Climatic changes, impacts, vulnerability, mitigation
and adaptations; Sri Lankan perspective

( Young Sc:entlst F@m_lm ( YSF) &
l@nal Science an%Technalagfi/.‘Com,lylssmn Sri Laﬁkaﬂ
' g i- ISBN'*.‘?(78 955 8630-33”46 ' 3 . “\“

L




YoungScientist Forum (YSF)
National Science and@echnologyCommission
Sri Lanka

ISBN978-955-8630-33-4

YSF Thematic Publicatie8024
Chapter ebook

Climatic changes, impacts, vulnerability, mitigation
and adaptations; Sri Lankan perspective

Editor-In-Chief
Professor Nayana Gunanthialka

Editorial board

Dr. AnushkdJpamali Rajapaksha
Dr. SumudMapa

Dr. PrathibanKumarihami

Dr. Nadarajah Kannan

Dr. Hasintha Wijesekera

Mrs. Thamali Kariyawasam

Published by
National Science and Technology Commission, Sri Lanka Young Scientists Forum (YSF)
26" January, 2024



National Science and@lechnology Commission (NASTEC), Sri
Lanka
Young Scientists Forum (YSE)24

Disclaimer: This work is subject to copyright. All rights are reserved by the Publisher,
whether the whole or part of the material is concerned, specifically the rights of
translation, reprinting, reuse of illustrations, recitation, broadcasting, reproduction on
microfilms or in any other physical way, and transmission or information storage and
retrieval, electronic adaptation, computer software, or by similar or dissimilar
methodology now known or hereafter developed. The publisher, the authors and the
editors are afe to assume that the advice and information in this book are believed to be
true and accurate at the date of publication. Neither the publisher nor the authors or the
editors give a warranty, express or implied, with respect to the material containesirher

or for any errors or omissions that may have been made. The publisher remains neutral
with regard to jurisdictional claims in published maps and institutional affiliations.
Responsibility of the content of chapters included in this publication remaitts the
respective authors but not the National Science and Technology Commission.

Citation: Name/s of chapter author/s (2024). Title of chapté6SF Thematic Publication
2024,National Science and Technology Commissiomi afsdka, Battaramulla. pp-=yx

ISBN978955-863033-4

National Science and Technology Commission (NASTEC) 6th Floor (Wing D), Sethsiripaya,
Stage Il, Battaramulla.
Web: http://www.nastec.gov.lk



PREFACE

The Young Scientists Forum (YSF) has been hosted by National Science and Technology
Commission (NASTEC) of ISanka since 2000, to provide apportunity for young

scientists in the country to voice their opinions 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. Thertte ofthe e-book for 20244 / € A Yl G A O OKI vy
AYLI OGaz @dzt ySNIoAftAGeT YAGAIFLTGAZ2Y YR | RI

The purpose of this thematic publication is to provide a comprehensive assessment of
climate change vulnerability and adaptation d&gies 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 wellbeing of its populationThis thematic pblication provides following deliverables
under four main themes namely: Agriculture &veéstock Fisheries, Coastal & Water
Resources Infrastructure & Technological Development and Renewable & Greenyye

Given that the mandate of NASTEC is to adthsegovernment 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 climatated challenges and
opportunities. By assessing vulnerability, analyzing impacts, evaluating aidaptat
strategies, and proposing policy recommendations, this publication will contribute to the
body of knowledge on climate change adaptation and facilitate evidéased decision
making. It will serve as a valuable resource for policymakers, researcheds,
practitioners working towards building a climatesilient future for Sri Lanka.

Editorial Board
YSF Thematic Publcati@024



Message from the Chairman /INASTEC

F ‘_l\

As the Chairman of the National Scietacel 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 thWorld as a whole such as the Climate Change Impact. Climate Change is one of
the key subjects that were recently discussed at tfieBdennial Conference on Science and
Technology by NASTEC. It is very encouraging to see the younger scientific geaésatgiving
attention on mitigating such an important concern. This thematjgublication under the title

G/ tAYFGAO OKIFy3aSas AYLI OGazr @dzZ ySNIoAfAGRTI YA
one of their efforts in educating the scientifioramunity to mitigate this global wide adverse
situation. This is their third consecutive chaptepwblication in recent years and | am proud to

see all these publications have addressed most important subjects that affect the country in
recent years.

.

Going through this publication, | 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 Develmin 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 resourceduld 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 solutins expressed in this book and to Prof. Nayana Gunathilaka,
Editorin-Chief and the Editorial Committee of YSF for taking initiative to compile such a
comprehensive publication.

Prof. Veranja Karunaratne
Chairperson
National Science and Technold@gmmission



Message from the Acting Director/NASTEC

| am pleased to deliver this message to théodek published by the National Science and
Technology Commission's (NASTEC) Young Scientists Forum for 2024obkissefocused on

the Climatic changes, impacts, vulnerability, mitigation and adaptatiorderursri 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), whicle is¢chievement of the long

term goals of the Paris Agreement, and has outlined targets in an Implementation Plan till 2030
GAOK (KS &dzLJLI2 NI FNRBY (KS ! yAGSR blriGA2ya 5S@St
Phase Il Project. Therefore, considering theater need of meeting these goals related to climate

change, the launchingf such a publication by YS#ich highlights the existing policy gaps and
necessary policy needs, can be considered as a timely project.

NASTEC, as the government's policy adyibody 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. Thistmok will also provide a wealth of information for readers who
wish © conduct further research in specific topics.

This Ebook consists of 18 chapters, each with a different topic linked to the main title under
several suksectors such as Agriculture, Fisheries, Renewable Energy and Technological
Development. The YSF Ediéd 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 policyniakers
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 membéie & SF Steering
Committee, with special thanks to the EdHorChief, Prof Nayana Gunathilaka, for their tireless
effort in making this #ook a reality. | also express my gratitude and congratulate all the young
scientists who contributed chapters this Ebook.

Geethani S. Kannangara
Actg. Director/ CEO



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 39 Ebook thematigoublication compiledy theYSF of th&lational Sciencand Technology
Commission(NASTEC)The thematic 221 AyaAdakKida Ayid2z2 GKS &/t A
+dzf YSNIYoAfAGeT aAidAdalrdAzys |yR T RFELIWIFGAZ2YyAY {
comprehensive overview of éhclimatic changes specific to Sri Lanka, exploring their impacts,
vulnerabilities, and the strategies adopted for mitigation and adaptation.

Theissue of climate change is one of the most pressing challenges of our time, widatding
consequences for the environment, society, and economy. In the Sri Lankan context, the impact
of climatic changes is increasingly evident, affecting variousSadfeour lives, from agriculture

and biodiversity to infrastructure and public health.

This thematic ook consisted 0fl9 book chaptersdelving into the multifaceted aspects of
climatic changes in Sri Lanka under foer main themes; Agriculture & \astock; Fisheries,
Coastal & Water Resources; Infrastructure & Technological Development and Renewable & Green
Energy. Each chapter with different topics pondeseentific thoughtsnd perspectives that can
significantly contribute to the richness adépth of this compilation.

| 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 tiis opportunity to compliment all the authors for bestowing their perceptions on
the thematic topics that committed thorough addressmwigclimatic changes in Sri Lankad | am

in debt to all the reviewers who kindly and thoroughly cooperated in revieamgimproving 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, EditGhief and the Editorial
Committee of the ébook and the YSF steering committee for compiling and promoting ok
and extending their invaluable support to find solutidos a sistainable and resilient future.

Prof. Kalpa W. Samarakoon
Chairperson YSE023
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Agriculture and Livestock CHAPTER 1

Effects ofclimate change and adaptation strategies on food
security in Sri Lanka

R.M.A.S.D. RajakarutiaB.G.N. SewwarriM.M.M. Najint

Abstract

The impacts of climate change have a major influence on the food security of a country. Sri Lanka
is a developingation 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 roleseiriabd production of Sri Lanka,
which is jeopardized by various climate chamgkated factors. Extreme weather events, increases

in temperature, and precipitation fluctuations affect agricultural productivity and enhance pest
and disease outbreaks. Thedstock 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 diseasaay

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 fisherldgerefore, 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.

Keywads: Agriculture, Climate resilience, Food production, Livestock, Nutrition

1Faculty of Silviculture and Forest Engineering, Transilvania University of Brasov, Romania
2Department of Zoology and Environmental Management, FaculBcience, University of Kelaniya, Sri Lanka
* Corresponding authosdrajakaruna97@gmail.com
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Introduction

The climate is the lonterm 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 HBNMifio-Southern Oscillation (ENSO) and Indi®cean Dipole (IOD) -H.
Nevertheless, humaimduced changes in global climate have become more dominant in the
present world than natural factors. The primary sources of huindnced climate change are
emissions due to energy use, urbanization, amdl lase chang€8]. 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 producf{®jtyFAQO et aj6]

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 Summif7] has declared that food security exists when all people, at all times, have
physical and economic access to sudfitj 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, arilitystab
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 meelt @hysiological 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 sh{flks

Nevertheless, ensuring global food security ha&tdme more challenging due to the rapid
increase in populatiof®]. The world population is expected to increase to 9.7 billion by 2030
Especially, vulnerable groups such as women are more susceptible to food insecurity due to their
significant contribtion to the production and preparation of food and their lower dietary intake

as household food managers F12]. Children also face various health, nutritional, and
developmental problems due to household food insecufit$]. Therefore, food insecurity has
become a seriousssue 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]. A study byKimMozeleski et a[17] found that higher
smoking prevalence is induced by the psychological distress related to food insecurityetmng
food insecurity, such as limited access to food and low nutrient étakkuses 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 co(@tjieSri

Lanka is an island in the Indian Océlaat 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, providg rainfall to the Southwestern part of the country. The first inter
monsoon occurs from March to April. The second Hmemsoon 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 patterns3a3

Agriculture, livestock, fisherieand 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. Climae chan
directly affect food security in many pathways. Agricultural and fisheries productivity could vary



over climate change, leading to adverse effects on livelihoods, income generated, and elevation
of food prices. Climatinduced disease burdens codithder food utilization by peoplé&esham et

al [25] have found that climateelated issues threaten food sedtyr 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 literatureelated 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 foodtgecu

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 deases[26]. In addition to the pressure of the increasing global
population, climate change has reduced global food security by decreasing agricultural
productivity. South Aa 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[g@kddany crops

in South Asia would experience a large reduction in yields with increasing temperatures, whil
changes in precipitation patterns could induce failure in rainfed agricul@8k

For example, crop production in Sri Lanka could be taléokramasinghe et §29] have found

that agriculture in the Northern and Eastern parts of Sri Lanka shows high vulrtgtabdimate
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 atitice 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 futurd24]. De Silva et aJ23] have found that the average irrigation water
requirement for paddy production in Sri Lanka will increase by 23% due to af leikfall 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 LanK23]. A study conducted bJayathilaka et gB0] in a midcountry wet zone

has shown that the decrease in annual rainfall and an increase of temperature by 1.4°C from 1980
¢ 2007 in the particular area has led to an increase in yield andrirad extent covered by coconut

and tea plantations. A rise in atmospheric temperature causes increased plant respiration rate
and evapotranspiratiofi26]. Gunathilaka et aJ31] 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 tempegatiin increase in average
temperature by 1 °C would reduce tea production by 4.6%, while an additional 200 mm of annual
rainfall could decrease tea production by 1%.

The climate in Sri Lanka has shown a statistically significant decrease iterimngnnual
precipitation and an increase in lotgrm average annual temperature. Variations in mean rainfall
intensity during monsoon seasons have been correlated with theifielSouthern Oscillation
(ENSO[B2]. ENSO is well known for influencing global crop production, especially rice production,
by inducing anomalies in rainfall and temperaty®s]. Some studies show that Sri Lankan
agriculture is also affected by ENSO-B%. There are two agricultural seasons in Sri Lanka,
namely, Yala (Apg6eptember) and Maha (Octolgvarch). According to a streamflow study in

the Kelani River, the streamflow in the La Nifia phase was 32% Higtrethat in the El Nifio

phase during the Yala season. In the Maha season, during the El Nifio phase, the streamflow



enhanced from October to December and reduced from January to February. The management
of agriculture heavily depends on-geason rainfaland streamflow, which is affected by ENSO
[35]. For instance, farmers may grow floogsistant varieties in the M& season and drought
resistant shortterm varieties in the Yala season, which is watenstrained. Another study
showed that the El Nifio phase causes an increase in the average Maha rice production and a
decrease in Yala rice production due to rainfathmalies during the Maha season. Nevertheless,
there is a potential for flooding during Maha cultivati@¥]. It is also important for irrigation
managers to increase the carryover storage to overcome water deficits in the Jatauapril

period caused by the El Nifio phaghithranayana and Punyawardefg6] have observed high
spatial variabilityin 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 duayégs aman
weather patterns due to climate change in Sri Lankad8Jf 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 andsesuwhile wet weather favors
fungal and bacterial pathoger39]. Studies have found that the main crops such as paddy, tea,
and coconut cultivated in Sri Lanka are highly sensitive to climate chadgeed pest, disease,

and invasive species outbreaks, which leads to higher investments in Bimgtitnose harmful
impacts[23], [37], [40] These factors reduce agricultural production in many areas of Sri Lanka. A
study byKariyawasam et g41] used climatic suitability maps to assess the vulnerability of
croplands to invasive plant species. The study has found that areas including vegetabteafruit,
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 agricultarads such as paddy fields

are more likely to be invaded tichhornia crassipesd Salvinia molestander current climatic
conditions in Sri Lanka. In addition a relatively high climatic suitability has been shown by south
and western parts of Sri Lamkfor establishment of invasive plant speci@?]. A study by
Ratnayake et gi3] has found that crop wild relatives that are important in supplying genetic
materials for the developent 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 peom, 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 depenp®!]. Smallholder farmers have been more
vulnerable to climatic strgses 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 climateelated issue for sma#icale crop cultivation in Sri Lanka, accogdio a study
conducted byEsham and Garfort5] in Rathnapura District, Sri Lanka. Small retail stalls and
openair markets with no refrigeration facilities in Sri Lanka are exposed to temperature rises,
exacerbating posharvest food losses due tdimate changeg25]. Abeysekara et g46] have

found that climateinduced 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 Arachch[47] has found that smallholder farmers in Sri Lanka show a high
responsiveness to cliate variations and reduce the effects of rainfall, temperature, and wind
through adaptation measures. According to that study, the decisiaking for implementing
climate adaptations has been proportional to the family size, education level, accesaspdod
access to information through electronic med@unatilake[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 bugtts.Suresh et aj49]



have studied that farmers who adapt to climate change receive a higher average rice yield
compared to noradaptors n 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 demad for agriculture, such as the tea plantation sector, has limited -ssfching
opportunities and long préarvesting seasons, varying with the effects of climate change.
According to a study b@unathilaka et g50], a decrease in labor demand has been observed in
the southwest monsoon, the nortleast monsoon, and the second ineronsoon owing to
higher rainfall and increased cloud cover that reduces tea growth and amount of tea leaves
harvested. Higher rainfall & discourages worker turnout. Nevertheless, the same study has
found a positive relationship between labor demand and rainfall in the first-im@nsoon due to
relatively low rainfall during this season, which occurs mainly in the evenings, leaviraytivaal
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 ecosystas undergo frequent changes due to climate change and anthropogenic stressors
[51]. Climaterelated hazards in coastal areas include sea level rise, floods, storm surges, increased
coastal erosion, seawater intrusion, and elevation of ocean acidity and se@estemperature.

