǊǾŜƴǝƻƴǎ ƎǊƻǳƴŘŜŘ ƛƴ ŜƳǇƛǊƛŎŀƭ ǊŜǎŜŀǊŎƘ ŀǊŜ ƴŜŎŜǎǎŀǊȅ ǘƻ ƛƳǇǊƻǾŜ ŎƭƛƳŀǘŜ ŀŘŀǇǘŀǝƻƴ 
ƛƴ ǇŀŘŘȅ ŦŀǊƳƛƴƎ ƛƴ {Ǌƛ [ŀƴƪŀϥǎ ŘǊȅ ȊƻƴŜΦ !ǎ ƻƴŜ ƻŦ ǘƘŜ ǊŜŎƻƳƳŜƴŘŀǝƻƴǎΣ ǘŀƴƪ ŎŀǎŎŀŘŜ ǎȅǎǘŜƳǎ 
ǎƘƻǳƭŘ ōŜ ǊŜǎǘƻǊŜŘ ŀƴŘ ƳŀƴŀƎŜŘ ǎƛƴŎŜ ǘƘŜȅ ƘŀǾŜ ƘƛǎǘƻǊƛŎŀƭƭȅ ōŜŜƴ ǊŜŎƻƎƴƛȊŜŘ ŀǎ ǎǳǎǘŀƛƴŀōƭŜ 
ƳŜŀǎǳǊŜǎ ŦƻǊ ǿŀǘŜǊǎƘŜŘ ƳŀƴŀƎŜƳŜƴǘ ŀƴŘ ƘŀǾŜ ōŜŜƴ ƛƴŎǊŜŀǎƛƴƎƭȅ ŜƳǇƘŀǎƛȊŜŘ ŦƻǊ ǘƘŜƛǊ ǊƻƭŜ ƛƴ 
ŘǊƻǳƎƘǘ ŀƴŘ ƅƻƻŘ ƳƛǝƎŀǝƻƴ ώммϐΣώоуϐΦ CǳǊǘƘŜǊƳƻǊŜΣ ŀŘƧǳǎǝƴƎ ǊƛŎŜ ǇƭŀƴǝƴƎ ŘŀǘŜǎ Ŏŀƴ ƭŜŀŘ ǘƻ 
ǿŀǘŜǊ ǎŀǾƛƴƎǎΣ ǎǳƎƎŜǎǝƴƎ ǘƘŀǘ ŦŀǊƳŜǊǎ Ƴǳǎǘ ōŜ ƎǳƛŘŜŘ ƛƴ ƻǇǝƳƛȊƛƴƎ ǇƭŀƴǝƴƎ ǎŎƘŜŘǳƭŜǎ ώофϐΦ 
!ŘƻǇǝƴƎ ŀŘŀǇǘŀǝƻƴ ǇǊŀŎǝŎŜǎΣ ǎǳŎƘ ŀǎ ŎǳƭǝǾŀǝƴƎ ŘǊƻǳƎƘǘπǘƻƭŜǊŀƴǘ ŎǊƻǇ ǾŀǊƛŜǝŜǎ ŀƴŘ ŘƛǾŜǊǎƛŦȅƛƴƎ 
ŎǊƻǇǎΣ Ƙŀǎ ōŜŜƴ ƛŘŜƴǝŬŜŘ ŀǎ ŎǊǳŎƛŀƭΣ ŀƴŘ ǘƘǳǎΣ ǇƻƭƛŎƛŜǎ ǎƘƻǳƭŘ ǇǊƻƳƻǘŜ ǘƘŜƛǊ ŀŘƻǇǝƻƴ ώонϐΦ /ƭƛƳŀǘŜ 
ŎƘŀƴƎŜ ŀŘŀǇǘŀǝƻƴ ǎƘƻǳƭŘ ŀƭǎƻ ōŜ ƛƴŎƻǊǇƻǊŀǘŜŘ ƛƴǘƻ ƴŀǝƻƴŀƭ ŀƎǊƛŎǳƭǘǳǊŀƭ ǇƻƭƛŎƛŜǎΣ ǇŀǊǝŎǳƭŀǊƭȅ ŦƻǊ 
ǘƘŜ ŘǊȅ ȊƻƴŜǎ ώмтϐΦ ¢ǊŀŘƛǝƻƴŀƭ ƪƴƻǿƭŜŘƎŜ ǎƘƻǳƭŘ ōŜ ƳŜǊƎŜŘ ǿƛǘƘ ǘŜŎƘƴƻƭƻƎƛŎŀƭ ŀŘǾŀƴŎŜƳŜƴǘ ƛƴ 
ŀƴŀƭȅȊƛƴƎ ŎƭƛƳŀǘŜ ŀŘŀǇǘŀǝƻƴ ǇǊŀŎǝŎŜǎ ǘƻ ƘƛƎƘƭƛƎƘǘ ǘƘŜ ǾŀƭǳŜ ƻŦ ŀ ŎƻƳōƛƴŜŘ ŀǇǇǊƻŀŎƘΦ !ƭǘƻƎŜǘƘŜǊΣ 
ƛƴ ǘƘŜ ŦŀŎŜ ƻŦ ŎƭƛƳŀǝŎ ŀŘǾŜǊǎƛǘȅ ƛƴ ǘƘŜ ŘǊȅ ȊƻƴŜ ƻŦ {Ǌƛ [ŀƴƪŀΣ ŀ ƳǳƭǝπǝŜǊŜŘΣ ŎƻƭƭŀōƻǊŀǝǾŜ ŀǇǇǊƻŀŎƘΣ 
ǎǳǇǇƻǊǘŜŘ ōȅ ǎǳǇǇƻǊǝǾŜ ǇƻƭƛŎȅ ŦǊŀƳŜǿƻǊƪǎΣ Ŏŀƴ ǎƛƎƴƛŬŎŀƴǘƭȅ ŀŎŎŜƭŜǊŀǘŜ ǘƘŜ ǘǊŀƴǎƛǝƻƴ ǘƻǿŀǊŘǎ 
ƳƻǊŜ ǊŜǎƛƭƛŜƴǘ ŀƴŘ ŀŘŀǇǝǾŜ ǇŀŘŘȅ ŦŀǊƳƛƴƎ ǎȅǎǘŜƳǎΦ   

 
{ǘǊŀǘŜƎƛŜǎ ŦƻǊ ŜƴƘŀƴŎƛƴƎ ŎƭƛƳŀǘŜ ǊŜǎƛƭƛŜƴŎŜ ƛƴ ǇŀŘŘȅ ŦŀǊƳƛƴƎ 
 
/ƻƳƳǳƴƛǘȅπōŀǎŜŘ ŀŘŀǇǘŀǝƻƴ ƛƴƛǝŀǝǾŜǎ 
/ƻƳƳǳƴƛǘȅπōŀǎŜŘ ŀŘŀǇǘŀǝƻƴ ό/.!ύ ƛƴƛǝŀǝǾŜǎ ŀǊŜ ŜǎǎŜƴǝŀƭ ŦƻǊ ōǳƛƭŘƛƴƎ ŎƭƛƳŀǘŜ ǊŜǎƛƭƛŜƴŎŜ ŀǘ ǘƘŜ 
ƎǊŀǎǎǊƻƻǘǎ ƭŜǾŜƭΦ ¢ƘŜǎŜ ƛƴƛǝŀǝǾŜǎ ŜƳǇƻǿŜǊ ŎƻƳƳǳƴƛǝŜǎ ǘƻ ƛŘŜƴǝŦȅ ǘƘŜƛǊ ǳƴƛǉǳŜ ŎƭƛƳŀǘŜ 
ǾǳƭƴŜǊŀōƛƭƛǝŜǎΣ ŘŜǾŜƭƻǇ ƭƻŎŀƭƭȅ ŀǇǇǊƻǇǊƛŀǘŜ ǎƻƭǳǝƻƴǎΣ ŀƴŘ ŜƴƘŀƴŎŜ ǘƘŜƛǊ ŀŘŀǇǝǾŜ ŎŀǇŀŎƛǘȅΦ .ŀǎŜŘ 
ƻƴ Ƴŀƴȅ ǇǳōƭƛǎƘŜŘ /.! ŦǊŀƳŜǿƻǊƪǎ ŘŜǾŜƭƻǇŜŘ ǘƻ ōǳƛƭŘ ŦŀǊƳŜǊǎϥ ŎƭƛƳŀǘŜ ǊŜǎƛƭƛŜƴŎŜΣ ƘŜǊŜ ŀǊŜ ǎƻƳŜ 
ƪŜȅ ǎǘǊŀǘŜƎƛŜǎ ǘƘŀǘ ŦƻŎǳǎ ƻƴ ƛƳǇƭŜƳŜƴǝƴƎ ŎƻƳƳǳƴƛǘȅπōŀǎŜŘ ŀŘŀǇǘŀǝƻƴ ƛƴƛǝŀǝǾŜǎΦ 9ƛƎƘǘ ǎǘǊŀǘŜƎƛŜǎ 
ŜȄǇƭŀƛƴŜŘ ƛƴ ǘƘƛǎ ǎŜŎǝƻƴ όCƛƎǳǊŜ нύ ŀǊŜ ŘƛǊŜŎǘƭȅ ƭƛƴƪŜŘ ǿƛǘƘ ǘƘŜ ǎƻŎƛŀƭΣ ƘǳƳŀƴΣ ƴŀǘǳǊŀƭΣ ǇƘȅǎƛŎŀƭΣ ŀƴŘ 
ŬƴŀƴŎƛŀƭ ŎŀǇƛǘŀƭ ƻŦ ŀ ǎǳǎǘŀƛƴŀōƭŜ ƭƛǾŜƭƛƘƻƻŘ ŦǊŀƳŜǿƻǊƪΦ  



67 
 
 

                            

 

Figure 2. Strategies of community-based adaptation initiatives for building climate resilience of 
farmers. 

 
/ƻƳƳǳƴƛǘȅ ŜƴƎŀƎŜƳŜƴǘ ŀƴŘ ǇŀǊǝŎƛǇŀǝƻƴ 
!ǎ ŀ ŎƻƳƳǳƴƛǘȅ ǘƘŀǘ ƛǎ ǊŜƎǳƭŀǊƭȅ ŘŜŀƭƛƴƎ ǿƛǘƘ ŘƛǾŜǊǎŜ ŎƭƛƳŀǝŎ ŎƘŀƭƭŜƴƎŜǎΣ ƛǘ ƛǎ ŜǎǎŜƴǝŀƭ ǘƻ ƎŜǘ 
ƛƴǾƻƭǾŜŘ ƛƴ ŀƭƭ ǎǘŀƎŜǎ ƻŦ ŀŘŀǇǘŀǝƻƴ ǇƭŀƴƴƛƴƎ ŀƴŘ ŘŜŎƛǎƛƻƴπƳŀƪƛƴƎ ƛƴ ƻǊŘŜǊ ǘƻ ōǳƛƭŘ ŀ ŎƭƛƳŀǘŜπ
ǊŜǎƛƭƛŜƴǘ ŀŎǝƻƴ ǇƭŀƴΦ Lǘ ŦŀŎƛƭƛǘŀǘŜǎ ƎŜǩƴƎ ŀƴ ƛŘŜŀ ŀōƻǳǘ ǘƘŜ ŜȄŀŎǘ ǎŎŀƭŜ ƻŦ ǘƘŜ ǾǳƭƴŜǊŀōƛƭƛǘȅ ŀƴŘ 
ŎŀǇŀŎƛǝŜǎ ǘƘǊƻǳƎƘ ǘƘŜƛǊ ŘŜŬƴƛǝƻƴǎΦ ¢ƘǊƻǳƎƘ ƭƻŎŀƭ ŎƻƳƳǳƴƛǘȅ ǳƴŘŜǊǎǘŀƴŘƛƴƎΣ ŀŘƻǇǝƴƎΣ ŀƴŘ 
ŀǇǇƭȅƛƴƎ ǘƘŜ ǾŀǊƛƻǳǎ ǇŀǊǝŎƛǇŀǘƻǊȅ ǘƻƻƭǎ ŀƴŘ ǘŜŎƘƴƛǉǳŜǎΣ ǊŜǎŜŀǊŎƘŜǊǎ ǿƛƭƭ ōŜ ŀōƭŜ ǘƻ ōǳƛƭŘ ǳǇ ŀ ƳƻǊŜ 
ǇǊŀŎǝŎŀƭ ŎƭƛƳŀǘŜπǊŜǎƛƭƛŜƴǘ ŀŎǝƻƴ Ǉƭŀƴ ŦƻǊ ŀ ǇŀǊǝŎǳƭŀǊ ŀƎǊŀǊƛŀƴ ŎƻƳƳǳƴƛǘȅΦ ¢ƘŜǊŜ ƛǎ ƳǳŎƘ ŜǾƛŘŜƴŎŜ 
ŀǾŀƛƭŀōƭŜ ƛƴ ƻǘƘŜǊ ǊŜƎƛƻƴǎ ƻŦ ǘƘŜ ǿƻǊƭŘ ǘƘŀǘ ŜȄǇƭŀƛƴǎ ǘƘŜ ǎǳŎŎŜǎǎ ƻŦ ǎǳŎƘ ƛƴǾƻƭǾŜƳŜƴǘ ώплπпмϐΦ ¢ƘŜ 
ǳƭǝƳŀǘŜ ƻōƧŜŎǝǾŜ ƻŦ ŜƴƘŀƴŎƛƴƎ ŎƻƳƳǳƴƛǘȅ ƛƴǾƻƭǾŜƳŜƴǘ ƛǎ ǘƻ ŜƴǎǳǊŜ ǘƘŀǘ ǘƘŜ ŘƛǾŜǊǎŜ ǾƻƛŎŜǎ ƻŦ 
ǾǳƭƴŜǊŀōƭŜ ŀƴŘ ƳŀǊƎƛƴŀƭƛȊŜŘ ƎǊƻǳǇǎ ŀǊŜ ǿŜƭƭ ǊŜŎƻƎƴƛȊŜŘΦ ¢ƘŜǊŜŦƻǊŜΣ ƛǘ ƛǎ ŜǎǎŜƴǝŀƭ ǘƻ ōǳƛƭŘ ǎǳǎǘŀƛƴŜŘ 
ǇŀǊǘƴŜǊǎƘƛǇǎ ŀƳƻƴƎ ǊŜǎŜŀǊŎƘŜǊǎ ŀƴŘ ǇŀǊǝŎǳƭŀǊƭȅ ǾǳƭƴŜǊŀōƭŜ ŦŀǊƳƛƴƎ ŎƻƳƳǳƴƛǝŜǎ ǘƻ ōǳƛƭŘ ǘǊǳǎǘ 
ŀƴŘ ŘŜǾŜƭƻǇ ŎƻƴǘŜȄǘǳŀƭƛȊŜŘ ƛƴŦƻǊƳŀǝƻƴ ώпнϐΦ 

[ƻŎŀƭ ƪƴƻǿƭŜŘƎŜ ƛƴǘŜƎǊŀǝƻƴ  
9ǾŜǊȅ ŎƻƳƳǳƴƛǘȅ ƛǎ ŎƻƳǇǊƛǎŜŘ ƻŦ ŘƛũŜǊŜƴǘ ǾŀƭǳŜǎΣ ōŜƭƛŜŦǎΣ ƛŘŜƴǝǝŜǎΣ ƎƻŀƭǎΣ ŀƴŘ ǎƻŎƛŀƭ ƴŜǘǿƻǊƪǎΣ 
ǿƘƛŎƘ ŘƛǊŜŎǘƭȅ ƻǳǘƭƛƴŜ ǇŜǊŎŜǇǝƻƴǎ ŀƴŘ ŀŎǝƻƴǎ ƻƴ ōǳƛƭŘƛƴƎ ǘƘŜ ŎƭƛƳŀǘŜ ǊŜǎƛƭƛŜƴŎŜ ƻŦ ǘƘŜ ŦŀǊƳƛƴƎ 
ŎƻƳƳǳƴƛǘȅΦ !ƭǎƻΣ ƛǘ ƛǎ ǊŜǇƻǊǘŜŘ ǘƘŀǘ ƛƴŘƛƎŜƴƻǳǎ ǇŜƻǇƭŜǎϥ ƘƻƭƛǎǝŎ ǾƛŜǿ ƻŦ ŎƻƳƳǳƴƛǘȅ ŀƴŘ ǘƘŜ 
ŜƴǾƛǊƻƴƳŜƴǘ ƛǎ ŀ ǎƛƎƴƛŬŎŀƴǘ ǊŜǎƻǳǊŎŜ ŦƻǊ ŀŘŀǇǝƴƎ ǘƻ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ [43]Φ ¢ƘŜǊŜŦƻǊŜΣ ŀƴȅ 
ŜƴƎŀƎŜƳŜƴǘ ǇǊƻŎŜǎǎŜǎ ǘƘŀǘ ƛƎƴƻǊŜ ǘƘŜ ǎƻŎƛƻπŎǳƭǘǳǊŀƭ ŎƻƴǘŜȄǘ ǿƛǘƘƛƴ ǿƘƛŎƘ ǎǘŀƪŜƘƻƭŘŜǊǎ ŀǊŜ 
ŜƳōŜŘŘŜŘ Ƴŀȅ Ŧŀƛƭ ǘƻ ƎǳƛŘŜ ŀŘŀǇǝǾŜ ǊŜǎǇƻƴǎŜǎΦ ¢ƘŜǊŜŦƻǊŜΣ ǘŀƪƛƴƎ ƛƴǎƛƎƘǘǎ ŦǊƻƳ ǘǊŀŘƛǝƻƴŀƭ 
ŀƎǊƛŎǳƭǘǳǊŀƭ ǘŜŎƘƴƻƭƻƎƛŜǎ ǿƘŜƴ ŘŜǾŜƭƻǇƛƴƎ ǇƻƭƛŎƛŜǎ ǿƛƭƭ ŜƴǎǳǊŜ ƭƻƴƎπǘŜǊƳ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ. IŜƴŎŜΣ ƛǘ 
ƛǎ ƳŀƴŘŀǘƻǊȅ ǘƻ integrate indigenous knowledge into community-based ŀŘŀǇǘŀǝƻƴ ƛƴƛǝŀǝǾŜǎ.  
 
The dry zone of Sri Lanka also has a unique paddy farming culture, which comprises many specific 
agricultural practices that are orally transmitted from generation to generation. For instance, the 
village tank system is well-designed to address the issue that arises due to water shortages, which 
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are very common in the dry zone of the country. Also, Bethma and dry seed farming (Kakulam 
govithena) are the best adaptation strategies in traditional agriculture.  
 
However, later on, most of the policymakers and administrative parties neglected the indigenous 
practices and prioritized the popularizing of only modern agricultural activities with the 
expectation of rapid agricultural development in the area. However, that could be the leading 
cause of the existing poor climate resilience of paddy farmers in the dry areas of the zone, even 
though many projects were introduced in the last decades. Therefore, when developing such 
action plans in Sri Lanka to uplift the ǇŀŘŘȅ ŦŀǊƳŜǊǎΩ ǊŜǎƛƭƛŜƴŎŜΣ ƛǘ ƛǎ ōŜǘǘŜǊ to integrate local 
knowledge. Through the integration of indigenous knowledge into the planning of community-
based adaptation initiatives, social and human capital is strengthened in order to achieve climate 
resilience for agriculture.  

 
/ŀǇŀŎƛǘȅ ōǳƛƭŘƛƴƎ  
wǳǊŀƭ ŎƻƳƳǳƴƛǝŜǎ ŀǊŜ ǘƘŜ Ƴƻǎǘ ǾǳƭƴŜǊŀōƭŜ ǘƻ ŀŘǾŜǊǎŜ ŎƭƛƳŀǝŎ ŎƻƴŘƛǝƻƴǎ ώ44]. ¢ƘŜ ƴŜŜŘ ŦƻǊ ƳƻǊŜ 
ŀŎŎŜǎǎ ǘƻ ƳƻŘŜǊƴ ǘŜŎƘƴƻƭƻƎȅ ŀƴŘ ƪƴƻǿƭŜŘƎŜ ǎƻǳǊŎŜǎ ƭƛƪŜ ŦƻǊƳŀƭ ƻǊ ƛƴŦƻǊƳŀƭ ŜŘǳŎŀǝƻƴ ŀƴŘ 
ǘǊŀƛƴƛƴƎ ŦǳǊǘƘŜǊ ŀƎƎǊŀǾŀǘŜǎ ǘƘƛǎΦ ¦ƴƛǾŜǊǎƛǝŜǎ ŀƴŘ ǊŜǎŜŀǊŎƘ ǎǘŀǝƻƴǎ ƘŀǾŜ ŀ ƳƻǊŜ ǎƛƎƴƛŬŎŀƴǘ ǊƻƭŜ ǘƻ 
Ǉƭŀȅ ƛƴ ǘƘƛǎ ǊŜƎŀǊŘ ōȅ ŜȄǘŜƴŘƛƴƎ ǘƘŜƛǊ ǎǳǇǇƻǊǘ ǘƻ ǎǘǊŜƴƎǘƘŜƴ ŎƭƛƳŀǘŜ ǊŜǎƛƭƛŜƴŎŜΦ ¢Ƙƛǎ Ŏŀƴ ƛƴŎƭǳŘŜ 
ǘǊŀƛƴƛƴƎ ǇǊƻƎǊŀƳǎκ ŦŀǊƳŜǊ ǎŎƘƻƻƭ ǇǊƻƎǊŀƳǎ ƻƴ ŎƭƛƳŀǘŜπǊŜǎƛƭƛŜƴǘ ŀƎǊƛŎǳƭǘǳǊŀƭ ǇǊŀŎǝŎŜǎΣ ŘƛǎŀǎǘŜǊ Ǌƛǎƪ 
ǊŜŘǳŎǝƻƴ ǘŜŎƘƴƛǉǳŜǎΣ ŀƴŘ ƭƛǾŜƭƛƘƻƻŘ ŘƛǾŜǊǎƛŬŎŀǝƻƴ ǎƪƛƭƭǎ ώ45]Φ CǳǊǘƘŜǊ ŦŀŎƛƭƛǘŀǝƴƎ ƪƴƻǿƭŜŘƎŜ 
ǎƘŀǊƛƴƎ ŀƴŘ ƭŜŀǊƴƛƴƎ ŀƳƻƴƎ ŎƻƳƳǳƴƛǝŜǎΣ ŜƴŎƻǳǊŀƎƛƴƎ ǘƘŜƳ ǘƻ ŜȄŎƘŀƴƎŜ ŜȄǇŜǊƛŜƴŎŜǎ ŀƴŘ ōŜǎǘ 
ǇǊŀŎǝŎŜǎ ǿƛǘƘ ƴŜƛƎƘōƻǳǊƛƴƎ ŎƻƳƳǳƴƛǝŜǎ ŀƴŘ ǊŜƎƛƻƴǎΣ ǿƛƭƭ ŀƭǎƻ ōŜ ōŜƴŜŬŎƛŀƭΦ 

 
9ŀǊƭȅ ǿŀǊƴƛƴƎ ǎȅǎǘŜƳǎ 
¢ƘŜ ŜǎǘŀōƭƛǎƘƳŜƴǘ ŀƴŘ ǎǘǊŜƴƎǘƘŜƴƛƴƎ ƻŦ ŜŀǊƭȅ ǿŀǊƴƛƴƎ ǎȅǎǘŜƳǎ ƛǎ ŜǎǎŜƴǝŀƭ ǘƻ ǇǊƻǾƛŘŜ ŎƻƳƳǳƴƛǝŜǎ 
ǿƛǘƘ ǝƳŜƭȅ ƛƴŦƻǊƳŀǝƻƴ ŀōƻǳǘ ƛƳǇŜƴŘƛƴƎ ŎƭƛƳŀǘŜπǊŜƭŀǘŜŘ ƘŀȊŀǊŘǎΣ ǎǳŎƘ ŀǎ ƅƻƻŘǎΣ ŘǊƻǳƎƘǘǎΣ ƻǊ 
ǎǘƻǊƳǎ ώпсϐΦ ¢Ƙƛǎ ǎȅǎǘŜƳ ŜƴŀōƭŜǎ ǘƘŜ ŦŀǊƳŜǊǎ ǘƻ ǘŀƪŜ ǘƘŜ ƴŜŎŜǎǎŀǊȅ ŀƎǊƛŎǳƭǘǳǊŀƭ ƳŀƴŀƎŜƳŜƴǘ 
ǇǊŀŎǝŎŜǎ ŀǘ ǇǊƻǇŜǊ ǇŜǊƛƻŘǎ ōŀǎŜŘ ƻƴ ǘƘŜ ǿŜŀǘƘŜǊ ǇŀǧŜǊƴΦ !ƭǎƻΣ ǘƘƛǎ ƘŜƭǇǎ ŦŀǊƳŜǊǎ ǇǊŜǇŀǊŜ ŜŀǊƭȅ 
ŦƻǊ ŜȄǘǊŜƳŜ ǿŜŀǘƘŜǊ ŎƻƴŘƛǝƻƴǎ ŀƴŘ ŀǾƻƛŘ ǳƴƴŜŎŜǎǎŀǊȅ ŀƎǊƛŎǳƭǘǳǊŀƭ ƭƻǎǎŜǎ ŀƴŘ ŘŀƳŀƎŜΦ  

IƻǿŜǾŜǊΣ ǘƘƛǎ ǘȅǇŜ ƻŦ ǘŜŎƘƴƻƭƻƎƛŎŀƭ ƛƳǇǊƻǾŜƳŜƴǘ Ƴŀȅ ƴƻǘ ōŜ ǎǳŎŎŜǎǎŦǳƭ ƛƴ ǘƘŜ ŀŎǘǳŀƭ ŦŀǊƳŜǊϥǎ ŬŜƭŘ 
ŎƻƴŘƛǝƻƴǎ ŀǘ ƛƴƛǝŀƭ ƭŜǾŜƭǎΣ ŀǎ ŦŀǊƳŜǊǎ ŀǊŜ ƴƻǘ ǾŜǊȅ ŦŀƳƛƭƛŀǊ ǿƛǘƘ ǎǳŎƘ ŎƻƴŘƛǝƻƴǎΦ IƻǿŜǾŜǊΣ ǘƘƛǎ Ŏŀƴ 
ōŜ ǎƻƭǾŜŘ ōȅ ƭƛƴƪƛƴƎ ǘƘŜ ƛƴŘƛƎŜƴƻǳǎ ŀƴŘ ƳƻŘŜǊƴ ƪƴƻǿƭŜŘƎŜ ǎȅǎǘŜƳǎΦ 5Ǌȅ ȊƻƴŜ ǇŀŘŘȅ ŦŀǊƳŜǊǎ ƘŀǾŜ 
ǘƘŜƛǊ ǿŜŀǘƘŜǊ ŦƻǊŜŎŀǎǝƴƎ ŀǇǇǊƻŀŎƘ ǘƘǊƻǳƎƘ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ǘƘŜ ƴŀǘǳǊŀƭ ǎƛƎƴǎΦ CƻǊ ƛƴǎǘŀƴŎŜΣ ƛŦ 
ǿŜŀǾŜǊ ōƛǊŘǎ ōǳƛƭŘ ǘƘŜƛǊ ƴŜǎǘǎ ŀǘ ƘƛƎƘŜǊ ƭŜǾŜƭǎ ƻŦ ǘǊŜŜǎΣ ŦŀǊƳŜǊǎ ŜȄǇŜŎǘ ǎƛƎƴƛŬŎŀƴǘ ǊŀƛƴŦŀƭƭΣ ŀƴŘ ǘƘŜ 
ǘŀƴƪ ǿŀǘŜǊ ƭŜǾŜƭ ǿƛƭƭ ōŜ ƘƛƎƘΦ {ǳǇǇƻǎŜ ŦŀǊƳŜǊǎ Ŏŀƴ ōŜ ŎƻƴǾƛƴŎŜŘ ōȅ ƳŀǘŎƘƛƴƎ ǘƘŜ ƛƴŘƛŎŀǝƻƴǎ ƻŦ ǘƘŜ 
ŜŀǊƭȅ ǿŀǊƴƛƴƎ ǎȅǎǘŜƳ ŀƴŘ ƴŀǘǳǊŀƭ ǎƛƎƴŀƭǎΦ Lƴ ǘƘŀǘ ŎŀǎŜΣ ƛǘ ǿƛƭƭ ŦŀŎƛƭƛǘŀǘŜ ǘƘŜ ǇǊƻǇŜǊ ǳǝƭƛȊŀǝƻƴ ƻŦ ǘƘƛǎ 
ƪƛƴŘ ƻŦ ŀŘǾŀƴŎŜŘ ǘŜŎƘƴƻƭƻƎƛŎŀƭ ƛƳǇǊƻǾŜƳŜƴǘ ōȅ ǊǳǊŀƭ ŦŀǊƳŜǊǎΦ  

 
/ƭƛƳŀǘŜπǊŜǎƛƭƛŜƴǘ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ  
¢ŜŎƘƴƻƭƻƎƛŎŀƭ ƛƴƴƻǾŀǝƻƴ ƛǎ ŜǎǎŜƴǝŀƭ ƛƴ ŎƭƛƳŀǘŜπǇǊƻƻŬƴƎ ƴŀǝƻƴŀƭ ŀƴŘ ŎƻƳƳǳƴƛǘȅπƭŜǾŜƭ 
ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ώ45]Φ LƴǾŜǎǘ ƛƴ ŎƭƛƳŀǘŜπǊŜǎƛƭƛŜƴǘ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜΣ ǎǳŎƘ ŀǎ ƅƻƻŘ ŘŜŦŜƴŎŜǎΣ ǊŀƛƴǿŀǘŜǊ 
ƘŀǊǾŜǎǝƴƎ ǎȅǎǘŜƳǎΣ ŀƴŘ ŘǊƻǳƎƘǘπǊŜǎƛǎǘŀƴǘ ŎǊƻǇ ǾŀǊƛŜǝŜǎΣ ǘƻ ŜƴƘŀƴŎŜ ǘƘŜ ŎƻƳƳǳƴƛǘȅϥǎ ŀōƛƭƛǘȅ ǘƻ 
ǿƛǘƘǎǘŀƴŘ ŎƭƛƳŀǘŜ ƛƳǇŀŎǘǎΦ ¢ƘŜ ǿŜƭƭπŜǎǘŀōƭƛǎƘŜŘ ŎƭƛƳŀǘŜπǊŜǎƛƭƛŜƴǘ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ƛƴ ǘƘŜ ŘǊȅ ȊƻƴŜ ƻŦ 
{Ǌƛ [ŀƴƪŀ ƛǎ ǊŀƛƴǿŀǘŜǊ ƘŀǊǾŜǎǝƴƎ ǘƘǊƻǳƎƘ ǘƘŜ ŎƻƴǎǘǊǳŎǝƻƴ ƻŦ ǿŀǘŜǊ ǘŀƴƪǎ ŀǎ ŀƴ ŀŘŀǇǘŀǝƻƴ ǎǘǊŀǘŜƎȅ 
ǘƻ ŎƻƴǎŜǊǾŜ ŜȄŎŜǎǎ ǿŀǘŜǊ ŦƻǊ ŘǊȅ ǇŜǊƛƻŘǎΦ IƻǿŜǾŜǊΣ Ƴŀƴȅ ƻŦ ǘƘŜǎŜ ǘŀƴƪǎ ŀǊŜ ƴƻǿ ŘŜǇƭŜǘŜŘ ŘǳŜ ǘƻ 
ǘƘŜ ǎŜŘƛƳŜƴǘŀǝƻƴΦ ¢ƘŜǊŜŦƻǊŜΣ ƛǘ ƛǎ ŜǎǎŜƴǝŀƭ ǘƻ ŜǎǘŀōƭƛǎƘ ǇǊƻǇŜǊ ƳŀƛƴǘŜƴŀƴŎŜ ǇǊƻŎŜŘǳǊŜǎ ŀǎ ǿŜ 
ƘŀŘ ƛƴ ŀ ǘǊŀŘƛǝƻƴŀƭ ŎƻƳƳǳƴƛǘȅ όtŀƴƎǳƪŀǊƛȅŀύΦ Lǘ ƛǎ ǊŜǇƻǊǘŜŘ ƛƴ .ŀƴƎƭŀŘŜǎƘ ǘƘŀǘ ōŀƳōƻƻ ǎǘǊǳŎǘǳǊŜǎ 
ŀǊŜ ǳǝƭƛȊŜŘ ǘƻ ǇǊŜǾŜƴǘ ǊƛǾŜǊōŀƴƪ ŜǊƻǎƛƻƴΣ ǿƘƛƭŜ ƛƴ bŜǇŀƭΣ ǿŜ ŀƭǎƻ ƘŀǾŜ ŘƛũŜǊŜƴǘ ǊŀƛƴǿŀǘŜǊ 
ƘŀǊǾŜǎǝƴƎ ƳŜǘƘƻŘǎΦ   
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[ƛǾŜƭƛƘƻƻŘ ŘƛǾŜǊǎƛŬŎŀǝƻƴ  
[ƛǾŜƭƛƘƻƻŘ ŘƛǾŜǊǎƛŬŎŀǝƻƴ Ƙŀǎ ƭƻƴƎ ōŜŜƴ ǳǎŜŘ ŀƴŘ ǇǊƻƳƻǘŜŘ ŀǎ ŀ ǎǘǊŀǘŜƎȅ ŦƻǊ ƛƴŎǊŜŀǎƛƴƎ ƛƴŎƻƳŜǎ 
ŀƴŘ ƳŀƴŀƎƛƴƎ ŀƴŘ ŘƛǾŜǊǎƛŦȅƛƴƎ Ǌƛǎƪ ŀƳƻƴƎ ǇƻƻǊ ŀƴŘ ǾǳƭƴŜǊŀōƭŜ ƘƻǳǎŜƘƻƭŘǎ ό45)Φ ¢Ƙƛǎ Ŏŀƴ ōŜ 
ŀŎƘƛŜǾŜŘ ŜƛǘƘŜǊ ǘƘǊƻǳƎƘ ŎƘŀƴƎƛƴƎ ŀƎǊƛŎǳƭǘǳǊŀƭ ǇǊŀŎǝŎŜǎ ŀǎ ǇŜǊ ŎƘŀƴƎƛƴƎ ǿŜŀǘƘŜǊ ǇŀǧŜǊƴǎ ƻǊ 
ŘƛǾŜǊǎƛŦȅƛƴƎ ǘƘŜ ƴǳƳōŜǊ ƻŦ ƛƴŎƻƳŜ ƎŜƴŜǊŀǝƻƴ ƳŜǘƘƻŘǎΦ !ǎ ŜȄǇŜǊǘǎ ǇǊŜŘƛŎǘΣ ŘǊȅŜǊ ŀǊŜŀǎ ǿƛƭƭ 
ōŜŎƻƳŜ ŘǊȅŜǊΣ ŀƴŘ ǘƘŜ ŀƎǊƛŎǳƭǘǳǊŜ ǎŜŎǘƻǊ ǿƛƭƭ ōŜ ŀũŜŎǘŜŘ ǎŜǾŜǊŜƭȅ ŘǳŜ ǘƻ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ώптϐΦ Lƴ 
ǎǳŎƘ ŎƻƴŘƛǝƻƴǎΣ ŦŀǊƳŜǊǎ Ŏŀƴ ŎƘŀƴƎŜ ƭƛǾŜƭƛƘƻƻŘ ǇŀǧŜǊƴǎ ōȅ ŎǳƭǝǾŀǝƴƎ ŘǊƻǳƎƘǘπǊŜǎƛǎǘŀƴǘ ǇŀŘŘȅ 
ǾŀǊƛŜǝŜǎ ƛƴǎǘŜŀŘ ƻŦ ǊŜƎǳƭŀǊ ǾŀǊƛŜǝŜǎ ƻǊ ŀǇǇƭȅƛƴƎ ƳƻŘƛŬŜŘ ƳƻƛǎǘǳǊŜ ŎƻƴǎŜǊǾŀǝƻƴ ǇǊŀŎǝŎŜǎΦ 
{ƛƳƛƭŀǊƭȅΣ ǘƘŜ ǿŜŀǘƘŜǊ ŦƻǊŜŎŀǎǘ ǇǊŜŘƛŎǘǎ ǘƘŀǘ ǿŀǘŜǊ ŀǾŀƛƭŀōƛƭƛǘȅ ŦƻǊ ƛǊǊƛƎŀǝƻƴ ǿƛƭƭ ōŜ ƛƴŀŘŜǉǳŀǘŜΦ Lƴ 
ǘƘŀǘ ŎŀǎŜΣ ŦŀǊƳŜǊǎ Ƴŀȅ ŎǳƭǝǾŀǘŜ ƻǘƘŜǊ ŬŜƭŘ ŎǊƻǇǎ ǎǳŎƘ ŀǎ aǳƴƎōŜŀƴ ό±ƛƎƴŀ ǊŀŘƛŀǘŀύΣ .ƭŀŎƪƎǊŀƳ 
ό±ƛƎƴŀ ƳǳƴƎƻύΣ ŀƴŘ {ƻȅōŜŀƴ όDƭȅŎƛƴŜ ƳŀȄύΣ ǿƘƛŎƘ Ŏŀƴ ōŜ ƳŀƴŀƎŜŘ ǿƛǘƘ ƳƛƴƛƳǳƳ ǿŀǘŜǊ 
ǉǳŀƴǝǝŜǎΦ ¢Ƙƛǎ ǿŀǎ ǇǊŀŎǝŎŜŘ ƻƴƭȅ ƛƴ ǎŜǾŜǊŀƭ ŀǊŜŀǎ ƛƴ ǘƘŜ ŘǊȅ ȊƻƴŜΣ ǿƛǘƘ ǘƘŜ ƳŀƧƻǊƛǘȅ ƻŦ ǘƘŜ ŦŀǊƳŜǊǎ 
ǘǊȅƛƴƎ ƘŀǊŘ ǘƻ ŎƻƴǝƴǳŜ ŎǳƭǝǾŀǝƻƴ ǿƛǘƘ ŜȄƛǎǝƴƎ ǿŀǘŜǊ ŀǾŀƛƭŀōƛƭƛǘȅ ƻǊ ƎƛǾƛƴƎ ǳǇ ǇŀŘŘȅ ŎǳƭǝǾŀǝƻƴΦ 
¢ƘŜǊŜŦƻǊŜΣ ǘƘǊƻǳƎƘ ǇǊƻǇŜǊ ŜȄǘŜƴǎƛƻƴ ǎŜǊǾƛŎŜǎΣ ŦŀǊƳŜǊǎ ǎƘƻǳƭŘ ōŜ ŀǿŀǊŜ ƻŦ ŘƛǾŜǊǎƛŬŎŀǝƻƴ ǎǘǊŀǘŜƎƛŜǎ 
ǘƘŀǘ Ŏŀƴ ōŜ ŀǇǇƭƛŜŘ ǘƻ ōǳƛƭŘ ŎƭƛƳŀǘŜ ǊŜǎƛƭƛŜƴŎŜΦ 
 
¢ƘŜ ǎŜŎƻƴŘ ƳŜǘƘƻŘ ƻŦ ƭƛǾŜƭƛƘƻƻŘ ŘƛǾŜǊǎƛŬŎŀǝƻƴ ƛǎ ǘƻ ŦƻŎǳǎ ƳƻǊŜ ƻƴ ǎŜŎƻƴŘŀǊȅ ƛƴŎƻƳŜ ƎŜƴŜǊŀǝƻƴ 
ƳŜǘƘƻŘǎΣ ǎǳŎƘ ŀǎ ǎŜŜƪƛƴƎ ƭŀōƻǳǊ ƻǇǇƻǊǘǳƴƛǝŜǎ ŀƴŘ ŜƴƎŀƎƛƴƎ ǿƛǘƘ ƻǘƘŜǊ ƭƛǾŜƭƛƘƻƻŘ ǇŀǘƘǿŀȅǎΦ ¢Ƙƛǎ 
ǿƛƭƭ ŦǳǊǘƘŜǊ ƭƛƴƪ ǘƻ ƛƴǾŜǎǘƳŜƴǘǎ ŀƴŘ ƘǳƳŀƴ ŎŀǇƛǘŀƭΣ ƛƴŎƭǳŘƛƴƎ ŜŘǳŎŀǝƻƴΣ ƘŜŀƭǘƘ ŀƴŘ Ƨƻō ƎǊƻǿǘƘ 
ώ48]Φ IƻǿŜǾŜǊΣ ƳƻǊŜ ǘƘŀƴ ƭƛǾŜƭƛƘƻƻŘ ŘƛǾŜǊǎƛŬŎŀǝƻƴ ƛǎ ƴŜŜŘŜŘ ǘƻ ōǳƛƭŘ ǘƘŜ ŎƭƛƳŀǘŜ ǊŜǎƛƭƛŜƴŎŜ ƻŦ 
ŦŀǊƳŜǊǎΣ ŀƴŘ ƛŦ ƛǘ ŘƻŜǎ ƴƻǘ ƘŀǇǇŜƴ ǇǊƻǇŜǊƭȅΣ ƛǘ Ŏŀƴ ŜǾŜƴ ƛƴŎǊŜŀǎŜ ǘƘŜƛǊ ǾǳƭƴŜǊŀōƛƭƛǘȅ ώпфϐΦ  

 
bŀǘǳǊŀƭ ǊŜǎƻǳǊŎŜ ƳŀƴŀƎŜƳŜƴǘ 
IǳƳŀƴ ŀŎǝǾƛǝŜǎ ŀǊŜ ŜȄŀŎŜǊōŀǝƴƎ ƴŀǘǳǊŀƭ ŎƘŀƴƎŜǎ ƛƴ ǘƘŜ ŎƭƛƳŀǘŜ ώпоϐΦ CŀǊƳŜǊǎ Ƴǳǎǘ ŀŘƧǳǎǘ 
ǎǘǊŀǘŜƎƛŜǎ ŦƻǊ ǘƘŜ ƴŜǿ ǿŜŀǘƘŜǊ ŎƻƴŘƛǝƻƴǎ ǊŜǇŜŀǝƴƎ ŦƻǊ ǎŜǾŜǊŀƭ ǎǳōǎŜǉǳŜƴǘ ǎŜŀǎƻƴǎ ǘƻ ǎǳǎǘŀƛƴ ŎǊƻǇ 
ǇǊƻŘǳŎǝƻƴ ǳƴŘŜǊ ǘƘŜ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ǎŎŜƴŀǊƛƻΦ Lƴ ǿŀǘŜǊπǎǘǊŜǎǎŜŘ ŀǊŜŀǎ ŀƴŘ ŦƻǊ ǊŜǎƻǳǊŎŜπǇƻƻǊ 
ŦŀǊƳŜǊǎΣ ǊŜǎƛƭƛŜƴǘ ǊƛŎŜ ǇǊƻŘǳŎǝƻƴ ǎȅǎǘŜƳǎ ƛƴǾƻƭǾƛƴƎ ōŜǧŜǊ ŎǊƻǇ ŜǎǘŀōƭƛǎƘƳŜƴǘ ƳŜǘƘƻŘǎΣ ƛƳǇǊƻǾŜŘ 
ǿŀǘŜǊΣ ǿŜŜŘ ŀƴŘ ƴǳǘǊƛŜƴǘ ƳŀƴŀƎŜƳŜƴǘ ǇǊŀŎǝŎŜǎΣ ŀƴŘ ǳǝƭƛȊŀǝƻƴ ƻŦ ƳƛŎǊƻōƛŀƭ ǊŜǎƻǳǊŎŜǎ ƘŀǾŜ ōŜŜƴ 
ŦƻǳƴŘ ǘƻ ōŜ ǾŜǊȅ ǎǳŎŎŜǎǎŦǳƭ ώ50]Φ 

 
CƛƴŀƴŎŜ ŀƴŘ ŎǊƻǇ ƛƴǎǳǊŀƴŎŜ 
tǊƻǾƛŘƛƴƎ ƳƛŎǊƻŬƴŀƴŎŜ ƛƴ ǘƘŜ ŀƎǊƛŎǳƭǘǳǊŀƭ ǎŜŎǘƻǊ ƛǎ ƻƴŜ ƻŦ ǘƘŜ ŎǊƛǝŎŀƭ ǎǘǊŀǘŜƎƛŜǎ ŦƻǊ ōǳƛƭŘƛƴƎ ŎƭƛƳŀǘŜ 
ǊŜǎƛƭƛŜƴŎŜ ŀƳƻƴƎ ŦŀǊƳŜǊǎΦ Lǘ Ƙŀǎ ƳƻǊŜ ǎƛƎƴƛŬŎŀƴǘ ǇƻǘŜƴǝŀƭ ǘƻ ǎǘǊŜƴƎǘƘŜƴ ǘƘŜ ǎƳŀƭƭπǎŎŀƭŜ ŦŀǊƳŜǊǎ 
ǿƘƻ ŀǊŜ ǊŜǎǇƻƴǎƛōƭŜ ŦƻǊ Ǝƭƻōŀƭ ŀƎǊƛŎǳƭǘǳǊŀƭ ǇǊƻŘǳŎǝƻƴ ǘƻ ŀ ƎǊŜŀǘŜǊ ŜȄǘŜƴǘ. The role of micro-
finance in improving livelihood assets is threefold [51]. 

a) Direct income effects 
b) Indirect income effects (i.e., education and training) 
c) Non-pecuniary effects (i.e., more robust social networks and increased confidence) 

 
IƻǿŜǾŜǊΣ Ƴƻǎǘ ŬƴŀƴŎƛŀƭ ǊŜǎƻǳǊŎŜǎ ŦƻǊ ŎƭƛƳŀǘŜ ŀŎǝƻƴǎ ŎƻƳŜ ŦǊƻƳ ǇǳōƭƛŎ ǎŜŎǘƻǊǎ ŀƴŘ ŀǊŜ ǳǎŜŘ ŦƻǊ 
ƭŀǊƎŜπǎŎŀƭŜ ƳƛǝƎŀǝƻƴ ŀŎǝƻƴǎΦ Microfinance bundled with insurance can be another good 
adaptation measure [51]. When considering the Sri Lankan context, a public sector entity is 
offering farmer insurance services for paddy rice, maize, and livestock. In total, during the year 
2012, the Agricultural and Agrarian Insurance Board (AAIB) provided LKR100 million 
(approximately US$740,000) in compensation to farming families affected by droughts and floods 
[52].  
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tƻǘŜƴǝŀƭ ŎƻƭƭŀōƻǊŀǝƻƴǎΥ wƻƭŜ ƻŦ bDhǎΣ ƎƻǾŜǊƴƳŜƴǘǎΣ ŀƴŘ ƛƴǘŜǊƴŀǝƻƴŀƭ ōƻŘƛŜǎ 
.ƻǘƘ ǎǘŀǘŜ ŀƴŘ ƴƻƴπǎǘŀǘŜ ŜƴǝǝŜǎ ƘŀǾŜ ŀ Řǳŀƭ ǊƻƭŜ ƛƴ ǎƘŀǇƛƴƎ ǊŜǎǇƻƴǎŜǎ ǘƻ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜΦ hƴ ǘƘŜ 
ƻƴŜ ƘŀƴŘΣ ǘƘŜȅ ŜȄǇŜǊƛŜƴŎŜ ǘƘŜ ǘŀƴƎƛōƭŜ ŜũŜŎǘǎ ƻŦ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ŀǎ ōƻǘƘ ƛƴǎǝǘǳǝƻƴǎ ŀƴŘ 
ƛƴŘƛǾƛŘǳŀƭǎΦ hƴ ǘƘŜ ƻǘƘŜǊ ƘŀƴŘΣ ǘƘŜȅ ǎŜǊǾŜ ŀǎ Ŏŀǘŀƭȅǎǘǎ ŦƻǊ ŎƘŀƴƎŜΦ ¢ƘŜǎŜ ŜƴǝǝŜǎ ŜƴƎŀƎŜ ǿƛǘƘ ƻƴŜ 
ŀƴƻǘƘŜǊ ǿƛǘƘƛƴ ǎǇŜŎƛŬŎ ǎƻŎƛƻπŜŎƻƴƻƳƛŎ ŀƴŘ ǇƻƭƛǝŎŀƭ ŎƻƴǘŜȄǘǎΣ ƛŘŜƴǝŦȅƛƴƎ ŀƴŘ ǇǊƛƻǊƛǝȊƛƴƎ ƪŜȅ 
ŎƻƴŎŜǊƴǎΣ ŘŜǾƛǎƛƴƎ ǎǘǊŀǘŜƎƛŜǎΣ ŎƻƭƭŀōƻǊŀǝƴƎ ǿƛǘƘ ƛƴǘŜǊƴŀƭ ŀƴŘ ŜȄǘŜǊƴŀƭ ǎǘŀƪŜƘƻƭŘŜǊǎΣ ƳƻōƛƭƛȊƛƴƎ 
ǊŜǎƻǳǊŎŜǎΣ ŀƴŘ ǳƭǝƳŀǘŜƭȅ ŘŜǎƛƎƴƛƴƎ ŀƴŘ ƛƳǇƭŜƳŜƴǝƴƎ ŎƭƛƳŀǘŜ ǊŜǎǇƻƴǎŜ ƛƴƛǝŀǝǾŜǎΦ 9ũŜŎǝǾŜ 
ŎƻƻǊŘƛƴŀǝƻƴ ŀƳƻƴƎ ǾŀǊƛƻǳǎ ƭŜǾŜƭǎ ƻŦ ƎƻǾŜǊƴƳŜƴǘΣ ŎƻƳƳǳƴƛǘȅπōŀǎŜŘ ƻǊƎŀƴƛȊŀǝƻƴǎΣ ŘƻƳŜǎǝŎ ŀƴŘ 
ƛƴǘŜǊƴŀǝƻƴŀƭ ƴƻƴπƎƻǾŜǊƴƳŜƴǘŀƭ ƻǊƎŀƴƛȊŀǝƻƴǎ όbDhǎύΣ ƛƴǘŜǊƴŀǝƻƴŀƭ ŘŜǾŜƭƻǇƳŜƴǘ ǇŀǊǘƴŜǊǎΣ 
ǎŎƘƻƭŀǊǎ όƛƴŎƭǳŘƛƴƎ ŀŎŀŘŜƳƛŎǎύΣ ǘƘŜ ƳŜŘƛŀΣ ŀƴŘ ǘƘŜ ǇǊƛǾŀǘŜ ǎŜŎǘƻǊ ƛǎ ŜǎǎŜƴǝŀƭ ŦƻǊ ŀŎƘƛŜǾƛƴƎ 
ƛƳǇǊƻǾŜŘ ƻǳǘŎƻƳŜǎΦ 
 
Lƴ ǘƘŜ ŎƻƴǘŜȄǘ ƻŦ {Ǌƛ [ŀƴƪŀΣ ƴŀǝƻƴŀƭ ƴƻƴπƎƻǾŜǊƴƳŜƴǘŀƭ ƻǊƎŀƴƛȊŀǝƻƴǎ όbDhǎύ ƭƛƪŜ tǊŀŎǝŎŀƭ !Ŏǝƻƴ 
ŀƴŘ WŀƴŀǘƘŀƪǎƘŀƴ [ǘŘ ŎƻƭƭŀōƻǊŀǘŜ ǿƛǘƘ ƎƻǾŜǊƴƳŜƴǘ ŀƎŜƴŎƛŜǎ ǘƻ ǇǊƻǾƛŘŜ ǎǳǇǇƻǊǘ ƛƴ ǘŜǊƳǎ ƻŦ 
ŬƴŀƴŎƛƴƎΣ ǘǊŀƛƴƛƴƎΣ ŀƴŘ ǘƘŜ ŀŘƻǇǝƻƴ ƻŦ /ƭƛƳŀǘŜπ{ƳŀǊǘ !ƎǊƛŎǳƭǘǳǊŜ ό/{!ύ ǇǊŀŎǝŎŜǎ ǿƛǘƘƛƴ ŦŀǊƳƛƴƎ 
ŎƻƳƳǳƴƛǝŜǎ ŀŎǊƻǎǎ ǾŀǊƛƻǳǎ ŀƎǊƛŎǳƭǘǳǊŀƭ ǎȅǎǘŜƳǎΦ Lǘ ƛǎ ǿƻǊǘƘ ƴƻǝƴƎ ǘƘŀǘ ǘƘŜǊŜ ƛǎ ŎǳǊǊŜƴǘƭȅ ƴƻ 
ǎȅǎǘŜƳŀǝŎ ŀƴŘ ŀƭƭπŜƴŎƻƳǇŀǎǎƛƴƎ ƛƴǎǳǊŀƴŎŜ ƻǊ ƭƻŀƴ ǇǊƻƎǊŀƳ ƛƴ ǇƭŀŎŜ ŦƻǊ ŦŀǊƳŜǊǎΣ ŀǎ ƘƛƎƘƭƛƎƘǘŜŘ ōȅ 
ǘƘŜ ²ƻǊƭŘ .ŀƴƪ ƛƴ нлмрΦ 
 
The UN International Fund for Agricultural Development (IFAD), Food and Agriculture 
Organization (FAO), Oxfam, and other institutions provide support for the agricultural sector. 
Several international and national institutions, such as the UN Development Programme (UNDP), 
USAID Development Grants Program (USAID GDP), Japan International Cooperation Agency (JICA), 
and the Nordic Development Fund (NDF), provide support for the agricultural sector in general 
[52]. 

 
tƻƭƛŎȅ ǊŜŎƻƳƳŜƴŘŀǝƻƴǎ ŀƴŘ ǎǳǇǇƻǊǘ ƳŜŎƘŀƴƛǎƳǎ 
Lƴ ŘŜǾŜƭƻǇƛƴƎ ǇƻƭƛŎȅ ǊŜŎƻƳƳŜƴŘŀǝƻƴǎ ŀƴŘ ǎǳǇǇƻǊǘ ƳŜŎƘŀƴƛǎƳǎ ŦƻǊ ǎǳǎǘŀƛƴŀōƭŜ ƭƛǾŜƭƛƘƻƻŘǎ ƛƴ ǘƘŜ 
ŎƻƴǘŜȄǘ ƻŦ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜΣ ƛǘ ƛǎ ŜǎǎŜƴǝŀƭ ǘƻ ƛƴǘŜƎǊŀǘŜ ǘƘŜ ǇǊƛƴŎƛǇƭŜǎ ƻŦ ǘƘŜ {ƻƛƭ /ƻƴǎŜǊǾŀǝƻƴ !Ŏǘ 
ό/ƘŀǇǘŜǊ прлύ ǿƛǘƘ ǘƘŜ ǳƴƛǉǳŜ ƴŜŜŘǎ ƻŦ ǊƛŎŜ ŦŀǊƳŜǊǎ ƛƴ ǘƘŜ ŘǊȅ ȊƻƴŜ ƻŦ {Ǌƛ [ŀƴƪŀΦ ¢Ƙƛǎ ƛƴǘŜƎǊŀǝƻƴ 
ǎƘƻǳƭŘ ŦƻŎǳǎ ƻƴ ǇǊƻƳƻǝƴƎ ǎƻƛƭ ƘŜŀƭǘƘ ǘƘǊƻǳƎƘ ŀ ōƭŜƴŘ ƻŦ ǎƘƻǊǘπǘŜǊƳ ŀƴŘ ƭƻƴƎπǘŜǊƳ ǎǘǊŀǘŜƎƛŜǎΣ 
ƛƴŎƭǳŘƛƴƎ ǝƭƭŀƎŜΣ ŜǊƻǎƛƻƴ ŎƻƴǘǊƻƭΣ ǎǳǊŦŀŎŜ ǇǊƻǘŜŎǝƻƴΣ ŜŶŎƛŜƴǘ ƛǊǊƛƎŀǝƻƴΣ ƴǳǘǊƛŜƴǘ ƳŀƴŀƎŜƳŜƴǘΣ ǎƻƛƭ 
ŀƳŜƭƛƻǊŀǝƻƴΣ ŀƴŘ ōƛƻƭƻƎƛŎŀƭ ƳŀƴƛǇǳƭŀǝƻƴΦ ¢ƘŜǎŜ ǇǊŀŎǝŎŜǎ ŀǊŜ ŎǊǳŎƛŀƭ ŦƻǊ ŜƴƘŀƴŎƛƴƎ ŎǊƻǇ ǊŜǎƛƭƛŜƴŎŜ 
ŀƎŀƛƴǎǘ ŎƭƛƳŀǘŜπƛƴŘǳŎŜŘ ǎǘǊŜǎǎŜǎ ǎǳŎƘ ŀǎ ŘǊƻǳƎƘǘΣ ƛƴǳƴŘŀǝƻƴΣ ŀƴŘ ǎŀƭƛƴƛǘȅΦ ¢ƘŜ ŘȅƴŀƳƛŎ ƴŀǘǳǊŜ ƻŦ 
ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ƴŜŎŜǎǎƛǘŀǘŜǎ ŀŘŀǇǝǾŜ ƳŀƴŀƎŜƳŜƴǘ ƻŦ ǘƘŜǎŜ ǎƻƛƭ ŎƻƴǎŜǊǾŀǝƻƴ ƳŜŀǎǳǊŜǎΦ Lǘ ƛǎ 
ŜǎǎŜƴǝŀƭ ǘƻ ǳƴŘŜǊǎǘŀƴŘ ƛƴŘƛǾƛŘǳŀƭ ŎŀǇŀŎƛǝŜǎ ŀƴŘ ŜȄǇŜŎǘŜŘ ǎƻƛƭ ǳǝƭƛȊŀǝƻƴ ǊŜǘǳǊƴǎΣ ŀƭƛƎƴƛƴƎ ǇǳōƭƛŎ 
ƛƴǘŜǊŜǎǘǎ ǿƛǘƘ ƛƴŘƛǾƛŘǳŀƭ ǎǘŀƪŜƘƻƭŘŜǊ ŎŀǇŀōƛƭƛǝŜǎΦ ¢Ƙƛǎ ƛƴŎƭǳŘŜǎ ŦŀǊƳ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜΣ ƴŀǘǳǊŀƭ 
ǊŜǎƻǳǊŎŜǎΣ ŀƴŘ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŎƻƴǎƛŘŜǊŀǝƻƴǎΦ ¢ƘŜ {ǳǎǘŀƛƴŀōƭŜ [ƛǾŜƭƛƘƻƻŘ !ǎǎŜǎǎƳŜƴǘ CǊŀƳŜǿƻǊƪ 
ό{[C!ύ Ǉƭŀȅǎ ŀ ŎǊƛǝŎŀƭ ǊƻƭŜ ƛƴ ǘƘƛǎ ŎƻƴǘŜȄǘΦ tƻƭƛŎȅƳŀƪŜǊǎ ŀƴŘ ǇǊŀŎǝǝƻƴŜǊǎ ǎƘƻǳƭŘ ŜƳǇƭƻȅ ǘƘŜ {[C! 
ǘƻ ŘŜǎƛƎƴ ŀƴŘ ŜǾŀƭǳŀǘŜ ǎƻƛƭ ƳŀƴŀƎŜƳŜƴǘ ǇǊŀŎǝŎŜǎ ŀǘ ŀƴ ƛƴŘƛǾƛŘǳŀƭ ƭŜǾŜƭΣ ŀƭƭƻǿƛƴƎ ŦƻǊ ǘƘŜ 
ŎǳǎǘƻƳƛȊŀǝƻƴ ƻŦ ǎƻƛƭ ŎƻƴǎŜǊǾŀǝƻƴ ǎǘǊŀǘŜƎƛŜǎ ǘƻ ƳŜŜǘ ǘƘŜ ǎǇŜŎƛŬŎ ƴŜŜŘǎ ƻŦ ǊƛŎŜ ŦŀǊƳŜǊǎ ƛƴ ǘƘŜ ŘǊȅ 
ȊƻƴŜΦ 
 
CǳǊǘƘŜǊƳƻǊŜΣ ǘƘŜ bŀǝƻƴŀƭ !ŘŀǇǘŀǝƻƴ tƭŀƴ ŦƻǊ /ƭƛƳŀǘŜ /ƘŀƴƎŜ όb!t//ύ нлмсπнлнрΣ ǿƛǘƘ ƛǘǎ 
ŎƻƳǇǊŜƘŜƴǎƛǾŜ Ǉƭŀƴ ǘƻ ǎŀŦŜƎǳŀǊŘ ǘƘŜ ǾǳƭƴŜǊŀōƭŜ ŀƎǊƛŎǳƭǘǳǊŜ ǎŜŎǘƻǊΣ Ƴǳǎǘ ōŜ ƛƳǇƭŜƳŜƴǘŜŘ 
ŜũŜŎǝǾŜƭȅΦ ¢Ƙƛǎ ǊŜǉǳƛǊŜǎ ŎƻƳƳƛǘƳŜƴǘ ŀƴŘ ŎƻƳǇŜǘŜƴŎȅ ŦǊƻƳ ŀƎǊŀǊƛŀƴ ŎƻƳƳǳƴƛǝŜǎ ŀƴŘ 
ŀƎǊƛŎǳƭǘǳǊŀƭ ƛƴǎǝǘǳǘŜǎΦ IƻǿŜǾŜǊΣ ŘƛǎǇŀǊƛǝŜǎ ŀƳƻƴƎ ƛƴŘƛǾƛŘǳŀƭǎ ŀƴŘ ŎƻƳƳǳƴƛǝŜǎ Ŏŀƴ ƘƛƴŘŜǊ ǘƘŜ 
ƛƳǇƭŜƳŜƴǘŀǝƻƴ ƻŦ ŀŘŀǇǝǾŜ ƳŜŀǎǳǊŜǎΣ ŜǎǇŜŎƛŀƭƭȅ ǿƘŜƴ ǘƘŜȅ ǊŜǉǳƛǊŜ ƛƴǾŜǎǘƳŜƴǘ ƻǊ ƛƴƛǝŀǝƻƴ 
ǿƛǘƘƻǳǘ ŀŘŘƛǝƻƴŀƭ ǎǳǇǇƻǊǘ ŦǊƻƳ ƎƻǾŜǊƴƳŜƴǘ ŀƎŜƴŎƛŜǎΦ ¢ƻ ŀŘŘǊŜǎǎ ǘƘƛǎΣ ǎǳǇǇƻǊǝǾŜ ŀŎǝǾƛǝŜǎΣ ǎǳŎƘ 
ŀǎ ǘƘŜ ǊŜŎŜƴǘƭȅ ƛƴƛǝŀǘŜŘ !ƎǊƛŎǳƭǘǳǊŜ {ŜŎǘƻǊ aƻŘŜǊƴƛȊŀǝƻƴ tƭŀƴΣ ǎƘƻǳƭŘ ōŜ ƛƳǇƭŜƳŜƴǘŜŘΦ ¢ƘŜǎŜ 
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ŀŎǝǾƛǝŜǎ ǎƘƻǳƭŘ ōŜ ŎƭƻǎŜƭȅ ƭƛƴƪŜŘ ǿƛǘƘ ǘƘŜ {[C! ǘƻ ŎŀǇǘǳǊŜ ǘƘŜ ŎŀǇŀŎƛǝŜǎ ŀƴŘ ǎǘǊŜƴƎǘƘǎ ƻŦ 
ƛƴŘƛǾƛŘǳŀƭǎΣ ǎŜǊǾƛƴƎ ŀǎ ŀ ōŜƴŎƘƳŀǊƪ ŦƻǊ ŘŜŎƛǎƛƻƴπƳŀƪƛƴƎ ǊŜƎŀǊŘƛƴƎ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ƛƳǇŀŎǘ 
ƳƛǝƎŀǝƻƴΦ 
 
CƛƴŀƭƭȅΣ ŜƴǎǳǊƛƴƎ ǘƘŜ ŜũŜŎǝǾŜƴŜǎǎ ƻŦ ŎƭƛƳŀǘŜ ǇƻƭƛŎȅ ǊŜǉǳƛǊŜǎ ŀƭƛƎƴƳŜƴǘ ǿƛǘƘ ƻǘƘŜǊ ŎǊƛǝŎŀƭ ǎŜŎǘƻǊŀƭ 
ǇƻƭƛŎƛŜǎΣ ƛƴŎƭǳŘƛƴƎ ŜƴŜǊƎȅΣ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜΣ ƛƴŘǳǎǘǊȅΣ ŀƎǊƛŎǳƭǘǳǊŜΣ ƴŀǘǳǊŀƭ ǊŜǎƻǳǊŎŜǎΣ ƘŜŀƭǘƘΣ ŀƴŘ 
ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŎƻƴǎƛŘŜǊŀǝƻƴǎΦ tƻƭƛŎƛŜǎΣ ǎǘǊŀǘŜƎƛŜǎΣ ŀƴŘ ƳŜŎƘŀƴƛǎƳǎ ǎƘƻǳƭŘ ōŜ ŦƻǊƳǳƭŀǘŜŘ ŀƴŘ 
ŜƴƘŀƴŎŜŘ ǘƻ ŀŎƘƛŜǾŜ ŎƻƘŜǊŜƴŎŜ ŀŎǊƻǎǎ ǎǳǎǘŀƛƴŀōƭŜ ŘŜǾŜƭƻǇƳŜƴǘΣ ŜŎƻƴƻƳƛŎ ƎǊƻǿǘƘΣ ŦƻƻŘ ǎŜŎǳǊƛǘȅΣ 
ǇǳōƭƛŎ ƘŜŀƭǘƘ ŀƴŘ ǎŀŦŜǘȅΣ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ŀŘŀǇǘŀǝƻƴ ŀƴŘ ƳƛǝƎŀǝƻƴΣ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ǎǘŜǿŀǊŘǎƘƛǇΣ 
ŀƴŘ ŘƛǎŀǎǘŜǊ Ǌƛǎƪ ǊŜŘǳŎǝƻƴ ƻōƧŜŎǝǾŜǎΦ ¢Ƙƛǎ ƘƻƭƛǎǝŎ ŀǇǇǊƻŀŎƘ ǿƛƭƭ ŜƴǎǳǊŜ ǘƘŀǘ ǇƻƭƛŎȅ 
ǊŜŎƻƳƳŜƴŘŀǝƻƴǎ ŀƴŘ ǎǳǇǇƻǊǘ ƳŜŎƘŀƴƛǎƳǎ ŀǊŜ ŎƻƳǇǊŜƘŜƴǎƛǾŜΣ ǇǊŀŎǝŎŀƭΣ ŀƴŘ ǘŀƛƭƻǊŜŘ ǘƻ ǘƘŜ 
ǎǇŜŎƛŬŎ ƴŜŜŘǎ ƻŦ ǊƛŎŜ ŦŀǊƳŜǊǎ ƛƴ {Ǌƛ [ŀƴƪŀϥǎ ŘǊȅ ȊƻƴŜΦ 
 

/ŀǎŜ {ǘǳŘȅ лмΥ C!hϥǎ {ŀǾŜ ŀƴŘ DǊƻǿ tǊƻƧŜŎǘ ƛƴ {Ǌƛ [ŀƴƪŀ нлмфπнлнн 

Lƴ ǊŜǎǇƻƴǎŜ ǘƻ ǘƘŜ ŎƘŀƭƭŜƴƎŜǎ ǇƻǎŜŘ ōȅ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ƛƴ {Ǌƛ [ŀƴƪŀϥǎ ŘǊȅ ȊƻƴŜǎΣ ǿƘŜǊŜ ŜǊǊŀǝŎ 
ǊŀƛƴŦŀƭƭ ŀƴŘ ǇǊƻƭƻƴƎŜŘ ŘǊȅ ǎǇŜƭƭǎ ƘƛǎǘƻǊƛŎŀƭƭȅ ŀũŜŎǘ ǊƛŎŜ ŎǳƭǝǾŀǝƻƴΣ ǘƘŜ ǾǳƭƴŜǊŀōƛƭƛǘȅ ƻŦ ŘǊȅ ȊƻƴŜ ǊƛŎŜ 
ŎǳƭǝǾŀǝƻƴ ǘƻ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ƛǎ ŜǾƛŘŜƴǘ ŘǳŜ ǘƻ ƛǘǎ ƘŜŀǾȅ ǊŜƭƛŀƴŎŜ ƻƴ ŀōǳƴŘŀƴǘ ǿŀǘŜǊ ǊŜǎƻǳǊŎŜǎΦ 
¢ƘŜ C!hϥǎ {ŀǾŜ ŀƴŘ DǊƻǿ ǇǊƻƧŜŎǘ ƛƴ {Ǌƛ [ŀƴƪŀ ǿŀǎ ŀ ŎǊǳŎƛŀƭ ƛƴƛǝŀǝǾŜ ŀƛƳŜŘ ŀǘ ǎǳǇǇƻǊǝƴƎ ǘƘŜ 
ǘǊŀƴǎƛǝƻƴ ǘƻ ƳƻǊŜ ǇǊƻŘǳŎǝǾŜ ŀƴŘ ǊŜǎƛƭƛŜƴǘ ǎƳŀƭƭƘƻƭŘŜǊ ŦŀǊƳ ǎȅǎǘŜƳǎ ǿƘƛƭŜ ǎƛƳǳƭǘŀƴŜƻǳǎƭȅ 
ǊŜŘǳŎƛƴƎ ƎǊŜŜƴƘƻǳǎŜ Ǝŀǎ ŜƳƛǎǎƛƻƴǎ ƛƴ ǊƛŎŜ ǇǊƻŘǳŎǝƻƴΦ 
 