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 farmlan{&2].

Carbon fertilization is the increase in the rate of photosynthesis in plants due to the increase in
carbon dioxide (CQin the atmosphereMendelsohn[53] studied that a 3% increase in net crop
reverue 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 temperaitudicating the
vulnerability of agriculture to a rise in temperature. In contrast, photosynthesis has been
enhanced, with increased G©@oncentration in the atmosphere leading to higher plant growth
and productivity26]. The studies conducted De Silva et §23]andDroogerd54]in the Walawe

river basin, Sri Lanka, have found that climate change also has positive impacts on agriculture. A
rise in crop growth ath an increase in average yields have occurred due to increasglbved®

and precipitation. Nevertheless, the same study indicates the possibility of reducing agricultural
yields due to frequent extreme climate events.

Livestock

Climate change severel§fects 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 speedligiedtects

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 L&BkaHigher temperatures
reduce the feed intake and flity of animals while enhancing mortality and susceptibility to
diseaseg56]. The reproductive performance of cows has been decreased by climate change by
exacerbating embryonic death and reduction in implantafisdl® ! 62dzi m s/ Ay ONXBI
temperature could induce a 9.7% average reduction in beef production. Livestock production in
tropical agriculturedependent coultries with lowincome levels is more vulnerable to climate
change[58]. A study conducted bZarvajal et a[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®saineet al [60], elevated temperatures



have led to a decline in forageuality, 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 typf®]. Native breeds of tropical countries and their
crossbreeds can be used to improve production at high temperat[5éf The temperature
humidity index (THI) is used to determine the extent of heat stress in an[BHIsA study by
Gamameda et dJ62] 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 asadaptation to climate
change.

Feng et a[63] have found that income generated by livestock has increased with the increase in
a longterm increase in precipitation while it has decreased with the {wmvg rise in
temperature. With the decrease in rainfall, a declining trend in cattle population has been
observed byMegersa et aJ64], indicating possible negative impacts of climate change on pastoral
systems. NeverthelesfRajakaruna and Warnakulasooril@b] have studied paasitic infections

such asAscaris lumbricoideg-asciolasp. Schistosomap. andisosporasp. in dairy cattle have
been increased due to high rainfalls compared to low rainfall periods in Kandy District, Sri Lanka.

In hightemperature environments (> 26 / 0 GAGK KAIK KdzYARAGEZI LI d«
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 conditid6§]. 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 poultrystds 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 elimate mosquito infections when the climate favors the spreading

of mosquitoes in tropical countrig68].

Fisheries and Aquaculture

Lowatitude 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 inlanddamarine 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 r@@®fallShifts in the
distribution of the yield of marine species and marinet primary productivity occur due to
climate chang¢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, tiatrj and livelihoods

for millions of people around the worl@1]. Direct effects of climate change on fisheriedude
changing growth, productivity, reproductive capacity, mortality, and distribution of fish stocks
[72].

Inland fisheries provide highuality, affordable food for people who are vulnerable to food
insecurity due to poverty throughout the world whilgroviding 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 inlandtevabodies reducing the productivity of



fisheries. Communitpased fisheries in Sri Lanka are affected by climate change and the
frequency and severity of natural disastgrg]. 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 at@rchange, 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 prodJi¢éy;ity

[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 aqua¢t®Lre
Coastalkzones 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 cyclongd9]. During the tsunami disaster of 2004, marine fisheries in terobftturteen

coastal districts were severely damaged, including damages to fishing boats, fishing communities,
livelihoods, and infrastructur80]. 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 concamtratio
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&asbah et aJ83] 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 specids,asuglants, corals, fish, and
mammalg72].

Shrimp farming is a popular aquaculture sector in Sri Lanka. It is also affected by climate change.
For instance Jayasinghe et dI71] have shown how different climateelated consequences
negatively affect the shrimp culture in Sri Lanka. Cyclones could cause a@amathe
infrastructure and also cause cressntamination 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 systdraisreduce 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 cliate events, such as cyclones, d4egel rise, high salinity, floods, and
droughts[84]. Climate change directly affects the water quality used in shrimp fardisjg 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 vyield.

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 thistiMiof 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 202625, prepared in line with the guidelines of

the United Nations Fraework 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 Srij{@@hkieguides

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 MaticClimate Change Policy of Sri Lanka in



2012 has also addressed food security through related climate adaptation strategies to promote
practices such as climatmart agriculture and climatemart animal husbandry and enhance the
dissemination of climatenformation [8889].

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 ofiagltural systems of smallholder farming, leading to the
stabilization of food stocks and household food secy€if]. Rainwater harvesting can be used to
cope with the reduction of rainfall and increasing irrigation water requiremit$ Utilization

of waterconserving irrigation technologies such as micrigation, sprinkler irrigation, low
pressure pump irrigation, and channel irrigaticcan significantly contribute to managing
agricultural water demand92]. Crop residue tention in fields can improve soil physical,
chemical, and biological properties and also reduces large amount cér@ied by burning of

crop residues [9®4]. Therefore, productive crop residue management is essential to combat
climate stresses on agiilture. The development of stre$slerant 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 impactspmn
depending on the variety, geographical zone, and production denfi@bild Remote sensing and
meteorological services play a major role in collecting reliable and timédymation 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 aigultural communities is crucial for knowledgased
disaster risk reduction and adaptation to climate variations$87.

The climate change impacts on livestock systems could be minimized by research and
development of climatdolerant specieqd99]. Local breeds of cattle and poultry are known to
have more resistance to high temperatures and arid environments that have the potential to
overcome thedecline of livestock production due to climate change F10Q]. For instance, in
Kerala, India, maintaining heat and tropical disesssistant smaller native cows is more cost
effective for smallholder farmers than maintaining imported Holstein cattlessted by tropical
environmental condition§102]. Genetic improvements in local breeds couldused 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 climddéded

pest and disease outbreaks04].

Climate change adaptation methods such as genetic improvements and provision of locally
available feed for fish could be utilized to rem 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-106p Restoration and
conservation of mangnes could improve the buffer against severe climate events such as
tsunamis, cyclones, and floods [10@8]. Proper financial mechanisms and disaster risk response
by the government can reduce the effects of extreme climate events on food sedgy

Conclusion

Climate change is a major factor thdfexts the food security of Sri Lanka. Agriculture is a highly
sensitive sector to climate change impacts. Changes in rainfall patterns, increase in temperature,
climaterelated 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,€@ncentration inthe atmosphere. Climate impacts
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such as heat stress, water scarcity, extreme climate events, and clintteed pest and disease
outbreaks reduce livestock production. Both inland and marine fisheries are affected by climate
change. Changes in ecosystagalth 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 astitie
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, fiekstand 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 levetacrucial to determine and overcome the adverse impacts of climate
change on food security in Sri Lanka.
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Agriculture and Livestock CHAPTER 2

An overview of the impact of climatic change on the
occurrence of aflatoxins in cereals: Sri Lankan perspective

M.R.P. Chasna, D.U. Rajawardai®aN.R.J. Amunugoda

Abstract

Aflatoxins, a group of toxic and carcinogenic metabolites, are primarily produced by
Aspergillus flavusaand Aspergillus parasiticusvhich 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 cdraakéd products, among
which rice and corn are the most commuittims. 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 productbn in cereal crops depends on several factors, including weather and
climate. Changes in weather and climatech as increased temperature, heavy rainfalls, and
droughts are the modulating factors oAspergillusgrowth 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 fonits
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 tkalth 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 aflatoxirc@reals, primarily in corn and rice respective

to Sri Lanka, and the possible prevention strategies to assure food quality and safety.

Keywords:Aflatoxins Aflatoxigenic fungi, Cereals, Climate, 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 ct®irPfblonged
exposure to these low molecular weight compounds can cause a range of symptoms and
illnesses in humans, both acute and chronic, ranging from cold adkdllsymptoms to
immune deficiency, organ failure, cancer, and even dg&ithT his exposure ceoccur through

skin contact, inhalation, or ingesti¢4], and the higkrisk categories including young, elderly,
and those with compromised immune systems are more vulnerable to the negativih hea
effects of mycotoxings].

The early estimates from the Food and Agriculture Organization (FAGitated that
mycotoxin contamination affected 25% of global crops, and the more recent estimates
suggested that this may be increased t@;80%. The role of weather and climate is significant
in dl factors associated with mycotoxin contamination as presented in Figidde 1

AT —
Biological factors Emvironmental factors Harvesting
- Susceptible - Temperature - Crop maturity
crop = . Moisture = . Temperature
« Compatible * Mechanical injury » Moisture
taxigenic * Insectbird damage « Detection/Diversion
fungus * Fungus
Storage
* Temperature
* Moisture
» Detection/Diversion
Distribution - Processing
« Detection/Diversion
N Animal ucts
Humans - prod Animals

Figure 1 Factors affecting mycotoxin occurrence in the food chain (Solmagh 1978)

Mycotoxins can be groupedccording to their global occurrence, toxicity, and economic
impact, and they contaminate a range of foods, feeds, and water syg@nidifferent groups
of mycotoxins and their affected commaodities are suarired in Table 1.
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Tablel. Group of mycotoxins and affected commodities (SouFsesvacet al,, 2019

Mycotoxin Commodity
Aflatoxins Corn, wheat, copra, peanuts, milk, eggs, nuts, figs
Citrinin Cereal grain (corn, wheat, ridearley)
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 bubeer
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 @etedtatoxin in
agricultural commodities. The other three most common naturally occurring aflatoxins are
aflatoxin B2 (AFB2), aflatoxin G1 (AFG1), and aflatoxin G2 (RFG2Z) Aflatoxins have the
highest acute and chronic toxicity of all neyaxins 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 consumjf&]qn

[10]. The toxicity levels of aflatoxin decrease in the form of B1>G1>B23;%here AFB1 is

the most powertil, dangerous, and abundant toXit?], moreover the heterogeneity of AFB1
makes its risk more challengifitg].

The four main aflatoxin types (AFB1, AFB2, AFG1, and AFG2) are primarily produced by
toxigenic strains of théspergillusungi[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 genuéspergilluias more than 200 species, only less than twenty species are
known to produce aflatoxins, the toxic and carcinogenic metabolspergllus flavusand
Aspergillus parasiticuare the two dominant species that produce aflatoxjhs-17]in or on

foods, and to a lesser extent, these toxic metabolites are producespergillus bomlgys
Aspergillus ochraceoroseus\spergillus nomiys Aspergillus astellatus and Aspergillus
pseudotamari[5]. Major toxins produced by. flavusare AFB1, and AFB2 whereds,
parasiticusproduces two additional toxins named AFGI and ARGR [18-19].

Exposure to aflatoxins may lead to aflatoxicosis with teratogenic, genotoxic,
immunosuppressive, and mutagenic effef20]. Among aflatoximelated health outcomes,

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

by the Europeandod Safety Authority (EFSRRNL]. The International Agency for Research on
Cancer (IARC) has grouped AFB1, AFB2, AFG1, AFG2, and AFM1 as Group 1 human
carcinogenic compouss, and among them, AFB1 has the most pronounced toxic and
carcinogenic effectf20]. 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
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the major outbreaks were listed in Daily Mirror by Prof. Deepal Mathew on May 2021 as below
summarized22].

Table2. Major aflatoxin outbreaks (Sourcktathew, 2023

Year | Country/ region Affected commodity| Aflatoxin outbreak/
consequences

1974 | India (Gujarat and Maize 106 estimated deaths
Rajasthan)

2003 | Kenya Maize 120 confirmed deaths

2013 | Many countries in Milk N/A
Europe

2014 | Kenya Maize flour Five brands of maize flour wel

recalled due to contaminatiol
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 frequencyafifatoxin outbreaks has been increased in the
215t century.The Commission of the European Communities repoff8] that AFB1 has no
threshold evel 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, th
most rigorous maximum allowable levels are set out for AFB1 and total aflatoxins (sum of
AFB1, AFB2, AFG1, and AFGZ2) by the European Comij2i4sibip

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 beiri@6], and the internal dynamics of this system can be
significantly influenced by various external factors resulting in several changes inside the
system[27]. Humandriven or anthropogenic forces have become the key reasons, over the

natural processes, for the climate changes tof28]. Climate change is defined as a change

in average weather conditions on Earth that persists over an extended period, which means
climate changes a significant fluctuation in the prevailing state of average weather patterns

that lasts over several decades or lon§@9]® h @SNJ 3S2¢t 23A0Ft GAYSZI i
been constantly changing contributing to several variations all over the @#]d

Climate Change in Sri Lanka

No country is immune to the impact of climate clgan and the situation in Sri Lanka is not
different from the global context. Sri Lanka has been drastically affected by many climate
change challengg80], 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 locatiof30]. 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 of332eading toa 4% annual probability of
severe droughtg28]. Climate changes can occur due to many reasons such as natural or
anthropogent 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].