¢ƘŜ ǇǊƻƧŜŎǘ ǿŀǎ ƻǇŜǊŀǘŜŘ ŦǊƻƳ нлмф ǘƻ нлнн ŀƴŘ ǿŀǎ ŜȄŜŎǳǘŜŘ ōȅ ǘƘŜ CƻƻŘ ŀƴŘ !ƎǊƛŎǳƭǘǳǊŜ 
hǊƎŀƴƛȊŀǝƻƴ όC!hύ ǿƛǘƘ ǘƘŜ ƎŜƴŜǊƻǳǎ ǎǳǇǇƻǊǘ ƻŦ DŜǊƳŀƴȅϥǎ CŜŘŜǊŀƭ aƛƴƛǎǘǊȅ ƻŦ CƻƻŘ ŀƴŘ 
!ƎǊƛŎǳƭǘǳǊŜΦ hǾŜǊ ǘƘƛǎ ǝƳŜŦǊŀƳŜΣ ǘƘŜ ǇǊƻƧŜŎǘ ŜũŜŎǝǾŜƭȅ ǘǊŀƛƴŜŘ ƳƻǊŜ ǘƘŀƴ мΣмол ŦŀǊƳŜǊǎ ŀƴŘ 
ǎŜǊǾƛŎŜ ǇǊƻǾƛŘŜǊǎ ƛƴ ǎƛȄ ǾƛƭƭŀƎŜǎ ǿƛǘƘƛƴ ǘƘŜ !ƴǳǊŀŘƘŀǇǳǊŀ ŘƛǎǘǊƛŎǘΦ bƻǘŀōƭȅΣ ƻƴŜ ƻŦ ǘƘŜǎŜ ǾƛƭƭŀƎŜǎΣ 
ƪƴƻǿƴ ŀǎ ǘƘŜ Ϧ/{! ǾƛƭƭŀƎŜΣϦ ǊƛƎƻǊƻǳǎƭȅ ŦƻƭƭƻǿŜŘ ŎƭƛƳŀǘŜπǎƳŀǊǘ ŀƎǊƛŎǳƭǘǳǊŀƭ ǇǊŀŎǝŎŜǎΦ Lǘ ǎŜǊǾŜŘ ŀǎ ŀ 
ƭƛǾŜ ŘŜƳƻƴǎǘǊŀǝƻƴ ŦƻǊ ǊŜǎŜŀǊŎƘŜǊǎΣ ŀƴŘ ƛƴǎƛƎƘǘǎ ƎŀƛƴŜŘ ǿŜǊŜ ƛƴǘŜƎǊŀǘŜŘ ƛƴǘƻ ǎǳōǎŜǉǳŜƴǘ ǘǊŀƛƴƛƴƎ 
ǇǊƻƎǊŀƳǎΦ hƴƎƻƛƴƎ ƳƻƴƛǘƻǊƛƴƎ ŜƴŀōƭŜŘ ŀŘŀǇǝǾŜ ƳŀƴŀƎŜƳŜƴǘ ŀƴŘ ǊŜŬƴŜƳŜƴǘǎ ǘƻ ŀƎǊƻƴƻƳƛŎ 
ǇǊƻŎŜŘǳǊŜǎΦ 
 
wŜŎƻƎƴƛȊƛƴƎ ǘƘŜ ƴŜŜŘ ŦƻǊ ƳƻŘŜǊƴƛȊŀǝƻƴ ŀƴŘ ƳŜŎƘŀƴƛȊŀǝƻƴΣ ǘƘŜ ǇǊƻƧŜŎǘ ǇǊƻŎǳǊŜŘ ŀƎǊƛŎǳƭǘǳǊŀƭ 
ƳŀŎƘƛƴŜǊȅΣ ǊƛƎƻǊƻǳǎƭȅ ǘŜǎǘŜŘ ƛǘ ǳƴŘŜǊ ƭƻŎŀƭ ŎƻƴŘƛǝƻƴǎ ŀƴŘ ƳŀŘŜ ƛǘ ǊŜŀŘƛƭȅ ŀǾŀƛƭŀōƭŜ ǘƻ ŦŀǊƳŜǊǎΦ 
/ƻƭƭŀōƻǊŀǝǾŜ ŜũƻǊǘǎ ōŜǘǿŜŜƴ ǘƘŜ ƎƻǾŜǊƴƳŜƴǘ ŀƴŘ ǎƳŀƭƭ ŜƴǘǊŜǇǊŜƴŜǳǊǎ ŘǳǊƛƴƎ ǘƘƛǎ ǇŜǊƛƻŘ ŜƴŀōƭŜŘ 
ŦŀǊƳŜǊǎ ǘƻ Ǝŀƛƴ ƛƳǇǊƻǾŜŘ ŀŎŎŜǎǎ ǘƻ ǎǳǎǘŀƛƴŀōƭŜ ǇǊƻŘǳŎǝƻƴ ƛƴǇǳǘǎΣ ƻǳǘǇǳǘ ƳŀǊƪŜǘǎΣ ŀƴŘ ŜǎǎŜƴǝŀƭ 
ǎŜǊǾƛŎŜǎΦ ¢Ƙƛǎ ŎƻƭƭŀōƻǊŀǝƻƴ ŜƳǇƻǿŜǊŜŘ ŦŀǊƳŜǊǎ ǘƻ ǎŜƭƭ ƘƛƎƘŜǊπǉǳŀƭƛǘȅ ǇǊƻŘǳŎŜ ƻƴ ǎǘŀōƭŜ ƳŀǊƪŜǘǎ 
ŀǘ ōŜǧŜǊ ǇǊƛŎŜǎΣ ǎǘǊŜƴƎǘƘŜƴƛƴƎ ǘƘŜƛǊ ŜŎƻƴƻƳƛŎ ǊŜǎƛƭƛŜƴŎŜΦ !ǎ ǇŜǊ ƛƴŦƻǊƳŀǝƻƴ ŦǊƻƳ ǘƘŜ wƛŎŜ 
wŜǎŜŀǊŎƘ ŀƴŘ 5ŜǾŜƭƻǇƳŜƴǘ LƴǎǝǘǳǘŜΣ ǘƘŜ ƛƳǇƭŜƳŜƴǘŀǝƻƴ ƻŦ ƴƻǾŜƭ ǿŀǘŜǊ ƳŀƴŀƎŜƳŜƴǘ ǘŜŎƘƴƛǉǳŜǎ 
ŀƭƭƻǿŜŘ ŦŀǊƳŜǊǎ ǘƻ ŘŜŎǊŜŀǎŜ ǘƘŜ ƻǾŜǊŀƭƭ ƛǊǊƛƎŀǝƻƴ ŘŜƳŀƴŘǎ ŦƻǊ ǊƛŎŜ ŦŀǊƳƛƴƎ ōȅ мл ǘƻ нл ǇŜǊ ŎŜƴǘΦ 
/ƻƴǎŜǉǳŜƴǘƭȅΣ ǘƘƛǎ ŜƴŀōƭŜŘ ǘƘŜƳ ǘƻ ǊŜǎŜǊǾŜ ǿŀǘŜǊ ŦƻǊ ǳǇŎƻƳƛƴƎ ŎǊƻǇ ǎŜŀǎƻƴǎΦ !ŘŘƛǝƻƴŀƭƭȅΣ ǘƘŜȅ 
ƛƴƛǝŀǘŜŘ ƭŀƴŘ ǇǊŜǇŀǊŀǝƻƴ ŜŀǊƭȅ ƛƴ ǘƘŜ Ǌŀƛƴȅ ǎŜŀǎƻƴΣ ƻǇǝƳƛȊƛƴƎ ƭŀƴŘ ǳǎŜΦ 5ǳǊƛƴƎ ǘƘŜ ŘǊȅ ǎŜŀǎƻƴΣ 
ōŜƴŜŬŎƛŀǊƛŜǎ ŜȄǇŀƴŘŜŘ ǘƘŜƛǊ ƛǊǊƛƎŀǘŜŘ ƭŀƴŘ ōȅ мр ǇŜǊ ŎŜƴǘ ǘƘǊƻǳƎƘ ǘǊŀƛƴƛƴƎ ƛƴ ǘƘŜ ŀƭǘŜǊƴŀǘŜ ǿŜǩƴƎ 
ŀƴŘ ŘǊȅƛƴƎ ǘŜŎƘƴƛǉǳŜΣ ŎƻƴǎŜǊǾƛƴƎ ǿŀǘŜǊ ŘǳǊƛƴƎ ǘƘŜ ǇǊƛƳŀǊȅ ƎǊƻǿƛƴƎ ǎŜŀǎƻƴΦ ¢ƘŜ ŎƻƳƳǳƴƛǘȅ 
ŜȄǇŜǊƛŜƴŎŜŘ ƛǘǎ ƘƛƎƘŜǎǘ ǿŀǘŜǊ ŎŀǇŀŎƛǘȅ ƻƴ ǊŜŎƻǊŘ ŀǘ ǘƘŜ ŜƴŘ ƻŦ ǘƘŜ ŘǊȅ ǎŜŀǎƻƴΣ ŀǧǊƛōǳǘŜŘ ǘƻ 
ǇǊŀŎǝŎŜǎ ǎǳŎƘ ŀǎ ŜŀǊƭȅ ǇƭŀƴǝƴƎΣ ǊŀƛƴǿŀǘŜǊ ǳǝƭƛȊŀǝƻƴΣ ŀƴŘ ǘƘŜ ŀƭǘŜǊƴŀǘŜ ǿŜǩƴƎ ŀƴŘ ŘǊȅƛƴƎ 
ǘŜŎƘƴƛǉǳŜΦ CǳǊǘƘŜǊƳƻǊŜΣ ōȅ ŜƳǇƭƻȅƛƴƎ ǎƻƛƭ ǘŜǎǝƴƎ ƪƛǘǎ ŀƴŘ ƭŜŀŦ ŎƻƭƻǳǊ ŎƘŀǊǘǎ ŀƴŘ ŀǇǇƭȅƛƴƎ ŦŜǊǝƭƛȊŜǊ 
ǇǊŜŎƛǎŜƭȅ ǘƻ ǇŀǊŀŎƘǳǘŜ ǘǊŀȅǎΣ ŦŀǊƳŜǊǎ ǊŜŘǳŎŜŘ ŦŜǊǝƭƛȊŜǊ ǳǎŀƎŜ ōȅ нт ǇŜǊ ŎŜƴǘΦ ¢ƘŜǎŜ ƻǳǘŎƻƳŜǎ 
ǎƛƎƴƛŦȅ ƴƻǘ ƻƴƭȅ ƛƳǇǊƻǾŜŘ ǊŜǎƻǳǊŎŜ ŜŶŎƛŜƴŎȅ ōǳǘ ŀƭǎƻ ƛƴŎǊŜŀǎŜŘ ŎǊƻǇ ȅƛŜƭŘǎ ŀƴŘ ǎǳǎǘŀƛƴŀōƛƭƛǘȅΣ 
ōŜƴŜŬǩƴƎ ōƻǘƘ ǘƘŜ ŦŀǊƳƛƴƎ ŎƻƳƳǳƴƛǘȅ ŀƴŘ ǘƘŜ ŜƴǾƛǊƻƴƳŜƴǘΦ 
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aǊΦ tΦ {ƛǎƛƭŀǊŀǘƘƴŀΣ ŀ ŘŜŘƛŎŀǘŜŘ ŦŀǘƘŜǊ ƻŦ ǘƘǊŜŜΣ ŀǎǎǳƳŜǎ ǘƘŜ Ǿƛǘŀƭ ǊƻƭŜ ƻŦ ōŜƛƴƎ ǘƘŜ ǎƻƭŜ ǇǊƻǾƛŘŜǊ ŦƻǊ 
Ƙƛǎ ŦŀƳƛƭȅΣ ŎƻƳǇǊƛǎƛƴƎ ŜƛƎƘǘ ƳŜƳōŜǊǎ ǊŜǎƛŘƛƴƎ ƛƴ aŜŜƎŀǎǎŜƎŀƳŀ ǾƛƭƭŀƎŜΦ aǊ {ƛǎƛƭŀǊŀǘƘƴŀ ŀŎǝǾŜƭȅ 
ŜƴƎŀƎŜŘ ƛƴ ǘƘŜ ǘǊŀƛƴƛƴƎ ǇǊƻǾƛŘŜŘ ōȅ ǘƘƛǎ ǇǊƻƧŜŎǘ ŀƴŘ ǎǳōǎŜǉǳŜƴǘƭȅ ƛƳǇƭŜƳŜƴǘŜŘ ǘƘŜ ŀŎǉǳƛǊŜŘ 
ǇǊŀŎǝŎŜǎ ǿƛǘƘƛƴ Ƙƛǎ ŀƎǊƛŎǳƭǘǳǊŀƭ ŜƴŘŜŀǾƻǳǊǎΦ ¢ƘŜ ƛƴǘǊƻŘǳŎǝƻƴ ƻŦ ǘƘŜǎŜ ƴƻǾŜƭ ŀƎǊƻƴƻƳƛŎ ǘŜŎƘƴƛǉǳŜǎ 
Ƙŀǎ ǊŜǎǳƭǘŜŘ ƛƴ ŎƻƳƳŜƴŘŀōƭŜ ŜƴƘŀƴŎŜƳŜƴǘǎ ƛƴ ŎǊƻǇ ȅƛŜƭŘǎ ǿƘƛƭŜ ŎƻƴŎǳǊǊŜƴǘƭȅ ŀŎƘƛŜǾƛƴƎ ƴƻǘŀōƭŜ 
ǊŜŘǳŎǝƻƴǎ ƛƴ ǊŜǎƻǳǊŎŜ ƛƴǇǳǘǎΣ ŜƴŎƻƳǇŀǎǎƛƴƎ ǎŜŜŘ ǇŀŘŘȅΣ ŦŜǊǝƭƛȊŜǊΣ ŀƎǊƻŎƘŜƳƛŎŀƭǎΣ ƭŀōƻǳǊ 
ǳǝƭƛȊŀǝƻƴΣ ŀƴŘ ǿŀǘŜǊ ǊŜǉǳƛǊŜƳŜƴǘǎΦ 
 
¢ƘŜ ǎǳŎŎŜǎǎ ƻŦ ǘƘƛǎ ǇǊƻƧŜŎǘ Ŏŀƴ ōŜ ŀǧǊƛōǳǘŜŘ ǘƻ ŀ ŎƻƳōƛƴŀǝƻƴ ƻŦ ŦŀŎǘƻǊǎΣ ƛƴŎƭǳŘƛƴƎ Ǌƻōǳǎǘ 
ŎƻƭƭŀōƻǊŀǝƻƴ ōŜǘǿŜŜƴ ƎƻǾŜǊƴƳŜƴǘ ŀƎŜƴŎƛŜǎΣ ǊŜǎŜŀǊŎƘ ƛƴǎǝǘǳǝƻƴǎΣ ŀƴŘ ǘƘŜ ƭƻŎŀƭ ŎƻƳƳǳƴƛǘȅΦ ¢ƘŜ 
ǘǊŀƛƴƛƴƎ ŀƴŘ ŎŀǇŀŎƛǘȅπōǳƛƭŘƛƴƎ ŜũƻǊǘǎ ǘŀǊƎŜǘŜŘ ŀǘ ŦŀǊƳŜǊǎ ǿŜǊŜ ƛƴǎǘǊǳƳŜƴǘŀƭ ƛƴ ǘƘŜ ŀŘƻǇǝƻƴ ƻŦ 
ŎƭƛƳŀǘŜπǎƳŀǊǘ ǇǊŀŎǝŎŜǎΦ aƻǊŜƻǾŜǊΣ ǘƘŜ ǇǊƻƧŜŎǘϥǎ ǇǊƻǾƛǎƛƻƴ ƻŦ ǊŜǎƻǳǊŎŜǎΣ ǎǳŎƘ ŀǎ ŀƎǊƛŎǳƭǘǳǊŀƭ 
ƳŀŎƘƛƴŜǊȅ ŀƴŘ ǎǳǎǘŀƛƴŀōƭŜ ƛƴǇǳǘǎΣ ǇƭŀȅŜŘ ŀ ǇƛǾƻǘŀƭ ǊƻƭŜΦ ¢ƘŜ ƛƴƴƻǾŀǝǾŜ ǿŀǘŜǊ ƳŀƴŀƎŜƳŜƴǘ ŀƴŘ 
ŦŀǊƳƛƴƎ ǘŜŎƘƴƛǉǳŜǎ ƛƴǘǊƻŘǳŎŜŘ ŜƳǇƻǿŜǊŜŘ ŦŀǊƳŜǊǎ ǘƻ ƻǇǝƳƛȊŜ ǊŜǎƻǳǊŎŜ ǳǎŀƎŜΣ ǿƘƛƭŜ ǇǊŜŎƛǎŜ 
ŀƎǊƛŎǳƭǘǳǊŀƭ ǇǊŀŎǝŎŜǎ ŦǳǊǘƘŜǊ ǊŜŘǳŎŜŘ ǘƘŜ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŦƻƻǘǇǊƛƴǘ ώроπрпϐΦ 
 

/ŀǎŜ {ǘǳŘȅ лнΥ /ƭƛƳŀǘŜπǎƳŀǊǘ ǇǊŀŎǝŎŜǎ ŦƻǊ ƛƴǘŜƴǎƛǾŜ ǊƛŎŜπōŀǎŜŘ ǎȅǎǘŜƳǎ ƛƴ .ŀƴƎƭŀŘŜǎƘ όнлмсπ
нлмуύ 
.ŀƴƎƭŀŘŜǎƘΣ ǿƛǘƘ ƛǘǎ ƎŜƻƎǊŀǇƘƛŎŀƭ ƭƻŎŀǝƻƴ ƛƴ ǘƘŜ ǘǊƻǇƛŎǎΣ ŜȄǘŜƴǎƛǾŜ ƅƻƻŘǇƭŀƛƴǎΣ ƭƻǿ ŜƭŜǾŀǝƻƴ 
ŀōƻǾŜ ǎŜŀ ƭŜǾŜƭΣ ŘŜƴǎŜ ǇƻǇǳƭŀǝƻƴΣ ŀƴŘ ƭƛƳƛǘŜŘ ŜŎƻƴƻƳƛŎ ŀƴŘ ǘŜŎƘƴƻƭƻƎƛŎŀƭ ǊŜǎƻǳǊŎŜǎΣ ƛǎ 
ŎƻƴǎƛŘŜǊŜŘ ƻƴŜ ƻŦ ǘƘŜ Ƴƻǎǘ ǾǳƭƴŜǊŀōƭŜ ƴŀǝƻƴǎ ǘƻ ǘƘŜ ƛƳǇŀŎǘǎ ƻŦ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ώррπруϐΦ !ǎ ŀ 
ǊŜǎǳƭǘΣ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ Ƙŀǎ ǎƛƎƴƛŬŎŀƴǘƭȅ ŀƴŘ ǇŜǊǎƛǎǘŜƴǘƭȅ ŀũŜŎǘŜŘ ŎǊƻǇ ǇǊƻŘǳŎǝƻƴ ƛƴ .ŀƴƎƭŀŘŜǎƘΣ 
ŀƴ ŜŎƻƴƻƳȅ ƘŜŀǾƛƭȅ ǊŜƭƛŀƴǘ ƻƴ ŀƎǊƛŎǳƭǘǳǊŜ ώрфϐΦ  
 
.ŀƴƎƭŀŘŜǎƘΣ ŀǎ ŀ ǊƛŎŜπǇǊƻŘǳŎƛƴƎ ƴŀǝƻƴ ǿƘŜǊŜ ǘǊŀŘƛǝƻƴŀƭ ǊƛŎŜ ǇǊƻŘǳŎǝƻƴ ǘŜŎƘƴƛǉǳŜǎ ǿŜǊŜ ǿŀǘŜǊπ
ƛƴǘŜƴǎƛǾŜΣ ǊŜƭƛŜǎ ƻƴ Ŏƻƴǝƴǳƻǳǎ ǎǘŀƴŘƛƴƎ ǿŀǘŜǊ ƛǊǊƛƎŀǝƻƴΦ ¢Ƙƛǎ ǇǊŀŎǝŎŜ ǎƛƎƴƛŬŎŀƴǘƭȅ ƛƴŎǊŜŀǎŜŘ ǘƘŜ 
Ŏƻǎǘ ƻŦ ŎǳƭǝǾŀǝƻƴ ŀƴŘ ƎǊŜŜƴƘƻǳǎŜ Ǝŀǎ όDIDύ ŜƳƛǎǎƛƻƴǎΦ wƛŎŜ ŎǳƭǝǾŀǝƻƴ ǿŀǎ ǊŜǎǇƻƴǎƛōƭŜ ŦƻǊ 
ŀǇǇǊƻȄƛƳŀǘŜƭȅ нр҈ ƻŦ ǘƻǘŀƭ ŜǎǝƳŀǘŜŘ ƳŜǘƘŀƴŜ ŜƳƛǎǎƛƻƴǎ ƛƴ .ŀƴƎƭŀŘŜǎƘΣ ƳŀƪƛƴƎ ƛǘ ǘƘŜ ǘƘƛǊŘπ
ƭŀǊƎŜǎǘ ƳŜǘƘŀƴŜ ǎƻǳǊŎŜ ŀƊŜǊ ŘƻƳŜǎǝŎ ǿŀǎǘŜǿŀǘŜǊ ŀƴŘ ƭƛǾŜǎǘƻŎƪΦ ¢ƘŜ ǎƛƎƴƛŬŎŀƴǘ ŎƘŀƭƭŜƴƎŜǎ 
ƛƴŎƭǳŘŜŘ ƘƛƎƘ ǿŀǘŜǊ ǳǎŀƎŜΣ ǘƘŜ Ŏƻǎǘ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅ ƻǊ ŘƛŜǎŜƭ ǇǳƳǇǎΣ ŀƴŘ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƛƳǇŀŎǘǎ ŘǳŜ 
ǘƻ ŜƳƛǎǎƛƻƴǎ ώслϐΦ  

¢ƻ ŀŘŘǊŜǎǎ ǘƘŜ ƛǎǎǳŜ ƳŜƴǝƻƴŜŘ ŀōƻǾŜΣ ǘƘŜ !ǎƛŀƴ 5ŜǾŜƭƻǇƳŜƴǘ .ŀƴƪ ŎƻƭƭŀōƻǊŀǘŜŘ ǿƛǘƘ ǘƘŜ 
LƴǘŜǊƴŀǝƻƴŀƭ wƛŎŜ wŜǎŜŀǊŎƘ LƴǎǝǘǳǘŜ ǘƻ ƛƳǇƭŜƳŜƴǘ ŀ ŎƭƛƳŀǘŜπǎƳŀǊǘ ǊƛŎŜ ŎǳƭǝǾŀǝƻƴ ŀǇǇǊƻŀŎƘ ƛƴ 
.ŀƴƎƭŀŘŜǎƘΦ ¢Ƙƛǎ ŀǇǇǊƻŀŎƘ Ƴŀƛƴƭȅ ƛƴǾƻƭǾŜŘ ǘƘŜ ǳǎŜ ƻŦ ŀƭǘŜǊƴŀǘŜ ǿŜǩƴƎ ŀƴŘ ŘǊȅƛƴƎ ό!²5ύ 
ǘŜŎƘƴƻƭƻƎȅ ŀƴŘ ŀ ƴŜǿ ǊƛŎŜ ǾŀǊƛŜǘȅΣ .wwL 5Ƙŀƴ трΣ ǘƻ ǎƘƻǿŎŀǎŜ ǘƘŜ ōŜƴŜŬǘǎ ƻŦ ŎƭƛƳŀǘŜπǎƳŀǊǘ 
ŦŀǊƳƛƴƎ ǇǊŀŎǝŎŜǎΦ ¢ƘŜ ǇǊƻƧŜŎǘ ǾŀƭƛŘŀǘŜŘ ǎŜǾŜǊŀƭ ŎƭƛƳŀǘŜπǎƳŀǊǘ ŀƎǊƛŎǳƭǘǳǊŀƭ ό/{!ύ ǇǊŀŎǝŎŜǎ ƛƴ 
ŦŀǊƳŜǊǎϥ ŬŜƭŘǎΣ ƛƴŎƭǳŘƛƴƎ ƳŜŎƘŀƴƛȊŜŘ !²5 ǘŜŎƘƴƻƭƻƎȅ ŦƻǊ ǊƛŎŜ ŎǳƭǝǾŀǝƻƴΣ ǊƛŎŜ ǾŀǊƛŜǝŜǎ ǎǳƛǘŀōƭŜ 
ŦƻǊ !²5Σ ŀƴŘ ŘƛǾŜǊǎƛŬŜŘ ǊƛŎŜπōŀǎŜŘ ŎǊƻǇǇƛƴƎ ǎȅǎǘŜƳǎ ǿƛǘƘ ƘƛƎƘπǾŀƭǳŜ ŎǊƻǇǎΦ  

! Ǉƛƭƻǘ ǇǊƻƧŜŎǘ ǿŀǎ ƛƴƛǝŀǘŜŘ ƛƴ ǘƘŜ YƻǊŜǊƘŀǘ ŀƴŘ bǳǊǇǳǊ ŀǊŜŀǎ ƻŦ .ŀƴƎƭŀŘŜǎƘΦ Lƴ ǘƘŜ ǘǊŀƴǎǇƭŀƴǘŜŘ 
ŀƳŀƴ ǎŜŀǎƻƴ όbƻǾŜƳōŜǊπ5ŜŎŜƳōŜǊύΣ .wwL 5Ƙŀƴ тр ǿŀǎ ƛƴǘǊƻŘǳŎŜŘΦ {ǳōǎŜǉǳŜƴǘƭȅΣ ŀƴ ƻũπǎŜŀǎƻƴ 
ƳǳǎǘŀǊŘ ǾŀǊƛŜǘȅ ό.!wL {ƻǊƛǎŀ мпύ ǿŀǎ ŎǳƭǝǾŀǘŜŘ ōŜŦƻǊŜ ǇƭŀƴǝƴƎ ŀƴƻǘƘŜǊ ǊƛŎŜ ǾŀǊƛŜǘȅ ό.wwL 5Ƙŀƴ 
нуύ ƛƴ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ōƻǊƻ ǎŜŀǎƻƴ ό!ǇǊƛƭπaŀȅύΦ ¢ƘŜ ƻƴπŦŀǊƳ ǇŀǊǝŎƛǇŀǘƻǊȅ ǇǊƻƧŜŎǘ ŎƻǾŜǊŜŘ ŀ ǘƻǘŀƭ ƻŦ 
ол ƘŜŎǘŀǊŜǎ όмр ƘŜŎǘŀǊŜǎ ƛƴ ŜŀŎƘ ǾƛƭƭŀƎŜύ ŀƴŘ ƛƴǾƻƭǾŜŘ ǘǊŀƛƴƛƴƎ птп ǇŀǊǝŎƛǇŀƴǘǎΣ ƛƴŎƭǳŘƛƴƎ ŜȄǘŜƴǎƛƻƴ 
ǿƻǊƪŜǊǎ ŀƴŘ ŦŀǊƳŜǊǎΣ ǘƘǊƻǳƎƘ ŬǾŜ ƻǊƎŀƴƛȊŜŘ ǘǊŀƛƴƛƴƎ ǇǊƻƎǊŀƳǎ ŦǊƻƳ нлмс ǘƻ нлмтΦ ¢ǊŀƛƴƛƴƎ 
ŦƻŎǳǎŜŘ ƻƴ ǘŜŎƘƴƻƭƻƎȅ ǳǝƭƛȊŀǝƻƴΣ ǘƘŜ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƛƳǇŀŎǘ ƻŦ ŀƎǊƛŎǳƭǘǳǊŀƭ ǇǊŀŎǝŎŜǎΣ 
ŜƴǾƛǊƻƴƳŜƴǘŀƭƭȅ ŦǊƛŜƴŘƭȅ ǊƛŎŜ ǎŜŜŘ ǇǊƻŎŜǎǎƛƴƎ ŀƴŘ ǇǊŜǎŜǊǾŀǝƻƴΣ ōŜƴŜŬǘǎ ƻŦ !²5 ƛǊǊƛƎŀǝƻƴ ƻǾŜǊ 
Ŏƻƴǝƴǳƻǳǎ ǎǘŀƴŘƛƴƎπǿŀǘŜǊ ƳŜǘƘƻŘǎΣ DID ŜƳƛǎǎƛƻƴ ǊŜŘǳŎǝƻƴ ŘǳǊƛƴƎ ǊƛŎŜ ŎǳƭǝǾŀǝƻƴΣ ŜƴƘŀƴŎŜŘ 
ōŜƴŜŬǘǎ ŦǊƻƳ ŎƭƛƳŀǘŜπǎƳŀǊǘ ŎǊƻǇǇƛƴƎΣ ŀƴŘ !²5 ƛƳǇƭŜƳŜƴǘŀǝƻƴ ǿƛǘƘ ŀƴ ŜƳǇƘŀǎƛǎ ƻƴ ƛǊǊƛƎŀǝƻƴ 
ǎŎƘŜŘǳƭƛƴƎΦ  
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¢ƘŜ ǇǊƻƧŜŎǘ ƛƴ .ŀƴƎƭŀŘŜǎƘ ǊŜŎŜƛǾŜŘ ǘŜŎƘƴƛŎŀƭ ǎǳǇǇƻǊǘ ŦǊƻƳ LwwL ŀƴŘ .wwL ƛƴ ǘƘŜ DŀȊƛǇǳǊ ŘƛǎǘǊƛŎǘΣ 
ǿƛǘƘ ŬƴŀƴŎƛŀƭ ŀǎǎƛǎǘŀƴŎŜ ŦǊƻƳ ǘƘŜ !ǎƛŀƴ 5ŜǾŜƭƻǇƳŜƴǘ .ŀƴƪ ƛƴ ǘƘŜ aǳƘǳǊƛ LǊǊƛƎŀǝƻƴ tǊƻƧŜŎǘ ŀǊŜŀΦ 
/ƻƭƭŀōƻǊŀǝƻƴ ŀƭǎƻ ƻŎŎǳǊǊŜŘ ǿƛǘƘ ǘƘŜ aƛƴƛǎǘǊȅ ƻŦ !ƎǊƛŎǳƭǘǳǊŜΣ .²5.Σ 5!9Σ ŀƴŘ .!wLΣ ŀƭƻƴƎ ǿƛǘƘ 
ǎǳǇǇƻǊǘ ŦǊƻƳ ǘƘŜ .ŀƴƎƭŀŘŜǎƘ !ƎǊƛŎǳƭǘǳǊŀƭ wŜǎŜŀǊŎƘ /ƻǳƴŎƛƭ ŀƴŘ ǘƘŜ aǳƘǳǊƛ LǊǊƛƎŀǝƻƴ tǊƻƧŜŎǘΦ ¢ƘŜ 
ǇǊƛǾŀǘŜ ǎŜŎǘƻǊ ŎƻƴǘǊƛōǳǘŜŘ ǘƻ ƛƳǇǊƻǾŜƳŜƴǘǎ ƛƴ ƳŀŎƘƛƴŜǊȅΦ 

¢ƘŜ ŀŘƻǇǝƻƴ ƻŦ ŎƭƛƳŀǘŜπǎƳŀǊǘ ǇǊŀŎǝŎŜǎ ǊŜǎǳƭǘŜŘ ƛƴ ŀ рн҈ ǘƻ см҈ ƛƴŎǊŜŀǎŜ ƛƴ ŦŀǊƳŜǊǎϥ ƛƴŎƻƳŜ ƛƴ 
ǘƘŜǎŜ ŀǊŜŀǎΦ !²5 ǘŜŎƘƴƻƭƻƎȅ ŎƻƴǎǳƳŜǎ ŀǇǇǊƻȄƛƳŀǘŜƭȅ нн҈ ƭŜǎǎ ǿŀǘŜǊ ŎƻƳǇŀǊŜŘ ǘƻ Ŏƻƴǝƴǳƻǳǎ 
ǎǘŀƴŘƛƴƎ ǿŀǘŜǊ ƛǊǊƛƎŀǝƻƴΦ 5ŜǇŜƴŘƛƴƎ ƻƴ ǊƛŎŜ ǾŀǊƛŜǝŜǎ ŀƴŘ ǎŜŀǎƻƴǎΣ DID ŜƳƛǎǎƛƻƴǎ ǿŜǊŜ ǊŜŘǳŎŜŘ 
ōȅ мо҈ ǘƻ пм҈ ǳƴŘŜǊ !²5 ŎƻƳǇŀǊŜŘ ǘƻ Ŏƻƴǝƴǳƻǳǎ ǎǘŀƴŘƛƴƎ ǿŀǘŜǊΣ ǿƛǘƘ ǘƘŜ Ƴƻǎǘ ǎƛƎƴƛŬŎŀƴǘ 
ǊŜŘǳŎǝƻƴ ƻŎŎǳǊǊƛƴƎ ŘǳǊƛƴƎ ǘƘŜ ōƻǊƻ ǎŜŀǎƻƴΦ !ƳƻƴƎ ǊƛŎŜ ǾŀǊƛŜǝŜǎΣ .wwL 5Ƙŀƴ тр ŜȄƘƛōƛǘŜŘ ǘƘŜ 
ƭƻǿŜǎǘ DID ŜƳƛǎǎƛƻƴǎ ŀǘ пп ƪƎκƘŀΣ ǿƘƛƭŜ .wwL 5Ƙŀƴ мм ƘŀŘ ǘƘŜ ƘƛƎƘŜǎǘ ŜƳƛǎǎƛƻƴǎ ŀǘ рл ƪƎκƘŀΦ 
!ŘŘƛǝƻƴŀƭƭȅΣ ǘƘŜ ȅƛŜƭŘ ƻŦ ǘƘŜ ƴŜǿ .wwL 5Ƙŀƴ тр ǾŀǊƛŜǘȅ ǿŀǎ нл҈ ƘƛƎƘŜǊ ŀǘ рΦмм ǘκƘŀ ŎƻƳǇŀǊŜŘ ǘƻ 
ǘƘŜ ǊŜƎǳƭŀǊ ǾŀǊƛŜǝŜǎ ǳǎŜŘ ōȅ ŦŀǊƳŜǊǎ ŘǳǊƛƴƎ ǘƘŜ ǘǊŀƴǎǇƭŀƴǘŜŘ ŀƳŀƴ ǎŜŀǎƻƴ ό.wwL 5Ƙŀƴ мм ŀƴŘ 
.wwL 5Ƙŀƴ пфύΣ ǿƘƛŎƘ ȅƛŜƭŘŜŘ пΦнс ǘκƘŀΦ 

.ŀǎŜŘ ƻƴ ǘƘŜ ŜȄǇŜǊƛŜƴŎŜ ƎŀƛƴŜŘ ǘƘǊƻǳƎƘƻǳǘ ǘƘŜ ǇǊƻƧŜŎǘΣ ǎŜǾŜǊŀƭ ŜǎǎŜƴǝŀƭ ǊŜǉǳƛǊŜƳŜƴǘǎ ƘŀǾŜ ōŜŜƴ 
ƛŘŜƴǝŬŜŘ ŦƻǊ ǘƘŜ ǎŎŀƭƛƴƎ ǳǇ ƻŦ ŎƭƛƳŀǘŜπǎƳŀǊǘ ŀƎǊƛŎǳƭǘǳǊŀƭ ǘŜŎƘƴƻƭƻƎƛŜǎ ƛƴ .ŀƴƎƭŀŘŜǎƘΦ ¢ƘŜǎŜ 
ǊŜǉǳƛǊŜƳŜƴǘǎ ƛƴŎƭǳŘŜ ǘƘŜ ƴŜŜŘ ǘƻ ƛƴǾŜǎǘ ƛƴ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘΣ ǾŀƭƛŘŀǝƻƴΣ ŀƴŘ ǿƛŘŜǎǇǊŜŀŘ 
ŘƛǎǎŜƳƛƴŀǝƻƴ ƻŦ ǎǳƛǘŀōƭŜ ŎƭƛƳŀǘŜπǎƳŀǊǘ ŀƎǊƛŎǳƭǘǳǊŀƭ ǘŜŎƘƴƻƭƻƎƛŜǎΦ !ŘŘƛǝƻƴŀƭƭȅΣ ŎƻƴŘǳŎǝƴƎ ǎǳǊǾŜȅǎ 
ŀƴŘ ƎŜƴŜǊŀǝƴƎ ŜǾƛŘŜƴŎŜ ǊŜƎŀǊŘƛƴƎ ǘƘŜ ŀŘƻǇǝƻƴ ŀƴŘ ƛƳǇŀŎǘ ƻŦ ǘƘŜǎŜ ǘŜŎƘƴƻƭƻƎƛŜǎ ƛǎ ŎǊǳŎƛŀƭ ŦƻǊ 
ƛƴŦƻǊƳŜŘ ŘŜŎƛǎƛƻƴπƳŀƪƛƴƎΦ ¢ƻ ǎǳǇǇƻǊǘ ǘƘŜǎŜ ŜũƻǊǘǎΣ ƛǘ ƛǎ ŜǎǎŜƴǝŀƭ ǘƻ ŜǎǘŀōƭƛǎƘ ƪƴƻǿƭŜŘƎŜ 
ƳŀƴŀƎŜƳŜƴǘ ǎǳǇǇƻǊǘ ŀƴŘ ƛƴŦƻǊƳŀǝƻƴπǎƘŀǊƛƴƎ ǇƭŀǜƻǊƳǎ ǘƘŀǘ ŦŀŎƛƭƛǘŀǘŜ ǘƘŜ ŜȄŎƘŀƴƎŜ ƻŦ ǾŀƭǳŀōƭŜ 
ƛƴǎƛƎƘǘǎ ŀƴŘ ōŜǎǘ ǇǊŀŎǝŎŜǎΦ tǊƻǾƛŘƛƴƎ ŦŀǊƳŜǊǎ ǿƛǘƘ ǘƘŜ ƴŜŎŜǎǎŀǊȅ ǎǳǇǇƻǊǘ ŀƴŘ ƛƴŎŜƴǝǾŜǎ ŦƻǊ 
ŀŘƻǇǝƴƎ ŎƭƛƳŀǘŜπǎƳŀǊǘ ŀƎǊƛŎǳƭǘǳǊŀƭ ǘŜŎƘƴƻƭƻƎƛŜǎ ƛǎ ŀƴƻǘƘŜǊ ŎǊƛǝŎŀƭ ŀǎǇŜŎǘ ƻŦ ǘƘƛǎ ƛƴƛǝŀǝǾŜΦ 
aƻǊŜƻǾŜǊΣ ŜƴǎǳǊƛƴƎ ŀŎŎŜǎǎ ǘƻ ƘƛƎƘπǉǳŀƭƛǘȅ ǎŜŜŘǎ ŀƴŘ ŜŶŎƛŜƴǘ ǎŜŜŘ ƳǳƭǝǇƭƛŎŀǝƻƴ ǇǊƻŎŜǎǎŜǎ ǿƛƭƭ 
Ǉƭŀȅ ŀ ǇƛǾƻǘŀƭ ǊƻƭŜ ƛƴ ŜƴƘŀƴŎƛƴƎ ŀƎǊƛŎǳƭǘǳǊŀƭ ǇǊƻŘǳŎǝǾƛǘȅ ŀƴŘ ǊŜǎƛƭƛŜƴŎŜΦ [ƛƴƪƛƴƎ ŦŀǊƳŜǊǎ ŀƴŘ 
ŦŀǊƳŜǊǎϥ ƎǊƻǳǇǎ ǘƻ ǊƛŎŜ ŀƴŘ ƎǊŀƛƴ ǾŀƭǳŜ ŎƘŀƛƴǎ ƛǎ ŜǎǎŜƴǝŀƭ ǘƻ ŎǊŜŀǝƴƎ ǎǳǎǘŀƛƴŀōƭŜ ƳŀǊƪŜǘ 
ƻǇǇƻǊǘǳƴƛǝŜǎΦ [ŀǎǘƭȅΣ ŀ ŎƻƳǇǊŜƘŜƴǎƛǾŜ ǊŜǾƛŜǿ ƻŦ ƎƻǾŜǊƴƳŜƴǘ ǇƻƭƛŎƛŜǎ ŀƴŘ ǇǊƛƻǊƛǝŜǎ ƛǎ ƴŜŜŘŜŘ ǘƻ 
ŀƭƛƎƴ ŀŎǝǾƛǝŜǎ ŀƴŘ ǇǊƻƳƻǘŜ ǘƘŜ ǿƛŘŜǎǇǊŜŀŘ ŀŘƻǇǝƻƴ ƻŦ ŎƭƛƳŀǘŜπǎƳŀǊǘ ŀƎǊƛŎǳƭǘǳǊŀƭ ǇǊŀŎǝŎŜǎ ƛƴ ǘƘŜ 
ǊŜƎƛƻƴΦ ¢ƘŜǎŜ ŎƻƭƭŜŎǝǾŜ ƳŜŀǎǳǊŜǎ ŀƛƳ ǘƻ ŦƻǎǘŜǊ ŀ ƳƻǊŜ ǎǳǎǘŀƛƴŀōƭŜ ŀƴŘ ŎƭƛƳŀǘŜπǊŜǎƛƭƛŜƴǘ 
ŀƎǊƛŎǳƭǘǳǊŀƭ ǎŜŎǘƻǊ ƛƴ .ŀƴƎƭŀŘŜǎƘ ώррϐΦ 

Lƴ ŎƻƴŎƭǳǎƛƻƴΣ ǘƘŜ ƛƴǎƛƎƘǘǎ ƎƭŜŀƴŜŘ ŦǊƻƳ ǘƘŜ ǎǳŎŎŜǎǎŦǳƭ ŎƭƛƳŀǘŜπǎƳŀǊǘ ǊƛŎŜ ŎǳƭǝǾŀǝƻƴ ǇǊƻƧŜŎǘ ƛƴ 
.ŀƴƎƭŀŘŜǎƘ ǇǊƻǾƛŘŜ ŀ ǾŀƭǳŀōƭŜ ōƭǳŜǇǊƛƴǘ ŦƻǊ ǘƘŜ ŜƴƘŀƴŎŜƳŜƴǘ ƻŦ ǊƛŎŜ ŦŀǊƳƛƴƎ ǇǊŀŎǝŎŜǎ ǿƛǘƘƛƴ ǘƘŜ 
{Ǌƛ [ŀƴƪŀƴ ŘǊȅ ȊƻƴŜΦ 

 
/ƻƴŎƭǳǎƛƻƴ 
Lƴ ǘƘŜ ŎƻƴǘŜȄǘ ƻŦ ŀ ǊŀǇƛŘƭȅ ŎƘŀƴƎƛƴƎ ŎƭƛƳŀǘŜΣ ǘƘŜ ŀƎǊŀǊƛŀƴ ŎƻƳƳǳƴƛǝŜǎΣ ǇŀǊǝŎǳƭŀǊƭȅ ǘƘŜ ǊƛŎŜ ŦŀǊƳŜǊǎ 
ƛƴ ǘƘŜ ŘǊȅ ȊƻƴŜ ƻŦ {Ǌƛ [ŀƴƪŀΣ ŦŀŎŜ ƳǳƭǝŦŀŎŜǘŜŘ ŎƘŀƭƭŜƴƎŜǎ ǘƘŀǘ ǘƘǊŜŀǘŜƴ ǘƘŜƛǊ ǎǳǎǘŀƛƴŀōƭŜ 
ƭƛǾŜƭƛƘƻƻŘǎΦ ²ƛǘƘ ƛǘǎ ǳƴƛǉǳŜ ŎƭƛƳŀǝŎ ŀƴŘ ƘƛǎǘƻǊƛŎŀƭ ǎƛƎƴƛŬŎŀƴŎŜΣ ǘƘŜ ŘǊȅ ȊƻƴŜ Ƙŀǎ ōŜŜƴ ŀ 
ŎƻǊƴŜǊǎǘƻƴŜ ŦƻǊ ǊƛŎŜ ǇǊƻŘǳŎǝƻƴΣ ŎƻƴǘǊƛōǳǝƴƎ ǎƛƎƴƛŬŎŀƴǘƭȅ ǘƻ ǘƘŜ ƴŀǝƻƴϥǎ ŦƻƻŘ ǎŜŎǳǊƛǘȅΦ ¢ƘŜ 
{ǳǎǘŀƛƴŀōƭŜ [ƛǾŜƭƛƘƻƻŘ CǊŀƳŜǿƻǊƪ ό{[Cύ ƻũŜǊǎ ŀ ŎƻƳǇǊŜƘŜƴǎƛǾŜ ƭŜƴǎ ǘƻ ǳƴŘŜǊǎǘŀƴŘ ǘƘŜ ƛƴǘŜǊǇƭŀȅ 
ƻŦ ǾŀǊƛƻǳǎ ƭƛǾŜƭƛƘƻƻŘ ŀǎǎŜǘǎ ŀƴŘ ǘƘŜƛǊ ǊƻƭŜ ƛƴ ŀŎƘƛŜǾƛƴƎ ǇƻǎƛǝǾŜ ƻǳǘŎƻƳŜǎΦ ¢ƘŜ ƛƴǘŜƎǊŀǝƻƴ ƻŦ 
ǘǊŀŘƛǝƻƴŀƭ ǇǊŀŎǝŎŜǎ ǿƛǘƘ ƳƻŘŜǊƴ ǘŜŎƘƴƻƭƻƎƛŎŀƭ ƛƴǘŜǊǾŜƴǝƻƴǎΣ ŀǎ ŜǾƛŘŜƴŎŜŘ ōȅ ǘƘŜ ŎƻŜȄƛǎǘŜƴŎŜ ƻŦ 
ŀƴŎƛŜƴǘ ǘŀƴƪ ŎŀǎŎŀŘŜ ǎȅǎǘŜƳǎ ǿƛǘƘ ŎƻƴǘŜƳǇƻǊŀǊȅ ƛǊǊƛƎŀǝƻƴ ǘŜŎƘƴƛǉǳŜǎΣ ǳƴŘŜǊǎŎƻǊŜǎ ǘƘŜ 
ƛƳǇƻǊǘŀƴŎŜ ƻŦ ŀ ƘƻƭƛǎǝŎ ŀǇǇǊƻŀŎƘ ǘƻ ŎƭƛƳŀǘŜ ŀŘŀǇǘŀǝƻƴΦ /ƻƳƳǳƴƛǘȅπōŀǎŜŘ ŀŘŀǇǘŀǝƻƴ ƛƴƛǝŀǝǾŜǎ 
ƛƴŎƻǊǇƻǊŀǝƴƎ ƭƻŎŀƭ ƪƴƻǿƭŜŘƎŜΣ ŎŀǇŀŎƛǘȅ ōǳƛƭŘƛƴƎΣ ŀƴŘ ŜŀǊƭȅ ǿŀǊƴƛƴƎ ǎȅǎǘŜƳǎ ŜƳŜǊƎŜ ŀǎ ǇƛǾƻǘŀƭ 
ǎǘǊŀǘŜƎƛŜǎΦ CǳǊǘƘŜǊƳƻǊŜΣ ǘƘŜ ǊƻƭŜ ƻŦ ŬƴŀƴŎŜΣ ŜǎǇŜŎƛŀƭƭȅ ƳƛŎǊƻŬƴŀƴŎŜ ŀƴŘ ŎǊƻǇ ƛƴǎǳǊŀƴŎŜΣ ƛǎ 
ǇŀǊŀƳƻǳƴǘ ƛƴ ǎǳǎǘŀƛƴƛƴƎ ǊŜǎƛƭƛŜƴŎŜΦ /ƻƭƭŀōƻǊŀǝǾŜ ŜũƻǊǘǎ ƛƴǾƻƭǾƛƴƎ bDhǎΣ ƎƻǾŜǊƴƳŜƴǘ ōƻŘƛŜǎΣ ŀƴŘ 
ƛƴǘŜǊƴŀǝƻƴŀƭ ƻǊƎŀƴƛȊŀǝƻƴǎ Ŏŀƴ ǎǘǊŜƴƎǘƘŜƴ ǘƘŜ ƛƳǇŀŎǘ ƻŦ ǘƘŜǎŜ ǎǘǊŀǘŜƎƛŜǎΦ !ǎ ǘƘŜ ǿƻǊƭŘ ǎǘǊǳƎƎƭŜǎ 
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ǿƛǘƘ ǘƘŜ ƛƳǇŀŎǘǎ ƻŦ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜΣ ǘƘŜ ŜȄǇŜǊƛŜƴŎŜǎ ŀƴŘ ŀŘŀǇǝǾŜ ǎǘǊŀǘŜƎƛŜǎ ƻŦ ǘƘŜ ǊƛŎŜ ŦŀǊƳŜǊǎ ƛƴ 
ǘƘŜ ŘǊȅ ȊƻƴŜ ƻŦ {Ǌƛ [ŀƴƪŀ ƻũŜǊ ƛƴǾŀƭǳŀōƭŜ ƛƴǎƛƎƘǘǎΦ ¢ƘŜǎŜ ƭŜǎǎƻƴǎΣ ǊƻƻǘŜŘ ƛƴ ǘǊŀŘƛǝƻƴ ŀƴŘ ƳƻŘŜǊƴƛǘȅΣ 
Ŏŀƴ ƎǳƛŘŜ ǎƛƳƛƭŀǊ ŀƎǊŀǊƛŀƴ ŎƻƳƳǳƴƛǝŜǎ ƛƴ ǎƛƳƛƭŀǊ ǊŜƎƛƻƴǎΣ ŜƳǇƘŀǎƛȊƛƴƎ ǘƘŜ ƴŜŜŘ ŦƻǊ ŎƻƴǘŜȄǘπ
ǎǇŜŎƛŬŎΣ ƛƴǘŜƎǊŀǘŜŘΣ ŀƴŘ ŎƻƭƭŀōƻǊŀǝǾŜ ŀǇǇǊƻŀŎƘŜǎ ǘƻ ŜƴǎǳǊŜ ǎǳǎǘŀƛƴŀōƭŜ ƭƛǾŜƭƛƘƻƻŘǎ ƛƴ ǘƘŜ ŦŀŎŜ ƻŦ 
ŎƭƛƳŀǝŎ ŀŘǾŜǊǎƛǝŜǎΦ 
 

!ŎƪƴƻǿƭŜŘƎŜƳŜƴǘ 
bƻǘ ŀǇǇƭƛŎŀōƭŜΦ 

 
/ƻƳǇŜǝƴƎ ƛƴǘŜǊŜǎǘ 
!ǳǘƘƻǊǎ ŘŜŎƭŀǊŜ ǘƘŀǘ ǘƘŜȅ ƘŀǾŜ ƴƻ ŀƴȅ ŎƻƳǇŜǝƴƎ ƛƴǘŜǊŜǎǘΦ  

wŜŦŜǊŜƴŎŜǎ  

ώмϐ 5ŀƴŀƴƧŀȅŀΣ tΦ YΦ ±Φ {ΦΣ {ƘŀƴǘƘŀΣ !Φ !ΦΣ ϧ tŀǘŀōŜƴŘƛΣ YΦ tΦ [Φ bΦ όнлноύΦ LƳǇŀŎǘ ƻŦ ŎƭƛƳŀǘŜ 
ǾŀǊƛŀōƛƭƛǘȅ ƻƴ ǇŀŘŘȅ ŎǳƭǝǾŀǝƻƴΥ ǿƛǘƘ ǎǇŜŎƛŀƭ ǊŜŦŜǊŜƴŎŜ ǘƻ ǇŀŘŘȅ ŎǳƭǝǾŀǝƻƴ ƛƴ wŀƧŀƴƎŀƴŀ 
ǎŎƘŜƳŜ ƛƴ !ƴǳǊŀŘƘŀǇǳǊŀ ŘƛǎǘǊƛŎǘΦ 

ώнϐ bŀǿŀǊŀǘƘƴŀ .ŀƴŘŀΣ IΦ aΦ όнлмсύΦ /ƭƛƳŀǘŜ /ƘŀƴƎŜ ŀƴŘ tŀŘŘȅ tǊƻŘǳŎǝƻƴ ƛƴ {Ǌƛ [ŀƴƪŀ όǿƛǘƘ 
ǊŜŦŜǊŜƴŎŜ ǘƻ !ƴǳǊŀŘƘŀǇǳǊŀ 5ƛǎǘǊƛŎǘύΦ 

ώоϐ wǳōŀǎƛƴƎƘŜΣ wΦΣ DǳƴŀǝƭŀƪŜΣ {ΦΣ ϧ /ƘŀƴŘǊŀƧƛǘƘΣ wΦ όнлмрύΦ DŜƻŎƘŜƳƛŎŀƭ ŎƘŀǊŀŎǘŜǊƛǎǝŎǎ ƻŦ 
ƎǊƻǳƴŘǿŀǘŜǊ ƛƴ ŘƛũŜǊŜƴǘ ŎƭƛƳŀǝŎ ȊƻƴŜǎ ƻŦ {Ǌƛ [ŀƴƪŀΦ 9ƴǾƛǊƻƴƳŜƴǘŀƭ 9ŀǊǘƘ {ŎƛŜƴŎŜǎΣ тпόпύΣ 
олстπолтсΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмллтκǎмнссрπлмрπпоофπм 

ώпϐ ¸ŀǇŀΣ bΦΣ WŀȅŀƪƻŘȅΣ bΦΣ ϧ aŀŘƘǳǎƘŀƴΣ !Φ όнлноύΦ 9ũŜŎǘ ƻŦ ōƛƻŦŜǊǝƭƛȊŜǊǎ ŀƴŘ ƻǊƎŀƴƛŎ 
ŀƳŜƴŘƳŜƴǘǎ ƻƴ ƎŜǊƳƛƴŀǝƻƴ ŀƴŘ ǎŜŜŘƭƛƴƎ ƎǊƻǿǘƘ ƻŦ ŎƻƳƳƻƴ ŘǊȅ ȊƻƴŜ ŦƻǊŜǎǘ ǎǇŜŎƛŜǎ ƛƴ {Ǌƛ 
[ŀƴƪŀΥ ǎǳǎǘŀƛƴŀōƭŜ ǊŜŦƻǊŜǎǘŀǝƻƴ ǇǊŀŎǝŎŜǎ ƛƴ {Ǌƛ [ŀƴƪŀΦ ¢ǳǊƪƛǎƘ WƻǳǊƴŀƭ ƻŦ !ƎǊƛŎǳƭǘǳǊŜ π CƻƻŘ 
{ŎƛŜƴŎŜ ŀƴŘ ¢ŜŎƘƴƻƭƻƎȅΣ ммόнύΣ нутπнфмΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦнпфнрκǘǳǊƧŀŦΦǾммƛнΦнутπ
нфмΦрсоф 

ώрϐ !ōŜȅǎŜƪŜǊŀΣ !Φ .ΦΣ tǳƴȅŀǿŀǊŘŜƴŀΣ .Φ ±Φ wΦΣ ϧ tǊŜƳŀƭŀƭΣ YΦ IΦ aΦ {Φ όнлмрύΦ wŜŎŜƴǘ ǘǊŜƴŘǎ ƻŦ 
ŜȄǘǊŜƳŜ ǇƻǎƛǝǾŜ ǊŀƛƴŦŀƭƭ ŀƴƻƳŀƭƛŜǎ ƛƴ ǘƘŜ ŘǊȅ ȊƻƴŜ ƻŦ {Ǌƛ [ŀƴƪŀΦ ¢ǊƻǇƛŎŀƭ !ƎǊƛŎǳƭǘǳǊƛǎǘΣ мсоΣ 
мπноΦ 

ώсϐ    WŀȅŀǿŜŜǊŀΣ WΦΣ aƻǊŜƭΣ !ΦΣ !ōŜȅƪƻƻƴΣ !ΦΣ tƛǘŎƘŀƛΣ CΦΣ YƻǘƘŀƭŀǿŜƭŀΣ IΦΣ tŜƛǊƛǎΣ WΦΣ Χ ϧ bƻƻǊŘŜŜƴΣ CΦ 
όнлнмύΦ ±ƛǊŀƭ ōǳǊŘŜƴ ŀƴŘ ŘƛǾŜǊǎƛǘȅ ƛƴ ŀŎǳǘŜ ǊŜǎǇƛǊŀǘƻǊȅ ǘǊŀŎǘ ƛƴŦŜŎǝƻƴǎ ƛƴ ƘƻǎǇƛǘŀƭƛȊŜŘ ŎƘƛƭŘǊŜƴ 
ƛƴ ǿŜǘ ŀƴŘ ŘǊȅ ȊƻƴŜǎ ƻŦ {Ǌƛ [ŀƴƪŀΦ tƭƻǎ hƴŜΣ мсόмнύΣ ŜлнрфппоΦ 
ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмотмκƧƻǳǊƴŀƭΦǇƻƴŜΦлнрфппо 

ώтϐ aŀǊŀƳōŜΣ .ΦΣ tǳƴȅŀǿŀǊŘŜƴŀΣ wΦΣ {ƛƭǾŀΣ tΦΣ tǊŜƳŀƭŀƭΣ {ΦΣ wŀǘƘƴŀōƘŀǊŀǘƘƛŜΣ ±ΦΣ YŜƪǳƭŀƴŘŀƭŀΣ .ΦΣ 
ϧ IƻǿŘŜƴΣ aΦ όнлмрύΦ /ƭƛƳŀǘŜΣ ŎƭƛƳŀǘŜ ǊƛǎƪΣ ŀƴŘ ŦƻƻŘ ǎŜŎǳǊƛǘȅ ƛƴ {Ǌƛ [ŀƴƪŀΥ ǘƘŜ ƴŜŜŘ ŦƻǊ 
ǎǘǊŜƴƎǘƘŜƴƛƴƎ ŀŘŀǇǘŀǝƻƴ ǎǘǊŀǘŜƎƛŜǎΦ IŀƴŘōƻƻƪ ƻŦ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ŀŘŀǇǘŀǝƻƴΣ мтрфπмтуфΦ 

ώуϐ tǳƴȅŀǿŀǊŘŜƴŀΣ .Φ ±Φ wΦ όнллтύΦ !ƎǊƻπŜŎƻƭƻƎȅ όƳŀǇ ŀƴŘ ŀŎŎƻƳǇŀƴȅƛƴƎ ǘŜȄǘύΣ bŀǝƻƴŀƭ !ǘƭŀǎ 
ƻŦ {Ǌƛ [ŀƴƪŀΦ 5ŜǇŀǊǘƳŜƴǘ ƻŦ {ǳǊǾŜȅΣ /ƻƭƻƳōƻΦ 

ώфϐ     !ōŜȅǎƛƴƎƘŀΣ bΦ ŀƴŘ wŀƧŀǇŀƪǎƘŀΣ ¦Φ όнлнлύΦ {ǇƛπōŀǎŜŘ ǎǇŀǝƻǘŜƳǇƻǊŀƭ ŘǊƻǳƎƘǘ ƻǾŜǊ {Ǌƛ [ŀƴƪŀΦ 
!ŘǾŀƴŎŜǎ ƛƴ aŜǘŜƻǊƻƭƻƎȅΣ нлнлΣ мπмлΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦммррκнлнлκфтронтф 

ώмлϐ  !ōŜȅǿŀǊŘŀƴŀΣ bΦΣ {ŎƘǸǧΣ .ΦΣ ²ŀƎŀƭŀǿŀǧŀΣ ¢ΦΣ ϧ .ŜōŜǊƳŜƛŜǊΣ ²Φ όнлмфύΦ LƴŘƛƎŜƴƻǳǎ 
ŀƎǊƛŎǳƭǘǳǊŀƭ ǎȅǎǘŜƳǎ ƛƴ ǘƘŜ ŘǊȅ ȊƻƴŜ ƻŦ {Ǌƛ [ŀƴƪŀΥ ƳŀƴŀƎŜƳŜƴǘ ǘǊŀƴǎŦƻǊƳŀǝƻƴ ŀǎǎŜǎǎƳŜƴǘ 
ŀƴŘ ǎǳǎǘŀƛƴŀōƛƭƛǘȅΦ {ǳǎǘŀƛƴŀōƛƭƛǘȅΣ ммόоύΣ фмлΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦоофлκǎǳммлолфмл 

ώммϐ   .ŜōŜǊƳŜƛŜǊΣ ²ΦΣ aŜƛǎǘŜǊΣ WΦΣ ²ƛǘƘŀƴŀŎƘŎƘƛΣ /ΦΣ aƛŘŘŜƭƘŀǳŦŜΣ LΦΣ ϧ {ŎƘǸǧΣ .Φ όнлмтύΦ ¢ŀƴƪ 
ŎŀǎŎŀŘŜ ǎȅǎǘŜƳǎ ŀǎ ŀ ǎǳǎǘŀƛƴŀōƭŜ ƳŜŀǎǳǊŜ ƻŦ ǿŀǘŜǊǎƘŜŘ ƳŀƴŀƎŜƳŜƴǘ ƛƴ ǎƻǳǘƘ ŀǎƛŀΦ ²ŀǘŜǊΣ 
фόоύΣ номΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦоофлκǿфлолном 

ώмнϐ    YǳǊǳƪǳƭŀǎǳǊƛȅŀΣ tΦ ŀƴŘ !ƧǿŀŘΣ aΦ όнллсύΦ !ǇǇƭƛŎŀǝƻƴ ƻŦ ǘƘŜ wƛŎŀǊŘƛŀƴ ǘŜŎƘƴƛǉǳŜ ǘƻ ŜǎǝƳŀǘŜ 
ǘƘŜ ƛƳǇŀŎǘ ƻŦ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ƻƴ ǎƳŀƭƭƘƻƭŘŜǊ ŦŀǊƳƛƴƎ ƛƴ {Ǌƛ [ŀƴƪŀΦ /ƭƛƳŀǝŎ /ƘŀƴƎŜΣ умόмύΣ 
офπрфΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмллтκǎмлрупπллрπфлнмπн 
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ώмоϐ  ²ƛŎƪǊŀƳŀǊŀŎƘŎƘƛΣ /ΦΣ {ŀƳŀǊŀǎƛƴƎƘŜΣ WΦΣ !ƭȅƻǳǎƛŬΣ ¸ΦΣ ϧ wŀǘƘƴŀȅŀƪŜΣ ¦Φ όнлнмύΦ tǊƻƧŜŎǘŜŘ 
ƳƻƛǎǘǳǊŜ ƛƴŘŜȄ όƳƛύ ŦƻǊ ǘǊƻǇƛŎŀƭ {Ǌƛ [ŀƴƪŀΦ !ŘǾŀƴŎŜǎ ƛƴ /ƛǾƛƭ 9ƴƎƛƴŜŜǊƛƴƎΣ нлнмΣ мπмфΦ 
ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦммррκнлнмκнтсмфор 

ώмпϐ   !ƭŜƳΣ ¸Φ ŀƴŘ wǳƘƛƴŘǳƪŀΣ wΦ όнлмрύΦ LƳǇǊƻǾƛƴƎ ǿŜƭŦŀǊŜ ǘƘǊƻǳƎƘ ŎƭƛƳŀǘŜπŦǊƛŜƴŘƭȅ ŀƎǊƛŎǳƭǘǳǊŜΥ 
ǘƘŜ ŎŀǎŜ ƻŦ ǘƘŜ ǎȅǎǘŜƳ ƻŦ ǊƛŎŜ ƛƴǘŜƴǎƛŬŎŀǝƻƴΦ 9ƴǾƛǊƻƴƳŜƴǘŀƭ ŀƴŘ wŜǎƻǳǊŎŜ 9ŎƻƴƻƳƛŎǎΣ снόнύΣ 
нпоπнсоΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмллтκǎмлсплπлмрπффснπр 

ώмрϐ    {ƛƭǾŀΣ !ΦΣ aŀǊƛƪŀǊΣ CΦΣ aǳǊǳƎŀƴŀƴǘƘŀƴΣ !ΦΣ ϧ !ƎŀƳǇƻŘƛΣ {Φ όнлмпύΦ !ǿŀǊŜƴŜǎǎ ŀƴŘ ǇŜǊŎŜǇǝƻƴǎ 
ƻƴ ǇǊŜǾŜƴǝƻƴΣ ŬǊǎǘ ŀƛŘ ŀƴŘ ǘǊŜŀǘƳŜƴǘ ƻŦ ǎƴŀƪŜōƛǘŜǎ ŀƳƻƴƎ {Ǌƛ [ŀƴƪŀƴ ŦŀǊƳŜǊǎΥ ŀ ƪƴƻǿƭŜŘƎŜ 
ǇǊŀŎǝŎŜ ƳƛǎƳŀǘŎƘΚ WƻǳǊƴŀƭ ƻŦ hŎŎǳǇŀǝƻƴŀƭ aŜŘƛŎƛƴŜ ŀƴŘ ¢ƻȄƛŎƻƭƻƎȅΣ фόмύΣ нлΦ 
ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦммусκмтпрπсстоπфπнл 

ώмсϐ   {ŎƻƎƴŀƳƛƭƭƻΣ !ΦΣ {ƛǘƪƻΣ bΦΣ .ŀƴŘŀǊŀΣ {ΦΣ IŜǿŀƎŜΣ {ΦΣ aǳƴŀǿŜŜǊŀΣ ¢ΦΣ ϧ YǿƻƴΣ WΦ όнлннύΦ ¢ƘŜ 
ŎƘŀƭƭŜƴƎŜ ƻŦ ƳŀƪƛƴƎ ŎƭƛƳŀǘŜ ŀŘŀǇǘŀǝƻƴ ǇǊƻŬǘŀōƭŜ ŦƻǊ ŦŀǊƳŜǊǎΥ ŜǾƛŘŜƴŎŜ ŦǊƻƳ {Ǌƛ [ŀƴƪŀϥǎ ǊƛŎŜ 
ǎŜŎǘƻǊΦ 9ƴǾƛǊƻƴƳŜƴǘ ŀƴŘ 5ŜǾŜƭƻǇƳŜƴǘ 9ŎƻƴƻƳƛŎǎΣ нтόрύΣ прмπпсфΦ 
ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмтκǎморрттлȄнмлллотм 

ώмтϐ    9ǎƘŀƳΣ aΦ ŀƴŘ DŀǊŦƻǊǘƘΣ /Φ όнлмоύΦ /ƭƛƳŀǘŜ ŎƘŀƴƎŜ ŀƴŘ ŀƎǊƛŎǳƭǘǳǊŀƭ ŀŘŀǇǘŀǝƻƴ ƛƴ {Ǌƛ [ŀƴƪŀΥ 
ŀ ǊŜǾƛŜǿΦ /ƭƛƳŀǘŜ ŀƴŘ 5ŜǾŜƭƻǇƳŜƴǘΣ рόмύΣ ссπтсΦ 
ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлулκмтрсррнфΦнлмнΦтснооо 

ώмуϐ   YƻƭƭƳŀƛǊ ϧ DŀƳǇŜǊ όнллнύΦLƴǇǳǘ ǇŀǇŜǊ ŦƻǊ ǘƘŜ LƴǘŜƎǊŀǘŜŘ ¢ǊŀƛƴƛƴƎ /ƻǳǊǎŜ ƻŦ b//w bƻǊǘƘπ
{ƻǳǘƘ !ŜǎŎƘƛǊƛŜŘΣ {ǿƛƊŜǊ ƭŀƴŘΦ фπнлΦ 

ώмфϐ   bŀǘŀǊŀƧŀƴΣ bΦΣ bŜǿǎƘŀƳΣ !ΦΣ wƛƎƎΣ WΦ ŀƴŘ {ǳƘŀǊŘƛƳŀƴΣ 5ΦΣ нлннΦ ! ǎǳǎǘŀƛƴŀōƭŜ ƭƛǾŜƭƛƘƻƻŘǎ 
ŦǊŀƳŜǿƻǊƪ ŦƻǊ ǘƘŜ нмǎǘ ŎŜƴǘǳǊȅΦ ²ƻǊƭŘ 5ŜǾŜƭƻǇƳŜƴǘΣ мррΣ ǇΦмлруфуΦ 

ώнлϐ    !ǎƘƭŜȅΣ /Φ ŀƴŘ /ŀǊƴŜȅΣ 5ΦΣ мфффΦ {ǳǎǘŀƛƴŀōƭŜ ƭƛǾŜƭƛƘƻƻŘǎΥ [Ŝǎǎƻƴǎ ŦǊƻƳ ŜŀǊƭȅ ŜȄǇŜǊƛŜƴŎŜ ό±ƻƭΦ 
тΣ bƻΦ мύΦ [ƻƴŘƻƴΥ 5ŜǇŀǊǘƳŜƴǘ ŦƻǊ LƴǘŜǊƴŀǝƻƴŀƭ 5ŜǾŜƭƻǇƳŜƴǘΦ 

ώнмϐ    LǎƭŀƳΣ YΦYΦΣ ϧ {ŀǘƻΣ bΦόнлмнύΦ tŀǊǝŎƛǇŀǘƻǊȅ CƻǊŜǎǘǊȅ ƛƴ .ŀƴƎƭŀŘŜǎƘΥ Iŀǎ Lǘ IŜƭǇŜŘ ǘƻ LƴŎǊŜŀǎŜ 
ǘƘŜ [ƛǾŜƭƛƘƻƻŘ ƻŦ {ŀƭ CƻǊŜǎǘ 5ŜǇŜƴŘŜƴǘ tŜƻǇƭŜΚ{ƻǳǘƘŜǊƴ CƻǊŜǎǘΥ ! WƻǳǊƴŀƭ ƻŦ CƻǊŜǎǘ {ŎƛŜƴŎŜΣ 
тпΣ уфπмлмΦ  

ώннϐ   9ƭƭƛǎΣ CΦ мфффΦ wǳǊŀƭ [ƛǾŜƭƛƘƻƻŘǎ ŀƴŘ 5ƛǾŜǊǎƛǘȅ ƛƴ 5ŜǾŜƭƻǇƛƴƎ /ƻǳƴǘǊƛŜǎΥ 9ǾƛŘŜƴŎŜ ŀƴŘ tƻƭƛŎȅ 
LƳǇƭƛŎŀǝƻƴǎΦ hȄŦƻǊŘ ¦ƴƛǾŜǊǎƛǘȅ tǊŜǎǎΣ hȄŦƻǊŘΦ 

ώноϐ    .ŀƧǿŀΣ {ΦYΦΣ нлмрΦ ! ǎǘǳŘȅ ƻŦ ǘƘŜ ǎǘŀǘǳǎ ƻŦ ƭƛǾŜƭƛƘƻƻŘ ŀǎǎŜǘǎ ŀǘ ƘƻǳǎŜƘƻƭŘ [ŜǾŜƭΥ 9ǾƛŘŜƴŎŜ 
ŦǊƻƳ {ŀƛŘǇǳǊ ±ƛƭƭŀƎŜΦ tŀƪƛǎǘŀƴ LƴǎǝǘǳǘŜ ŦƻǊ 5ŜǾŜƭƻǇƳŜƴǘ 9ŎƻƴƻƳƛŎǎΦ 5ƛǎŎǳǎǎƛƻƴ ǇŀǇŜǊΣ оΦ 

ώнпϐ   5ŀƴƎΣ ·ΦΣ DŀƻΣ {ΦΣ ¢ŀƻΣ wΦΣ [ƛǳΣ DΦΣ ·ƛŀΣ ½ΦΣ CŀƴΣ [Φ ŀƴŘ .ƛΣ ²ΦΣ нлнлΦ 5ƻ ŜƴǾƛǊƻƴƳŜƴǘŀƭ 
ŎƻƴǎŜǊǾŀǝƻƴ ǇǊƻƎǊŀƳǎ ŎƻƴǘǊƛōǳǘŜ ǘƻ ǎǳǎǘŀƛƴŀōƭŜ ƭƛǾŜƭƛƘƻƻŘǎΚ 9ǾƛŘŜƴŎŜ ŦǊƻƳ /Ƙƛƴŀϥǎ ƎǊŀƛƴπ
ŦƻǊπƎǊŜŜƴ ǇǊƻƎǊŀƳ ƛƴ ƴƻǊǘƘŜǊƴ {ƘŀŀƴȄƛ ǇǊƻǾƛƴŎŜΦ {ŎƛŜƴŎŜ ƻŦ ǘƘŜ ¢ƻǘŀƭ 9ƴǾƛǊƻƴƳŜƴǘΣ тмфΣ 
ǇΦмотпосΦ 

ώнрϐ  ¦ŘŀȅŀƪǳƳŀǊŀΣ 9ΦtΦbΦ ŀƴŘ {ƘǊŜǎǘƘŀΣ wΦtΦΣ нлммΦ !ǎǎŜǎǎƛƴƎ ƭƛǾŜƭƛƘƻƻŘ ŦƻǊ ƛƳǇǊƻǾŜƳŜƴǘΥ 
{ŀƳŀƴŀƭŀǿŜǿŀ ǊŜǎŜǊǾƻƛǊ ŜƴǾƛǊƻƴǎΣ {Ǌƛ [ŀƴƪŀΦ LƴǘŜǊƴŀǝƻƴŀƭ WƻǳǊƴŀƭ ƻŦ {ǳǎǘŀƛƴŀōƭŜ 
5ŜǾŜƭƻǇƳŜƴǘ ϧ ²ƻǊƭŘ 9ŎƻƭƻƎȅΣ муόпύΣ ǇǇΦоссπотсΦ 

ώнсϐ   !ōŜȅǊŀǘƘƴŜΣ !ΦIΦaΦ¢ΦDΦΣ WŀȅŀǎƛƴƎƘŜπaǳŘŀƭƛƎŜΣ ¦ΦYΦΣ ²ƛƧŜƴŀȅŀƪŜΣ ²ΦaΦIΦYΦ ŀƴŘ ŘŜ /ǊƻƻǎΣ 
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Abstract  
An efficient plant transformation technique is considered as an essential requirement in 
developing genetically modified (GM) maize plants that can encounter a wide range of biotic and 
abiotic stresses caused by climate changes. Compared to different plant transformation 
methods, Agrobacterium-mediated transformation is perceived to be cheap, simple, and has 
stable gene integration with minimum rearrangements. Accordingly, this method serves as the 
best option for developing countries in the continents of Asia and Africa. In light of these, 
Agrobacterium-mediated gene delivery into maize has been constantly improved, making it as a 
foremost technology not only in genetic engineering but also in genome editing over the past 
decades. This can be further enhanced by practicing advanced and novel techniques during the 
transformation procedure. Agrobacterium-mediated transformation of maize plants and the 
subsequent recovery are affected by several factors including maize genotypes, explant types, 
bacterial strains, vector systems, and co-cultivation medium. Ensuring optimal conditions would 
increase efficiency and effectivity of the transformation procedure. Moreover, as a developing 
nation, biosafety regulations in Sri Lanka are evolving to keep pace with advancements in 
biotechnology and international standards. However, Sri Lanka face multiple challenges in 
implementing the guidelines and policies. Addressing these challenges are crucial not only for 
protecting the environment and public health, but also for promoting innovation, trade, 
transparency, and trust. Though some of the farmers are cultivating traditional maize varieties in 
Sri Lanka, majority of the farmers cultivate imported hybrid varieties. Hence, by performing 
efficient gene transformation technique, traditional maize varieties can be improved to have high 
yield, tolerant to climatic changes and resistant to pest and disease. 
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Introduction 
Maize (Zea mays L.), one of most salient cereal crops, is globally grown with broad applications, 
including human consumption, animal feed preparations, bio-fuel formulations, chemical 
applications, and medicinal purposes. It is the second most cultivated cereal crop in Sri Lanka, and 
occupies 5.6 % of the total cereal cultivation area [1]. During Maha season, it is frequently 
cultivated in dry and intermediate zones of the country as rain-fed cultivation [2]. In Sri Lanka 
maize is mainly utilized in poultry industry and for the production of Samaposha/Triposha. 
 