Anthropogenic forces Natural Forces
e Burning fossil fuels e Volcanic eruptions
e Cutting and burning e Solar variations
forests Climate Change e Changes in land surface
¢ Increasing livestock properties

farming e Earth’s orbital changes
e large scaleirrigation

Economic

. | Failures in agriculture |
e Failuresin fisheries

e Breakdown of tourism

e High energy Consumption

?

Climate Change
Challenges

!

Social Environmental
¢ | Quthreak of diseases, deaths e Issuesin water resources
and disabilities e Changes in biodiversity
¢ Increase of social inequalities e Destroying coastal environment

Figure 2 Climate change chiehges (Sourcddasandarat 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 cotiposi

and genetic susceptibility of the host plant, moisture content, humidity, water activity,
aeration, temperature, acidity level, fungal population, and physical condition of thgts¢p
However, meteorological conditions such as climate change are the most important factor in
the production of aflatoxin§l]. The effect otlimate change on the occurrence of aflatoxins

is extremely complex and involves many factors including weather and other agronomic
factors such as soil typg@4]. Weather, especially changes in precipitation patteand an
increase in average global air temperatures with more extreme events such as heat waves,
droughts, and extreme precipitatiof85] play an important role in fungal infection and
aflatoxin production in crop$l]. Fungi can affect crops at several stages, including pre
harvest, harvest, transportation, and storaf$]. However, only one stg is enough for the
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aflatoxin contaminatiorfl]. Climate change influences the prevalence of fungal species that
infect cereal crops, and produce mycotoxj8g]. The population of aflatoxiproducing fungi
associated with cereal crops and soils varies with climate. These fungi survive poorly under
cool conditions (temperature < 20), whereas the population d&. flavusin warmer regions
(temperature > 25 ) is high, whereAspergillussp. are common throughout crop surfaces,
soils, and aif38].

The climate also influences the type of aflategimoducing fungi, as a result, these fungi are
different in different geographical locatior{89]. Where high temperatures and dry conditions
favor the growth and dispeas of spores oA. flavusdrought together with high temperatures
favors the production of aflatoxins in fielfls4]. 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 infectionfbylavusand, an aflatoxinproducing fungiwhile

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 aflatoxinproducing fungi and relative aflatoxin production. Paterson and Ljdja
suggested that a major risk in developed countries will be in temperate zones when
temperatures tend to increasegater than 3@ . Thus, Sri Lanka as a tropical country with an
average maximum temperature of 82is more vulnerhle 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
FFtFG2EAYya OFy SR (2 al Tt (aBdthe@iiddffécs G KI
exhibited by aflatoxins depend on several factors such as age, gender, dosage, exposure
duration, and nutritional status of individual48],[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, cerebrameg anorexia,

fatty liver, acute hepatitis, jaundice, depression, and photosensiti{i§],[41]. Acute
poisoning isnore 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 limit§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 cdad2¢rAccording to
toxicological studies,fmtoxins have been demonstrated as mutagenic compounds that can
alter DNA leading to changes in chromosomes and mutations in genetic [@@esnd 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 celinediated immunity, and deeased resistance to fungal, bacterial,

and parasitic secondary infectiofl], [44] Aflatoxins can also lead to liver diseases such as
cirrhosis and hepatomegal¢4]. Unfortunately, exposure to aflatoxins may lead to low birth
weights since the exgure can occur in the uterus through the traplacental 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 exporteihga
to financial losses, and it is most common in developing countries. Additionally, the crop yield
will be reduced due to fungal infectidB5], [45], [46]
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Figure 3Adverse effects dadiflatoxins 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 potsl In Sri Lanka, such occurrences have
been reported since the early 198[B6]. High humidity and high temperature, almost always
present in tropical countries, are known to favor the growth of aflatoxigenic fungi and
mycotoxin contamination, especially aflatoxiasd fumonising36], [48] The climate of Sri
Lanka is in general inductive to fungal attaaksl 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 ceredlased prodots, among which rice and corn are the most commonly
contaminated by aflatoxin§36], and it is more frequent. In Sri Lanka, aflatoxin Bl is the
predominant mycotoxin contaminating most agricultural produce including cej4@]sProf.
Deepal Mathew reported on Daily Mirror on May 2021 that, food crops are contaminated in
either pre-harvest or posharvest stages, and when consideringfivest contamination,
crops commonly affected are maize, cottonseed, aednuts. Posharvest contamination
occurs mainly in coffee, rice, and spi¢2g].

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 tradg5]. Maize Zea may4..) was introduced to Sri
Lanka during the ¥6century and due to its high energy value, high protein content, and low
cultivation cost, it became popul@mong Sri Lankan farmers and consuni@fs 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 exposi&@].

Maize crops grow in warm climates and are prone to infectioAb§avus a greeniskyellow

to yellowisho NE gy L2 6 RSNE Y2t RX gASpe@iusSO INdza S & RR AGa] SSINJ
NEG 2F YIFEATSéE 2y O2NY 6 CA 3 dzNSToxiniprodudtionandi K S LIN
fungal populations in maize depend on several factors that stress corn piijtsmcluding

the low moisture content of the soil, high daytime maximum temperatures, high nighttime
minimum temperatures, and nutrieadeficient soilg[52], [53] Moreover, infection occurs

when temperature rise is coupled with drought conditidi3€], [40], [54] With increasing
temperatures and more errati@infall 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 healthfood safety, and food securif$0].
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Figure 4Kernel 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 levetadfaflatoxin from

corn consumption is limited to 20 pdB6]. Jayaratneet al [55] conducteda research study

on aflatoxin in corn in the Anuradhapura district, where they found, that out of 60 samples
collected from the minoscale corrgrown field, fifteen corn samples had exceeded the
acceptable level of aflatoxin B1 while 22 samples were dfeaflatoxin 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.
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Rice

Rice,Oryzae sativd. 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 contaminatoint a

is generally caused by the improper drying of rice grains leaving a high moisture content of
more than 14%. ThAspergillugungi consequently degrade the quality of the grains while
also discoloring them. Bandaed 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 high56-57]. Although this is a crucial health concegri 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 dgmowr Sri Lanka,
generally, the temperature and relative humidity of storage is quite high and estimated at
273 and 78%, respectively. As a result, rice especially parboiled rice is more susceptible to
aflatoxin contamination, and it has been reported &veral instances from Sri Lanka and a
few other SoutkhEast Asian countrig58].

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 rigE?]. Parboiling is a process where paddy is soaked in water
overnight followed by préneating with the husk itself, and then it is sdried and then passed
through a rubber roll sheller to remove the husk and a polisher tcoraihe outer bran layer

[19]. Improper sun drying of praeated 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 suseeuitflingal
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 producti§®6], thus more attention andtlose
monitoring needed on parboiling practice9]. Moreover, Bandarat 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 p@&d which may further increase the growthAgpergillus

fungi and aflatoxin productiofb6], [60]

Climate change and aflatoxins: Sri Lankan perspective

Aspergilluspecies 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 latit{62}s Sri Lankaas a tropical island

that lies in between these latitudef63] (Figure 5), has favorable growth conditions for
Aspergillugungi.
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Figure 5The geographical location of Sri Lanka

Aflatoxin contamination in foods depends on the genetic factor of cropswvel as
microclimate, including product moisture content, water activity,)(arelative humidity,
temperature, pH value, and substrate composition, where aflatoxin contamination is
promoted due to stress or physical damage to the crop especially due tmhr@pisodes,
insect infestation, rain showers during pharvest stage, poor harvest timing, insufficient
drying before storage, and poor storage practi¢és], [42] Additionally, Stepmaij64]
reported that the crops are fungal contaminatedrfieularly under certain conditions such as
dry weather at the onset of crop maturity.

The optimum growth temperature foAspergillusfungi is generally 28¢373 with a high
humidity of above 80%®5]. However, the growth patterns differ between different strains of
Aspergillusp., for example, th optimal growth temperature foA. flavusandA. parasiticus
are 33 and 33 , respectively[66]. As reported by Pleadiat al [20] that the optimum
conditions for the growth of aflatoxigenic fungi and the production of aflatoxins are the
temperature of 33 and the @ of 0.95, and the temperate of 33 and the & of 0.99,
respectively. However, Lizarra§aulinet al [16] stated for theAspergillussp., the optimal
growth happens at a temperature of 25with a minimum & of 0.75, and their secondary
metabolites production starts at0¢123 with the most toxic metabolites produced at 25
with the ayof 0.95.

Global warming is expected to induce an increase in global temperaturesd#3s.5by the

end of the 2% century [67], along with an increase in the accumulatiohcarbon dioxide,
increase in precipitation, the dominance of extreme weather conditions such as heat waves,
and an increase in the incidence of flooding and drouf§ where droughts are considered

as an important trigger for the biosynthesis of aflatoxins. The snddtnge in precipitation
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and drought patterns followed by increased humidity, temperature, ang&¥@Is will directly
affect the expression of the regulatory and structural genes implicated in aflatoxin
biosynthesig69], and elevaéd CQ levels can further lead to aflatoxin contaminatifrO].
According to Medinat al. [70], AFB1 production was stimulated under elevated e@els,
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 ¢fimiak 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 temperatureseo\33 on a much more regular basis, and to
considerably increase the frequency of temperatures over 3&loreover, the incidence of
permanent heat stress is likely to increase significantly in Sri Lanka, and the research suggests
an increase in the frequeey of drought events in South Adial]. 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 infectiombylavusand subsequent
aflatoxin contamination unless environmental conditions favor the fungal growth and crop
susceptibility, where fungal infection often follows drought stress and insgatiés. High
temperature and drought, which often occur during the growing season are likely to
contribute to poor kernel developmerff1], andin corn,Aspergillusungi are associated with
cob[72]in the fidd at the time of crop maturity39). A tan sooty black, greenish, or greenish
yellow mold grows on and between corn kernels, and the damsgeoist 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 Aspiergillusp. at the time

of silking. The infection goes through thiédo 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 sympt¢aig

Figure 6 Silkinfection 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 maggia be spoiled at the time of poor
storage condition$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 3(P8]. Climate change can lead to early
maturing of the crop, and create favorable conditions fspergillussp. 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 coeglwith optimum temperature, fungal
infection can be increased with the production of aflatoXi3s].

Postharvest effects

Drying is an importanstage 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 sbrage 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 fieldg74]. It is essential to control temperature and relative humidity during storage at
levels below 18 and 70%, respectively, which would be challenging in traditional storages
prevalent in Sri Lanka in climate change scen4ri®p Therefore, under uncontrolled storage
conditions, peshttacks 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 storedgcan

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 transietihhese molds grow and
establish their metabolic activities, subsequently create favorable microenvironments for the
Aspergillusungi, whereA. flavudn particular, only grows when the relative humidity is above
85% or moisture content in the grain ivave 16%[35]. Moreover, increased water
evaporation and condensation could lead to damp conditions that support the growth of
Aspergillussp., and subsequent aflatoxin productiof75]. Therefore, wth climate change,
aflatoxin contamination is expected to increase during storage.

Aflatoxin control

Aflatoxins are heastable chemical compounds that decompose at temperatures ranging

from 237 to 308 [76], thus not destroyed during standard cooking. Unfortumgatéhere 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 {ig@vest and posharvest stages.

Preharvest strategies

Pre-harvest control primarily focuses on preventing toxin formation by reducing or eliminating
fungal growth on crop§77]. It is recommended to plant crop populations that are resistant

to Aspergillussp. growth and follow good crop production practices. Balanced fertility
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programs, timely irrigation to reduce drought stress, and minimiiisgct damage reduce
fungal growth on crops. Moreover, crop rotation can be practiced to reduce fungal growth
and subsequent aflatoxin productig85]. Coupled with technological advancements, organic
and biological farming practices can be used to overcome aflatoxin contamination in fields.
For example, bi@ontrollingAspergillus flavustrains with a nutrierssupplying carrier can be
used to outcompete wild aflatoxigenic strairiS5].

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 dst@uremoved

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 sanitibefiore placing the new grains, and

322R FSNYGA2y Aa SaaSyidaAalt Ay aipakd smiddhed Af 23 @
cleaned, and dried with moisture insulatir3].

Drying and storing of rice:

Drying is the most critical step after harvesting a rice cWpen 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 harvesiileglly wthin 24 hours. Delays in
drying, incomplete drying, or ineffective drying will lead to fungal infection. The-kavei
drying is mostly done through sun drying if the weather is in favorable conditions. However,
to avoid weather risks, other mechanicalythg methods (e.g. Heated air drying;stiore
drying, and Solar drying) can be practi¢éfl]. Rice grain ieygroscopi@nd 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 trogcal 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 discusse/8].

Bag storage:
Ly {NA [FyllF 3SySNrftfez NRAOS 3INIAY A& &ad2NBR
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 Bakenonsideration
[78].
A Jute and plastic bags should not be stacked higher than Ad8an respectively.
A Bags should be stacked under a cover (e.g. under a roof, in a shed or granary, or under
waterproof tarpaulins.)
A A onemeter gap should be left between and around stacks and a 1.5 m clearance
between the top of the stack and the roof.
A Bags should be stacked on pallets or on an alpeend structure to avoid the
possibility of absorbing moisture from the floor.

31



A In traditional storage, bags are stacked in outside granaries, which have been
constructed from timber, mud, or palm leaves.
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Figure 7Bag storage of rice in Sri Lanka (Soukt&rakapitiya, 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 spots. The silos range in size

FNRY uwnbuZnnn G2y OFLIOAGE:T YR ({gSe OFry o6S °

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 maitains 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
gran [78]. However, these posharvest strategies have shown to be ineffective in ensuring

the elimination of aflatoxipproducing fungi. Thus, decontamination techniques are
subsequently required to reduce the risk of aflatoxin contaminaf&].