Though the maize production increases throughout the country, it is not sufficient enough to meet 
the domestic requirement and larger portion of maize is yet imported from other countries [3]. 
This might be due to poor quality inputs mainly of seeds used in cultivation and associated adverse 
climate and soil conditions. In sometimes, regardless of quality of inputs used, stresses either 
biotic or abiotic also adversely affect plant growth and development. Even though, number of 
management practices are applied by farmers desired level of expectation is not met for 
requirement thus arises the necessity for other alternatives in which cultivation of 
tolerant/resistant varieties with higher yield receives much attention through breeding and 
genetic improvement options.  Hybrid maize varieties contribute 95 % of total cultivation and since 
ŎƻǳƴǘǊȅΩǎ ƘȅōǊƛŘ ǎŜŜŘ ǇǊƻŘǳŎǘƛon does not attain self-sufficiency and gap prevails, about 1200 MT 
of maize seeds are imported annually to assure maize production (Ministry of Agriculture). Hence, 
the imported hybrids seeds are high in cost and not affordable to poor farmers and also the 
landraces which is being cultivated by local farmers from eastern regions exhibit comparatively 
better performance than the existing commercial varieties. In accordance with recent data, 819 
maize accessions are stored in Plant Genetic and Resource Centre, Gannoruwa in Sri Lanka, and 
35 of them are landraces [4]. 
 
The growth and yield of maize plants have been significantly reduced as a result of climate change 
effects risking the food security all over the world [5].  Maize, a staple crop for billions of people 
around the world, is extremely sensitive to temperature and precipitation patterns, making it 
highly vulnerable to the effects of changing climate. Rising temperatures can cause an array of 
issues for maize farmers. Extreme heat, for example, during the flowering stage can cause poor 
pollination and reduced kernel formation, resulting in poorer yields [6]. Furthermore, constant 
high temperatures can worsen water stress, making it more difficult for maize plants to acquire 
moisture required for optimal growth. Zhao et al. [7] conducted an experiment to investigate the 
influence of climate change on main crop yields and discovered significant production losses of 6 
%, 3.2 %, 3.1 %, and 7.4% in wheat, rice, soybean, and maize, respectively. According to Schlenker 
and Roberts [8], maize yield increased at an ideal temperature of 29oC, but it decreased as the 
temperature rose further. Similarly, it was discovered that for every 1oC increase in temperature 
over the optimal development temperature, maize yield reduced by 8.3% [9]Φ TƴŎǊŜŀǎŜ ƛƴ ǇŜǎǘ ŀƴŘ 
disease attack is another critical impact of the climate change. This alarming situation pose a 
serious threat to Sri Lankan maize production. Hence, climate change adaptation measures are 
critical for mitigating the effects of maize agriculture. These may include the development of heat-
tolerant maize varieties, improved irrigation and soil management practices, and the application 
of climate-resilient farming strategies.  
 

Genetic engineering of maize plant 
Even though various conventional methods, including introduction, selection and hybridization 
are practiced for maize crop improvement, these traditional methods are laborious, time and 
space consuming and developing critical agronomic traits in heterotic groups is difficult due to 
their incompatibility [10]. Genetic engineering/ modification has been a successful molecular 
technique that is extensively utilized in improving various traits such as tolarence to herbicide and 
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resistance to insects in different crops [11]Φ Tǘ ƛǎ ŎƻƴǎƛŘŜǊŜŘ ǘƻ ōŜ ǘƘŜ ŦŀǎǘŜǎǘ ŀŘƻǇǘŜŘ ŎǊƻǇ 
technology in recent times. The development of transgenic crops is regarded as a crucial solution 
to a number of climate change-related challenges, as its commercialization is known to contribute 
to a reduction in global CO2 emissions [12]. They are intended to adapt to ever-changing 
environmental variables, such as temperature and rainfall fluctuations, as well as increased insect 
infestations. 
 
International Services for the Acquisition of Agri-Biotech Applications has reported that based on 
the present pattern, it is anticipated that the adoption rate of GM crops with biotech traits will 
continue to rise, especially in developing nations. Large and small scale farmers in developed and 
under-developed nations that have produced transgenic crops commercially have reaped 
enormous multiple advantages, as seen by the historically quick adoption of transgenic crops over 
the early five years from 1996 to 2000. The worldwide extent of genetically enigneered crops 
accelerated by more than 25 times between 1996 and 2000, owing to the contributions of a total 
of fifteen nations, 10 industrial and 5 developing [13]. The worldwide distribution of transgenic 
crops was estimated as 44.2 million heactares in 2000 and 1.7 million hectares in 1996 [14].  
 
Genetically modified maize was first commercialized in 1996 and currently grown by farmers in 
14 countries in 58.9 million hectares. Next to soybean, maize is the highest adopted biotech crop 
all over the world and due to it comparatively low rate of adoption (30.7 %) and huge cultivated 
area it has the highest potential of expansion [15]. Currently, GM maize is grown in Asian and 
African countries including South Africa, the Philippines and Vietnam. The genetically engineered 
"MON87460" transgenic maize is a popular drought-resistant crop [16]. Hybrid maize 
"DroughtGardTM" has been designed, produced, and released for farming in the United States in 
2013 and is thought to reduce water necessary for cultivation by limiting leaf growth, particularly 
during its crucial blooming stages [17]. 

 
Plant transformation 
The application of transgenic techniques in crop improvement programs crucially needs an 
efficient plant transformation method. Plant transformation is a process of inserting exogenous 
DNA or gene into a plant genome and the transformation of maize has been documented in 
several studies via electroporation [18], particle bombardment [19], poly ethylene glycol [20], 
silicon carbide whiskers [21] and Agrobacterium [22]. Considering the above mentioned methods, 
transformation through Agrobacterium is highly recommended for gene transferring into a 
numerous range of crops including maize. This method is considered to be the most efficient [23], 
reliable, simple, cheap [10], stable [24] and primarily it has the ability to integrate low copy of 
relatively larger DNA segments into recipient cells with minimum rearrangements, resulting in a 
high-quality transgenic crop [25]. 

 
Agrobacterium-mediated transformation 
Agrobacterium tumefaciens and Agrobacterium rhizogenes are soil-borne bacteria which infect 
plants and form crown galls and hairy root diseases in host plants. The molecular principle behind 
the transformation technique is that a portion of large Ti (Tumor induction) or Ri (Hairy root 
induction) plasmid (200 ς 800 kbp) present in the Agrobacterium being delivered and integrated 
into the host plant genome [26]. The transferred DNA is called as T-DNA which consiss of two 
types of genes. They are oncogenes, responsible for auxin and cytokinin synthesis and disease 
formation and the other genes encode for opines synthesis and responsible for T-DNA transfer 
[27]. Upon infection, T-DNA specific genes are expressed inside plant cells. As a result, the growth 
hormones, amino acid derivatives and opines catabolized by the inciting Agrobacterium will be 
over-produced. Subsequently, the successful penetration of Agrobacterium results in crown gall 
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tumors or hairy root formation in plants [28]. Agrobacterium acts as an excellent carrier to 
introduce foreign DNA into plants through this mechanism and this plant transformation involves 
bacterial colonization, bacterial virulence system induction, attachment of bacteria with plants, T-
DNA transfer complex fromation and finally transferring and integration of T-DNA into the plant 
genome [23] (Figure 1). 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Agrobacterium-mediated plant transformation process (Source: Modified from Hwang 
et al.., 2017).  

 
After the successful transformation of dicotyledonous plants using Agrobacterium in the 
early 1980s, many efforts were taken in monocotyledonous species [29]. Earlier, it was believed 
that monocots cannot be transformed using Agrobacterium as they are not affected by 
Agrobacterium in natural conditions due to their recalcitrant nature to regeneration [30]. 
However, the advancement in plant regeneration and comprehensive research on T-DNA transfer 
has led to the transformation of monocots using Agrobacterium successfully. Ishida et al. [31] 
reported the initial successful Agrobacterium-mediated genetic transformation in maize using 
immature embryos and this method was further improved constantly in subsequent studies over 
the past years. 

 
Factors affecting Agrobacterium-mediated transformation of maize plants 
Agrobacterium-mediated transformation of monocotyledonous plants and their subsequent 
recovery are affected by several factors. Based on previous studies plant genotype, type of explant 
and its development stage, bacterial strain and its concentration, binary vector selection, 
inoculation and co-cultivation condition and appropriate promoters and selectable markers 
strongly impact the Agrobacterium-mediated transformation efficiency in maize [32]. 
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Nevertheless, maize plant transformation is still under concern due to the genetic variability, 
different responses of in vitro cultures and the compatibility of genotype with Agrobacterium 
strains resulting in comparatively low transformation frequency [10].  

 
Choice of maize genotypes 
Well-responsive maize genotypes in tissue culture is known to be a crucial factor in 
Agrobacterium-mediated transformation [24]. During tissue culture, most maize genotypes 
generate less compact and less re-generable type I callus. Type II callus, in contrast, is friable, fast-
prolifering and distinctly re-generable [33]. In earlier studies, maize model genotypes including 
A188, Hi-II (A188 x B73) and H99 have performed excellently in Agrobacterium-mediated 
transformation [31] [34-36]. A188 and Hi-II genotypes are responsible for the production of type 
II callus and possess high plant regeneration and embryogenic callus induction frequency [37]. 
A188 is an amenable temperate inbred maize which resulted in 30 % transformation efficiency 
[31] while Hi-II has also been transformed successfully with 12 ς 18 % of efficiency in previous 
studies [22] [38]. However, due to their poor agronomical value, backcrossing transgenes into 
local maize genotypes is considered to be time-consuming and expensive [39-40]. Thus, there was 
a need to broaden the array of maize genotypes that could be transformed efficiently through 
Agrobacterium. 
 
Lupotto et al. [39] transformed some cross lines of A188 and other agronomically important 
inbred maize via Agrobacterium while Huang and Wei [41] transformed four lines of inbred maize 
(9046, Mo17, 414 and Qi319)  and obtained transformation frequency of 2.4 to 5.3 %. Moreover, 
Hiei et al. [42] increased the efficiency of maize inbreds transformation process using heat 
treatment and centrifugation prior to infection. Frame et al. [43] studied the transformation 
efficiency of maize inbred lines called B104, B114, and Ky21 and obtained a 2.8 to 8 % frequency. 
They further elevated the frequency of B104 by doing some modifications to the culture media. 
Following that, scientists did several modifications to the culture media with the concern of 
increasing the transformation efficiency of various maize genotypes.  
 
There are many previous literatures in maize transformation that employed temperate genotypes 
with lower attention to tropical maize genotypes. However, it has been proven that tropical maize 
genotypes also can be transformed via Agrobacterium. Valdez-Ortiz et al. [44] observed that 
LPC13, tropical maize can produce type II calli and successfully transformed it with 5.41 ς 6.82 % 
of transformation efficiency using Agrobacterium. Omar et al. [45] reported that among several 
tropical maize genotypes, IL3 was the most susceptible for transformation outperforming the 
A188 temperate genotype by 31.7 % and 5.82 % transformation frequencies respectively (Table 
1). Agrobacterium-mediated transformation efficiency of six inbred and two hybrids of tropical 
maize was evaluated by Ombori et al. [10] by examining factors like A. tumefaciens strain, vector 
types and co-cultivation period. However, Abhishek et al. [46] reported that maize in tropical 
region is less responsive to in vitro regeneration after transformation using Agrobacterium and to 
overcome this issue, in planta transformation protocols which are not dependent in tissue culture 
were initiated for tropical maize through Agrobacterium infection in recent studies.  

 
Co-cultivation medium: composition and modifications 
The optimum growth and morphogenesis of different plant tissues strongly depend on their 
nutrient requirement. Furthermore, tissues from various plant parts may also have distinct growth 
demands [47]. Hence, the selection of an appropriate co-cultivation medium and its components 
is crucial for successful tissue culture and the subsequent gene transformation [48]. According to 
Carvalho et al. [49], the efficient friable callus formation in maize immature embryos differs 
depending on the selection of the co-cultivation medium. Several culture media, viz N6 [50], MS 
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[51], LS (Linsmaier and Skoog) and D media are utilized in gene transformation of maize [43], [36] 
[38]. Du et al. [48] found out that LS and MS media worked well compared to N6 and D media in 
the absence of any antioxidants. The same results were obtained by Ishida et al. [31] in which they 
observed no positive transgenic plants in the N6 medium. However, in another experiment, half 
the strength of N6 basal salt in combination with 0.4 g/l L-cysteine and 0.15 g/l dithiothreitol (DTT) 
antioxidants brought a high transformation frequency (18 %) compared to other salt and 
antioxidant concentrations [38]. Salt concentrations of the co-cultivation medium influences gene 
transferring by affecting the growth of Agrobacterium [52]. Nevertheless, the cause for improved 
transformation frequencies under low concentration is unknown while the lower salt levels (10 % 
and 30 %) had detrimental impacts on transformation [48]. Supplementing co-cultivation media 
with antioxidants like L-cysteine, DTT, proline and polypyrolidone has proved to improve the 
Agrobacterium transformation in maize. Frame et al. [43] studied the use of L-cysteine in modified 
salt medium and concluded that maize inbred lines can be efficiently transformed when MS is 
used in tissue culture medium instead of N6 salts (Table 1).  
 
Scientists have found out that the removal of factors like ethylene that negatively affect 
Agrobacterium and plant interaction has significantly increased the transformation efficiency. 
Hence, they used ethylene biosynthesis inhibitors (aminoethoxyvinylglycine) and ethylene 
perception inhibitors (AgNO3 and silver thiosulphate) to improve the T-DNA transferring 
procedure [53]. Another alternative technique is the application of ACC deaminase that can break 
Řƻǿƴ ǘƘŜ ŜǘƘȅƭŜƴŜ ǇǊŜŎǳǊǎƻǊ ŀƴŘ ʰ keto-butyrate [54]. Songstad et al. [55] tested the function 
AgNO3 in maize tissue culture for the first time and found out that AgNO3 has the ability to increase 
the plant regeneration frequency by reducing the ethylene effect. Valdez-Ortiz et al. [44] observed 
a 20-25% rise in the number of maize embryos producing callus in the induction media added with 
15 mg/l AgNO3. They also explained that the addition of Ag+ ions improves somatic embryogenesis 
by increasing the internal Abscisic acid levels. In addition to that, it is also found that 5 ς 10 mg/l 
AgNO3 favoured type II callus formation from immature embryos [56]. Moreover, improved 
somatic embryogenesis by adding different concentrations of AgNO3 in co-cultivation mediums 
such as 1.8 ς 18 mg/l [57] and 15 mg/l [49] has been reported in previous studies. However, AgNO3 

concentrations of more than 20 mg/l tended to decrease the embryogenic callus production due 
to toxicity [44]. 
 
Several other modifications in the cultivation media have been done in recent studies. Sato et al. 
[58] used both mutant acetolactate synthase and Bispyribac-sodium herbicide to select 
transformed Japanese inbreds line whereas Akoyi et al. [59] suggested that Agrobacterium 
transformation in tropical maize inbreds can be facilitated by incorporating Dicamba growth 
regulators in the co-cultivation medium. Cho et al. [40] combined cytokinin, glucose and copper 
in the co-cultivation media to optimize the transformation method for PHR03 (a recalcitrant 
commercial maize elite inbred). 
 
Choice of explants 
According to the existing literatures on maize transformation mediated by Agrobacterium, 
a wide range of explants were successfully transformed in many attempts. These explants include 
immature zygotic embryos, silks, leaf, seedling derived maize callus, embryogenic callus, plumular 
meristem cells, shoot apices and shoot apical meristem. Among these, freshly isolated maize 
immature zygotic embryo (1.2 mm - 2.0 mm) has been identified as increasingly amenable to 
Agrobacterium [34-35], [60],[44]. Though immature zygotic embryos are considered to be 
effective in callus induction, they have some major drawbacks such as sensitivity to environmental 
changes [42], dependency in plant developmental stage [28], need of a good facility for quality 
determination, high cost and time-consuming [61]. 
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Optimization in transformation protocol has facilitated using callus as an explant for 
transformation. According to Du et al. [61] the embryogenic callus of several cereals including rice 
and maize could be effortlessly produced from embryo or the scutellum at the immature stage of 
embryo. The high potential in receiving exogenous DNA, stable integration and sensitivity to the 
screening agent have made embryogenic callus as a better explant option. Further, when 
embryogenic callus was used as an explant, the time taken to obtain maize transgenes was 
shortened from eight to three months.  However, Abdel-Rahman and Widholm, [62] said that 
immature embryos from a very few maize genotypes only can form embryogenic callus. 
Meanwhile, Sidorov et al. [63] revealed that embryogenic callus generated from maize seedlings 
can also be transformed in the same way as callus derived from immature embryo. When seedling-
derived callus are used as explants, immature embryos are not required. Hence, seedling derived 
callus can be employed instead of the conventional immature embryos or immature embryos-
derived callus in transformation [64].  
 
Grimsley et al. [65] revealed that maize shoot apical meristems can be readily transformed with 
maize streak virus using Agrobacterium tumefaciens. In another study, Gould et al. [66] obtained 
peak viral infection in shoot apical meristematic tissues of maize compared to other tissues used 
in the study and concluded that because of the compatible nature of Agrobacterium, maize, and 
maize streak virus, the inoculated meristematic tissue recorded the largest degree of viral 
infection. Sairam et al. [67] and Kant et al. [68] also succeeded in gene transformation of maize 
shoot apical meristems (Table 1). Maize apical meristem is morphologically plastic allowing it to 
create multi-shoots and somatic embryos without depending on the genotypes [67]. A major 
benefit of using shoot apical meristems is, plantlets similar to their parents can be developed 
when there are no modifications through differentiations [69]. Moreover, when shoot tips are 
used as explants, no donor plants are needed for immature embryo development and the multi-
shoot producing ability of maize seedlings makes this transformation method appropriate for a 
wide array of genotypes [70]. Despite these several benefits of shoot apices as explant, 
transformation efficiency remains relatively low [71]. Leaf material is also one of the desirable 
explant resources, for a variety of reasons. Leaves can be readily generated in large quantities 
from germinating seedlings in a short time span, and they allow numerous consecutive rounds of 
selection and regeneration for the development of maize organelle transformation technology 
[72]. 

 
Choice of Agrobacterium strain 
In order to utilize the unique capability of Agrobacterium bacteria as a natural genetic engineer, 
many efforts have been taken to remove oncogenes characteristics of the bacteria and manipulate 
it [73]. The Ti plasmids are generally big in size and there are no unique restriction sites in which 
selected genes could be cloned in the T-DNA region. Since inserting a foreign gene directly into 
that region, replacing oncogenes was found as a complex procedure, a binary vector system was 
developed by scientists based on the principle where the T-DNA region and the virulence (vir) 
genes can be divided into two non-identical replicons [23]. The binary vector was formed by the 
replicon consisting the T-DNA, whilst the vir helper was formed by the replicon containing the vir 
genes [74]. AGL0, GV3101 MP90, EHA101, EHA105, NT1 and LBA4404 are some of the developed 
Agrobacterium strains that contain non-oncogenic vir helper plasmids [75] [76]. These plasmids 
have a completely or partially deleted T-region so that they cannot incite tumors inside the host 
plant cell. Moreover, these plasmids are small, can be easily manipulated and consist of multiple 
unique restriction sites [74]. 
 
Cho et al. [40] compared the efficiency of transformation of four Agrobacterium strains (LBA4404, 
EHA105, AGL1 and GV3101) in maize and obtained the highest transformation frequency of 23.3 
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% when using AGL1 strain. Valdez-Ortiz et al. [44] evaluated LBA4404, EHA101 and EHA105 strains 
and the results established that EHA101 and EHA105 strains performed better by producing at 
least 30 % of GUS-positive embryos while LBA4404 strain resulted in zero GUS staining. In another 
study, AGL1, EHA101, C58rifC1 and LBA4404 bacterial strains containing pIG121-Hm standard 
binary plasmid were tested in Agrobacterium-mediated maize transformation and from this study, 
it was revealed that the Agrobacterium strain EHA101 and AGL1 were more effective showing 90 
% and 87 % of GUS expression than C58rifC1 and LBA4404 strains [70] (Table 01). The better 
transformation of EHA105 strain compared to LBA4404 and GV3101 was proved by Huang and 
Wei [41] as well. Hence, it can be concluded that agropine types AGL1, EHA101 and EHA105 are 
the most suitable bacterial strains for an effective Agrobacterium transformation in maize plants. 
Moreover, presently scientists are working on increasing the transformation efficiency of 
Agrobacterium using several molecular strategies including up-regulating its vir gene expression 
level, applying vir genes inducers and using ternary and super-binary vector systems [77-78]. 

 
Standard and super binary vectors 
Agrobacterium-mediated transformation of higher plants is employed with either standard or 
super binary vectors. A standard binary vector system is consisted with T-DNA borders, multiple 
cloning sites (MCS), marker and reporter genes, the origin of replication for both Escherichia coli 
and Agrobacterium and other necessary elements [73] (Figure 2). On the other hand, a super 
binary vector is constructed by introducing virulence genes such as virB, virE, and virG additionally 
from the pTiBo542 plasmid to a standard binary vector for an enhanced transformation frequency 
and a wide range of the host for bacteria [79] (Figure 3).  
 

 

 
 
Figure 2. Components of a standard binary vector (Source: Modified from Komari et al., 2006). 
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Figure 3. Components of a super binary vector (Source: Modified from Komari et al., 2006). 

 
The MCS are developed from standard cloning vectors like pUC8/9, pUC18/19, and pBluescript. 
Promoters for constitutive gene expression are used to express the selectable markers in calli, 
cells or germinating embryos in order to facilitate the plant transformation. The most repeatedly 
utilized promoter for monocotyledonous plants including maize is the 35S promoter, actin gene 
promoter of rice [80] and ubiquitin gene promoter of maize [81]. Marker genes used in vector 
systems are selected based on the host plants and in maize, the phosphinothricin resistance gene 
(bar) is considered to be efficient [82]. Other than these, plant selectable markers and bacterial 
selectable markers are also important components of the vector system. Genes that express 
resistance to kanamycin, tetracycline, gentamycin, spectinomycin, hygromycin and 
chloramphenicol are some commonly used bacterial selectable markers whereas Nos-nptII and 
35S-hpt are some of the plant selectable markers for both E. coli and Agrobacterium [73].  
 
Vir genes encode proteins that contribute for T-DNA processing and successive transferring into 
the plants [83]. Virulence loci such as virC and virF are the main determinants of the host range 
and in maize, the virH locus is considered to involve in the transformation procedure [84-85]. Vir 
genes are activated by the phenolic compounds, induced by wounding. Hence, in order to increase 
the bacterium and plant interaction, scientists have added these phenolic compounds externally 
into the induction media [48], [10]. A stable gene transfer by Agrobacterium utilizing a standard 
binary vector in maize was initially reported by Gould et al. [66]. Following him, fertile and stable 
transgenic maize using EHA101 strain having standard binary vector was produced by Frame et al. 
[22] with lower transformation efficiency (5.5 %) even under the improved co-culture conditions. 
Conversely, transformation frequencies ranging from 33 % to 51 % had been recorded in previous 
studies through super binary vectors [86],[35]. However, very few studies have used super binary 
vectors to establish repeatable Agrobacterium transformation in maize. Construction of a 
standard binary vectors is easier than that of super binary vectors because, during the assembling 
of super binary vectors, the gene of interest (GOI) is co-integrated into a large plasmid through 
homologous recombination [31] (Table 1). In contrast, the development of a standard binary 
vector system does not necessitate this extra move allowing it a simple option to introduce a GOI 
into an Agrobacterium strain [22]. Furthermore, public laboratories can easily finance standard 
binary constructs to study transgenic maize. Even though using standard binary vectors have 
several advantages, Agrobacterium-mediated transformation frequency remains low compared 
to super binary vectors, even in improved medium conditions [61].  
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Table 1. Summary of genotypes, explants, vector type, bacterial strains and transformation efficiency in previous Agrobacterium-mediated maize 
transformation studies  

S/N Genotype Explant Media  Vector  Bacterial strain Transformation 
efficiency 

References  

1 NA Shoot apices NA Standard C58 NA Grimsley et al. [87] 

2 NA Coleoptilar node of 
mature embryos 

MS Standard LBA4301 and LBA4301ros NA Grimsley et al. [65] 

3 Funk's G90 hybrid Shoot apices MS Standard EHA1 NA Gould et al. [66] 

4 A188, bxlbx, W23 and 
880254A 

Meristematic 
tissue of immature 
embryo 

MS Standard  C58 NA Schlappi and Hohn, 
[28] 

5 A188, W117, W59E, A554, 
²мроwΩIффΣ .a{ 

Immature embryo N6 Super  5ς30 %  Ishida et al. [31] 

6 Hi-II Immature embryo N6 Super A281 32.8ς50.5 % Zhao et al. [86] 

7 Lo1054, Lo1056, Lo951, 
Lo881, A188 and B73 

Immature embryos N6 Standard C58C1, EHA101, LBA4404 
and EHA105 

NA Lupotto et al. [88] 

8 A188 Immature embryo LS Standard LBA4404 30 % Negrotto et al. [34] 

9 A188 Immature embryo NA Standard LBA4404 NA Taniguchi et al., [89] 

10 Hi-II Immature embryo MS and N6 Standard EHA101 5.5 % Frame et al. [22] 

11 Hi-II Immature embryos N6 Standard LBA4404 NA Miller et al. [90] 

12 Hi-II Immature embryo N6 Super LBA4404 40 % Zhao et al. [35] 
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13 R23, LH 74 × A 641, LH 262 
× 
LH 252, LH 198 × LH 227, FR 
1064 × FR 1064, SDMS × 
LH 185, and LH 176 × LH 
177 DMS 

Shoot apical 
meristem 

MS Standard  EHA105, LBA4404, 
and GV3101 

60 ς 87 % Sairam et al. [67] 

14 (Pa91 _ H99) _ A188 Immature embryos MS Standard ABI 
strain 

18.9 % Zhang et al. [60] 

15 LH198 X Hi-II Immature embryos NA Standard ABI strain 3 ς 13.4 % Huang et al. [91] 

16 Five elite inbreds and their 
crosses with A188 

Immature embryos NA Standard EHA105 NA Lupotto et al. [39]  

17 A188, R91 and A188 X R91 Embryogenic calli MS Standard LBA4404 3.4 % Danilova and 
Dolgikh, [92] 

18 9046, Mo17, 414 and Qi319 Immature embryos N6 Standard EHA105, LBA4404 and 
GV3101 

2.4 - 5.3 % Huang and Wei, [41] 

19 AT-3 Pistil filaments 
(silk) 

NA Standard GV3101 6.8 % Chumakov et al. [93] 

20 B73, B104, B114, H99, 
Mo17, W64, Oh43, A188, 
Mp420, GT-Mas:gk and 
Ky21 

Immature embryos MS and N6 Standard EHA101, LBA4404 and 
C58Z707 

2.8ς8 % Frame et al. [43] 

21 A188, 
A634, H99, W117, W59E 
and Oh43 

Immature embryos N6 Standard LBA4404 0 ς 29.6 % Hiei et al. [42] 

22 Hi II Immature embryo MS Standard EHA101 10.3 % Horn et al. [94] 

23 H99, LH198×HiII, PHA 
((Pa91×H99)×A188), KHI 
and LI, L2, L4, L9, and L9×L5 

seedling derived 
maize callus 

MS Standard ABI 2 ς 11 % Sidorov et al. [63]  

24 Qi 319 and Ye 515 Embryogenic callus MS Standard LBA4404 40.2 % Yang et al. [95] 

25 A188, A634, H99 and W117 Immature embryo LS Super LBA4404 51.7 % Ishida et al. [36] 
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26 LPC13 Immature embryo N6 Standard  EHA10, EHA105 and 
LBA4404 

5.41 ς 6.82 % Valdez-Ortiz et al. 
[44] 

27 Kenyan tropical inbred lines 
(TL21, TL22, TL23 and TL18) 
Sudanese inbred lines (IL1 
and IL2) 
CIMMYT inbred lines 
(CML216 and CML244) 

Immature embryo N6 and LS Standard  EHA101 20-30 % Anami et al. [96] 

28 Hi-II A X Hi-IIB Immature embryo 
(F2) 

N6 Standard LBA4404 and EHA101 18 % Vega et al. [38] 

29 Hi-II Type II 
embryogenic calli 

MS Standard C58C1 0.60 % Kim et al. [97] 

30 A188 Immature embryo N6, MS, LS 
and D 

Standard LBA4404 3.2 ς 15.9 % Du et al. [48] 

31 S61, B73, Mo17 and A188 Immature embryos MS and N6 Standard EHA101, EHA105 and 
LBA4404 

6.45 % Takavar et al. [98] 

32 Hi and B104 Immature embryo N6, MS Standard EHA101 6.4 % Frame et al. [99] 

33 CG62 Shoot apical 
meristem 

MS Standard EHA101 62 % Kant et al. [68] 

34 IL1, IL3, IL15, IL16, IL28, 
IL38, IL42, IL43, Hudiba-1, 
Hudiba-2, Mojtamma-45, 
A188 and KAT 

Immature embryos NA Standard EHA101  31.7 % Omar et al. [45] 

35 CML78, CML216, CML331, 
TL18, TL27, MU25, 
A188 maize inbred, H627 
and PTL02 hybrid line 

Immature embryo 
and embryogenic 
callus 

MS Standard EHA101, AGL1, LBA4404 
and GV 

1.4 % Ombori et al. [45] 
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36 (CG69, CG59, 
CG65, CG68, CG101, CG94, 
CG37, CG102, CG103, 
CG74 and CG93)  and 
(He344, K10 and 
Longfu746) 

Shoot apices MS Standard AGL1, EHA101, C58rifC1 
and LBA4404 

2 %. Cao et al. [70] 

37 PHR03 Immature embryos PIA Standard LBA4404, AGL1, EHA105 
and GV3101 

57.1 % Cho et al. [40] 

38 Hi II A X Hi II B Immature embryos MS and N6 Standard EHA101 NA Lee and Zhang, [100] 

39 HKI 163 Plumular meristem 
cells of 
germinating seeds 

N6 Standard EHA105 4 % Abhishek et al. [46] 

40 L3 tropical elite maize Immature embryos N6 Standard EHA101 1.1 ς 3 % Souza et al. [101] 

41 B104 Immature embryos MS Standard EHA101 4 % Raji et al. [102] 

42 Hi-II Embryogenic callus N6 Standard EHA105 30.39 % Du et al. [61] 

NA: Not Available
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Agrobacterium-mediated gene transformation in maize genome editing 
The genome-editing technique is a novel advancement in genetic science. It has been 
demonstrated that the target DNA double-stranded break (DSB) increases the gene-editing 
frequency by more than a thousand times and it acts as a primary breakthrough in genome 
modification [103]. Hence, these DSBs can be utilized in site-specific genome alterations to 
enhance agronomic traits using a natural DNA repair procedure in crops. During the last two 
decades, several classes of nucleases that can generate DSBs at predetermined regions have been 
formed. They include zinc-finger nucleases (ZFNs), customized homing endonucleases 
(meganucleases), transcription activator-like effector nucleases (TALENs), and CRISPR (Clustered 
Regularly Interspaced Short Palindromic Repeats) -associated (Cas) proteinse [104] and are 
utilized to enhance gene editing in different species including plants. Because of its great 
precision, adaptability, simplicity and low cost, CRISPR is considered as a promising technique in 
genome editing [105]. 
 
CRISPR technology was developed based on the bacterial immunity system to fight against viral 
infections [106]. A nuclease enzyme (Cas9) directed by a guide RNA (gRNA) containing the site-
specific sequences and selectable marker genes can reach a designated target in the host genome. 
This complex of protein creates the CRISPR-Cas9 gene-editing system. These reagents could be 
delivered to the plant cells as a part of a single plasmid or separately by traditional transformation 
methods like biolistics or Agrobacterium [107]. Cas9 facilitates gene editing by causing a site-
specific DSB in DNA. This method is considered to be a breakthrough in the manipulation and 
creation of living modified organisms because it permits the in vivo DNA modification at the 
targeted location with remarkable accuracy [108].  
 
Despite several advances, Agrobacterium remains the preferred gene delivery method in 
CRISPR/Cas gene-editing owing to its simplicity, less invasive nature, reproducibility and the stable 
DNA vectors used in this system [109]. CRISPR technology is utilized for several applications that 
include target mutagenesis [110], transcriptional reprogramming [111], precise gene replacement 
[112], epigenome editing [113], base editing [114] and disease treatment [115]. Though the 
fundamentals of CRISPR-Cas9 genome editing are already well-known, it has been found out that 
species differences can lead to a range of outcomes in regards to resolution, efficiency, accuracy, 
and structure of DNA modification [116]. Different aspects, such as the selection of target site, 
properties and qualities of endonucleases and gRNA, DSB type and different plant species and 
parts will result in variations in the mutations created [117]. 
 
In a research comparing the TALENS and CRISPR technologies in gene editing of maize protoplasts, 
Liang et al. [118] obtained 13.1 % efficiency from CRISPR and 9.1 % from TALENS. In comparison 
to meganucleases, Svitashev et al. [103] found out that CRISPR technology can create a 10 to 20 
times higher mutation frequency in maize plant. Furthermore, multiplex gene-editing technique 
in maize utilizing a tRNA-processing system was demosntrated by Qi et al. [119]. It was discovered 
that the method of tRNAςsgRNA (transfer RNA-single guide RNA) had greater editing efficiency 
than the simplex editing system. Char et al. [120], described target mutagenesis with high 
frequency in maize using Agrobacterium-mediated CRISPR/Cas9. In their research, the gRNA/Cas9 
constructs were transformed into Agrobacterium strain EHA101 and immature maize embryos of 
Hi-LL ǿŜǊŜ ƛƴŦŜŎǘŜŘ ǿƛǘƘ ǘƘŀǘ ƛƴ ƻǊŘŜǊ ǘƻ ŘŜǾŜƭƻǇ ǘƘŜ ΨL{¦ aŀƛȊŜ /wL{twΩΦ Lƴ ŀ ƴŜǿ ǊŜǎŜŀǊŎƘΣ ½ƘŀƴƎ 
et al. [121] harnessed CRISPR/Cas9 to generate semi-dwarf maize plants through gene editing by 
transforming immature embryos with Agrobacterium tumefaciens strain LBA4401 harboring 
pBUE411-2gR-GA vector.  
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Need of transgenic maize in Sri Lanka 
One strategic approach to the issues posed by climate change in Sri Lanka could be the cultivation 
of transgenic maize. Significant effects of climate change have been felt by the nation, including 
more frequent extreme weather events, higher temperatures, and unpredictable rainfall patterns. 
Transgenic maize, which has undergone genetic modification to display characteristics like 
resilience to pests and drought, can be an essential tool for climate adaptation. The productivity 
of maize, which is a main crop grown extensively in Sri Lanka, is under risk due to changing weather 
patterns. Because of climate change, longer droughts are becoming more frequent, yet transgenic 
maize cultivars are resilient. Additionally, they are resistant to diseases and pests, which might 
spread in environments with changed conditions. Transgenic maize can also address issues faced 
in food security by providing increased yields and nutritious value. Ensuring a stable and 
dependable maize crop is essential to maintaining the population's food supply as extreme 
weather events become more frequent. Transgenic maize can also reduce the demand for 
artificial fertilisers and pesticides, encouraging environmentally responsible and sustainable 
farming methods. This can lessen the detrimental effects conventional farming practises have on 
the environment, which fuel climate change. 

It is vital to take into account the possible hazards and apprehensions linked to transgenic crops, 
encompassing regulatory, ecological, and economical aspects. A thorough evaluation of these 
concerns ought to be implemented alongside any endeavours to establish genetically modified 
maize farming in Sri Lanka. This would guarantee that the technology's advantages can be fully 
utilised while reducing any possible downsides.  

 
Transgenic crop cultivation and biosafety regulations in Sri Lanka 
Sri Lanka has designed Biosafety regulations related to the handling, usage, importation, 
exportation, and release of genetically modified organisms (GMOs) and genetically engineered 
products to ensure the safety of human health and the environment. The Cartagena Protocol on 
Biosafety is an international treaty under Convention on Biological Diversity (CBD) that addresses 
the safe transmission, handling, and use of living-modified organisms (LMOs) developing from 
modern biotechnology [122]. Sri Lanka has signed the Cartagena Protocol on Biosafety in 2000 
and ratified in 2004, committing to adopting its requirements to regulate and ensure the safe 
handling and trading of genetically modified organisms (GMOs) and genetically engineered goods 
[123]. The Ministry of Mahaweli Development and Environment (MoMDE) created the National 
Policy on Biosafety in accordance with the Protocol, and the Sri Lankan Cabinet of Ministers 
adopted it in 2005. The National Biosafety Framework (NBF) of Sri Lanka operates on a 
precautionary premise, with two basic goals. First, it tries to assess the current biosafety status of 
the country, including regulations, legislation, and administrative procedures relating to 
genetically modified organisms (GMOs). Second, it seeks to identify areas in need of improvement, 
such as legislative gaps, limitations in administrative or enforcement processes, or other flaws in 
the biosafety framework. By pursuing these dual goals, Sri Lanka hopes to analyze its current 
biosafety status as well as develop a path for improving its capacity to manage GMOs and ensure 
biosafety [124]. 
 