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 conp&rp Aflatoxins can be
removed from contaminated foax 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, pulséight, 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 ad 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 dé&tad consumption data, data on the
level and distribution of aflatoxins in goods intended for human consumption, and data on
analytical methodology82]. 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 ovei3lweeks of AFB1 dose of 2020 mg/kg body weight

per day can lead to ateltoxicity and can be potentially lethgd2].

According to theCommission 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 shawd be beyond 2 pg/kg and 4 pg/kg
respedively. 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 shoulshot be beyond 5 pg/kg and 10 pg/kg, respectively. The
maximum aflatoxin level forpcessed ceredbased foods and baby foods for infants and
young children is set to 0j1g/kg. Moreover, the maximum aflatoxin level fdietary foods

for special medical purposes intended specifically for infants is setltpdgikg [23]. On the

other hand, in Sri Lanka, the Food Control Administration Union has drafted a regulation for
aflatoxins in cereals, and theaximum allowable levels are the same as in@wmmission of

the European Communiti¢83]. However, there is sufficient evidence that demontasathat

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 impletiveg these regulations in

Sri Lanka, which are listed bel¢7].

1. Most farmers do not know about the existence of aflatoxins, let alone the grave risks
associated with their consumption, and therefore are not concdradout 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 aflatox@l ievfood
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 regulatioffior aflatoxins in cereals is still at the draft level, and it is the
same as in th€ommission of the European Communities. However, the permissible
limits of aflatoxins in cereals should be-gensidered, becaus@eople living in
developing countries lik&ri 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 Prodegtgaion/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 natideakls to reduce aflatoxin prevalence and
exposure in Sri Lankd7].

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 ancegpective 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. Undeuditag 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, furtmeesearch 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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SmallholderdS3 S0l 6t S FFNYSNARAQ | RFILINI
and determinants of decision on adoption: A Sri Lankan
experience

K.P.P.Kopiyawattadge W.G.S. Ariyada%a

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
didzReé SELX 2NBR GKS Tl O0G2NAR | Ff¥SdadepafiontoY | f £ K2
climate change. Data were collected from 150 respondents selected usingstagi random
sampling using a structured questionnaire. A Climate change adoption index was developed
using Weighted Principle Component (WPC) method. Multipleat 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 lovaptive 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 telrant 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
G NRA2dza FFHOG2NR adzOK & FFENYSNRQ ISYyREBNE | 3S
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 througkrettess to
climate-iinformation. Providing opportunities for nefarm 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 temperaturéseitfrom 1.8 4.0°C by

the end of the 2% century [2]. South Asia is the highest vulnerable region to climate change
among other Asian sutegions [3]. The livelihoods of rafad farmers are more sensitive and
vulnerable to climate change than iraged farmers because they fully or partially depend on
fluctuating rainfall for agricultural activities.

Sri Lanka is an agricultubased developing country. Agriculture contributed 6.9% to the
Gross Domestic Production (GDP) and over 25% of the papula 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), Srikiaais divided into three agrolimatic
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 chayin 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]. hgvin 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 toadapt 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 adtical production, which is
around 0.5% of the GDP in Sri LankaN#in vegetables grown in Sri Lanka can be classified
into two categories such as upountry vegetable and lowountry vegetable. Ugountry
vegetables are mainly cultivated in the centpart of the country and loveountry vegetables

are cultivated low land area in dry zone. Major vegetable producing districts are Nuligieg
Badulla, Kandy, Matale, Kurunegala and Anuradhapura. These districts contribute more than
50% to the total vegtable 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 2017. Production of lowountry and upcountry
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 lard 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 couogording to

the census data, Yala season low country vegetable production in Anuradhapura district
gradually decreased during 2002015 years. Rainfall pattern and temperature are major
climatic factors which affect vegetable production. Meteorologicapattment 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 anticipatede$an
climate are called climate adaptatiomrAdverse effects of climate change can be greatly
reduced due to the proper implementation of adaptation strategi€@me examples of
adaptation strategies are planting according to rainfall variability, usilcgoArrigation, crop
diversification, using improved crop varieties, soil conservation, and deducing irrigation depth
[5]. The use of climatesmart agricultural practices depends on several factors such as
perception, socioeconomic factors, and perceiwdifficulty of adoption. However, in Sri
Lanka, studies on factors affecting the adoption of clirrateart agricultural practices are
lacking [5].

Adaptation to the adverse impacts of climate change is necessary.-&miomic, cultural,
political, insttutional, 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 tiercapd the
degree to which climaténduced 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 toeggpces 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 maladamatis 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 clgmaéet agricultural
practicesare lacking [5]. ldentifying factors affecting adoption is important to make
implementation plans and to develop policies. This study investigated how these drivers
AYybdz2Sy O0S 7T I MNikthddrering dirhaiekifanfe adaptation. Understanding the
relative importance of these factors will help farmers easily employ viable adaptation
practices and to overcome crop production constraints.

¢KS ISYSNIf 202S0GA0S 2F GKAAa aitdzRRe gl a G2
practices for émate change in the Anuradhapura District. This main objective was divided into
three subobjectives as identifying and characterizing adaptation strategies employed by
smallholder farmers to manage the adverse effects of climate change, to determine the

ffr- OU2NB (GKIFIG AyFtdz$SyOS avlffK2f RSN FI NY¥SNAQ
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 tharemtregetable growing
districts. The district is located at 350km North the capital of the country. Anuradhapura has
two distinct seasons including a long dry season (M&rctober) and a rainy season
(November to February). Further, the rainfall patternkaa 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 | 49.4dh. 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 Thabuththegama 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-Stagesampling techniques which included a comliioa 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 purpebiv 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 vegetabliarmers 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
collectionmethods. Primary datavere mainlygathered by a field survey using a fested
structured questionnaire. The questionnaire was-fgsted using ten respondents for validity

and appropriateness. Based on the limitations identified at thetpst, the guestionnaire

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 asledigns 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
FIENYSNEQ | RFELIWGFGAZ2Y ¢ hddptafiof aespeciiv@®y. IhcludeAtiier G A 2 vy 3
guestionnaire 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 énmadhapura district, data on annual rainfall, maximum
and minimum temperature were collected from the Department of Meteorology, Sri Lanka.

Descriptive data analysis

Demographic and socieconomic 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
FIENYSNEQ OK2AOS 2 ¥Thé liRdarikgtessibrembdel cinfbe éxprésdell &SNE O
follows;

L. 5 nL nL L+ aL+ oL oL oL gL+ oL
iL;;;; number of adaptation strategies (dependent variables)
by, Intercept
1 88 81 =regression coefficients
L gga = 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)

m— €rror terms

Climate data analysis
Trends of rainfall and temperature in Anuradhapura district during last decade {A®0B7)
were analyzed using descriptive statistical methods.

Results and Discussion

Socieeconomic characteristics aespondents

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 houselw@dde 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 farmergewimterested to vegetable
cultivation in small scale level in Anuradhapura distfitie 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 wedrlajority (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

Onadichoty2dza a0t S o0aeSakyz2¢ NBalLRyaSo GKS NBaLl
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 climateechffagts

in Sri Lanka to which they could state their experience as decrease, increase or no change. The
results in Figure 1 shathat the majority of the responden{¥4%) perceived that amount

of rainfall has changed during main rainy seasons whileutab@% 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 extreme conditions of climate such as

Y2NB FTNBIjdzSyid RNRdAzZZAKGA YR RSGAIGAZ2YA FTNRY a)
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Figure 1 Selfreported experience of climate change

Perceptions on the trend of rainfall and temperature in the pa&d 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 respondemtpptions 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 falhduring last 20 years

Climatic Percentage (%) Respondents indicating their experience over the las
event 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 climatdhaylast
twenty years.

Trend of rainfall in Anuradhapura district during last two decades

¢2 OSNATE NBAaLRYyRSyGaQ LISNOSLIIA2ya NBIAFNRAyY3
data for the last 20 years were obtained from the Meteorological Dipant of Sri Lanka for
Anuradhapura district and presented in Figures 2 and 3. Trend distribution of annual rainfall

in Anuradhapura district observed an increadimgnd. According to the Figure 8uring 2005,

2009, 2013 and 2016 annual rainfall lleereased. Rainfall has gradually increased from 2013

to 2014 while it has decreased drastically in 2016 year.
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Trend of annual rainfall during last two decades (1997-2017)
Linear Trend Model
Yt = 1079 + 32.3%t
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Figure 2Trend of annual rainfall in Anuradhapura district

Trend of temperature in Anuradhapura district during last two decades

As fortemperature, an increasing trend was observed during 12847 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.

Trend of mean temperature during last two decades (1998-2017)
Linear Trend Model
Yt = 28.445 - 0.001880%t
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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 gradeghra
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.
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ASI = ASn x 0+ ASI x 1 + ASm x 2+ASh x 3

AS =Adaptation Strategy Index

ASn =Frequency of farmers rating adaptation strategy as having no importance
ASI =Frequency of farmers rating adaptation strategy as having low importance
ASm =Frequency of farmers rating adaptation strategy as having naidemportance

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 Z)rdiug 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 JlM#roduction 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 cultation. The variation of adaptation strategies used by the
respondents may be due to difference in their see@mnomic conditions and available
information regarding that strategy.

According to the observations and focus group discussions had with thergsnts, 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 liadting 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, reducingd 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 changedarieties 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
probabilty 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 respoigle

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 noffarm activities 49 33
? trees for shading 80 53
More irrigation 115 77
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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

(Multiple responses)

Ranked order of adaptatiorstrategies 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 seemmied
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 importamttaiitzn
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 occurrerdiddood and water logging
condition during vegetable production period.

Table 3.Ranked order of the adaptation strategies to climate change

Adaptation strategy Importance Adaptation  Rank

high Medium low no  strategy

index

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 micrairrigation 32 54 29 35 233 8
Diversification to norfarm 43 29 37 41 224 9
activities
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 arez 15 11 17 107 84 14

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 congpbif PCA was used as the
weights for the variables. The weighted value for each variable varied betwWesmd +1 and

their sign (+ or) of the variables indicate the direction of relationship with other variables
used to create the respective indexnélly, an adoption Index for each farmer was calculated.
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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 adaptationcategories 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

Component Matri®

Adaptation Rotated Component Categorization
StrategyUsed 1 2 3 4 5

Use drought 0.703 Crop

tolerant Diversification
crop varieties

Mixed cropping 0.611

Crop rotation 0.662

Change of planting 0.566

date Changing crof
calendar

Shifting harvesting 0.635

period

Mulching 0.703

Planting of cover 0.870

crops Soil and water
Use organic 0.560 conservation
fertilizer

Put trees for 0.603

shading

Avoidance  flood 0.649 Flood
prone areas prevention
Building trenches 0.797
Irrigation more

0.605 Irrigation

Introduce micro 0.681
irrigation
Extraction Method: Principal Component Analysis.

902y 2YSUNRO SalAYIGAZ2Y 2F FILO0U2NR Ay Tt dzSyOAy:
climate change

Multiple Linear Regression model was used to identify the factors affecting smallholder
@S3ASGIroftS FFENXYSNAQ RILGFGAZ2Y G2 OtAYIFGS OKI
first, to check collinearity among the independent variables. No correlatias diagnosed

between the independent variables used in this study. Then, multiple linear regression model

gl a SYLX 288SR G2 RSUSNXYAYS (KS FFOG2NAR GKIFG A
of adaptation strategy to climate change effects with I¥planatory variables. From the

Multiple linear regression model, variables that are significant at less than or equal to 10%
significance level are discussed as follows.
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Gender of farmer This variable significantly and positively affected use of soilveater
conservation measures and use of irrigation practices as adaptation strategies. This implies
that adoption of these strategies was more followed by male respotsd#ran the female
respondentq13] also found similar results.

Age of farmer:The resits show thatage 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 cdtelim
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 inceshsvith 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 led®Dg).

Household sizeThe finding of the regression modehsnegatively and significantly (p<0.1)

related to the use of offarm activities as an adaptation strategy. This implies that with the
AYONBFaAay3a aial S 27F (KS Tadopfioh &foff farf RctivitsR 6 I 6 A f
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 fax#eQ RS OA &aA 2y i 2
off farm activities. This implies that being a fithe farmer increases the probability of
adopting off farm activities. Because full time vegetable farmers who had already suffered
from adverse effects of climate change, wouladvh no motivation to on farm adaptation

strategy.

Years of farming experienc&he coefficient of farming experience was significantly (p<0.05)
and positively related to adoption of climate change adaptation measures using irrigation
practices. The numbesf 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 marketThis variable significantly (p<0.05) and negatively affeztise 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 changeahdr 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 diversifion 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 androp 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 appbyro 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.
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Contact with agriculturalextension: This positively and significantly (p<0.1) influenced
FINY¥SNEQ RSOA&AZ2Y G2 FRFELIWG G2 ONRBL) RAGSNEBAT
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] ,
GSEGSyarzy &ASNWBAOSA LINPDGARS AYyF2NXEE GNIAYAY
inherent enterprising qualities of the farmer, enhancing his ability to understand and evaluate

FYR R2LJi yS¢ LINRPRdAZOGAZ2Y GSOKyAljdzSa € SIFRAy3
the study, selected crop diversification practices were use of drougétant 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 evatonservation 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 thatthrough 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 adiaptat

to climate change.
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Table 5.Multiple linear regression estimates for the choice of adaptation strategies

Variables Strategy

Crop diversification Soil, water Changing Flood prevention Irrigation Off farm

Conservation | crop calendar practices activities
dg. Coe. dg. Qoe. dg. Coe. dg. Coe. d9. Coe. dg. 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 | O 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

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

Abbreviations: Sig:Significance Coeoefficient



Constraints to adopting climate smart agriculturpractices

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 @nstrain adoption practice [11]16-17]. The respondents were asked to

rate their perception of each constraintonafeui2 Ay 4G [ A1 SNI aoOrfS NIy3aAy3
02 GKAIKEE LINRPOEfSYI(dAOE®

PCl=Pnx0+P1x1+Pmx2+Phx3

PCI sProblem Confrontation Index

Pn =Number ofrespondents who graded the constraint as no problem
PI =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

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 o 45 60 17 28 272 3
adaptation practices
Less profit 23 89 17 21 264 4
Limited access to agriculturi 28 58 22 42 222 5
markets
Lack of access to timely 29 41 35 45 204 6
weather information
Limited access to agriculturi 27 38 26 59 183 7
extension officers
Poor health 35 29 19 67 182 8
Inadequate farm labors 17 37 36 60 161 9
Lack of access to cred 20 36 24 70 156 10
facilities
Limited farm size 14 40 32 64 154 11

Table 6 summarizes the problems identified by respondents wbatstrain the adoption of
climate smart agricultural practices. A ranking of the problems was conducted using a Problem
Confrontation Index (PCI) with a PCI value ofd33@h cost of farm input was ranked first and
seems to be the most critical probleof the respondents in the region studied in terms of
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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 andimited 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 armd pealth 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 chatige i

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 ovaredhe 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 adagtion strategies in the area. Choice of an adaptation strategy is affected

08 @FINR2dza Tl OG2NAR &adzOK Fa FFENYSNAQ ISYRSNE | =
ownership, contact with Extension agents and distance to market.

Recommendation

Thestudy recommends strengthening agricultural extension services, providing irrigation facilities

and promoting rural micrdinance institutions to facilitate choosing appropriate adaptation
strategies. Moreover, analysis of adaptation practices and coinstrat 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 segmen Further, future government policies need to focus on
AUNBY3IGKSYAY3 avYlfttK2ft RSN FINXYSNEQ [RFELIWGFGAZY
related information.
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4. Trends in governance (including politics)
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Shocks 1. Human health shocks
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4. Conflict
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3. Health status change

4. Natural resource availability changes
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Micro finance

Figure2. Strategies of communithased adaptation initiatives for building climate resilience of
farmers
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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 insttree,
villagetank system is welllesigned 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. ABethmaand dry seed farming<@kulam
govitheng 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. Howetleat 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 ther RR& FI NY SN&E Q NtB étkgtate JogaD ST A
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.
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financein improving livelihood assets is threefold [51].

a) Direct income effects

b) Indirect income effects (i.e., education and training)

c) Nonpecuniary effects (i.e., more robust social networks and increased confidence)
| 26 SOSNE Y2aid UylIyORDOs2WNBAaQANDSANFFNLIGOAXYDO(G8SO
fF D3 €S YA s 3 MdofinanteCoarllgdi wiith insurance can be another good
adaptation measure [51]. When considering the Sri Lankan context, a public sector entity is
offering farmer insuranceervices 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].

69



—

Syslt O2fflo2Nre2yadayY w2fS 2F bDhaz 3I20S]
K adlrmsrbogrRSyaygsSa KIgS + RdzZt NBES Ay &Kk LR
KFyRz (KS& SELISNASYOS GKS GlryFneditds 2§ @S Gy
ADARdzZE £ a®d hy GKS 20KSNJ KIyRY (KS& aSNBS I a
(KSN) 6AGKIBY2FRFOOUD yR2QRE A0 Ot O2yGSEGAZT A
OSNYaz RSOAAAYIoRGENI AFHSNFEE OR YR SENISNYHE £
dNDS&az | yR df sl GSt& RSaAIyAy3a YR AYLESY
RAYFaz2y |Y2y3 @ NR2dz oft SER &2 \Fh yha & SNGHASY i
: S NYWRW G I f ZNEIyAIIazya ObDhaovI Ayl
yOfdzR)\ya FOF RSYA0a0vx: (G4KS YSRAIFZ Iy
U

O2YSao

>"QJ<>"O(ZO(?>“'NJ'
N SN QJ<‘§ No ;U( U S

O2yGSEG 278 2AMNINY[VSHGHT  y2NaERHIALT FyoRy & 6 b DI
i K 1caz<t|ty| O[20Nd 1S 6AGK 3FA2BSNYyYSyi |3§yé7\§a
3T GNFAYAY3Is fh WHRNIG K $3 NIRRdlalady Ok GS /4 ¢ & Nk K6
9S4a8 | ONRaa QI NR2dzAa | ANROdz GdzNI £ &deaidSvy:
- oY OyYRUINAAAYI AYyAadNI yOS 2N f2Fy LINRINI Y
NER .Fyl AY HAamMp®

RN <O PSS < LD
> O

SR O Ce ™

The UN Iternational 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 Progréoingd®),

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].
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Agriculture and Livestock CHAPTER 5

Prospects and challenges Agrobacteriummediated genetic
transformation of maize to tackle climate chang8yi Lankn
perspective

M.N.F. Nashath, A.N.M. Mubaral.D.N.T. Kumara

Abstract

An efficient plant transformation technique is considered as an essential requirement in
developinggenetically 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,Agrobacteriuramediated 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,
Agrobacteriummediated 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 noleigees during the
transformation procedure Agrobacteriuramediated transformation of maize plants and the
subsequent recovery are affected by several factors includiagze genotypes, explant types,
bacterial strains, vector systems, andadtivationmedium. 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 internatiocsl 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 camimeoved to have high
yield, tolerant to climatic changes and resistant to pest and disease.

Keywords:Agrobacteriumbacterial strain, GM maize, plant transformatjcfea mays.
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Introduction

Maize Zea mayd..), one of most salient cereal crops, is globally grown with broad applications,
including human consumption, animal feed preparations,-forl formulations, chemical
applications, and medicinal purposes. It is the second most cultivated cereal @dg.amka, and
occupies 5.6 % of the total cereal cultivation aféd DuringMaha season, it is frequently
cultivated in dry and intermediate zones of the country as-fath 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 sufficienigérnioumeet

the domestic requirement and larger portion of maize is yet imported from other counBies

This might be due to poor quality inputs mainly of seeds used in cultivation and associated adverse
climate and soil conditions. In sometimasgardless of quality of inpatused, 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 ealtatives in which cultivation of
tolerant/resistant varieties with higher yield receives much attention through breeding and
genetic improvement optionsHybrid maize varieties contribute 95 % of total cultivation and since
O2dzy i NBE Q& K& colNdoés nat StairRselulficeieylzdDdighp 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 &so th
landraces which is being cultivated by local farmers from eastern regions exhibit comparatively
better performance than the existing commercial varietissaccordance with recent data, 819
maize accessions are stored in Plant Genetic and ResourceeO8atinoruwa in Sri Lanka, and

35 of them are landracdgg].

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 wofk]. Maize, a staple crop for billions of people
around the world, isextremely 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 ussnpzzor
pollination and reduced kernel formation, resulting in poorer yidkls Furthermore, constant

high temperatures can worsen water stress, making it more difficult for maize plants to acquire
moisture required fo optimal growth.Zhaoet al. [7] conducted an experiment to investigate the
influence of climate change on main crop yields and discovered significant production losses of 6
%, 32 %, 3.1 %, and 7.4% in wheat, rice, soybean, and maize, respectively. According to Schlenker
and Robert48], maize yield increased at an ideal temperature dfC%ut it decreased ahe
temperature rose further. Similarly,was discovered that for every@ increase in temperature

over the optimal development temperature, maize yield reduced by 36 Ty ONB I &S Ay LJ
disease attack is another critical impact of the climate change. This alarming situation pose a
serious threat to Sri Laak 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 thieatjpi

of climateresilient 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 hetegotiops is difficult due to
their incompatibility [10]. Genetic engineering/ modification has been a successful molecular
technique that is extensaly utilized in improving various traits such as tolarence to herbicide and
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resistance to insects in different cropsl]® TG A& O2yaARSNBR G2 068
technology in recent times. The development of transgenic crops is regarded as a crucial solution
to a number of climat changerelated challenges, as its commercialization is known to contribute

to a reduction in global GCemissions[12]. They are intendedo adapt to everchanging
environmental variables, such as temperature and rainfall fluctuations, as well as increased insect
infestations.

International Services for the Acquisition of ABidbtech Applications has reported that based on

the present patern, 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 commercieiye 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@@wing to the contributions of a total

of fifteen nations, 10 industrial and 5 developifig]. The worldwide distribution of transgenic
crops was estimated as 44.2 million heactares in 2000 and 1.7 million hectares i[14P96

Genetically modified maize was first commatized 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 hashe highest potential of expansioid5]. Currently, GM maize is grown in Asian and
African countrés including South Africa, the Philippines and Viethnam. The genetically engineered
"MON87460" transgenic maize is a popular drougddistant crop [16]. Hybrid maize
"DroughtGardTM" has been designed, produced, and released for farming in ttesl Btates in

2013 and is thought to reduce water necessary for cultivation by limiting leaf growth, particularly
during its crucial blooming stag§kr].

Plant transformation

The application of transgenic techniques in crop improvement programs crucially raeeds
efficient plant transformation methodPlant transformation is a process of inserting exogenous
DNA or gene into a plant genome and the transformation of maize has eeumented in
several studiewia electroporation[18], particle bombardmen{19], poly ethylene glycdf20],
silicon carbide whiskef&1] and Agrobacteriuni22]. Considering the above meaohed methods,
transformation throughAgrobacteriumis highly recommended for gene transferring into a
numerous range of crops including maiZeis methods considered to be the most efficieia3],
reliable, simple, cheafl0], 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 crof25].

Agrobacteriummediated transformation

Agrobacterium tumefacienand Agrobacteriumrhizogenesare soitborne bacteria which infect
plants and forntrown galls and hairy root diseases in host plants. The molecular principle behind
the transformation techniga is that a portion of large; TTumor induction) or RHairy root
induction) plasmid (20Q 800 kbp) present in thA&grobacteriumbeing delivered and integrated

into the host plant genomég26]. The transferred DNA is called a®NA 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 responsiblelibiATtransfer

[27]. Upon infection, IDNA specific genes are expressed inside plant cells. As a result, the growth
hormones, aminaacid derivatives and opines catabolized by the incithggobacteriunwill be
over-produced. Subsequently, the successful penetratiodgfobacteriunresults in crown gall
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tumors or hairy root formation in plantf28]. Agrobacteriumacts as an excellent carrier to
introduce foreign DNA intplantsthrough this mechanisrand this plant transformation involves
bacterial colonizatin, bacterial virulence system induction, attachment of bacteria with plants, T
DNA transfer complex fromation and finally transferring and integration-DNA into the plant
genome[23] (Figure 1).
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Figure 1 Agrobacteriummediated plant transformation process (Source: Modified from Hwang
et al., 2017).

After the successful transformation of dicotyledonous plants usiggyobacteriumin the
early1980s, many efforts were taken in monocotyledonous spel@@k Earlier, it was believed
that monocots cannot be transformed usiAgrobacteriumas they are not affected by
Agrobacteriunin natural conditions due to their recalcitrant nature to regeneratj8].
However, the advancement in plant regeneration &@odnprehensive research oRDNA transfer

has led to the transformation of monocots usiAgrobacteriumsuccessfullyishidaet al. [31]
reported the initial successfuhgrobacteriumamediated genetic transformation in maize using
immature embryos and this method was further improved constantly in subsequent studies over
the past years.

Factors affectingAgrobacteriummediated transformation of maize plants
Agrobacteriummediated transformation of monocotyledonous plants and their subsequent
recovery are affected by several factors. Based on previous studies plant genotype, type of explant
and its developrant stage, bacterialstrain and its concentration, binary vector selection,
inoculation and cecultivation condition and appropriate promoters and selectable markers
strongly impact the Agrobacteriummediated transformation efficiency in maiz¢32].
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Neverthelessmaize plant transformation is still under concern due to the genetic variability,
different responses oin vitro cultures and the compatibility of genotype withgrobacterium
strains resulting in comparatively low transformation freque .

Choice of maize genotypes

Wellresponsive maize genotypes in tissue culture is known to be a crucial factor in
Agrobacteriummediated transformation[24]. During tissue culture, most maize genotypes
generateless compact and less-generable type | callus. Type Il callus, in contrast, is friable, fast
prolifering and distinctly r@enerable[33]. In earlier studies, maize model genotypes udahg
A188, Hill (A188 x B73) and H99 have performed excellenthAgnobacteriuramediated
transformation[31] [34-36]. A188 and Hil genotypes are responsible for the production of type

Il callus and possess high plant regeneration and embryogenic callus induction fred@igncy
A188 is an amenable temperate inbred maize which resulted in 30 % transformation efficiency
[31] while Hill has also been transformed successfully with¢1IB % of efficiency in previous
studies[22] [38]. However, due to their poor agronomical value, backcrossing transgenes into
local maize genotypes is considered to be tioamsuning and expensivi89-40]. 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 maizevia Agrobacteriumwhile Huang and Wé¢4#1] 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. Frarmet 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 cuitedé.
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 tempgestetypes

with lower attention to tropical maize genotypes. However, it has been proven that tropical maize
genotypes also can be transformeth Agrobacterium ValdezOrtiz et al. [44] observed that
LPC13, tropical maize can produce type |l calli and successfully trandfibrwith 5.41¢ 6.82 %

of transformation efficiency usinggrobacterium Omaret al. [45] reported that among several
tropical maize genotypes, IL3 wasetmost susceptible for transformation outperforming the
A188 temperate genotype by 31.7 % and 5.82 % transformation frequencies respectively (Table
1). Agrobacteriummediated transformation efficiency of six inbred and two hybrids of tropical
maize was eMaated by Omboret al. [10] by examining factors lik&. tumefacienstrain, vector
types and cecultivation period However,Abhisheket al. [46] reported that maize in tropical
region is less responsive itovitroregeneration after transformation usingrobacteriumand to
overcome this issuén plantatransformation protocols which are not dependent in tissue culture
were initiated for tropical maizéhrough Agrobacteriuminfection in recent studies.