The Food Act, which was established in 2007 for legislation of GM food, makes it permissible to 
import and consume GM food in Sri Lanka [125]. Nevertheless, the nation forbids the cultivation 
of GM crops for consumption or livestock feed. Importers need prior authorization and must 
submit a risk assessment by regional authorities to import genetically modified food or feed. In 
order to properly inform customers about genetic modification, GM foods sold in Sri Lanka must 
also bear the proper labeling. A labeled GM food product is not yet available on the market 
because no importers have been given permission to deliver GM food into Sri Lanka. However, it 
is anticipated that GM food may eventually reach the Sri Lankan market given the global 
development of GM food and improvements in safety evaluation methods. As a result, efforts are 
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being made in Sri Lanka to create a biosafety framework for GM foods in order to make decisions 
based on the available data and safeguard human health and the environment from any risks 
[126]. 

 
Barriers in policy development related to genetic engineering and suggestions to 
overcome them 
Sri Lanka's biosafety regulations are evolving to keep pace with advancements in biotechnology 
and international standards. However, there are several acts related to biosafety, a country like 
Sri Lanka face multiple challenges in implementing the guidelines and policies. Some of the issues 
faced by the Sri Lankan government include insufficient enforcement capacity, lack of skilled 
human resources at all stages of implementation, financial issues, the need for stronger national 
and regional partnerships, and lack of communication with stakeholders [124]. Adoption of 
biosafety standards may be hampered by a lack of public understanding and awareness of GMOs 
and their possible effects on human health and the environment. In addition to these, preparing 
for and responding to potential biosafety emergencies, such as accidental releases or 
contamination, requires planning and resources. 
 
Addressing these issues would necessitate a collaborative effort from governments, regulatory 
agencies, scientists, industry players, and civil society. It frequently requires a careful balance of 
encouraging scientific innovation, guaranteeing food security, and protecting human health and 
the environment. Furthermore, ongoing capacity building, increased public education, and 
international collaboration can all help Sri Lanka effectively establish and enforce biosafety rules. 

 

Conclusions 
Agrobacterium-mediated transformation of maize plants is influenced by various aspects such as 
different genotypes, explant types and development stages, binary vector selection and co-
cultivation conditions. It is proven that Agrobacterium-mediated gene transferring into maize 
plant has been constantly studied and improved based on the needs. Moreover, it has become as 
one of the foremost technologies for transgenic miaze production and maize genome editing. 
Introducing more advanced and novel techniques during this transformation procedure can 
further help to overcome the barriers and increase the transformation efficient in both developed 
and developing countries including Sri Lanka. Furthermore, more attention has to be put into 
creating adaptable maize transformation techniques that do not depend on genotype and can be 
applied in any laboratories worldwide. 
 
While adopting its biosafety legislation policies, Sri Lanka is confronted with issues related to 
stakeholder communication, budgets, labour skills and enforcement capacity. Due to the low level 
of public awareness of GMOs, it is crucial to plan ahead for biosafety emergencies. Building 
capacity, educating the public and collaborating with other countries are essential for Sri Lanka to 
successfully adopt to transgenic maize cultivation. 
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Available: https://www.ips.lk/talkingeconomics/2013/02/04/frankenfoods-a-sri-lankan-
perspective-on-the-inevitable-rise-of-genetically-modified-foods/#:~:text=However%2C 
in 2006%2C the government,GM food or GM crops. 

[126] bΦ wŀƧŀǇŀƪǎŜΣ άDŜƴŜǘƛŎŀƭƭȅ ƳƻŘƛŦƛŜŘ ŦƻƻŘΥ Ƙƻǿ ǎŀŦŜ ŀǊŜ ǘƘŜȅΚΣέ Vidurava, vol. 37, 2020. 
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Research and development to mitigate climate change impacts 
on food security in Sri Lanka 

 

D. Padukkage1*, C. M. Nanayakkara2 

 
 
Abstract  
Food security in terms of production and achieving self-sufficiency in agricultural sector is less 
discussed yet needs special attention in climate change adaptation strategies of Sri Lanka. Being 
the most climate sensitive sector, agriculture is significantly affected by the climate change and 
results in serious issues in agricultural production of food crops and animal production. Hence, 
the relative contribution of agricultural sector to the national economy has reduced to around 10 
percent of GDP during recent decades. Increases in temperatures, changes in precipitation 
patterns, extreme weather events, and reduction in water availability, etc. result in reduced 
agricultural productivity leading to lowered food availability, access to food, and food quality. In 
order to face the climate changes, research and development (R&D) can be directed to address 
the critical research needs of the sector. Development of climate change resilient varieties (paddy, 
horticulture, etc.) and breeds (livestock and poultry) that can tolerate heat stress, drought and 
floods and resistant to diseases and pest attacks is the need of the hour to mitigate risks caused 
by climate change. Diversifying food sources and agricultural production techniques to reduce 
climate change driven risks require research facilities, and skilled and trained human resources.  
Hence improving the capacity of research institutes is a timely need. Further, advanced R&D on 
restoring nature to absorb more carbon, reducing plastic and polythene usage, solutions for 
reducing the effect of future climate changes, etc. are critical for establishing food security. This 
chapter aims to suggest R&D interventions to be focused and possible policy interventions in order 
to reach food security under a changed climate. 
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Introduction 

 
Climate change: The global scenario 
¢ƘŜ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜΣ ŀǎ ǇŜǊ ǘƘŜ ¦ƴƛǘŜŘ bŀǘƛƻƴǎΣ ƛǎ ǊŜŦŜǊǊŜŘ ǘƻ Ψlong-term shifts in temperatures and 
ǿŜŀǘƘŜǊ ǇŀǘǘŜǊƴǎΩ ώмϐΦ 5ǳǊƛƴƎ ǘƘŜ Ǉŀǎǘ ср ȅŜŀǊǎΣ ǎƛƎƴƛŦƛŎŀƴǘ Ǝƭƻōŀƭ ŎƘŀƭƭŜƴƎŜǎ ƘŀǾŜ ōŜŜƴ ŜƴŎƻǳƴǘŜǊŜŘ 
due to climate change which is considered as the ultimate outcome of global warming [2]. Greenhouse 
gas emissions due to human actions (Figure 1) such as combustion of fossil fuels (Figure 2), 
industrialization, use of certain fertilizers in farming, etc. directly influence and trigger the climate 
change which in turn threaten the stability of the earth functions and human existence. While all nations 
are affected by the impacts of climate change over the components of environmental, ecological and 
socio-economic aspects, mainly developing countries are more vulnerable due to lack of adaptive 
capabilities [3-4].  
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1.  Human-caused emissions over time for individual greenhouse gases. (Source: United 
States Environmental Protection Agency, 2021) 
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Figure 2. Projected temperature increase (°C) due to combustion of fossil fuel. (Source: IPCC, 2021)  
 
The future consequences of heightened temperatures and continuous global warming (Figure 3) 
require debate and immediate action. Irregular weather patterns, which involves changes in 
temperature, precipitation, pressure and humidity levels, elevated sea level due to retreating of ice 
glaciers, flooding and cyclone hazards are considered as most important global effects of climate change 
[7-8). With the onset of industrial revolution, these effects amplified to an uncontrollable level and it is 
important take immediate steps to control and mitigate these devastating impacts.  

 

 
 
Figure 3. Global Average Temperature Anomalies, departure from 1881-2022. 
(Source: https://climateknowledgeportal.worldbank.org/themes/cckp/images/logo2.png)  
 

 

https://climateknowledgeportal.worldbank.org/themes/cckp/images/logo2.png
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Status of climate change in Asia 
Being the largest continent extending to the polar region, Asia contributes considerably to the 
global climate change. In Asian region, extreme weather conditions caused by climate change 
impacts have been reaching to a threatening level that will cause more socio-economic and 
environmental disruptions in the future. According to the World Meteorological Organization 
(WMO) State of the Climate in Asia 2022 report [10], during 1991ς2022, Asia recorded double the 
warming trend during 1961-1990 period which is reported faster than global average [1]. The 
estimated mean temperature of Asia in 2022 was 0.73 °C [0.63ς0.78] which is above the 1991ς
2020 average. Sea surface temperature of Asian region recorded a rate of more than 0.5 °C per 
decade which is approximately three times faster than the global warming rate. Due to glacier 
melt in Tibetan Plateau, which has 100,000 km 2 of glacier coverage and which contains the largest 
volumes of ice outside of the polar regions, sea level has been rising across Asia higher than the 
global mean rate (GMSL) during 1993ς2022 (3.4 ± 0.3 mm per year). 
 
As per the WMO State of the Climate in Asia 2022 report [10], the economic losses associated 
with 81 weather, climate and water-related disasters in Asia in 2022, of which over 83% were 
flood and storm events: Pakistan (over US$ 15 billion), China (over US$ 5 billion) and India (over 
US$ 4.2 billion). More than 50 million people ǿŜǊŜ ŀŦŦŜŎǘŜŘ ŀƴŘ ƳƻǊŜ ǘƘŀƴ ¦{Ϸ ос ōƛƭƭƛƻƴ ƛƴ 
economic damages were recorded due to climate change associated extreme weather events in 
Asia (Figure 4). 

 

 
Figure 4. The economic losses associated with climate change in Asia during 2021-2022. 
(Source: WMO, State of the Climate in Asia 2022 report, 2022)  
 

Status of climate change in Sri Lanka  
Sri Lanka is a tropical nation which is highly vulnerable to adverse impacts of climate change. 
Climate change can cause more frequent and intense extreme weather events, such as cyclones, 
floods, and droughts, rising temperatures, changes in precipitation patterns, rises in sea level and 
these events can have significant impacts on agriculture, and communities. Given its coastal 
geography, Sri Lanka is susceptible to the impacts of sea level rise that can result in coastal erosion, 
saltwater intrusion into fresh water sources and coastal lands, and threats to coastal area.  

There are unique rainfall patterns in Sri Lanka with notable spatial variations. Sri Lanka has two 
major seasons with respect to monsoon rains, the Maha season associated with northeast 
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monsoon (SeptemberςMarch) and the Yala season associated with the southwest monsoon 
(MayςAugust). Sri Lanka has a unique rainfall pattern with notable precipitation zones, namely, 
wet zone (mean annual rainfall of over 2,500 mm), intermediate zone (between 1,750 mm and 
2,500 mm), and dry zone (less than 1,750 mm). A decreasing trend of annual precipitation is 
estimated at around 7% [11]. The variability of climate and the frequency of extreme events has 
been on the increase in Sri Lanka [12]. Precipitation remains linked to the El NiƷo Southern 
Oscillation (ENSO), and El NiƷo events typically increasing the precipitation associated with the 
northeast monsoon. 

Sri Lanka is one of the hottest countries in the world with an average temperature of around 27 
°Cς28 °C, and increasing to around 35 °C during the hottest months. Sri Lanka experiences an 
annual probability of severe droughts of about 4% as a result of these adverse increases in 
temperature level [13]. Increase in average temperatures, leading to heatwaves and changes in 
weather patterns can be experienced due to climate change emphasizes that temperature rise 
has accelerated toward 20th century. Over the 20th century, Sri Lanka experienced warming of 
around 0.8°C [11] which determines that the temperature rise reported in Sri Lanka was estimated 
0.16°C of warming per decade between 1961ς1990 [12]. An annual probability of severe droughts 
of about 4% is experienced as a result of these adverse increases in temperature level [13]. 

The average annual loss from natural disasters in Sri Lanka is estimated at USD 0.38 billion over 
the long term [12]. Ninety-six percent of these natural disasters in Sri Lanka are cause by the 
adverse impacts of climate change and the country has become the fourth most climate change 
affected country in 2016 [13].  

Climate change impact  
Climate change impacts on agriculture sectors and agro-ecosystems 
Agriculture is one of the largest contributors to global warming which is responsible for 30-40% 
of all greenhouse gas emissions and which in turn is significantly impacted by climate change [14]. 
Agricultural productivity is highly affected by climate change with response to extreme weather 
conditions such as flooding (Figure 5), drought (Figure 6) and forest fires [15-16]. Agriculture is a 
ƳŀƧƻǊ ŎƻƳǇƻƴŜƴǘ ƻŦ ŘŜǾŜƭƻǇƛƴƎ ŎƻǳƴǘǊƛŜǎΩ ŜŎƻƴƻƳȅ ŀƴŘ ƭƛǾŜƭƛƘƻƻŘ ƻŦ ƳŀƧƻǊƛǘȅ ƻŦ ǇƻǇǳƭŀǘƛƻƴ ŀƴŘ 
ǘƘŜǊŜŦƻǊŜΣ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ƛƳǇŀŎǘǎ ƻƴ ŀƎǊƛŎǳƭǘǳǊŀƭ ǎŜŎǘƻǊ ŎƘŀƭƭŜƴƎŜǎ ǘƘŜ ǇŜƻǇƭŜǎΩ ǉǳŀƭƛǘȅ ƻŦ ƭƛŦŜ ŀƴŘ 
overall economy [14]. A rise in temperature from 1 to 3.7 °C is forecasted at the end of this century 
and severe negative impacts on crop growth and production are expected [17]. Therefore, several 
short-term and long-term management and administrative approaches and measures for 
mitigation and adaptation of climate change are required to tackle the disruptive effects of climate 
change (Figure 7).  
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Figure 5. Paddy cultivation in Pamburana area, Sri Lanka destroyed due to extreme weather during 
December 2019. (Source: Adapted from Karunaratna, 2019, Daily Mirror)  
 

 
 
Figure 6. Agricultural lands affected by long-term drought in Sri Lanka. 
(Source: https://www.hirunews.lk/english/151722/hydro-power-generation-dropped-to-12-
percent-as-dry-weather-hits-many-parts-island)  
 

https://www.hirunews.lk/english/151722/hydro-power-generation-dropped-to-12-percent-as-dry-weather-hits-many-parts-island
https://www.hirunews.lk/english/151722/hydro-power-generation-dropped-to-12-percent-as-dry-weather-hits-many-parts-island


 110 

 
Figure 7. Potential impacts of climate change on agriculture sector and the appropriate mitigation 
and adaptation measures to overcome its impact. (Source: Adapted from Abbass et al., 2022)  
 
When the growth and conditions optimal for plant (light, water and soil), animal and ecosystem 
functions are not conducive anymore due to climate change, less productivity of species, or even 
species extinction could occur i.e. Native varieties of vanilla in South and Central America are at 
highest risk of extinction, while wild cotton is second on the list, followed by avocados, and then 
wild potatoes [20].  In agriculture, crops, livestock, forestry, fisheries and aquaculture are both 
directly and indirectly affected by climate change that cause economic and social consequences 
on agricultural production leading to negative impacts on food security and nutrition. The direct 
impacts are mainly caused by elevated temperature levels and less water availability and affect 
agricultural production through changes in other contributory factors such as density of 
pollinators, pests, disease vectors, invasive species, etc. These impacts are easier to predict and 
well projected for main staple crops. Indirect affects play a major role in less controlled 
environments such as forestry and fisheries, and are much more difficult to project due to the 
high number of interacting parameters.  
 
The agriculture sector is impacted by more than 25% of all damage and loss from major climate-
related disasters such as drought, floods, cyclones and tropical storms [1]. Therefore, the 
importance of agriculture and food system resilience is highly emphasized by the parties of the 
Paris Agreement and globally considered as a top priority of mitigation and adaptation [21].  
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State of global and national food security 
!ŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ǿƛŘŜƭȅ ŀŎŎŜǇǘŜŘ ŘŜŦƛƴƛǘƛƻƴ ōȅ ²ƻǊƭŘ CƻƻŘ {ǳƳƳƛǘΣ мффс ώннϐ άCƻƻŘ ǎŜŎǳǊƛǘȅ 
exists when all people, at all times, have physical and economic access to sufficient, safe and 
ƴǳǘǊƛǘƛƻǳǎ ŦƻƻŘ ǘƘŀǘ ƳŜŜǘǎ ǘƘŜƛǊ ŘƛŜǘŀǊȅ ƴŜŜŘǎ ŀƴŘ ŦƻƻŘ ǇǊŜŦŜǊŜƴŎŜǎ ŦƻǊ ŀƴ ŀŎǘƛǾŜ ŀƴŘ ƘŜŀƭǘƘȅ ƭƛŦŜέ 
[23]. Four dimensions of food security are highlighted, namely: availability of food (level of food 
production, stock levels and net trade), accessibility (economic and physical access), utilization 
(usage and assimilation in human body) and stability of the above three dimensions.  On average, 
750 million of world population are undernourished (Figure 8) and due to this widespread food 
insecurity, it is projected that almost 600 million people will be chronically undernourished in 2030 
[24]. According to the World Bank, the number of people suffering acute food insecurity increased 
from 135 million in 2019 to 345 million in 82 countries by June 2022. 
 

 
Figure 8. Global Report on Food Crisis, 2022.  
(Source: https://www.arabnews.com/node/1971861/middle-east)  
 
During 2022, 6.2 million people in Sri Lanka became food insecure as a result of economic crisis 
ǿƛǘƘ ƘƛƎƘ ŦƻƻŘ ƛƴŦƭŀǘƛƻƴ ǊŀǘŜ ŀƴŘ {Ǌƛ [ŀƴƪŀ Ƙŀǎ ōŜŜƴ ǊŜŎƻƎƴƛȊŜŘ ŀǎ ŀ ΨƘǳƴƎŜǊ ƘƻǘǎǇƻǘΩ ŀƳƻƴƎ пу 
countries (Figure 8) designated by the World Food Programme [26]. The risk of climate change 
also threatens the food security of the country. Agricultural yields are highly affected by increasing 
temperature, extreme and prolonged heat conditions, droughts, floods, landslides, abnormalities 
and changes in climatic patterns and seawater intrusion etc. causing missing and fluctuating 
cropping seasons result in loss of crop harvests, decline in crop productivity, food quality and 
nutritional values and increased pest attacks and unknown pests, diseases and invasive species 
emergence. Traditionally, medicinally and culturally important plant varieties, wild food varieties, 
pollinators such as bees, butterflies and other insects are endangered and result in high 
decrement in the density of biodiversity. These impacts create vulnerable challenges in access to 
food, price hikes, food scarcity, hunger, malnutrition and food insecurity increasing poverty and 
rural indebtedness. Past government decision on banning import of agrochemical such as 
chemical fertilizer and weedicide affected on food security of Sri Lanka negatively. Following are 
few consequences faced by food security of Sri Lanka. 
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1. Crop yield reduction: When alternative methods or inputs are not readily available or 
adopted by farmers, banning chemical fertilizers and weedicides lead to a decline in crop 
yields. This affected the overall production of food crops. 

2. Farmers' livelihoods: Farmers who have been reliant on conventional agrochemicals may 
face economic challenges during the transition to alternative methods. There should be a 
need for support and training to help them adapt. 

3. Food price increase: Reduced agricultural productivity may lead to an increase in food 
prices when supply was not met demand. This affected food access for certain segments 
of the population. 

4. Short-term challenges: The transition away from conventional agrochemicals resulted in 
short-term challenges in terms of adapting farming practices, finding suitable alternatives, 
and achieving optimal yields. 
 

It is essential to consider the specific context, policies, and support mechanisms in place when 
assessing the impact of such decisions on food security. Government initiatives to promote 
sustainable and resilient agricultural practices, provide education and support to farmers, and 
ensure a smooth transition are crucial in mitigating potential negative consequences on food 
security. Additionally, monitoring and adapting policies based on the outcomes observed over 
time are important for achieving a balance between environmental sustainability and food 
production. 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  
 
Figure 9. Food insecurity distribution among districts in Sri Lanka. (Source: WFP Sri Lanka, Country 
Brief, July 2023) 
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Climate change impact on food security in Sri Lanka 
Due to the consequences of extreme weather patterns, and environmental disasters, food 
production and supply are declined and have become uncertain considerably [27]. Rising 
temperatures, increased drought conditions, decrease in soil fertility, and floods or storms cause 
heavy loss of crop production (Figure 10 & 11). Food insecurity poses significant impacts on health, 
livelihood and financial status of small farmers and nutrition among vulnerable populations. A 
direct impact on food security is caused by climate change as global warming progresses [28] and 
resultant extreme weather conditions such as flood and drought incidents are becoming 
increasingly severe and variable in Sri Lanka that adversely affects agricultural productivity and 
thereby the livelihood of farmers during last ten years in Sri Lanka [29].  
 
Sri Lanka experienced its worst drought conditions during 2016 which caused 40% decline in 
paddy harvest in early 2017 followed by heavy rain patterns during May 2017 that deteriorated 
food crop production of the country than in other countries [29- 30]. According to [31] in 2017, 
229,560 households became food insecure, including rain-fed farmers and agricultural labourers 
being the most affected. In the 2017 Global Climate Risk Index, Sri Lanka was ranked the second 
worst as floods, heavy rain and landslides during 2017 caused 246 deaths and displacement of 
more than 600,000 people [32]. Increased frequency of drought conditions and heat stress due to 
temperature increase at a rate of 0.2°C per decade, increased ambient mean minimum and mean 
maximum temperatures, increased number of warm days and warm nights, decreased number of 
cold days and cold nights and increased frequency of extreme hot days are adversely affecting 
food security of Sri Lanka [30],33]. According to [34], Sri Lanka reported much higher and more 
frequent severity of weather-related disasters such as floods, landslides, droughts and storms 
which caused 74% of the total disaster occurrences during 1990ς2018 [35]. It is reported by the 
[36] in 2018, that many climate hotspots in Sri Lanka specially the areas located around 
agricultural areas are at high risk due to increase in temperature, changes in rainfall patterns, 
seawater rise as a result of extreme weather events such as La NiƷa and El NiƷo extremes [36-38].  
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Figure 10. Climate Change Induced Vulnerability at District Level. (Source: Punyawardena et al., 
2013)   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 11.  Effects of climate change on food security and nutrition. (Source: FAO, 2015)  
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Major greenhouse gases namely, Carbon dioxide (CO2), Methane (CH4) and Nitrous Oxide (N2O) 

emitted during agricultural activities have a direct impact on climate change. Nitrogen fertilizers, 
flooded rice fields, soil management, land conversion, biomass burning, increased mechanization, 
high agro-chemical usage, livestock production and manure management etc. have been 
identified as contributing factors of agriculture-related activities on climate change [41]. 
Approximately from 5% to 10% of the overall contribution to global warming is due to livestock 
industry related activities as fossil energy is utilized throughout the high-intensity animal 
productions in modern agriculture [41-42].  

Deforestation due to agricultural expansion is causing higher carbon emissions. When a large 
proportion of the soil carbon is lost as plants and dead organic matter during the burning of 
agricultural crop waste such as cereal straw, sugar cane stubble and rice straw, it contributes 
approximately one third of the total global CO2 emissions. Nevertheless, most farmers tend to 

burn large quantities of crop residue, which results killing of insects and other pests and disease-
causing organisms and neutralizes soil acidity and at the same time CO2 is released to a 

considerable extent [41]. Being the most significant gas emitted during agricultural activities 
especially in fertilizer usage and water management, Methane (CH4) is reported to release from 
paddy fields (91%), animal husbandry (7%) and the burning of agricultural wastes (2%). Nitrous 
Oxide (N2O) emissions are mainly due to nitrogen fertilizer usage, legume cropping and animal 

waste. During fertilization, crop takes up most of the nitrogen, but the rest of nitrogen is 
denitrified and diffused into the atmosphere, which contributes to global warming.  

In order to mitigate the impacts of climate change effects on food security as discussed above, 
the governments and non-governmental organizations need to develop strategies to minimize 
and mitigate the contributory factors to climate change and identify methods for enhanced food 
production, availability and access. These strategies should focus on investment in developing 
agricultural infrastructure facilities, crop diversification, land use planning, food preservation, 
diversification of food sources, and specially research and development on controlling and 
minimizing contributing factors of agriculture-related activities on climate change. Research on 
climate-informed food and training for local farmers on sustainable agriculture methods and 
management practices in order to ensure unthreatened global food security. 

 
Research and development interventions for establishing four dimensions 
of food security to mitigate climate change in Sri Lanka 
As per [23] in 2006, four dimensions of food security, namely ensuring availability of food, 
accessibility, proper utilization and ensuring stability are highlighted and R&D with regard to food 
security should be focused to accomplish these four dimensions while mitigating climate change. 
Table 1 illustrates the major impacts of climate change on agricultural sector and food security of 
Sri Lanka and R&D actions to mitigate the impacts. 
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Table 1. Major impacts of climate change on food security and R&D actions to mitigate the impacts 
 

No. Major impacts on agricultural 
sector 

Reason R&D actions to mitigate impacts 

1 Reduced or reversed yield increase & 
reduced crop growth [43] 

Changes in optimum climate requirement for optimal 
plant growth: temperature, atmospheric carbon 
dioxide (CO2), and the frequency and intensity of 
extreme weather: floods and droughts 

¶ Investigate, develop and introduce high yielding climate 
change resistant varieties with tolerance to biotic and 
abiotic stresses (climate change tolerant crops: ex: drought 
tolerant, flood tolerant, salt tolerant, etc.) and increased 
nutritional value using conventional and molecular 
techniques. 

¶ Develop pest and disease resistant crop breeds  
 

¶ Cultivation, conservation and promotion of traditional and 
local seeds and planting materials, community seed banks 
and seed exchanges, and the free distribution of seeds and 
planting materials  
 

¶ Research and promotion of traditional crop varieties, food 
processing methods and food preservation methods 

 

¶ Manipulation of plant microbiome, especially rhizosphere 
engineering to mitigate plant stresses, increase nutrient 
availability and control pests and diseases. 

 

¶ Restoring soil health in agricultural lands   
 

¶ R&D to develop water conservation measures Promote 
vertical gardening, hydroponic systems, and protected 
agriculture 

 

2 Reduced or loss of nutritional value 
and quality of crops [43]. Especially 
in terms of monoculture practices. 
 

Rising levels of atmospheric carbon dioxide reduce 
the concentrations of protein and essential minerals 
in most plant species. Increased pesticide usage due 
to increased pest pressures. While there are benefits 
to monoculture, such as simplified management and 
increased efficiency in harvesting, it also comes with 
certain challenges that can impact the health of the 
soil and the crops themselves, i.e. nutrient depletion, 
pest and disease buildup, soil structure degradation, 
changes in microbial communities, decreased 
biodiversity, genetic uniformity & nutrient 
imbalances 

3 Crop losses due to extreme weather 
conditions 

Increased intensity of extreme weather conditions: 
floods and droughts, pest and disease outbreak 

4 Increase of distribution of weeds and 
pests under extreme climate [43] 

Many weeds, pests, and fungi thrive under warmer 
temperatures, wetter climates, and increased 
CO2 levels.  Understanding the plasticity of weeds, 
pests, and fungi is crucial for effective management 
and control strategies. It highlights the need for 
integrated pest management (IPM) approaches. 

5 Increasing vulnerability to diseases in 
livestock: Increase the prevalence of 
parasites and diseases [44] 

Heat stress, earlier onset of spring and warmer 
winters  
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¶ Use of internet of things for the precise application of 
agriculture inputs 

 

¶ Develop smart apps aiming the farming community to 
access agriculture supply chain 

 

¶ Promote smart farming (agricultural drones, livestock 
monitoring solutions, smart green houses, etc.) 

 

¶ Develop community-based water harvesting and 
distribution systems and rainwater harvesting systems 
 

¶ R&D on application of mulch, Jeewamurtham and biochar, 
and non-tilling practices 

 

¶ Develop and promote silage and hey production  
 

¶ Promote techniques of fodder production and conservation 
 

¶ R&D on strengthening vaccination programmes  
 

¶ Develop pest forecasting system  
 

¶ Conduct research on parasites and diseases  
 

¶ Develop disease resistant breeds (Focus: livestock and 
poultry)  

 

¶ R&D to promote integrated pest management  
 



 118 

¶ Develop and introduce soil conservation measures such as 
SALT farming, contour farming, non-chemical fertilizer and 
pesticides (i.e., neem seed extract), live fences, crop 
rotation  
 

¶ Research on promotion of soil organic matter 
 

¶ R&D on bioremediation of wastewater, soil, air and food 
 

¶ Crop diversification and multi-cropping 
 

¶ Research on the application of agroecological, organic and 
natural farming methods 
 

¶ Develop and introduce polytunnel and greenhouse farming, 
home gardens, agroforestry, reforestation 
 

¶ The minimization of shifting cultivation 
 

¶ The reduction of firewood use for cooking, the use of 
efficient cookstoves, the prevention of forest fires, the use 
of agricultural and forest residues for organic fertilizer or 
mulching  
 

¶ Research on the use of agrotechnology (e.g., drip irrigation 
and sprinkling)  
 

¶ Reduce usage of synthetic fertilizer and agrochemicals while 
researching and introducing biofertilizer with high growth 
impacts on crops and natural materials-based 
agrochemicals (pesticides, fungicides and weedicides) 
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¶ R&D on natural and ecofriendly composting and fertilization 
methods ex: worm compost, bokashi method 
 

¶ Develop efficient cookstoves in order to reduce usage of 
firewood, the prevention of forest fires, the use of 
agricultural and forest residues for organic fertilizer or 
mulching  
 

¶ Research on crop modeling to access future climate change 
impacts  
 

¶ R&D on ecofriendly and healthy methods increasing fruit 
longevity and reducing post-harvest crop losses 

6 Reduced fertility of livestock Heat stress and other extreme weather events ¶ R&D and promotion of animal husbandry with high yielding 
animal breeds with resistant to stress factors  
 

¶ Investigate, develop and introduce high yielding climate 
change resistant livestock forage varieties with tolerance to 
biotic and abiotic stresses 
 

¶ R&D on alterative animal feed formulations 

7 Reduced livestock production (meat, 
eggs and milk etc.) and quality 

8 Reduced grain and forage quality and 
quantity in livestock feed 

Longer, intense droughts, resulting from higher 
summer temperatures and reduced precipitation, 
Increases in carbon dioxide (CO2)  

9 Decline in productions in fisheries 
sector: Changes in temperature and 
seasons can affect the timing of 
reproduction and migration that 
affect the lifecycle and increase the 
likelihood of disease.  

Changes in temperature and seasons, water sources 
gradually becoming acidic due to increases in 
atmospheric carbon dioxide (CO2) [45] 

¶ R&D on mangrove reforestation  
 

¶ R&D on coastal conservation and develop shore shoreline 
management plans  
 

¶ Research on conserving coral reefs, and related marine 
biodiversity 10 Marine disease outbreaks [46] Higher water temperatures and higher estuarine 

salinities  
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11 Competition with other species over 
food and other resources 
 

Migration of aquatic species for new habitats to avoid 
extreme weather events  

 

¶ Research on safety and less pollutant fishing and 
transportation methods in water sources 
 

¶ R&D on water conservation and water purification methods, 
renovation of minor water tanks, village tanks and irrigation 
channels 
 

¶ Develop and implement a continuous programme for 
monitoring shoreline changes 
 

¶ Study impacts of sea level rise on costal habitats over short-
, medium- and long-term horizons 
 

¶ Identify, declare, collect information and prepare maps on 
vulnerable areas to extreme events and inundation 
 

¶ Conduct awareness programmes on sea level rise and 
extreme events to coastal communities to empower them 
for facing the risks of climate change  
 

¶ Research on ecofriendly alternatives for polythene and 
plastics 
 

¶ Research on alternative energy sources to reduce heavy 
consumption of non-renewable natural resources such as 
fossil fuel and to reduce heavy CO2 and methane production 
(ex: wind, solar and sea tide energy) 
 

¶ Mapping the areas prone to climate change impacts: on 
severity, time and duration of extreme weather conditions  

12 Destruction of sensitive ecosystems 
and losing animal and plant habitats 
[39, 40] 

Water sources gradually becoming acidic due to 
increases in atmospheric carbon dioxide (CO2) [45] 

13 Implications in safety, distribution, 
and consumption of livestock and 
aquaculture products [46, 47, 48] 

Climate-induced changes in pests, parasites, and 
microbes: increase in the use of parasiticides increase 
the risk of pesticides entering the food chain or lead 
to evolution of pesticide resistance [46, 47, 48] 
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¶ R&D on sustainable management techniques for effective 
usage of natural resources  
 

¶ Training and development of Sri Lankan young scientists, 
school children and local farmers on above aspects 
 

¶ Adjust cropping calendars according to climate forecasts 
 

¶ Develop systems for timely issuing and communicating of 
climate information to farmers 
 

¶ Develop research institute capacity for conducting research 
on climate change impacts and tolerant varieties/breeds 
and climate resilient farming methods  

 

¶ Develop and prepare adaptive management programmes 
for climate sensitive ecosystems and prepare recovery plans 
for highly threatened ecosystems and species 
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Compliance of R & D actions to promote food security to National Policies and Plans 
Climate change has been recognized as a key challenge faced by Sri Lanka and certain strategies, 
action plans and projects for overcoming climate change are presented in relevant policy 
documents as mentioned below. Critical issues of climate change are addressed, coordinated and 
controlled through actions implemented through these policies and plans [49]. These existing 
plans or policies covers climate change adaptation as a special focus area in a limited manner and 
however, they are focused on addressing specific issues of respective sectors. 
 

¶ National Action Plan for Haritha Lanka Programme which has given more weight to actions 
targeting mitigation (i.e. reducing GHG emissions), in areas of infrastructure vulnerability, 
land use zoning, rainwater harvesting, increase of vectors and food security.  

¶ Sri Lanka Comprehensive Disaster Management Programme 2014-2018 (SLCDMP) on 
disaster risk management has been identified separately as a crossςcutting need of 
adaptation  

¶ National Action Programme for Combating the Land Degradation of Sri Lanka (NAP- CLD) 
has recognized climate change as a factor that can intensify the degradation of land 
resources in future highlighting issues such as soil erosion and landslides in up- and mid-
country wet zone (upper watershed) areas.  

¶ The Coastal Zone Management Plan (CZMP) has recognized climate change as a factor 
that can intensify the degradation of coastal resources in future concerning coastal 
erosion, coastal pollution and degradation of coastal habitats.  

¶ The National Physical Plan 2011-2030 (NPP) has identified global warming as a concern 
that can affect physical development activities of the country and covers some aspects of 
disaster risk management.  

¶ Sri Lanka Water Development Report 2010 (SLWDP) has identified climate change as a 
major driver of change in the water resources sector.  

¶ bŀǘƛƻƴŀƭ !ƎǊƛŎǳƭǘǳǊŜ tƻƭƛŎȅ Ƙŀǎ ƛŘŜƴǘƛŦƛŜŘ Ψ!ǎǎǳǊƛƴƎ ŦƻƻŘ ǎŜŎǳǊƛǘȅΩ ŀƴŘ Ψ9ƴǎǳǊƛƴƎ 
ŜƴǾƛǊƻƴƳŜƴǘ ǎǳǎǘŀƛƴŀōƛƭƛǘȅΩ ŀǎ ǘǿƻ ƳŀƧƻǊ ǇƛƭƭŀǊǎ ƻŦ ǘƘŜ ǇƻƭƛŎȅ ƛƴ ƳŀƪƛƴƎ ŀƴŘ ǊŜŎƻƎƴƛȊŜŘ 
ΨbŀǘǳǊŀƭ ǊŜǎƻǳǊŎŜ ƳŀƴŀƎŜƳŜƴǘ ϧ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ŀŘŀǇǘŀǘƛƻƴΩ ŀǎ ŀ ƪŜȅ 
strategic/intervention area that cover soil conservation, water management, agriculture 
climate forecast and disaster risk reduction.  
 

These policies and mitigation approaches are to be delivered through the joint efforts of key 
stakeholders namely, Government sector (Line ministries and line agencies and central 
government and provincial councils), Private sector (Corporate sector and SMEs) and Civil society 
organizations. Further, the academics, researchers and other knowledge makers and local 
community-based organizations have a major role to implement and monitor responsibilities of 
the plan in their professional and occupational capacities. 
 

Suggestions and recommendations 
Sri Lanka is an agriculture-based country and over 80% of its food producers are small-scale 
farmers [29]. Although the food security of the country largely depends on productions of 
ŀƎǊƛŎǳƭǘǳǊŜΣ ƭƛǾŜǎǘƻŎƪ ŀƴŘ ŦƛǎƘŜǊƛŜǎΣ ǘƘŜ ƴŀǘƛƻƴŀƭ ŀŎŎƻǳƴǘǎ ƻŦ ŀƎǊƛŎǳƭǘǳǊŀƭ ǎŜŎǘƻǊΩǎ ǎƘŀǊŜ Ƙŀǎ ōŜŜƴ 
declining due to the government less priority in policy level and as the government policies are 
more favorable towards the industry and service sectors. When targeting large-scale agro-
industrial approaches, promoting food security needs to be ensured applying proper agro-
ecological practices to cater to the demand of increasing population while mitigating climate 
change impacts.  
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Mitigating climate change impacts on food security requires a multidisciplinary approach. Among 
these disciplines, research and development of cross-cutting areas play an important role which 
accommodates following aspects,  
 

(a) Identification of critical research needs,  
(b) Improving research facilities, increasing funding for R&D,  
(c) Institutional development and coordination,  
(d) Collaborating with international research institutes and agencies for funding,  
(e) Technology and knowledge transfer,  
(f) Standardization of methodologies and processes of food production following 

international standards,  
(g) Establishing protocols for quality assurance of food,  
(h) Formation of government and institutional policies, rules and regulations aligning with 

food safety and security and resource mobilization,  
(i) Facilitating and promoting market research for food,  
(j) Research and exploration on local traditional knowledge on food security, 
(k) Enhancing R&D results and output dissemination to scientific and local communities,  
(l) Involving participation of farmer community, university and school children and local 

community in education, training and awareness programmes on R&D and climate change 
disaster risk and information management, 

(m) Contributing to policy, laws and regulations formation by relevant authorities.  

 
Conclusions 
Considering the above approaches, R & D actions to mitigate impacts discussed in section 03 of 
this chapter and summarized in table 01 have to be implemented aligning with these 
requirements. The existing policies require transformations and reforms aligning those to current 
and emerging needs. Further, cooperation among government officials, institutes and extension 
services (ex: Agricultural extension officers and instructors) need to be strengthened at policy level 
and proper and timely awareness about climate change impacts and mitigating approaches are 
required to be streamlined and reached to the upper to lower level of governmental and non-
governmental officials and smaller to larger scale farmers. Moreover, to obtain food security and 
sustainability, it is crucial to comply with interventions in vulnerable communities. Providing 
employment opportunities to tackle poverty, hunger, and malnutrition, ensuring the right to food, 
safeguards the rights of small-scale food producers, and consumers. As discussed and highlighted 
in this chapter, it is important to recognize challenges on food security from climate change, and 
to search for corrective measures with more focus on reinforcing R&D nationally. Disseminating 
knowledge, skills and techniques in order to achieve food security and sovereignty of the country 
through a holistic approach and change in attitudes, lifestyle and behaviour to build adaptive 
capacity of the community are essential and important in current scenario of mitigating climate 
change and ensuring food safety. 
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A comprehensive approach to develop rice varieties to cope with 
climate change impacts 

 
P.V.N.N. Ranasinghe, Mapa S.T. Mapa* 

 

Abstract  
Rice is the major staple crop of Asia and any deterioration of rice production systems through 
climate changes would seriously impair food security in this continent. Compare to the other 
crops, rice is much prone to various abiotic and biotic stresses due to its semiaquatic phylogenetic 
origin. Abiotic stresses including high temperature and humidity, drought, salinity, flooding, ion 
toxicity, soil acidity etc. are known to influence the occurrence of biotic stresses such as weed, 
pests and diseases. All these stress conditions are adversely affected on rice cultivation which 
leads to reduce the potential yield. Over the ŘŜŎŀŘŜǎΩ different traditional strategies like natural 
selections, breeding techniques use to adapt the rice varieties to different environmental 
conditions in different regions. Advanced technologies have led to create stress-tolerant rice 
varieties through the genetic engineering. Recently developed advanced rice varieties are widely 
use in the world which are having multi resistance characteristics for extreme conditions and able 
ǘƻ ƎƛǾŜ ƘƛƎƘ ȅƛŜƭŘǎΦ hƴŜ ǎǳŎƘ ŜȄŀƳǇƭŜ ƛǎ w5с ά./пCп мон-12-смέ ǊƛŎŜ ǾŀǊƛŜǘȅ ŦǊƻƳ ¢ƘŀƛƭŀƴŘ ǿƘƛŎƘ 
resisted to blast disease and tolerated salt stress while giving high yield. Even though Rice 
Research and Development Institute developed, improved abiotic resistance rice varieties, 
traditionally most of the farmers are cultivate only few popular rice varieties in Sri Lanka which is 
the major barrier in order to overcome the drastically changing adverse weather conditions. 
Therefore, having locally adapted higher range of rice varieties and suitable newly developed rice 
varieties in the world and adopt them into local cultivation are the major solutions. Further, 
socioeconomic implications and adequate recommendations for making policies are significant as 
a comprehensive approach to mitigating abiotic and biotic stresses in changing climates in Sri 
Lanka.  

 
Keywords: Rice varieties, Stress resistance, Abiotic/biotic stress, Climate changes 
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Introduction 
Many Asian countries, especially in Southeast Asia, rice (Oryza sativa L.) plays a significant role in 
meeting dietary needs by covering a substantial portion of the food requirements. In Sri Lanka, 
rice has traditionally been a staple food and a major component of the diet of the vast majority of 
{Ǌƛ [ŀƴƪŀΩǎ ǇƻǇǳƭŀǘƛƻƴ ƻŦ н3.1 million. Sri Lanka domestic rice consumption requires a volume of 
around 3.5 to 4.0 MMT of rice per year [1]. Approximately 800,000 farmers and their families 
depend directly on paddy, which is grown on 30% of the land area [2]. 
 
 

 

Figure 3.  Annual rice production by districts in 2020/21  

(Source: Sri Lanka Ministry of Agriculture; 
https://ipad.fas.usda.gov/countrysummary/Default.aspx?id=CE&crop=Rice ) 

Figure 1 presents statistical data from the Sri Lanka Ministry of Agriculture on Sri Lanka's total rice 
production by districts in 2020/21. The key findings highlight significant contributions to annual 
rice production from districts such as Ampara, Hambanthota, Kurunegala, Anuradhapura, 
Polonnaruwa, Batticaloa, and Trincomalee. These districts play a crucial role in sustaining and 
boosting Sri Lanka's overall rice output, reflecting their vital contributions to the nation's 

https://ipad.fas.usda.gov/countrysummary/Default.aspx?id=CE&crop=Rice
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agricultural landscape and self-sufficiency in rice production. Rice is naturally adapted to grow in 
flooded or waterlogged conditions with average temperature between 20 °C and 27 °C.  Average 
175τ300 cm annual rainfall is the most suitable for the paddy cultivation [3]. This adaptation has 
made rice more susceptible to certain abiotic and biotic stresses in changing climates, compared 
to other crops that have evolved in different environments [4].  

Climate change is considered as the leading environmental problem in 21st century, and research 
efforts have increasingly concentrated on assessing the potential consequences of climate change. 
Current Sri Lanka mean annual temperature is about 27 °C in the lowlands and 15 °C in the central 
highlands, but according to the regional climate model projections for future temperature 
proposed consistent enhancement of 1.0 °C ς 1.1 °C in 2030, 1.3 °C ς 1.8 °C in 2050, and 2.3 °C ς 
3.6 °C in 2080. Along with increase temperature, it predicts 5%ς10% increase precipitation by the 
end of the 21st century [5]. Global warming and the changing climatic conditions lead to the 
concurrence of multiple abiotic and biotic stresses individually or in combination [6-7]. Agriculture 
is a key affected focus area since it has direct connection to the climate [8].  Abiotic and biotic 
stresses reported to have significant negative impact on rice crop survival, growth, development 
and yield in most parts of the world, especially the Asia and Africa [9-10]. Abiotic stress is an 
environmental factor that is placed on plants, as a result of variation of physical or chemical stress. 
Plants are subjected to a variety of abiotic stresses, all of which have an impact on crop yield 
around the world (Table 1). These include basically high temperature and humidity, drought, 
salinity and flooding [11].  

 

Table 3. Major abiotic stress conditions and their effects on rice cultivation 

Stress condition Brief introduction and/or Harm cause to rice crops 

High 
temperature 
and humidity 
 

Developmental stage sensitivity: 
Rice's response to high temperatures varies based on developmental 
stages. Ex: Heat tolerance during booting may not correlate with flowering 
tolerance, Extreme heat during vegetative stages may not significantly 
affect the reproductive stage [12].  
 
Vegetative phase tolerance: 
During the vegetative phase, rice is relatively tolerant to elevated 
temperatures (around 35 °C daytime and 25 °C nighttime). Beyond these 
temperatures, reduced growth, fewer tillers, and lower dry weight may 
occur. High temperatures can disrupt photosynthesis by affecting thylakoid 
organization and membrane stability [12-13]. 
 
Transpiration cooling: 
Efficient transpiration cooling is crucial in mitigating high-temperature 
impacts. 
Closely related to relative humidity, lower humidity enhances transpiration 
cooling. 
Higher humidity reduces the effectiveness of transpiration cooling [12]. 
 
Pollen sensitivity: 
Rice pollen is highly sensitive to temperature and humidity. Viability is lost 
within 10 minutes after shedding. 
Spikelets with over 20 germinating pollen grains tend to remain fertile under 
high temperatures. 
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Heat-tolerant rice varieties show slower reductions in pollen activity, 
germination, and floret fertility [12]. 
 
Impact on ripening: 
High temperatures during rice ripening reduce grain weight, filling, and 
quality. Resulting in a higher percentage of chalky rice, smaller grains, and 
reduced amylase content. Heightened demand for assimilates during grain 
filling contributes to these issues [11]. 
 
Night temperature impact: 
High night temperatures, especially minimum temperatures, have been 
linked to reduced yields. 
Demands more comprehensive studies to address this emerging challenge 
[12]. 
 

Drought 
 

Factors driving: 
Rising temperatures, frequent El Niño events and reduced rainy days [14]. 
 
Types of drought in agriculture: 
Catastrophic: Severe, with profound consequences like famine. 
Chronic: Less severe but leads to substantial production losses. 
Inherent: Linked to increasing water scarcity and competition, despite 
irrigation [12-13]. 
 
Effects on crop yield: 
Drought occurs when soil moisture is insufficient for crop water 
requirements. 
Yield losses in reproductive stage more than vegetative stage. Genetic basis 
of grain formation failure during flowering stage is a major concern [12]. 
 
Specific impact on rice cultivation: 
Reduction in spikelet fertility, viable pollen production, panicle exertion, 
pollen shed, and embryo development. Decreased grain yield during 
fertilization and initiation of grain filling [13-14]. 
 
Simultaneous high temperature and drought stress: 
Significant negative impact on rice cultivation, especially under upland 
conditions. 
Expected increase in frequency and intensity due to climate change [13]. 
 
Combined drought and high temperature stress effects: 
Affects rice physiology more than individual stresses. 
Particularly during reproductive stage (flowering and grain filling). Limits 
photosynthesis due to reduced stomatal conductance, leading to biomass 
decrease. 
Evokes unique transcriptome, metabolome, and proteome responses in rice 
[13]. 
 
Phenotyping considerations: 
Specific developmental stages affected by combined drought and heat 
stress. 
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Varied stress intensities during different stages. 
High temperatures during anthesis particularly sensitive, leading to spikelet 
sterility. 
Longer durations of combined stress result in greater yield reductions [13]. 
 

Salinity  
 

Salinity threat due to climate change: 
Indirect factors driving salinity are rising temperatures and sea level rise. 
(Elevated temperatures contribute to sea level rise). Projections suggest a 
3.58 °C temperature increase could lead to a substantial 1000 mm sea level 
rise. Coastal wetland inundation and heightened salinity result from 
increased sea levels [12]. 
 
Groundwater salinity and agricultural practices: 
Over half (55%) of total groundwater is naturally saline [11]. 
Improper water and fertilizer use in irrigated agriculture exacerbate salinity. 
Secondary salinization and increased brackish groundwater prevalence 
occur [12]. 
 
Challenges in salinity conditions: 
Rising temperatures promote salt deposition on the soil surface through 
capillary action. Salt becomes difficult to leach below the root zone [12]. 
 
Impact on rice cultivation: 
Significantly affects rice growth and yield. Salinity stress can reduce rice 
grain yield from 20 to 100% depending on severity and duration. 
High soil salt levels hinder water uptake, causing osmotic stress, ion toxicity, 
and disrupted nutrient uptake [15-16]. 
 
Effects on morpho-physiological parameters: 
Inhibited seed germination, Stunted root and shoot growth, Reduced tiller 
and grain numbers per plant, decreased pollen viability and delayed seed 
setting, Sterile spikelet occurrence and poor leaf area development [17]. 
 
Biochemical and physiological changes: 
Growth inhibition and yield losses result from biochemical and physiological 
changes. Main effects on rice plants include reduced water potential, 
impaired nutrient uptake, and direct toxicity from sodium (Na+) and chloride 
(Cl-) ions [17-16]. 
 
Altered physiological characteristics and biochemical indicators: 
Ion uptake, total cation, and osmotic stress are altered by salt stress. 
Changes in relative growth rate and transcription efficiency occur. 
Biochemical indicators such as proline, anthocyanins, peroxidase activity, 
calcium and potassium concentrations, chlorophyll, and hydrogen peroxide 
are affected [17-16]. 
 

Flooding 
(Submergence) 
 

Historical association of rice with flooding: 
Rice plants evolved from aquatic species. Thrive in swampy monsoonal 
environments [18]. 
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Role of floods in rice cultivation: 
Provide essential water and nutrients to rice plants [18]. 
 
Destructive nature of flooding: 
Excessive or prolonged flooding can be detrimental. 
Considered one of the most destructive natural calamities [18]. 
 
Climate change impact on flooding: 
Increased concerns due to climate change. Rice in extreme rainfall events 
and intensification of tropical cyclones [18]. 
 
Major types of flooding patterns: 
Submergence: Short-duration flooding lasting less than three weeks. 
Stagnant Flooding: Varies in water depth, from medium-deep to deep. 
Flooding During Germination: Occurs in areas where rice is directly seeded 
[18]. 
 
Adaptations to deep water conditions: 
Deepwater rice varieties have evolved to elongate rapidly to keep part of 
the plant above water. 
 
Effects of flooding on rice plants: 
Oxygen deprivation, reduced photosynthesis, inhibited nutrient uptake, and 
hindered growth. 
Submergence during reproductive stage leads to poor grain setting, spikelet 
sterility, and yield loss [19]. 
 
Specific challenges with submergence: 
Submergence during germination becoming more relevant with the 
adoption of direct-seeded systems. 
Devastating effects on rice plants, impacting oxygen supply, photosynthesis, 
nutrient uptake, and growth [18, 19]. 
 

 
Biotic stresses in rice cultivation refer to the various harmful living organisms like weeds, pests, 
and diseases in plant ecosystems that can negatively impact on rice plants, leading to reduced 
yields and crop losses. The abiotic stressors can weaken the natural defenses of plants, 
compromise their overall health, and create favorable conditions for the proliferation of pests and 
pathogens. This interplay between abiotic and biotic stresses underscores the complex 
relationship in plant health and agricultural productivity [20].  
 
Biotic stresses escalate as climate change influences the distribution and behavior of pests and 
pathogens like the brown plant hopper and rice blast etc., expanding their ranges and increasing 
infestation risks. Altered life cycles of these pests and diseases, along with shifts in weed growth 
patterns, introduce asynchrony with crop growth stages and threaten rice production. Changes in 
host-pathogen interactions due to environmental shifts may also lead to increased disease 
outbreaks in rice crops [21-22]. Some of the most common biotic stresses affecting rice cultivation 
are shown in Table 2.  
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Table 4. Most common biotic stress conditions and their effects on rice cultivation 

Category Examples Harm cause to rice crops References 

Insect pests άwƛŎŜ ǎǘŜƳ ōƻǊŜǊέ With its destructive moth larvae 
burrowing into rice stems, reduces 
yield and weakens plant structures 

[4], [23] 

άwƛŎŜ ƘƛǎǇŀ 
ōŜŜǘƭŜǎέ 

Damage leaves, leaving behind 
characteristic "windowpane" 
damage 

[4], [23] 

ά.Ǌƻǿƴ Ǉƭŀƴǘ 
ƘƻǇǇŜǊǎέ 

Weaken rice plants, transmit viral 
diseases and can lead to hopper 
burn symptoms 
 

[10], [4], [23] 

ά{ŀǇ-sucking 
ƛƴǎŜŎǘǎέ 

Diseases άwƛŎŜ ōƭŀǎǘέ Affects leaves, stems, and grains, 
causing characteristic lesions and 
reducing yields 

[10], [4] 

ά{ƘŜŀǘƘ ōƭƛƎƘǘέ Attacks the sheaths and leaves of 
rice plants, leading to reduced 
photosynthesis and yield losses 

[10], [4] 

ά.ŀŎǘŜǊƛŀƭ ƭŜŀŦ 
ōƭƛƎƘǘέ 

Affects leaves and can cause 
blighting and necrosis, reducing the 
quality of rice crops 

[4] 

άwƛŎŜ ǘǳƴƎǊƻ ǾƛǊǳǎέ Significantly reduce rice yields and 
reduce the grain quality 

[4] 

Weeds ά9ŎƘƛƴƻŎƘƭƻŀέ 
species 

Compete with rice plants for 
resources such as water, nutrients, 
and sunlight and reduce yields by 
shading rice plants and depriving 
them of essential resources 
 

[24] 

ά/ȅǇŜǊǳǎέ ǎǇŜŎƛŜǎ [24] 

ά{ǇƘŜƴƻŎƭŜŀ 
ȊŜȅƭŀƴƛŎŀέ 

[24] 

Parasitic 
nematodes 

Root-knot 
nematode 

Damage rice roots, leading to 
reduced water and nutrient uptake, 
stunted growth, and yield loss 

[25] 

Rodents Rats and mice Cause post-harvest losses by 
consuming rice grains during both 
field and storage phases 

[26] 

 

Worldwide rice farming is practiced in various diverse ecological zones. The rice cultivation 
systems in different growing areas are mainly depends on various factors such as available water, 
soil type, and the prevailing monsoon. Therefore, rice production faces various constraints in 
various ecology of rice cultivation (Table 3) [10]. 

 In agriculture, upland areas are known for their reliance on rainfall as the primary source of water 
for crops, as they are usually not well-suited for irrigation due to their elevation and terrain. 
Upland farming often faces challenges such as limited water availability, susceptibility to erosion. 
In addition, there are three types of lowlands which are differ from the depth of the water table 
and the degree of reliance on rainfall as a water source. Shallow lowlands have a relatively shallow 
water table, while deep lowlands have a much deeper water table. Medium lowlands fall 
somewhere in between of those two. Anyhow, all the three types are rain fed and do not have 
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access to artificial irrigation systems. This may cause the occurrence of specific stresses in those 
areas. Rain fed shallow lowland areas are challenged by the lack of assured irrigation, recurrent 
droughts, and susceptibility to diseases like blast and bacterial leaf blight. Rain fed medium 
lowlands contend with added complexities, including intermittent flooding and pests like brown 
plant hoppers and gall midge. Rain fed deep lowlands are vulnerable to abiotic stresses such as 
floods and salinity, as well as biotic stresses like bacterial leaf blight and pests. In contrast, irrigated 
ecosystems benefit from controlled water access through artificial irrigation systems, alleviating 
many water-related constraints faced by rain fed systems [10].  
 
Table 3. Rice production constraints in various ecologies of rice cultivation 
 

Ecosystem Source of water  Constraints 

Upland Rainfall Drought, blast, weeds, low soil fertility, Fe 
toxicity, soil nematode problem, lodging 

Rainfed 
Shallow 
Lowland 

Rainfall, water table Lack of assured irrigation, frequent drought, 
blast, bacterial leaf blight 

Rainfed 
Medium 
Lowland 

Rainfall, water table Lack of assured irrigation, drought, flood, 
drought and flood in same or different season, 
bacterial leaf blight, brown plant hopper, gall 
midge 

Rainfed deep 
Lowland 

Rainfall, water table, 
flood water 

Lack of assured irrigation, fragile and low 
productivity, Prevailing abiotic stresses such as 
flood, salinity, Biotic stresses such as bacterial 
leaf blight, gall midge, brown plant hopper 

Irrigated Irrigation Salinity, bacterial leaf blight, brown plant 
hopper 

 

Rice crop faces multiple stresses during different stages of its growth and development. It was 
reported that around 70% reduction in yield due to the occurrence of abiotic stresses at different 
stages of growth and development [6]. Therefore, it is really important to analyze the abiotic and 
biotic stresses effect on rice crop. Climate change has a significant impact on rice cultivation as it 
can stimulate both biotic and abiotic stresses, making rice production more challenging. In order 
to address this challenging situation in Sri Lanka, our researchers and farmers have been going 
through several adaptation strategies.  
 

Adaptations strategies for abiotic and biotic stresses in Sri Lanka   
Climate change adaptation in agriculture involves a multifaceted approach to mitigate the impacts 
of shifting climate patterns. Farmers and communities in Sri Lanka adopt various strategies, 
including introducing stress resistant rice varieties and seed improvements through genetic 
modifications, selecting climate-resilient rice varieties, adjusting planting schedules, and changing 
crop and seed choices. Efficient irrigation practices and income diversification are critical 
components of adaptation, along with considering migration in response to climate-induced 
stresses. Capacity-building initiatives provide farmers with the knowledge and skills to implement 
effective strategies, while community-based approaches and government policies support 
collective resilience efforts. Ongoing research and innovation are essential to develop and refine 
climate-resilient farming techniques, ensuring the sustainability of agricultural systems in the face 
of evolving climate challenges [26]. Rice Research and Development Institute (RRDI) and other 
researchers in Sri Lanka have been working for years and already introduced several stress 
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tolerance rice varieties and several other strategies to adapt these adverse impacts of climate 
change on rice cultivation. 
 

Genetically modified rice varieties 
In response to the challenges posed by climate change in Sri Lanka's agriculture, significant efforts 
have been invested in genetic modifications of rice to enhance its resilience. RRDI and other 
research institutions have spearheaded the introduction of stress-resistant rice varieties through 
biotechnological methods. This involves identifying specific genes responsible for traits like 
drought tolerance, pest resistance, and increased nutritional content. Using genetic engineering 
techniques, these genes are introduced into the rice genome, and the resulting modified plants 
undergo rigorous testing and evaluation in controlled environments and field trials. The goal is to 
develop rice varieties that can thrive in the face of evolving climate patterns, contributing to 
sustainable and resilient agricultural systems. 
 
The genetic modification process encompasses the isolation of target genes, their introduction 
into rice cells, selection of transformed cells, regeneration into whole plants, and thorough testing 
before regulatory approval. Advanced technologies like CRISPR-Cas9 offer precise gene editing 
capabilities, enabling scientists to make specific changes to the rice genome without introducing 
foreign genes [28]. While genetic modifications hold promise for climate adaptation, the 
deployment of such crops requires careful consideration of environmental impact, regulatory 
approval, and ongoing collaboration between scientists, policymakers, and local communities to 
ensure responsible and effective implementation. Following are number of examples of stress 
tolerance rice varieties recommended by the Department of Agriculture, Sri Lanka from 1958 to 
2021 (Table 4).  
 
Table 4. Recommended rice varieties in Sri Lanka (Source: RRDI rice verities- Department of 

Agriculture Sri Lanka 

Recommended regional / stress resistance 
characteristics 

Examples 

Drought resistance Bg 251(GSR), Bg 250, Bg 301, Bg 314, Bw 266-
7, Bw 267-3, Bw 351, Bg 359, Bw 364, Ld 365, 
Ld 368, Ld 371, Bw 372, Bg 377, Bw 100, Bw 
451, Bw 453   

Submergence resistance Bw 302, Bw 272-6b, Bg 750, Bg 455 

For general cultivation Ld 253, At 313, H 10, Bg-34-8, Bg 276-5, Bg 
300 ,  At 303, Bg 304, Bg 305, At 306, At 307, 
At 308, At 309, At 311, H7, Bg 34-6, Bg 94-1, 
Bg 94-2, Bg 350, Bg 352, Bg 357, Bg 358, Bg 
360, Bw 361, At 362, Bw 363, , Bg 366, Bw 367, 
Bg 370, Bg 381 IP, At 373, Bg 374, H 4,  H 8, Bg 
11-11, Bg 90-2, Bg 379-2, Bg 400-1, MI 273, Bg 
403, Ld 408, Bg 450, Bw 452, Bg 454 

Iron toxic soil  Bw 267-3, Bw 361, Bw 363, Bw 364, Bw 367, 
Bw 372, Ld 66, Bw 100 

Mineral soil  Bw 351 

Salinity Bg 310, At 353, At 354, Bg 369, Bw 400, At 
401, Bw 451 

Acidic soil  Ld 66, Bw 400 

 



137 
 

Other strategies 
Several adaptation strategies against abiotic and biotic stresses are practiced in Sri Lankan rice 

production (Table 5). 

Table 5. Climate change adaptation strategies for rice production in Sri Lanka  
(Source: RRDI rice verities- Department of Agriculture Sri Lanka) 
 

Adaptation type Examples of application 
 

Share loss Encourage farmers to diversify individual cropping, to 
share risk 

Bear loss Where losses cannot be avoided or adaptation cost 
exceeds benefit 

Mitigate the effects: structural and 
technological 

Increase reservoir capacity  
Implement water efficiency schemes 

Mitigate the effects: legislative, 
regulatory and institutional 

Change land-use planning practices  
Change water allocation practices 

Avoid or exploit changes in risk Move rice crop to lower-risk areas  
Promote other agricultural crops  
Change cropping calendar 

Research Refine relationships between variations in climate, 
water resources and crop yield.  Improve reliability 
and/or resolution of future climate variability models 

Education, behavioral Increase farmer awareness of the need to take 
individual or communal action to prepare for climate 
change 

 
Adaptation strategies for drought: 
Wet season rainfall will decrease over most of Sri Lanka according to the scenarios modelled. The 
months of January and February likely will be most affected, with the rains ending much earlier. 
This would lead to higher paddy irrigation requirements and lower water availability, increasing 
water stress. Local adaptation strategies are traditional approaches for resolving water stress, 
such as increasing water use efficiency, water harvesting and/or reducing cropped areas. Farmers 
are advised to consider earlier planting and shorter duration varieties to avoid the impacts of less 
rainfall in January and February [2]. 
 
The study conducted in Kurunegala district by Dharmarathna et al., 2014 on different rice planting 
date scenarios and found that advancing the planting date by 1 month led to increased rice yields 
compared to the base condition, while delaying the planting date decreased yields for all varieties. 
This suggests that adapting to climate change in Kurunegala could involve shifting the planting 
date by 1 month, serving as a non-costly strategy to mitigate potential climate impacts on rice 
production in the region [29]. Short-Duration Seeds: Utilizing short-duration seeds (At362," 
"Bg300," and "Bw362) particularly ŘǳǊƛƴƎ ǘƘŜ ά¸ŀƭŀέ ǎŜŀǎƻƴ ƻƴ ƭƻǿƭŀƴŘ ŦƛŜƭŘǎΣ ǊŜŘǳŎŜǎ ǘƘŜ 
likelihood of production loss due to wilting by approximately 5%. These seeds mature faster, 
allowing crops to complete their growth cycle within a shorter timeframe and better withstand 
water stress [30]. Crop Diversification: Diversification into alternative field crops, especially during 
ǘƘŜ ά¸ŀƭŀέ ǎŜŀǎƻƴ ƻƴ ƭƻǿƭŀƴŘǎΣ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ƭƻǿŜǊǎ ǎŜƴǎƛǘƛǾƛǘȅ ǘƻ ǿŀǘŜǊ ǎǘǊŜǎǎ ōȅ ŀōƻǳǘ мл҈Φ ¢Ƙƛǎ 
approach involves planting different crops alongside or in rotation with rice, providing farmers 
with a buffer against drought-related yield losses [27].  
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Agroforestry:  
tƭŀƴǘƛƴƎ ŀƎǊƻŦƻǊŜǎǘǊȅ ǘǊŜŜǎ ƻƴ ƭƻǿƭŀƴŘ ŦƛŜƭŘǎ ŘǳǊƛƴƎ ǘƘŜ ά¸ŀƭŀέ ǎŜŀǎƻƴ Ŏŀƴ ǊŜŘǳŎŜ ǿŀǘŜǊ ǎǘǊŜǎǎ 
sensitivity by approximately 7%, enhancing overall resilience to drought [30]. 
 
 
Crop residue retention:  
LƳǇƭŜƳŜƴǘƛƴƎ ƛƳǇǊƻǾŜŘ ŎǊƻǇ ǊŜǎƛŘǳŜ ǊŜǘŜƴǘƛƻƴ ǇǊŀŎǘƛŎŜǎ ƛƴ άaŀƘŀέ ƭƻǿƭŀƴŘ ŦƛŜƭŘǎΣ ƛƴǾƻƭǾƛƴƎ ǘƘŜ 
retention of crop residues for at least five years and enhancing decomposition rates, substantially 
decreases water sensitivity by about 15.5%. This approach enhances soil health, moisture 
retention, and overall drought tolerance [30]. These adaptation strategies have offered practical 
solutions for rice farmers to mitigate the adverse impacts of drought, promoting sustainable rice 
cultivation in challenging water-stressed environments [30]. 
 
Drought-tolerant rice varieties have emerged as crucial solutions to combat erratic rainfall 
patterns in Sri Lanka's rain-fed rice cultivation zones. Approximately 35% of rain-fed rice farmers 
ŦŀŎŜ ǘƘŜ ŎƘŀƭƭŜƴƎŜ ƻŦ ƛƴǎǳŦŦƛŎƛŜƴǘ ǿŀǘŜǊ ŀǾŀƛƭŀōƛƭƛǘȅ ŘǳǊƛƴƎ ǘƘŜ ά¸ŀƭŀέ ǎŜŀǎƻƴΦ ¢ƻ ŀŘŘǊŜǎǎ ǘƘƛǎ ƛǎǎǳŜΣ 
Sri Lanka's Agronomy Division, RRDI has actively engaged in screening rice lines for moisture-
stressed conditions since 2008, collaborating with international organizations like the 
International Rice Drought Tolerant Nursery (IRDTN) and the "Green Super Rice" project. Through 
ǘƘŜǎŜ ŜŦŦƻǊǘǎΣ ǘǿƻ ǇǊƻƳƛǎƛƴƎ ǊƛŎŜ ƭƛƴŜǎΣ ά.Ǝ мл-флнуέ ŀƴŘ άLw5¢b лт-ммέΣ ǿŜǊŜ ƛŘŜƴǘƛŦƛŜŘ ŀƴŘ 
underwent adaptaōƛƭƛǘȅ ǘŜǎǘƛƴƎΦ ά.Ǝ мл-флнуέ ǿŀǎ ǊŜƭŜŀǎŜŘ ŀǎ ά.Ǝ нрм D{wέ ƛƴ нлмпΣ ŀƴŘ άLw5¢b 
07-ммέ ōŜŎŀƳŜ ά.Ǝ омпέ ƛƴ нлнлΣ ŘŜǎƛƎƴŜŘ ǎǇŜŎƛŦƛŎŀƭƭȅ ŦƻǊ Ǌŀƛƴ-fed cultivation in Sri Lanka's dry 
and intermediate zones. These varieties offer varying maturity periods and yield potentials, 
providing adaptability to diverse environmental conditions and showcasing their potential to help 
farmers mitigate drought stress and minimize crop losses. 
 
Adaptation strategies for high temperature: 
With projections indicating decreased wet season rainfall and elevated temperatures, Sri Lankan 
rice growers adopt various measures. Recommending short-duration seeds, crop diversification, 
agroforestry, and improved crop residue retention practices serve to mitigate the adverse impacts 
of high temperatures on rice cultivation. 
 
Adaptation strategies for salinity: 
In response to the challenges posed by soil salinity in Sri Lankan paddy fields, several crucial 
strategies and measures have been proposed to safeguard rice production as follows. Firstly, 
there's a focus on Soil Health Management, promoting practices like proper tillage, effective land 
leveling, and the application of organic manure to enhance soil health and productivity in salt-
affected paddy fields. Secondly, the introduction of salt-tolerant varieties is encouraged, such as 
άtƻƪƪŀƭƛέ ŀƴŘ άbƻƴŀōƻƪǊŀέΣ ǇƻǎǎŜǎǎ ƳŜŎƘŀƴƛǎƳǎ ǘƻ ǘƘǊƛǾŜ ƛƴ ǎŀƭƛƴŜ ŎƻƴŘƛǘƛƻƴǎΣ ƳŀƪƛƴƎ ǘƘŜƳ 
suitable for cultivation in salt-contaminated fields [30]. Additionally, efforts have been made to 
develop High-Yielding Dwarf Varieties (e.g., At 354, At 401, Bg 310, and Bg 369) that are both salt-
tolerant and well-adapted to local conditions, offering improved grain yields compared to 
traditional salt-tolerant varieties [30]. Furthermore, ensuring the availability of quality seeds of 
salt-tolerant rice varieties and promoting self-seed production by farmers is emphasized, along 
with the establishment of seed production farms in major districts to meet demand. 
 
Other key measures include the control of illegal sand mining to prevent saltwater intrusion, the 
construction and maintenance of Sea Water Restraining Bunds in vulnerable areas, efficient water 
distribution to mitigate excessive salt concentration, and the regulation of groundwater extraction 
to ensure sustainable use [31]. Leveraging technology such as weather advisory systems, 
Geographic Information System (GIS), and remote sensing aids in informed decision-making for 
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planting seasons and identifying areas with salt accumulation, facilitating the implementation of 
best management practices for paddy cultivation [31]. Several key strategies are employed by rice 
growers in Sri Lanka to address these biotic stresses:  
 
 
Pest-resistant rice varieties:  
Farmers in Sri Lanka have been adopting pest-resistant rice varieties that are developed through 
breeding programs. For instance, varieties resistant to the brown plant hopper, a significant rice 
pest in the region, have been cultivated. These resistant varieties help reduce the damage caused 
by pests, leading to higher yields and enhanced food security [32]. 

Integrated Pest Management (IPM) Practices: IPM practices are widely promoted in Sri Lanka as a 
sustainable approach to pest management. Farmers are encouraged to use biological control 
methods, such as introducing natural predators of rice pests, alongside cultural practices like crop 
monitoring and the use of pheromone traps. These practices help reduce pesticide use and 
minimize negative environmental impacts [32]. 

Crop rotation: 
It is an essential practice in Sri Lankan rice farming. By alternating rice cultivation with other crops, 
farmers disrupt the life cycles of pests and diseases. For example, planting leguminous crops in 
between rice cycles can help control nematode populations, which can damage rice roots [32]. 
Application of Pesticides or Biocontrol Agents: While sustainable practices are prioritized, the 
judicious application of pesticides or biocontrol agents is sometimes necessary to manage severe 
pest outbreaks. Integrated approaches ensure that pesticides are used sparingly and in a targeted 
manner to minimize environmental and health risks [32]. 
 