Cocultivation medium: composition and modifications

The optimum growth and morphogenesis of different plant tissues strongly depend on their
nutrient requirement. Furthermore, tissues from various plparts may also have distinct growth
demandd47]. Hence, the selection of an appropriate-caltivation medium and its components

is crucial for successful tissue culture and the subseqgené transformatiorj48]. According to
Carvalhoet al. [49], the dficient friable callus formation in maize immature embryos differs
depending on the selection of the @ultivation medium. Several culture mediaz N6 [50], MS

83



[51], LS (Linsmaier an#t&®»g) and D media are utilized in gene transformation of mii2g [36]

[38]. Duet 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 &laldg81]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 gglykteine and 0.15 gdithiothreitol (DTT)
antioxidants brought a high transformation frequency (18 %) compared to other salt and
antioxidant concentrationf38]. Salt concentrations of the exultivation medium influenceseme
transferring by affecting the growth @fgrobacteriun]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 transformatjdB]. Supplementing coultivation media

with antioxidants like icysteine, DTT, proline and polypyrolidone has proved to improve the
Agrobacteriuntransformation in maize. Framet al. [43] studied the use of-tysteine in modified

salt medium and concluded that maize inbred lines careffieiently 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
Agrobacteriumand plant interaction has significantly increased the transformation efficiency.
Hence, they used ethylene biosynthesis inhibitors (aminoethoxyvinyhgly and ethylene
perception inhibitors (AgNfand silver thiosulphate) to improve the-ONA transferring
procedure[53]. Another alternative technique is the application of ACC deaminase that can break
R2gogy GKS SiKeft SkedbuhitB[brjizSidagsthidt bl 58] tested the function
AgNQin maize tissue culture for the first time and faiout that AgN@has the ability to increase

the plant regeneration frequency by reducing the ethylene effect. Valdigzet al. [44] observed

a 2025% rise in the number of maize embryos producing callus in the induction media added with
15 mg/l AgN@ They also explainkthat the addition of Agions improves somatic embryogenesis

by increasing the internal Abscisic acid levels. In addition to that, it is also found ¢Hdl &g/
AgNQ favoured type Il callus formation from immature embryf6]. Moreover, improved
somatic embryogenesis by adding different concentrationsgfl@ in co-cultivation mediums

such as 1.8 18 mg/I[57] and 15 mg/[49] has been reported in previous studies. However, AgNO
concentrations of more than 20 mg/Ineled to decrease the embryogenic callus production due
to toxicity [44].

Several other modifications in the cultivation media have been done in recent studieetZahto
[58] used both mutant acetolactate synthase and Bispyribadium herbicide to select
transformed Japanese inbreds line whereas Alatyil. [59] suggested thatAgrobacterium
transformation in tropical maize inbreds can be facilitated by incorporating Dicamba growth
regulators in the cecultivation medium . Choet al. [40] combinedcytokinin, glucose and copper

in the cocultivation media to optimize the transformation method for PHRO3 (a recalcitrant
commercial maize elite inbred).

Choice of explants

According to the existing literatures on maize transformation mediatefidrpbacterium

a wide range of explants were successfully transformed in many attempts. These explants include
immature zygotic embryos, silks, leaf, seedling derived maize cathisyogenic callus, plumular
meristem cells, shoot apices and shoot apical meristem. Among these, freshly isolated maize
immature zygotic embryo (1.2 mm2.0 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
changed42], dependency in plant developmental staf@8], need of a good facility for quality
determination, high cost and timeonsuming61].
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Optimization in transformation protocol has facilitated using callus as an explant for
transformation. According to Det 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 receigirexogenous 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 eighto three months. However, Abd&ahman and Widholn{62] said that
immature embryos from a very few maize genotypes only can form embryogenic callus.
Meanwhile,Sidorovet al. [63] revealed that embryogenic callus generated from maize seedlings
can also be transformed in the same way as cadusred from immature embryo. When seedling
derived callus are used as explants, immature embryos are not reqiiertte seedling derived
callus can be employed instead of the conventional immature embryos or immature embryos
derived callus in transforntian [64].

Grimsleyet al. [65] revealed that maize shoot apical meristems can be readily transformed with
maize streak virus usinggrobacterium tumefaciensn another study, Goulet al. [66] obtained

peak viral infectionn shoot apical meristematic tissues of maize compared to other tissues used
in the study and concluded that because of the compatible naturgobbacterium maize, and
maize streak virus, the inoculated meristematic tissue recorded the largest dedreeab
infection. Sairamet al. [67] and Kantet al. [68] also succeeded igene transformation of maize
shoot apical meristems (Table 1). Maize apical meristem is morphologically plastic allowing it to
create multishoots and somatic embryos thout depending on the genotype$7]. A major
benefit of using shoot apical meristems is, plantlets similar to their parents can be developed
when there are no modificationthrough 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 faantation method appropriate for a

wide array of genotypeg70]. Despite these several benefits of shoot apices as explant,
transformation efficiency remains relatively IgwWl]. Leaf material is also one of the desirable
explant resources, for a variety of reasons. Leaves can be readily generated in large gquantities
from germinating seedlings in a short time span, and thléow numerous consecutive rounds of
selection and regeneration for the development of maize organelle transformation technology
[72].

Choice ofAgrobacteriumstrain

In order to utilize the unique capability éfgrobacteriumbacteria as a natural genetic engineer,
many efforts have been taken to remove oncogenes characteristics béttteria and manipulate

it [73]. TheT; plasmids are generally big in size and there are no unique restriction sites in which
selected genes could be cloned in th®MNA region. Since inserting a foreign gene directly into
that region, replacing oncogenes was found as a complex proceduneaiy liector system was
developed by scientists based on the principle where tHaeNRA region and the virulenceil)

genes can be divided into two nadentical replicon$23]. The binary vector was formed by the
replicon consisting the-DNA, whilst thevir helper was formed by the replicon containing thie
geneg74]. AGLO, GV3101 MP90, EHA101, EHA105, NT1 and LBA4404 are some of the developed
Agrobacteniim strains that contain notncogenicvir helper plasmidg75] [76]. These plasmids

have a completely orantially deleted Fregion 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 site$74].

Choet al. [40] compared the efficiency of transformation of foAgrobacteriunstrains (LBA4404,
EHA105, AGL1 drcV3101) in maize and obtained the highest transformation frequency of 23.3
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% when using AGL1 strain. Vald&tizet al. [44] evaluated LBA4404, EHA101 and EHA105 strains
and the results established that EHA101 and EHA105 strains performed better by producing at
least 30 Y%of GUSpositive embryos while LBA4404 strain resulted in zero GUS staining. In another
study, AGL1, EHA101, C58rifC1 and LBA4404 bacterial strains containinghié $indard
binary plasmid were tested i\grobacteriumamediated maize transformation arftcbm this study,

it was revealed that thégrobacteriumstrain EHA101 and AGL1 were more effective showing 90
% and 87 % of GUS expression than C58rifC1 and LBA4404 [g0&ifTable 01)The better
transformation ofEHAL105 strain compared to LBA4404 and GV3101 was provddamg and
Wei[41] as well Hence, it can be concluded that agropine types AGL1, EHAH0ERALO0S are

the most suitable bacterial strains for an effectikgrobacteriuntransformation in maize plants.
Moreover, presently scientists are working on increasing the transformation efficiency of
Agrobacteriumusing several molecular strategies umtihg upregulating itsvir gene expression
level, applyingir genes inducers and using ternary and supieary vector systemig7-7§].

Standard and super binary vectors

Agrobacteriummediated transformation of higher plants is employed with either standard or
super binary vectors. A standard binary vector system is consisted MithArborders, multiple
cloning sites (MCS), marker and reporter genes, the origin of replication folEsatherichia coli
and Agrobacteriumand other necessary elemenfg3] (Figure 2). On the other hand, a super
binary vector is constructed by introducing virulergenes such agrB, virE, andvirGadditionally
from thepTiBo542 plasmid to a standard binary vedtran enhanced transformation frequency
and a wide range of the host for bacte[i®] (Figure3).
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Figure 2Components of a standard binary vec{@®ourceModified from Komaret al., 2006).
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The MCS are developed from standard cloning vectorlike8/9, 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 monoetyledonous plants including maize is the 35S promoter, actin gene
promoter of rice[80] and ubiquitin gene promoter of maiZ81]. 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 efficief82]. Other than these, plant selectable markers and bacterial
selectable markers are also important compotgewnf the vector system. Genes that express
resistance to kanamycin, tetracycline, gentamycin, spectinomycin, hygromycin and
chloramphenicol are some commonly used bacterial selectable markers whereagptiloand
35Shpt are some of the plant selectahtearkers for bothE. coland Agrobacteriun{73].

Vir genes encode proteins that contribute fofDINA processing and successive transferring into
the plants[83]. Virulence loci such agrCandvirFare the main determinants of the host range
and in maize, theirHlocus is considered to involve in thansformation procedurdg84-85]. Vir

geres 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 medid48], [10]. A stable gene transfer Agrobacteriumutilizing a standard
binary vector in maize was initially reported by Goeiddl. [66]. Following him, fertile and stable
transgenic maize using EHA101 strain having standard binary vector was produced bgtfatame
[22] with lower transformation efficiency (5.5 %) even under the improvedwdture conditions.
Conversely, transformation frequencies ranging from 33 % to 51 %d&drecorded in previous
studies through super binary vectd&6],[35]. However, very few studies have used super binary
vectors to establish repeatabldgrobacteriumtransformation in maie. Construction of a
standard binary vectors is easier than that of super binary vectors becdwseg the assembling

of super binary vectors, the gene of interest (GOI) integrated into a large plasmid through
homologous recombinatiof31] (Table 1). In contrast, the development of a standard binary
vector system does not necessitate this extraveallowing it a simple option to introduce @Ol

into an Agrobacteriumstrain [22]. Furthermore, public laboratories can easily finance standard
binary constructs to study tragenic maize. Even though using standard binary vectors have
several advantagef\grobacteriuramediatedtransformation frequency remains low compared

to super binary vectors, even in improved medium conditif@ig.
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Table 1.Summary of genotypes, explants, vector

transformation studies

type, bacterial strains and

transformation efficiency in pragimimcteriuramediated maize

S/N | Genotype Explant Media Vector Bacterial strain Transformation | References
efficiency
1 NA Shoot apices NA Standard C58 NA Grimsleyet al. [87]
2 NA Coleoptilar node off MS Standard LBA4301 and LBA4301roy NA Grimsleyet al. [65]
mature embryos
3 Funk's G90 hybrid Shoot apices MS Standard EHAL NA Gouldet al. [66]
4 A188, bxlbx, W23 and Meristematic MS Standard C58 NA Schlappi and Hohn,
880254A tissue of immature [28]
embryo
5 A188, W117, W59E, A554,| Immature embryo | N6 Super 5¢30 % Ishidaet al. [31]
2MpowQl dpZ
6 HHI Immature embryo | N6 Super A281 32.850.5 % Zhaoet al. [86]
7 Lo1054, Lo1056, L0951, Immature embryos| N6 Standard C58C1, EHA101BA4404 | NA Lupottoet al. [88]
Lo881, A188 and B73 and EHA105
8 A188 Immature embryo | LS Standard LBA4404 30 % Negrottoet al. [34]
9 Al188 Immature embryo | NA Standard LBA4404 NA Taniguchet al., [89]
10 HI Immature embryo | MS and N6 | Standard EHA101 55% Frameet al. [22]
11 HI Immature embryos| N6 Standard LBA4404 NA Miller et al. [90]
12 HiI Immature embryo | N6 Super LBA4404 40 % Zhaoet al. [35]
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13 R23, LH 74 x A 641, LH 26 Shoot apical MS Standard EHA105, LBA4404, 60¢ 87 % Sairamet al. [67]
X meristem and GVv3101
LH 252, LH 198 x 1297, FR
1064 x FR 1064, SDMS x
LH 185, and LH 176 x LH
177 DMS
14 (Pa91 _H99) A188 Immature embryos| MS Standard ABI 18.9 % Zhanget al. [60]
strain
15 LH198 X Hi Immature embryos| NA Standard ABI strain 3¢13.4% Huanget al. [91]
16 Five elite inbreds and their| Immature embryos| NA Standard EHA105 NA Lupotto et al. [39]
crosses with A188
17 A188, R91 and A188 X R9] Embryogenic calli | MS Standard LBA4404 3.4% Danilova and
Dolgikh[92]
18 9046, Mo17, 414 and Qi31y Immature embryos| N6 Standard EHA105, LBA4404 and 2.4-53% Huang and Wei41]
GV3101
19 AT-3 Pistil filaments NA Standard GVv3101 6.8 % Chumakovet al. [93]
(silk)
20 B73, B104, B114, H99, Immature embryos| MS and N6 | Standard EHA101, LBA4404 and 2.88 % Frameet al. [43]
Mo17, W64, Oh43, A188, C582707
Mp420,GFMas:gkand
Ky21
21 A188, Immature embryos| N6 Standard LBA4404 0¢29.6 % Hieiet al. [42]
A634, H99, W117, W59E
and Oh43
22 Hi ll Immature embryo | MS Standard EHA101 10.3 % Hornet al. [94]
23 H99, LH19&Hill, PHA seedling derived | MS Standard ABI 2¢11 % Sidorovet al. [63]
((Pa9XxH99KxA188), KHI maize callus
and LI, L2, L4, L9, andxL9
24 Qi 319 and Ye 515 Embryogenic callug MS Standard LBA4404 40.2 % Yanget al. [95]
25 A188, A634, H99 and W11| Immature embryo | LS Super LBA4404 51.7% Ishidaet al. [36]
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26 LPC13 Immature embryo | N6 Standard EHA10, EHA105 and 5.41¢6.82 % ValdezOrtizet al.
LBA4404 [44]
27 Kenyan tropical inbred lineg Immature embryo | N6 and LS | Standard EHA101 20-30 % Anamiet al. [96]
(TL21, TL22, TL23 and TL1
Sudanese inbred lines (IL1
and IL2)
CIMMYT inbred lines
(CML216 and CML244)
28 Hi-ll A X HIIB Immature embryo | N6 Standard LBA4404 and EHA101 18 % Vegaet al. [38]
(F2)
29 HHI Type Il MS Standard C58C1 0.60 % Kimet al. [97]
embryogenic calli
30 Al188 Immature embryo | N6, MS, LS | Standard LBA4404 3.2¢15.9% Duet al. [48]
and D
31 S61, B73, Mol7 and A188| Immatureembryos | MS and N6 | Standard EHA101, EHA105 and 6.45 % Takavaet al. [98]
LBA4404
32 Hi and B104 Immature embryo | N6, MS Standard EHA101 6.4 % Frameet al. [99]
33 CG62 Shoot apical MS Standard EHA101 62 % Kantet al. [68]
meristem
34 IL1, IL3, IL15, IL16, IL28, | Immature embryos| NA Standard EHA101 31.7% Omaret al. [45]
IL38, IL42, 1L43, Hudida
Hudiba2, Mojtamma45,
A18 and KAT
35 CML78, CML216, CML331| Immature embryo | MS Standard EHA101, AGL1, LBA4404| 1.4 % Omboriet al. [45]

TL18, TL27, MU25,
A188 maize inbred, H627
and PTLORybrid line

and embryogenic
callus

and GV
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36 (CG69, CGHY, Shoot apices MS Standard AGL1, EHA101, C58rifC1| 2 %. Caoet al. [70]
CG65, CG68, CGL1TIG94, and LBA4404
CG37, CG102, CG103,
CG74 and CG93) and
(He344, K10 and
Longfu746)
37 PHRO3 Immature embryos| PIA Standard LBA4404, AGL1, EHA105| 57.1 % Choet al. [40]
and GVv3101
38 HillAXHillB Immature embryos| MS and N6 | Standard EHA101 NA Lee and Zhang100]
39 HKI 163 Plumular meristem| N6 Standard EHA105 4% Abhisheket al. [46]
cells of
germinating seeds
40 L3 tropical elitemaize Immature embryos| N6 Standard EHA101 1.1¢3% Souzeet al. [101]
41 B104 Immature embryos| MS Standard EHA101 4% Rajiet al. [102]
42 Hil Embryogenic callug N6 Standard EHA105 30.39 % Duet al. [61]

NA:Not Available
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Agrobacteriummediated gene transformation in maize genome editing

The genomeediting technique is a novel advancement in genetic science. It has been
demonstrated that the target DNA doub$tranded break (DSB) increases the ged#ing
frequency by more than a thousand times and it acts as a primary breakthrough amgen
modification [103]. Hence, these DSBs can be utilized in-giecific genome alterations to
enhance agronomic traits usirg natural DNA repair proceduii@ crops. During the last two
decades, several classes of nucleases that can generate DSBs at predetermined regibastav
formed. They include zidinger nucleases (ZFNs), customized homing endonucleases
(meganucleases), transcription activadike effector nucleases (TALENS), and CRISPR (Clustered
Regularly Interspaced Short Palindromic Repeatsyociated (Cas) @einse [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 considesgat@wising technique in
genome editind105].

CRISPR technology was developed based obahterial immunity system to fight against viral
infections[106]. A nuclease enzyme (Cas9) directed by a guide RNA (gRit&hiog the site

specific sequences and selectable marker genes can reach a designated target in the host genome.
This complex of protein creates the CRIERR9 gen&diting system. These reagents could be
delivered to the plant cells as a part of a $&nglasmid or separately by traditional transformation
methods like biolistics oAgrobacterium[107]. Cas9 facilitates gene editing by causing & 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 ithevivo DNA modification at the
targeted location with remarkable accuraf$08].

Despite several advance#grobacteriumremains the preferred gene delivery method in
CRISPR/Cas geediting owing to its simplicity, less invasivature, reproducibility and the stable

DNA vectors used in this systgfrd9]. CRISPR tewology is utilized for several applications that
include target mutagenes|410], transcriptional reprogrammind 11], precise gene replacement

[112], epigenome editind113], base editing114] and disease treatmenfl15]. Though the
fundamentals of CRISKFRs9 genome editing are already weaibwn, 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 modificatioji16]. 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 vaations in the mutations createfd 17].

In a research comparing the TALENS and CRISPBloggdsin gene editing of maize protoplasts,
Lianget al. [118] obtained 13.1 % efficiency from CRISPR 9.1 % from TALENS. In comparison
to meganucleases, Svitashetval. [103] found out that CRISPR technology can create a 10 to 20
times higher mutation frequency in maize plant. Furthermore, multiplex egigng technique

in maize utilizing a tRNprocessing system was demosntrated byetal [119]. It was discovered

that the method of tRNASgRNA (transfer RNgingle guide RNA) had greater editing efficiency
than the simplex editing system. Chat al. [120], described target mutagenesis with high
frequency in maize usinfgrobacteriummediated CRISPR/Cas9. In their research, the gRNA/Cas9
constructs were transformed intdgrobacteriunstrain EHA101 and immature maize embryos of
HiLL ¢SNB AYyTFTFSOGSR gAGK GKIFIG Ay 2NRSNJ (2 RS@St 2
et al. [121] harnessed CRISPR/Cas9 to generate-deraif maize plants through gene editing by
transforming immature embryos wittAgrobacteriumtumefaciens strain LBA4401 harboring
pBUE41P2gRGA 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 effectsclimate 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
resilienceto 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 becanong 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 éneased 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 fertilisersand 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 postgbhazards 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 farmingn 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 hdnadling, 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 dar Convention on Biological Diversity (CBD) that addresses
the safe transmission, handling, and use of livimgdifiedorganisms (LMOs) developing from
modern biotechnology122]. 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 engigeecsd

[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 Lankatespen 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). Secondeitsé¢o 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 statuss 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 Larjk@5]. Nevertheless, the nation forbids the cultivation

of GM crops for consumption or livestock feed. Importers need prior @ightion 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 Gddd 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 anienprovements 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 asdggestions to
overcome them

Sri Lanka's biosafety regulations are evolving to keep pace with advancements in biotechnology
and international standards. However die areseveral acts related to biosafety, a country like

Sri Lanka face multiple challengasmplementing 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 stakeholffi24]. Adoption of
biosafety standards may be hampered by a lack of public understanding and awareness of GMOs
and their possild 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 necessitateollaborative 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 ervironment. Furthermore, ongoing capacity building, increased public education, and
international collaboration can all help Sri Lanka effectively establish and enforce biosafety rules.

Conclusions

Agrobacteriummediated transformation of maize plants ifluenced by various aspects such as
different genotypes, explant types and development stages, binary vector selection and co
cultivation conditions.tlis proven thatAgrobacteriummediated 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 nelvtechniques during this transformation procedure can
further help to overcome the barriers and increase the transformadifficientin both developed

and developig countries including Sri Lankigurthermore, more attention has to be put into
creating a@aptable 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, budgetapour skills and enforcement capacity. Due to the low level

of publicawarenessof GMOs, it is crucial to plan ahead foiosafety 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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Agriculture and Livestock CHAPTER 6

Research andlevelopment to mitigate climate change impacts
on food security in Sri Lanka

D. Padukkadé, C. M. Nanayakkata

Abstract

Food security in terms of production and achieving-safficiency in agricultural sector is less
discussed yet needs spec#tention 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 produklémce,

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 wateridability, 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 neexbf 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 totmitigies 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 ingés 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 aimsa suggest R&D interventions to be focused and possible policy interventions in order
to reach food security under a changed climate.

Keywords:Agricultural production, Climate change, Food security, National economy
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Introduction

Climate change: The global scenario

¢KS OfAYIGS OKIFy3aST | & LIS KdgierdaShifts iytdmpedalireahdi A 2 y a X
gSFGKSNI LI GOGSNYVaQ omBd 5dz2NAy3 GKS LI A&dG cp &SI NZ
due to climate chage 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 influeanog 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
socieeconomic aspects, mdy developing countries are more vulnerable due to lack of adaptive
capabilities [34].
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Figure 1. Humancaused emissions over time for individual greenhouse gases. (Saunioed
States Environmental Protection Agency, 2021)
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Figure 2Projected temperature increase (°C) duectombustion ofossil fuel(SourcelPCC, 2021)

The future consequences of heightened temperatures and continuous global warming (Figure 3)
require debate and immediate actiolncegular weather patterns, which involves changes in
temperature, precipitation, pressure and humidity levels, elevated sesl 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.

T WH””

\‘W \

1880 1915 1950 1985 2022

Figure 3Global Average Temperature Anomalies, departure from 1B822.
(Sourcenttps://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 weatlwrditions caused by climate change
impacts have been reaching to a threatening level that will cause more-socimmic and
environmental disruptions in the future. According to thi¢orld Meteorological Organization
(WMO) State of the Climate in Asia 202port [10], during 19942022, Asia recorded double the
warming trend during 1961990 period which is reported faster than global average [1]. The
estimated mean temperature of Asia in 2022 was 0.73 °C ¢0.88] which is above the 1961
2020 average.&a surface temperature of Asian region recorded a rate of more than (per’C
decade which is approximately three times faster than the global warming rate. Due to glacier
melt inTibetan Plateau, which hd90,000 kn?of glacier coveragand which contans thelargest
volumes of ice outside of the polar regions, sea level has been rising across Asia higher than the
global mean ratd GMSL) during 192022 (3.4t 0.3mm per year).

As per the WMO State of the Climate in Asia 2022 report h@].economiclosses associated

with 81 weather, climate and wateelated disasters in Asia in 2022, of which over 83% were

flood and storm events: Pakistan (over US$billion), China (over US$hillion) and India (over

US$4.2 billion). More than 50 million peoplé SNE | FFSOGSR |yR Y2NB GKI
economic damages were recorded due to climate change associated extreme weather events in

Asia (Figure 4).

Extreme Wildfire
temperature

Economic
losses
(in billion USD)

2022

2002 - 2021
AVERAGE

O ®

Figure 4. The economic losses associated with climate change in Asia during2@@21
(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 precipitqtaterns, 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 intdresh 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, fdaha seasonassociated with northeast
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monsoon (SeptembeMarch) and theYala seasorassociated with the southwest monsoon
(MaycAugust). Sri Lanka has a unique rainfall pattern with notable precipitation zones, namely,
wet zone (mean annual rainfall of over 2,500 mm)ermediate 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 Stianka [12]. Precipitation remains linked to the EjdNSouthern
Oscillation (ENSO), and EBiNievents typically increasing the precipitation associated with the
northeast monsoon.

Sri Lanka is one of the hottest countries in the world with an avetaggerature of around 27

°@;28 °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 teperatures, leading to heatwaves and changes in
weather patterns can be experienced due to climate change emphasizes that temperature rise
has accelerated toward #0century. Over the 20th century, Sri Lanka experienced warming of
around 0.8°C [11] whidfketermines that the temperature rise reported in Sri Lanka was estimated
0.16°C of warming per decade between 186390 [12]. An annual probability of severe droughts

of about 4% is experienced as a result of these adverse increases in temperature3gvel [1

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 inecthe fourth most climate change
affected country in 2016 [13].

Climate change impact

Climate change impacts on agriculture sectors and agomsystems

Agriculture is one of the largest contributors to global warming which is responsible #0%0

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¥@edt fires [1516]. Agriculture is a

YFE22N) O2YLRYySyld 2F RS@GSt2LIAy3 O2dzyiNASaQ SO2y2
GKSNBF2NBEzZ OfAYIGS OKFy3aS AYLI OGa 2y | IANR O G dz
overall economy [14A 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 expectedHéfefore, several

shortterm and longterm management and administrative approaches and measuogs f

mitigation and adaptation of climate change are required to tackle the disruptive effects of climate
change (Figure 7).
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Figure 5Paddy cultivation in Pamburana area, Sri Lanka destroyed due to extreme weather during
December 2019. (Sourcadaptedfrom Karunaratna, 201Daily Mirroi)

Figure 6 Agricultural lands affected by losigrm drought in Sri Lanka.
(Source:  https://www.hirunews.lk/english/151722/hydrepower-generationdroppedto-12-
percentas-dry-weather-hits-many-partsisland
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Climate warming impacts on agriculture
comprises fluctuation in
* Temperature trends
* Precipitation patterns

 —d—

Short term mitigation
approaches

*+ Mix-cropping and
intercropping

* Reduce tillage
downscaling Agri-
emissions.

* Tolerant crop
cultivars.

* Reintegration of
livestock into crop
Production.

Short term impacts

+ Higher pest
infestations.

* Higher agricultural
inputs.

s Agricultural runoff
and soil erosion.

* Frequent crop
damages by heat
waves.

Long term impacts

* Habitat destruction.

¢ Northward shifts of
crops.

« Diminished
agricultural yield

« Economic and
psychological stress
on farmer
communities.

« Degradation of soil
quality.

« Permanent loss of
fertile soil.

Long- term adaptation

strategies

* Agroforestry

* Sustainable
agriculture
practices.

s Farmer education.

* Systematic
farming strategies.

«  Water
conservation
practices.

s Reintegration of
livestock into crop
production.

<

Administrative Measures

« Decision making bodies
s  Adeauate nnlicv formulations

Figure 7 Potential impacts of climate change on agriculture sector and the appropriate mitigation
and adaptation measures to overcome its impact. (Source: Adapted from Ablbals2022)

When the growth and conditions optimal for plant (light, water and saitjial 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 wdilcotton 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 consegjuence
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 contribytofactors 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 andHeries, 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 empaddiy 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

' OO2NRAY3I (2 GKS gARSt& | OOSLIISR RSTAYA(GA2Y 0
exists when all people, at all times, have physical and economic access to sufficient, safe and
ydzi NAGA2dza F22R 00KFG YSSGa GKSANI RASGOINE ySSRa
[23]. Four dimensions of food security are highlighted, agmavailability 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 wordl 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 fametimity increased

from 135 million in 2019 to 345 millioin 82 countries by June 2022.
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people in
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M Lack of data

Figure 8 Global Report on Food Crisis, 2022.