Widely used adaptation strategies, techniques and new rice varieties in the world   
Researchers have addressed the challenges of climate change by employing genomics-assisted 
breeding (GAB) to develop rice varieties that are resilient to various biotic and abiotic stresses, 
enhancing their suitability for sustainable and climate-smart rice production. The International 
Rice Research Institute (IRRI) is at the forefront of developing climate-smart rice varieties to 
address a spectrum of climate-related challenges. Their approach includes utilizing marker-
assisted breeding techniques for precision and efficiency. In response to drought, IRRI and its 
national partners have developed a drought-ǘƻƭŜǊŀƴǘ ǊƛŎŜ ǾŀǊƛŜǘȅ ƴŀƳŜŘ άLwтпотм-70-1-мέΣ 
ǊŜƭŜŀǎŜŘ ŀǎ ά{ŀƘōƘŀƎƛ 5Ƙŀƴέ ƛƴ LƴŘƛŀΣ ά{ǳƪƘŀ 5Ƙŀƴ оέ ƛƴ bŜǇŀƭΣ ŀƴŘ ά.wwL 5Ƙŀƴ рсέ ƛƴ .ŀƴƎƭŀŘŜǎƘΦ 
This variety exhibits genetic drought tolerance and efficient soil moisture extraction, offer a yield 
ŀŘǾŀƴǘŀƎŜ ƻŦ лΦу ǘƻ мΦс ǘƻƴǎ ǇŜǊ ƘŜŎǘŀǊŜ ƻǾŜǊ ƻǘƘŜǊ ǾŀǊƛŜǘƛŜǎ ŘǳǊƛƴƎ ŘǊƻǳƎƘǘ ȅŜŀǊǎΦ ά{ŀƘōƘŀƎƛ 
5Ƙŀƴέ Ƴŀƛƴǘŀƛƴǎ ŀ ŦŀǾƻǊŀōƭŜ ȅƛŜƭŘ ŜǾŜƴ ƛƴ ƴƻƴ-drought conditions and has shorter maturity 
duration, allowing for increased cropping intensity. These drought-tolerant varieties have the 
potential to uplift socio-economically disadvantaged farmers and enhance food security in rain-
fed rice-dependent areas [33]. They're addressing the adverse effects of high temperatures on 
rice production by identifying heat-tolerant varieties and incorporating heat tolerance into elite 
lines. Cold tolerance, particularly vital during critical reproductive stages, is also a focus, with IRRI 
conducting breeding programs to develop cold-tolerant rice varieties. 
 
IRRI has also tackled the problem of flooding, a major threat to rice crops, by incorporating the 
SUB1 gene, conferring submergence tolerance for up to 14 days. This innovation has resulted in 
ǾŀǊƛŜǘƛŜǎ ǎǳŎƘ ŀǎ ά{ǿŀǊƴŀ {ǳōмέ ŀƴŘ ά{ŀƳōŀ aŀƘǎǳǊƛέΣ ǿƘƛŎƘ ōƻŀǎǘ ȅƛŜld advantages of 1ς3 tons 
following flooding [34]. Furthermore, IRRI's efforts extend to salt-tolerant rice, exemplified by 
ά.wwL 5Ƙŀƴ ммέΣ ŘŜǎƛƎƴŜŘ ǘƻ ǘƘǊƛǾŜ ƛƴ ǎŀƭƛƴŜ ŎƻƴŘƛǘƛƻƴǎΣ ǇƻǘŜƴǘƛŀƭƭȅ ōƻƻǎǘƛƴƎ ǊƛŎŜ ǇǊƻŘǳŎǘƛǾƛǘȅ ƛƴ 
salt-affected areas. Additionally, it is dedicated to addressing soil-related challenges, such as 
nutrient imbalances and toxicities, by identifying genetic donors for tolerance and breeding 
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resilient rice varieties. Their comprehensive research and breeding programs aim to create 
climate-resilient and stress-tolerant rice varieties, ultimately enhancing food security for farmers 
in challenging environments [34].  
 
Marker-assisted backcrossing (MAB) and pyramiding techniques have been successfully applied 
to enhance the tolerance of populaǊ ǊƛŎŜ ǾŀǊƛŜǘƛŜǎ ƭƛƪŜ ά{ǿŀǊƴŀέΤ ǘƻ ǎǇŜŎƛŦƛŎ ǎǘǊŜǎǎƻǊǎΣ ǎǳŎƘ ŀǎ 
submergence and drought. Quantitative trait loci (QTLs) for traits like drought tolerance 
(qDTY12.1, qDTY3.1, and qDTY1.1), submergence tolerance (Sub1), and salinity tolerance (Saltol). 
Furthermore, pyramiding of resistance genes has proven effective against diseases like bacterial 
blight and blast, ensuring durable resistance. These innovative breeding strategies have resulted 
in the development of climate-resilient rice varieties [10]. 
 
Under the Stress Tolerant Rice for Africa and South Asia (STRASA) project at the IRRI, have 
developed notable rice varieties carrying combinations of 6 to 10 quantitative trait locus 
(QTLs)/genes. These varieties exhibit resilience to multiple stresses, including bacterial leaf blight, 
blast, brown plant hoppers, gall midge, drought, and submergence, while maintaining superior 
grain quality. These lines are adaptable to various environmental conditions and can serve as elite 
parental lines for future breeding efforts aimed at achieving high genetic gains. Additionally, 
researchers have focused on enhancing adaptability to direct-seeded rice (DSR) conditions, which 
are particularly relevant in the face of changing climate patterns and limited water resources. 
Traits like root characteristics, early vegetative vigor, uniform emergence, grain yield under DSR 
conditions, and lodging resistance have been combined with drought tolerance and resistance to 
biotic stresses using marker-assisted selection (MAS). The introduction of a multi-parent advanced 
generation intercross (MAGIC) population strategy further advances the exploration of multiple 
alleles' effects on grain yield, grain quality, and stress tolerance in rice breeding [10]. 
 
An ambitious breeding program was conducted in Thailand to enhance the resilience of the 
ǇƻǇǳƭŀǊ Ǝƭǳǘƛƴƻǳǎ ǊƛŎŜ ǾŀǊƛŜǘȅ άw5сέΣ ƪƴƻǿƴ ŦƻǊ ƛǘǎ ŀǊƻƳŀǘƛŎ ǉǳŀƭƛǘƛŜǎ ŀƴŘ ǎƻŦǘ ǘŜȄǘǳǊŜΦ ¢ƘŜȅ ŀƛƳŜŘ 
to address the dual challenges of blast disease and salt stress by employing gene pyramiding 
techniques through MAB. This innovative approach involved combining four blast resistance QTLs 
όǉ.ƭ мΣ нΣ ммΣ ŀƴŘ мнύ ǿƛǘƘ ǘƘŜ ά{ŀƭǘƻƭ v¢[έ ŦƻǊ ǎŀƭǘ ǘƻƭŜǊŀƴŎŜ ώорϐΦ 
 
The breeding process began with the cross between the RD6 introgression line (RGD07005-12-
165-1), which carried the blast-resistant QTLs, and the salt-ǘƻƭŜǊŀƴǘ άtƻƪƪŀƭƛέ ǾŀǊƛŜǘȅΦ ¢ƘŜ ǊŜǎǳƭǘƛƴƎ 
new rice variety, named "RD6 BC4F4 132-12-смέΦ ¢Ƙƛǎ ƴŜǿƭȅ ŘŜǾŜƭƻǇŜŘ ǊƛŎŜ ǾŀǊƛŜǘȅ ǘƘŀǘ ƴƻǘ ƻƴƭȅ 
retained the favorable agronomic traits of RD6 but also demonstrated resistance to blast disease 
and salt tolerance. This development has offered great potential for Northeast Thailand's farmers, 
providing them with an improved rice variety capable of thriving in regions affected by blast 
disease and salt stress [35]. 
 
Planning and Environmental Conservation in China have given the attention to land use planning 
in rice-growing areas, improving soil organic matter, reducing agricultural chemical use, and 
enhancing organic carbon storage in agricultural systems. This includes implementing measures 
like green manure cropping, protective lime amendment, straw management, and precision 
fertilization. The integration of rice productivity technology, soil organic carbon sequestration 
technology, and paddy Green House Gases (GHG) emissions reduction technology can promote 
sustainable development of the rice industry and mitigate climate warming effects [36]. 
 
Water-saving and drought-ǊŜǎƛǎǘŀƴǘ ǊƛŎŜ ό²5wύ ǊŜǇǊŜǎŜƴǘǎ ŀ ǇƛƻƴŜŜǊƛƴƎ ǊƛŎŜ ǾŀǊƛŜǘȅ ǿƘƛŎƘ ǇƻǎǎŜǎΩ 
high yield potential and grain quality with a capacity to thrive in water-scarce and drought-prone 
conditions. This innovative rice type is the result of a strategic fusion of traits from both lowland 
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and upland rice ecotypes, each renowned for its adaptation to distinct soil water conditions, owing 
to their unique drought-resistant characteristics. Upland rice, which flourishes in water-limited 
environments, has been particularly effective due to its robust drought avoidance and resistance 
attributes, cultivated through a specialized bidirectional selection process [37]. 
In the development of WDR varieties, the selection of elite parent plants based on the genetic 
diversity including drought avoidance, tolerance, water use efficiency, and productivity, thereby 
mitigating potential trade-offs among these essential traits. Hybridization breeding, has enhanced 
complex traits like yield potential and drought resistance.  In addition, its overall suitability has 
been developed by transferring and combining pest- and disease-resistant genes. Numerous 
registered WDR varieties are now available to farmers, demonstrating their adaptability to both 
irrigated and rain-fed ecosystems. To maximize the potential of WDR, crop management practices 
encompass water-saving cultivation methods in lowland paddy fields and dry seeding with aerobic 
cultivation in rain-fed fields, promoting resource-efficient and eco-friendly rice production in 
China [37]. 
 
A study conducted in South Bangladesh aimed to evaluate the suitability of various rice varieties 
for wet and dry seasons in coastal areas affected by climate change-induced salinity and 
waterlogging. They have utilized statistical models like Additive Main Effects and Multiplication 
Interaction (AMMI) and Genotype and Genotype-by-Environment Interaction (GGE) to assess 
genotype-ŜƴǾƛǊƻƴƳŜƴǘ ƛƴǘŜǊŀŎǘƛƻƴ όD9Lύ ŜŦŦŜŎǘǎ ƻƴ ƎǊŀƛƴ ȅƛŜƭŘΦ CǊƻƳ ǘƘƛǎ ǎǘǳŘȅ ά.wwL ŘƘŀƴрпέ Ƙŀǎ 
ƛŘŜƴǘƛŦƛŜŘ ŀǎ ǘƘŜ Ƴƻǎǘ ǎǳƛǘŀōƭŜ ǾŀǊƛŜǘȅ ŦƻǊ ǘƘŜ ǿŜǘ ǎŜŀǎƻƴΣ ǿƘƛƭŜ ά.wwL ŘƘŀƴптέ Ƙŀǎ ǇǊŜŦŜǊǊŜŘ ŦƻǊ 
the dry season across all sites, aligning with farmer preferences for higher yields. Modern rice 
varieties outperformed traditional ones, suggesting their promotion for wider adoption [38]. All 
these newly developed rice varieties are widely utilizing in worldwide farmers regardless of the 
climate conditions or pathogen attack and gain significant amount of increase yield while standing 
against to abiotic and biotic stresses.    
 

Limitations  
There are many adaptation technologies along with several stress tolerance rice varieties available 
in Sri Lanka. But most of the Sri Lankan paddy farmers stick to limited number of varieties (Figure 
2) throughout the whole time. This will be a major barrier in the adaptation against abiotic and 
biotic stresses of rice cultivation in Sri Lanka. 

 

 

Figure 2. The most popular rice varieties in Sri Lanka ς 2019 (Source: RRDI Socio Economics 
Aspects Cultivated Extents ς Department of Agriculture Sri Lanka).  
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Many farmers adhere to traditional farming practices that have been passed down through 
generations. These practices often involve using specific rice varieties that have been cultivated 
in the region for a long time. Farmers may be resistant to change due to the familiarity and success 
they have had with these traditional varieties. In addition, farming is a high-risk occupation, and 
farmers may be risk-averse when it comes to adopting new varieties. They may fear potential crop 
failure or reduced yields if they switch to unfamiliar rice varieties. This risk aversion can be a 
significant barrier to the adoption of new and potentially more resilient varieties. 
 
Some farmers may not be aware of the availability of newer, more stress-tolerant rice varieties. 
Access to information, education, and extension services may be limited in certain regions, 
preventing farmers from learning about and adopting improved varieties that could better 
withstand abiotic and biotic stresses. Farmers may face challenges in accessing seeds of new 
varieties. The availability of seeds for traditional varieties may be more widespread and accessible, 
while seeds for newer varieties may be limited or more difficult to obtain. 
 
Some farmers choose rice varieties based on market demand and consumer preferences. If there 
is a consistent demand for a specific type of rice, farmers may be reluctant to switch to other 
varieties, even if those are more resistant to stresses. Certain rice varieties may be deeply 
ingrained in the cultural and culinary traditions of a region. Farmers may prefer growing rice 
varieties that are well-suited for local cuisines and traditional practices, reinforcing the continued 
cultivation of those varieties. The absence of financial or other incentives to adopt new varieties 
can discourage farmers from making changes. If there are no clear benefits, either in terms of 
increased yields, reduced input costs, or improved resistance to stresses, farmers may be less 
motivated to switch to new varieties. 
 
To address these barriers, efforts should be made to provide education and extension services, 
improve access to seeds of stress-tolerant varieties, and create incentives for farmers to adopt 
new and resilient rice varieties. Collaboration between researchers, agricultural extension 
services, and local communities is crucial in promoting the adoption of improved agricultural 
practices. The most important factor is, diverse range of improved rice varieties and different 
strategies against abiotic and biotic stresses are introducing around the world. Respective 
government authorities have responsible to check the suitability of those novel rice varieties and 
advanced strategies in Sri Lankan contest. Then they have to work on the popularity of those latest 
strategies which can utilize against abiotic and biotic stresses in the ground level farmers.   
 

Socioeconomic implications in Sri Lanka 
According to the Asian Development Bank assessing the costs of climate change and adaptation 
in South Asia report, dry and intermediate zones drought condition will have increased. Those 
zones consist the major rice cultivation areas. At the same time, they use regional climate model 
projections and forecast high cloud cover arising from the southwest monsoon circulation may 
limit solar radiation in the wet zone during the yala season (AprilςAugust) and in the dry zone 
during the maha season (OctoberςJanuary). Due to those climate changes rice production will 
significantly decrease in Sri Lanka (Figure 3) [5]. This will negatively effect on many sectors and 
food security will be in the jeopardy.   
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Figure 3. The impact of climate changes in rice production of Sri Lanka (Source: Ahmed, 2014). 
ά!ǎǎŜǎǎƛƴƎ ǘƘŜ Ŏƻǎǘǎ ƻŦ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ŀƴŘ ŀŘŀǇǘŀǘƛƻƴ ƛƴ {ƻǳǘƘ !ǎƛŀέΦ !ǎƛŀƴ Development Bank) 

The adoption and expansion of stress-resistant rice varieties affect the social and economic 
aspects of the country. Cultivating stress-resistant rice varieties in Sri Lanka can significantly boost 
the income and livelihoods of farmers while benefiting rural communities. These specialized rice 
varieties, developed to thrive under adverse conditions like drought, flooding, salinity, and pests, 
offer higher and more stable yields. As farmers adopt these varieties, they can achieve better 
production even amid unpredictable weather patterns, reducing risks associated with crop failure. 
This not only enhances food security within farming households but also contributes to 
community resilience by providing a consistent rice harvest. Moreover, increased farm 
profitability enables farmers to reinvest in agriculture, diversify income sources, and stimulate 
local economic development, ultimately leading to improved well-being in rural areas [39]. 

The availability of stress-resistant rice varieties in Sri Lanka holds substantial potential for 
enhancing food security. These specialized rice strains, resilient to adverse climate conditions, 
promise more stable rice production and a reduced risk of food shortages triggered by erratic 
weather patterns. Their higher yields contribute to increased rice availability in the market, 
fostering diversified food sources and enabling vulnerable populations to access a more nutritious 
diet. This leads to improved food affordability and resilience against climate-related shocks, 
benefiting not only small-scale farmers but also marginalized communities who are most 
vulnerable to food insecurity [40]. 

A compelling narrative of progress in global rice production unfolds through insightful analysis. 
The discernible upward trend in rice yield over time, combined with the expanding production 
areas worldwide, distinctly underscores a positive trajectory. This collective increase in rice 
production signifies agricultural advancement and serves as a clear indicator of the potential to 
fortify and enhance global food security. The correlation between expanded production areas and 
increased yield is unmistakable, contributing directly to a more robust and reliable food supply. 
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This optimistic pattern signifies a noteworthy step forward in addressing the challenges of food 
security, laying the foundation for sustained agricultural resilience on a global scale [41]. 
 
It also influences rural-urban migration patterns in Sri Lanka. When farmers have more reliable 
incomes due to these varieties, it can discourage migration to urban areas in search of 
employment. This could lead to the retention of the rural workforce, potentially revitalizing rural 
communities, preserving local traditions, and reducing the strain on urban infrastructure [42]. The 
expansion of stress-resistant rice varieties aligns with environmental sustainability goals by 
reducing the need for excessive pesticide use, promoting efficient resource utilization, and 
potentially minimizing land use changes. However, careful monitoring is necessary to ensure that 
sustainable agricultural practices are maintained and that the introduction of new varieties does 
not lead to unintended environmental consequences [43]. 
 
There may be socioeconomic disparities in access to stress-resistant rice varieties and associated 
agricultural technologies. It's important to ensure that smallholder farmers and marginalized 
communities have equitable access to these innovations. Barriers to access, such as affordability 
and knowledge gaps, should be addressed to promote inclusive adoption [44]. The shift towards 
stress-resistant rice varieties may lead to changes in labor demand in the agricultural sector. While 
there may be reduced demand for manual labor in some aspects of rice farming, there could be 
an increased need for specific skills related to the cultivation of these varieties, such as knowledge 
of their unique requirements and traits [45]. 
 
The adoption of stress-resistant rice varieties can influence rice markets, affecting prices and 
competition. While increased rice availability may stabilize prices, market dynamics can vary [46]. 
The adoption and expansion of stress-resistant rice varieties in Sri Lanka not only impact farmers 
but also hold significant implications for consumers. The increased availability of rice in the 
market, resulting from higher and more stable yields of stress-resistant varieties, plays a crucial 
role in influencing food accessibility and affordability for consumers. With a more consistent rice 
harvest, consumers are likely to experience a stabilized rice supply, potentially leading to more 
predictable and affordable prices. 
 
Moreover, the diversified food sources facilitated by the higher yields of stress-resistant rice 
varieties contribute to a more nutritious diet for consumers. As these specialized rice strains offer 
resilience against adverse climate conditions, consumers can benefit from a continuous and varied 
supply of rice, reducing the vulnerability to food shortages triggered by erratic weather patterns. 
This improvement in food security at the production level directly translates into enhanced food 
accessibility and quality for consumers. 
 
Additionally, the potential reduction in rural-urban migration, driven by increased income stability 
for farmers, can positively impact rural communities. Consumers in these areas may witness a 
preservation of local traditions and a sustained rural workforce, contributing to the overall well-
being of rural communities. It's important to conduct thorough research and gather data to 
support the analysis of these socioeconomic implications. Additionally, engaging with 
stakeholders, including farmers, agricultural experts, and policymakers, can provide valuable 
insights into the potential effects of expanding stress-resistant rice varieties in Sri Lanka. 
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Policy recommendations  

The IRRI and other related collaborations play a pivotal role in advancing rice research in Sri Lanka. 
It is better to have well planned and improved policies which are integral to addressing the 
challenges posed by abiotic and biotic stresses in changing climates. Firstly, it needs to focus on 
securing adequate funding for research programs, fostering collaborations with national and 
international institutions, private sector partners, and government agencies. This strategic pooling 
of resources ensures a robust foundation for innovative rice variety development initiatives.  In 
addition, through the international collaborations, newly developed successful, multi stress 
resistant rice varieties could trial on specific regions in Sri Lanka and analyze their suitability and 
productivity under the adverse climatic conditions.  
 
Another factor is that, the prioritization of traits within IRRI's breeding programs are needed to 
guide by specific policies aiming at enhancing resilience. These policies may emphasize traits such 
as drought tolerance, disease resistance, and adaptability to varying climate conditions. 
Implements policies concerning seed production, quality control, and distribution, ensuring that 
stress-tolerant rice seeds are not only developed but also made accessible to farmers throughout 
the country. 
 
Policies that promote the dissemination of research findings and knowledge about stress-tolerant 
rice varieties will be strengthening extension services. This involves extensive training programs 
for extension workers and initiatives to raise awareness among farmers, encouraging the 
widespread adoption of advanced rice varieties. Moreover, the integration of climate-resilient 
agriculture strategies into national policies aligns IRRI's research goals with broader initiatives 
aims at addressing the impacts of climate change on agriculture. 
 
Continuous capacity building is another significant factor, that encompassing scientists, 
researchers, extension workers, and farmers. Training programs ensure that stakeholders stay 
abreast of the latest advancements in rice research, cultivation techniques, and sustainable 
agricultural practices. The robust monitoring and evaluation frameworks, systematically assessing 
the impact of research and policies over time will allow the success of strategies to ensure that 
intended goals are achieved effectively. 
 
Lastly, active promotion of international collaboration, fostering partnerships with global research 
organizations and institutions is really important. The exchange of germplasm, research findings, 
and collaborative projects on an international scale accelerates progress in rice variety 
development, contributing to a collective effort in addressing the challenges posed by abiotic and 
biotic stresses in the dynamic context of changing climates.  
 

Summary  
The rice production is a crucial factor for the many Asian nations, and even a small decrease in 
productivity could threaten food security. Climatic changes directly accelerate abiotic and biotic 
stresses, which may cause to decrease the rice production. Therefore, approaches to overcome 
abiotic and biotic stresses due to climate change are essential. Developing more tolerant crop 
varieties and improving crop management practices could be possible solutions for these 
increasing abiotic and biotic stresses. Most of other Asian countries who use the rice as one of 
their major staple crops are already adopted improved rice varieties in their field. But most of the 
Sri Lankan rice farmers are stick with few rice varieties especially reluctant to change their 
traditional seed collection. Current climatic pattern in Sri Lanka dramatically changing than past 
decays. Therefore, Sri Lankan rice crop cultivation system must adapt to traditional and advanced 
mitigating strategies in parallel to other Asian countries.  The promotion of climate-resilient rice 
varieties that can withstand drought, flooding, salinity, and pests, efficient irrigation practices and 
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etc. are some strategies could follow in Sri Lankan farmers. However, the Global trends are more 
tend to expand novel rice verities with combined stress resistance characteristics to withstand 
adverse climatic effects. Therefore, Sri Lankan rice crop cultivation system needs to expand the 
range of rice verities with the suitable analyzing techniques to comply with the regional 
specifications.  
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Enhance the agriculture-based economy of Sri Lanka: A decision 

support tool including crucial climate forecast and optimal 

cultivation plan 

 

N.M. Hakmanage1, N.V. Chandrasekara2*, D.D.M. Jayasundara2 

 

Abstract  
Sri Lanka's agricultural practices are largely rain-fed, meaning they heavily rely on the natural 
precipitation patterns for irrigation rather than extensive irrigation systems. This makes rainfall a 
crucial determinant of crop success and overall agricultural productivity. As rural communities in 
Sri Lanka make a considerable contribution in terms of feeding a growing population, this chapter 
introduces a user-friendly decision support tool called as 'Smart Agro Planner' which contains a 
rainfall forecasting model and optimal cultivation plan for the agricultural officers of a village to 
make decisions on cultivation and deliver to the farming communities. This study introduces a 
new approach to forecast rainfall using Multiple Artificial Neural Network (ANN) model and newly 
introduced modified picture fuzzy numbers known as Sceptical Picture Fuzzy Numbers with its 
application in the proposed cultivation plan. The proposed cultivation plan provides details of 
which crops should be cultivated in which area and the best time for cultivation to get maximum 
profit and harvest considering uncertainty using fuzzy optimization. Sceptical Picture Fuzzy Goal 
Programming model was capable to obtain optimal results, which has 14% of increment in profit 
compared to the existing cultivation of a farming village using 24 crops. ANN model which is 
capable of forecasting rainfall with a mean squared error of 0.0547. This invention will contribute 
to enhance the economy and stabilize the food reserves in Sri Lanka.  
  

 

Keywords: Artificial Neural Network, Cultivation plan, Fuzzy numbers, Rainfall forecasting, Rural 

Farming  
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Introduction 

Agriculture plays a pivotal role in Sri Lanka's economy, with a significant portion of the population 
depending on agriculture for their livelihoods and it is making an enormous contribution to the 
economy of the nation. However, the industry also must deal with issues/ challenges including 
resource scarcity, changing climatic patterns, and the requirement for sustainable operations. To 
address these challenges and propel the agricultural sector towards greater resilience and 
productivity, the development of a comprehensive decision support tool becomes imperative to 
empower farmers and stakeholders in the agricultural value chain with actionable insights derived 
from the integration of crucial climate forecasts and optimal cultivation plans. By leveraging 
advanced technologies and data-driven methodologies, such a decision support tool seeks to 
revolutionize decision-making processes within the agricultural landscape of Sri Lanka including 
early detection of climatic changes.  
 
Climate change is any change in climate over time, whether due to natural variability or because 
of human activity [1]. Climate change may cause risk at cultivation which may be unavoidable and 
unexpected [2-4]. The possible effects of climate change on agricultural production are not limited 
to crop cultivation. It will cause fluctuations in the quantity of the crop yields. As agricultural 
productivity is climate sensitive, forecasting climatic factors is important to maximize the harvest 
and plan and manage the cultivation [5]. Even though all the climatic factors have influenced on 
cultivation, rainfall is one of the major influential factors to Sri Lankan agriculture [6-7]. Rainfall 
forecasting is vital in agriculture, and it is a challenging task due to the uncertainty of natural 
phenomena [8]. Rainfall and its variability influence all sectors of agriculture in several ways. 
Rainfall variation adversely affects the quantity of the harvest. The rate of change of rainfall 
fluctuates with time. As it is changing with time, it is important to have an accurate rainfall 
forecasting model. Rainfall prediction is very important for decision makers in agriculture. 
Accurate information on rainfall is essential for the planning and management of cultivation [1]. 
A process of early recognition of rainfall is valuable for farmers as it is useful to make decisions 
that yield attractive benefits in the agriculture [9]. In the process of rainfall forecasting, it is 
required to consider what are the factors affecting rainfall [6].  
 
According to Shaikh et al. in 2017, temperature, humidity, wind speed, air pressure, cloud 
percentage are some of the major factors affecting rainfall [10]. Hence, this study considered 
available meteorological factors: rainfall, temperature (TM), humidity (HD), wind speed (WS), air 
pressure (PS) and cloud percentage (CD) recorded in a surrounding metrological station located in 
Dompe Divisional Secretariat in Gampaha district in the model building process. Based on these 
climatic factors, rainfall forecasting models can be developed using artificial neural networks. Past 
studies have obviously indicated that ANN is a good approach and has a high potential to forecast 
rainfall and it has better accuracy than other models [11]. On the other hand, Artificial neural 
network (ANN) can be used for predictions as it has a capability of examining and determining the 
nonlinear behavior of the historical data used for prediction [12]. Artificial neural network is a type 
of data driven technique which refers the principle of biological neurons [13]. The most common 
neural networks used in predictions in past studies is the feed forward neural network. Back 
propagation is widely used algorithm for training feed forward neural network [10]. Therefore, in 
this study, ANN approach is being applied to forecast rainfall using other related climatic factors. 
Further, the novelty of this study is introducing the Multiple ANN model for rainfall forecasting. 
The Multiple ANN is a neural network which obtains values for the input variables from another 
ANN model. It is a collection of ANNs.  

 
Artificial Neural Networks for forecasting climatic factors 
The data set contains monthly records of rainfall (mm), temperature (°C), wind speed (kmph), air 
pressure (mb), humidity (%) and percentage of clouds from January 2010 to December 2019 in 
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Dompe divisional secretariat, Gampaha district. The data set was divided into three parts and used 
for training (80%), validation (10%) and testing (10%) before applying to each model. The training 
data set was used for weight updating process in each model. A practical way to find an optimal 
point of better generalization and avoid over fitting is to set aside a small percentage of the 
training data (validation set). Finally, the performance of the models was evaluated using the 
unseen data set. 
 
The relationship between variables and cross correlations were examined using suitable statistical 
techniques to identify the significant variables for forecasting models. Pearson and Spearman 
Rho correlation coefficients are two widely using statistical measures when measuring the 
relationship between variables. The Pearson correlation coefficient assesses the linear 
relationships between variables, while the Spearman correlation coefficient evaluates the 
monotonic relationships and hence this study continues with both coefficients. Table 1 represents 
ǘƘŜ tŜǊǎƻƴΩǎ ŀƴŘ {ǇŜŀǊƳŀƴ wƘƻ ŎƻǊǊŜƭŀǘƛƻƴǎ ŀƭƻƴƎ ǿƛǘƘ ǘƘŜ Ǉ-value between rainfall and other 
selected climatic factors and cross correlations among them. These correlation coefficients were 
used to identify the significant factors affecting rainfall (i.e., p-value<0.05) and only the significant 
relationships are given in the Table 1. Non-significant correlations such as Temperarture_lag2, 
Temperature_lag3, Windspeed_lag2, Humidity_lag2, Cloud_lag2 were not considered further 
ǿƘŜǊŜ Ψ[ŀƎψмΩ ǊŜǇǊŜǎŜƴǘǎ ǘƘŜ ƻƴŜ ƳƻƴǘƘ ōŜŦƻǊŜ ǾŀƭǳŜ ƻŦ ǘƘŜ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ǾŀǊƛŀōƭŜ ŀƴŘ Ψ[ŀƎψнΩ 
ǊŜǇǊŜǎŜƴǘ ŀ ǇŜǊƛƻŘ ƻŦ н ƳƻƴǘƘ ōŜŦƻǊŜ ǾŀƭǳŜ ƻŦ ǘƘŜ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ǾŀǊƛŀōƭŜ ǿƘƛƭŜ Ψ[ŀƎψоέ ǊŜǇǊŜǎent 
a period of 3 month before value of the corresponding variable. 
 
Table 1. Correlation and cross correlation between rainfall and other significant climatic factors 

Parameter Correlation with rainfall 

tŜŀǊǎƻƴΩǎ p-value Spearman Rho p-value  

Temperature (c) -0.114 0.001 -0.122 0.03 
Wind speed (kmph) -0.190 0.001 -0.194 0.001 
Pressure (mb) -0.279 0.001 -0.281 0.001 
Humidity (%) 0.326 0.001 0.310 0.001 
Cloud (%) 0.386 0.001 0.401 0.001 
Temparature_lag1 0.248 0.001 0.243 0.001 
Windspeed_lag1 -0.219 0.001 -0.229 0.001 
Pressure_Lag1 -0.130 0.02 -0.130 0.007 
Presure_Lag2 -0.048 0.04 -0.056 0.03 
Pressure_Lag3 -0.030 0.04 -0.083 0.04 
Humidity_lag1 0.156 0.001 0.126 0.002 
Cloud_Lag1 0.242 0.001 0.246 0.001 

 

According to the Table 1, temperature, wind speed and air pressure have negative correlation 
with rainfall while humidity and cloud percentage have positive correlation with rainfall. Lag 1 of 
temperature, wind speed, air pressure, humidity and cloud percentage were significantly 
correlated with rainfall while lag 2 and 3 of air pressure were also statistically significant. The 
procedure of training an ANN as a forecasting model is as follows: The data set was trained for 
several trials and observed the number of hidden layers and neurons in each hidden layer which 
captured the minimum error. There are some transfer functions used in neural networks. Log-
sigmoid, tan sigmoid and pure linear are the most popular functions among them. Then the neural 
network was trained several times to cover all possible combinations of transfer functions by 
changing transfer function in layers. There are several backpropagation training algorithms 
available which are used to train neural networks. After selecting the training algorithm, the model 
ǿŀǎ ǘǊŀƛƴŜŘ ōȅ ŎƘŀƴƎƛƴƎ ƳƻŘŜƭ ǇŀǊŀƳŜǘŜǊΥ ŎƻƳōƛƴŀǘƛƻƴ ŎƻŜŦŦƛŎƛŜƴǘ ό˃ύ ŦǊƻƳ лΦллллм ǘƻ лΦлм ǳƴǘƛƭ 
the minimum error was obtained. Different networks give different results with the same training 
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functions and adaptive learning functions having the same number of neurons.  Therefore, 
thousands of models were trained until reaching the minimum error in each forecasting model.  
With reference to Table 1, out of climatic factors temperature, air pressure, wind speed, humidity 
and cloud percentage are significantly correlated with rainfall. To obtain an accurate rainfall 
forecasting model it is important to consider those climatic factors to the ANN model. Though 
present values of the climatic factors (lag zero) are required it is very important to train individual 
ANN models to forecast each climatic factor separately. Then, obtained those forecasted values 
as input to the rainfall forecasting model. Hence ANN was developed for aforementioned climatic 
factors separately.  

 
Artificial Neural Networks for Temperature, Pressure, Cloud Percentage, Humidity and 
Wind speed forecasting models 

As mentioned in the introduction ANN models are capable of forecasting time series data with 
minimum errors. Hence ANN models were trained with minimum errors measured using Mean 
Squared Error (MSE) and Normalized Mean Squared Error (NMSE). Table 2 illustrates the identified 
input combinations for each climatic factor along with MSE and NMSE.  
 
Table 2. Performance of the models with different combinations of input variables 

Variables  Input combination of variables  MSE NMSE 

Temperature TM_lag1, TM_lag2 0.2257 0.2364 

Pressure  PS_lag1, PS_lag2 0.2478 0.2130 

Cloud percentage CD_lag1, CD_lag2 0.2485 0.2369 

Humidity HM_lag1, HM_lag2 0.1457 0.1222 

Wind speed WS_lag1, WS_lag2 0.1987 0.1803 

* Temperature (TM), Wind speed (WS), Pressure (PS), Cloud percentage (CD), Humidity (HD), 
Temparature_lag1 (TML1), Windspeed_lag1 (WSL1), Windspeed_lag2 (WSL2), 
Pressure_Lag1(PSL1), Pressure_Lag2 (PSL2), Pressure_Lag3 (PSL3), Humidity_Lag1 (HDL1), 
cloud_Lag1 (CDL1), L1- lag 1, L2-Lag 2, L3-Lag 3 

Input combination of all climatic factors were limited to its first and second lags which were 
obtained minimum mean squared error and minimum normalized squared error. Then, the 
number of hidden layers were changed from one to four for the models selected above and 
recorded results in Table 3.  

 
Table 3.  Performance of the models with different number of hidden layers 
 

No of 
hidden 
layers 

Temperature Pressure Humidity Wind 
speed 

Cloud 
percentage 

 MSE 

1 0.2257 0.2478 0.1458 0.1987 0.2485 
2 0.2121 0.2490 0.1246 0.2082 0.2501 
3 0.3641 0.2501 0.2781 0.2584 0.2634 
4 0.3077 0.2687 0.3010 0.2672 0.3870 

 NMSE 

1 0.2364 0.2130 0.1221 0.1803 0.2369 
2 0.2188 0.2568 0.1167 0.2071 0.2544 
3 0.2789 0.2544 0.2498 0.2203 0.2578 
4 0.3047 0.2614 0.2765 0.2644 0.3109 
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There are two hidden layers in the ANN build for forecasting the temperature and humidity while 
one hidden layer in the ANN build for forecasting the pressure, wind speed and cloud percentage 
which have minimum errors. Therefore, those models were used to further improvements. As 
ANN models developed to forecast temperature and humidity, captured two hidden layers, Table 
4 (i) illustrates number of neurons required for those models in each layers.  

 
Table 4 (i). Performance of the models with different number of hidden neurons under 1st and 
2nd hidden layers 

Number of Neurons  
MSE 

 
NMSE 

 
Layer 1 Layer 2 

Temperature 

7 8 0.2780 0.3344 
7 9 0.3881 0.3478 
8 5 0.3748 0.3627 
8 6 0.2165 0.2142 
8 7 0.2740 0.2355 
8 8 0.2783 0.3007 
9 9 0.3578 0.3422 
9 10 0.3047 0.3881 
10 8 0.3742 0.3077 
10 9 0.3904 0.3199 
10 10 0.4369 0.4071 

 
 

Humidity  MSE NMSE 

10 9 0.1245 0.1169 
10 10 0.1378 0.1346 
10 11 0.1480 0.1631 
10 12 0.1495 0.1385 
11 11 0.1663 0.1451 
11 12 0.1879 0.1602 
12 10 0.1387 0.1300 
12 11 0.1268 0.1278 
12 12 0.1208 0.1143 
13 10 0.2047 0.2382 
13 11 0.2525 0.2366 
13 12 0.2877 0.2361 
14 10 0.3781 0.3408 

 
It was observed that 8 and 6 neurons in first and second hidden layers respectively in the ANN 
build for forecasting the temperature has minimum error. Further, based on the minimum MSE 
and NMSE, it was identified that there are 12 neurons in both first and second layers in the ANN 
build for forecasting humidity. There was one hidden layer in ANN models developed for 
forecasting the pressure, wind speed and the cloud percentage. Table 4 (ii) illustrates the number 
of neurons required for the hidden layer in three models.  
 
 
 
 
 