(Source: https://www.arabnews.com/node/1971861/midaéast)

South
Asia

During 2022, 6.2 million people in Sri Lanka becéod insecure as a result of economic crisis
GAGK KAIK F22R AYyFiElLGA2Y NI GS FYyR {NR [FYyl}l KI
countries (Figure 8) designated by the World Food Programme [26]. The risk of climate change
also threatens the foodecurity 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 missinfijuanting
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 cultyrathportant 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 hikesfood 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 negativebyikRglare

few consequences faced by food security of Sri Lanka.
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1. Crop yield reductionWhen 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 &écted the overall production of food crops.

2. Farmers' livelihoodsFarmers 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 hekthem adapt.

3. Food price increaselReduced 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. Shortterm challengesThe transition away from ewentional 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 plate whe
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 nisgaconsequences 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.
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Figure9. Food insecurity distribution among districts in Sri Lanka. (Source: WFP Sri Lanka, Country
Brief, July 2023)




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 solil fertility, and floogt®rms 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 causeddiynate 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 livehood 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 poduction of the country than in dier countries [2930]. According to [31] in 2017,
229,560 households became food insecure, includingfedrfarmers and agricultural labourers
being the most affected. In the 2017 Global Climate Risk Index, Sri Laskanked 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 6f2°C per deade, 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 LanK&0],33]. According to [34], Sri Lanka reported much higher and more
frequent severity of weatherelated disasters such dkods, landslides, droughts and storms
which caused 74% of the total disaster occurrences during @823 [35]. It is reported bthe

[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 asdaaaNd El Njo extremes [3€38].
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Figure 10Climate Change Induced Vulnerability at District Level. (Source: Punyawatiana
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Figure 11.Effects of climate change on food security and nutrition. (Source: FAO, 2015)
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Major greenhouse gases namely, Carbon dioxide)(®4&thane (Ck) and Nitrous Oxide (D)
emitted during agricultural activities have a direct impact on climate chaXigegen fertilizers,
flooded rice fields, soil management, land conversion, biomass burning, increased mechanization,
high agrechemical usage, livestock production and manure management etc. have been
identified as contributing factors of agriculturelated 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 Highintensity animal
productons in modern agriculter [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 cinieble and rice straw, it contributes
approximately one third of the total global @G@missions. Nevertheless, most farmers tend to

burn large quantities of crop residue, which results killing of insects and other pests and disease
causing organisms andeuntralizes soil acidity and at the same time 2C©® released to a

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

waste. During fertilization, crop takes up most of the nitrogent 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 negovernmental organizatisneed 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 infrastructee facilities, crop diversification, land use planning, food preservation,
diversification of food sources, and specially research and development on controlling and
minimizing contributing factors of agriculturelated activities on climate change. Resdgaon
climateiinformed 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 scurity to mitigate climate change in Sri Lanka

As per[23] in 2006,four dimensions of food security, nhamegnsuring a&ailability of food,
accessibility, proper utilization and ensuring stability are highlighted and R&D with regard to food
security shoud 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

livestock: Increase the prevalence

parasites and diseases [44]

winters

No. | Major impacts on agricultural Reason R&D actions to mitigate impacts
sector
1 Reduced or reversed yield increasg Changes in optimum climate requirement for optin| § Investigate, develop and introduce high yielding clim
reduced cropgrowth [43] plant growth: temperature, atmospheric carbg change resistant varieties with tolerance tbiotic and
dioxide (C®, and the frequency and intensity abiotic stresses (climate change tolerant crops: ex: drou
extreme weather: floods and droughts tolerant, flood tolerant, salt tolerant, etc.) and increas
2 Reduced or loss of nutritional valug Rising levels of atmosphearbon dioxideeduce nutritional value using conventional and molecul:
and quality of crops [43]. Especially the concentrations of protein and essential miner techniques.
in terms of monoculture practices. | in most plant species. Increased pesticide usage|f Develop pest andidease resistant crop breeds
to increased pest pressuréd/hile there are benefitg
to monoculture,such as simplified management al  Cultivation, conservation and promotion of traditional a
increased efficiency in harvesting, it also comes local seeds and planting materials, community seed beé
certain challenges that can impact the health of t  and seed exchanges, and the free distribution of seeds
soil and the crops themselves, i.e. nutrient depleti planting materials
pest and disease buildup, soil structure degradati
changes in microbial communities, decreas|| Research and promotion dfaditional crop varieties, fooc
biodiversity, genetic uniformity & nutrien  processing methods and food preservation methods
imbalances
3 Crop losses due to extreme weath| Increased intensity of extreme weather conditior § Manipulation of plant microbiome, especially rhizosphg
conditions floods and droughts, pest and disease outbreak engineering to mitigate plant stresses, increase nutri
4 Increaseof distribution of weeds an¢ Many weeds, pests, and fungi thrive under warme availability and control pests and diseases.
pests under extreme climate [43] | temperatures, wetter climates, and increased
CQ levels. Understanding the plasticity of weeds, | {  Restoring soil health in agricultural lands
pests, and fungi is crucial for effective maeaggnt
and control strategies. It highlights the need for | ¢ R&D to develop water conservation measures Prom
integrated pest management (IPM) approaches. vertical gardening, hydroponic systems, and protec
5 Increasing vulnerability to diseases| Heat stress, earlier onset of spring am¢armer agriculture

11€



Use of internet of things for the precise application
agriculture inputs

Develop smartapps aiming the farming community f{
access agriculture supply chain

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

Develop communitpbased water harvesting an
distribution systems and rainwater hasting systems

R&D on application of mulch, Jeewamurtham and bioc
and nontilling practices

Develop and promote silage and hey production
Promote techniques of fodder production and conservat
R&D on strengthening vaccination programmes
Develop pest forecasting system

Conduct research on parasites and diseases

Develop disease resistant breeds (Focus: livestock
poultry)

R&D to promote integrated pest management




Develop and introduce soil conservation measures suc
SALT farmig, contour farming, noichemical fertilizer anc
pesticides (i.e., neem seed extract), live fences, ¢
rotation

Research on promotion of soil organic matter
R&D on bioremediation of wastewater, soil, air and food
Crop diversification andhulti-cropping

Research on the application of agroecological, organic
natural farming methods

Develop and introduce polytunnel and greenhouse farm
home gardens, agroforestry, reforestation

The minimization of shifting cultivation

The reductionof firewood use for cooking, the use
efficient cookstoves, the prevention of forest fires, the U
of agricultural and forest residues for organic fertilizer
mulching

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

Reduce usage of synthetic fertilizer and agrochemicals v
researching and introducing biofertilizer with high grow
impacts on crops and natural materiddased
agrochemicals (pesticides, fungicides and weedicides)

11€



1 R&D on natural and ecofriendly congiimg and fertilization
methods ex: worm compost, bokashi method
1 Develop efficient cookstoves in order to reduce usage
firewood, the prevention of forest fires, the use
agricultural and forest residues for organic fertilizer
mulching
1 Research on crop modeling to access future climate cha
impacts
1 R&D on ecofriendly and healthy methods increasing f
longevity and reducing postarvest crop losses
6 Reduced fertility of livestock Heat stress and other extreme weather events | R&D and promotion of animal husbandry with high yield
7 Reduced livestock production (meg animal breeds with resistant to stress factors
eggs and milk etc.) and quality
8 Reduced grain and forage quality a| Longer, intense droughts, resulting from highy Investigate, develop and introduce high yieldinmate
guantity in livestock feed summer temperatures and reduced precipitatig change resistant livestock forage varieties with tolerancg
Increases in carbon dioxide (0O biotic and abiotic stresses
1 R&D on alterative animal feed formulations
9 Decline in productions in fisherig Changes in temperature and seasons, water sou|J R&D on mangrove reforestation
sector: Changes in temperature ar gradually becoming acidic due to increases
seasons can affect theinting of| atmospheric carbon dioxide (€J45] 1 R&D on coastal conservation and develop shore shorg
reproduction and migration tha management plans
affect the lifecycle and increase th
likelihood of disease. f Research on conserving coral reefs, and related ma
10 | Marine disease outbreaks [46] Higher water temperatures and higher estuari biodiversity

salinities




11 | Competition with other species ovg Migration of aquatic species for new habitats to av
food and other resources extreme weather events

12 | Destruction of sensitive ecosyster Water sources gradually becoming acidic due
and losing animal and plant habita increases in atmospheric carbon dioxide {J@5]
[39, 40]

13 | Implications in safety, distributior] Climateinduced changes in pests, parasites, &

and consumption of livestock an
aquaculture products [46, 47, 48]

microbes: increase in the use of parasiticidezease
the risk of pesticides enterindgi¢ food chain or leag
to evolution of pesticide resistance [46, 47, 48]

Research on safety and less pollutant fishing
transportation methods in watesources

R&D on water conservation and water purification metho
renovation of minor water tanks, village tanks and irrigat
channels

Develop and implement a continuous programme
monitoring shoreline changes

Study impacts of sea level rise costal habitats over short
, medium and longterm horizons

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

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

Research on ecofriendly alternatives for polythene ¢
plastics

Research on alternative energy sources to reduce he
consumption of norrenewable natural resources such
fossil fuel and toeduce heavy C&nd methane productior|
(ex: wind, solar and sea tide energy)

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

12C



R&D on sustainable management techniques for effec
usage ohatural resources

Training and development of Sri Lankan young scient
school children and local farmers on above aspects

Adjust cropping calendars according to climate forecast

Develop systems for timely issuing and communicatin
climate infamation to farmers

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

Develop and prepare adaptive management programr
for climate sensitive ecosysis and prepare recovery plat
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 Lardasamdtrategies,

action plans and projects for overcoming climate change are presented in relevant policy
documents as mentioned belowritical issues of climate change are addressed, coordinated and
controlled through actions implemented through thepelicies and plan$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.

1 National Action Plan for Haritha lemnProgramme 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.

1 Sri Lanka Comprehensive Disaskéanagement Programme 2012018 (SLCDMP) on
disaster risk management has been identified separately as accutting need of
adaptation

1 National Action Programme for Combating the Land Degradation of Sri LankaQNB)P
has recognized climate changs a factor that can intensify the degradation of land
resources in future highlighting issues such as soil erosion and landslidesamdumid
country wet zone (upper watershed) areas.

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

9 The National Physical Plan 262A30 (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.

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

T bFEidA2YyI f I ANRA Odzf GdzZNB t 2f AO@ KFra ARSYUGATFTAS
SY@ANRYYSYy(l adadGrAylroAfAadeqQ Fa Gg2 YI22N L
Wh I {0 dzNJ f NB a2 dzND S YIyYylFI3aSySyi L5} Oft AYIF (S
strategic/interventon 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 (Liménistries 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
communitybased organizationsave a major role to implement and monitor responsibilities of

the plan in their professional and occupational capacities.

Suggestions and recommendations

Sri Lanka is an agricultubased country and over 80% of its food producers are sscale

farmers [29] Although the food security of the country largely depends on productions of

' INA Odzft G dzNBzZ tA@0S5aG201 FYR FAAKSNASAS GKS yIda
declining due to the government less priority in policy level aadhe government policies are

more favorable towards the industry and service sectors. When targeting-¢maje agre

industrial approaches, promoting food security needs to be ensured applying proper agro
ecological practices to cater to the demand o€reasing 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 cmdsing 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 fadifug

(e) Technology and knowledge transfer,

() 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,

() Facilitating and promoting market research for food,

() Research and exploration on local traditional knowledge @l feecurity,

(k) Enhancing R&D results and output dissemination to scientific and local communities,

() Involving participation of farmer community, university and school children and local
community in education, training and awareness programmes on R&D arat€lthange
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 antsexte
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 aavér level of governmental and nen
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 tdackle poverty, hunger, and malnutrition, ensuring the right to food,
safeguards the rights of smaltale food producers, and consumers. As discussed and highlighted
in this chapter, it is important to recognize challenges on food security from clirhatege, 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 attitudiégstyle 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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Agriculture and Livestock CHAPTER 7

A comprehensive approach to develop rice varieties to cope with
climate changeimpacts

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 stressesodtesemiaquatic 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. Alidse stress conditions are adversely affected on rice cultivation which
leads to reduce the potential yield. Over tReS O | d®fféran®traditional strategies like natural
selections, breeding techniques use to adapt the rice varieties to different emagotal
conditions in different regions. Advanced technologies have led to create stiesant rice
varieties through the genetic engineering. Recently developed advanced rice varieties are widely
use in the world which are having multi resistance chaastics for extreme conditions and able

G2 3IAGS KAIAK @8ASt RaADP hy82camled KNASES YA N S\ize WBNER Yo
resisted to blast disease and tolerated salt stress while giving high yield. Even though Rice
Research and Developmefnstitute developed, improved abiotic resistance rice varieties,
traditionally most of the farmers are cultivate only few popular rice varieties in Sri Lankaiwhich
the major barier in order to overcome tharastically changing adverse weather coratis.
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 recommendationsrfaking 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

Department of Biosystems Technology, Faculty of Technology, University of Sri Jayewardenepura, Pitipana 10206, Sri
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Introduction

Many Asian countries, especially in Southeast Asia, Gicgzé sativd..) 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
{ NA [ Iyl Qas3.1d8liafdz6riLénka2dgmesid riceiconsumption 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].

Anuradhapura
11%

Production by District
2020/21, metric tons

<75,000
o INDIAN OCEAN

<75,001 - 175,000
<175,001 - 313,708

Percentages (%) indicate
percent of national production.

Figure3. Annual rice production by districts in 2020/21

(Source: Sri Lanka Ministry of Agriculture;
https://ipad.fas.usda.gov/countrysummary/Default.aspx?id=CE&crop3Rice

Figure 1 presents statistical data from the Sri Lanka Ministry of Agricultuseilbanka'’s total rice
production by districts in 2020/21. The key findings highlight significant iboritons 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, reflectingithvital contributions to the nation's
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agricultural landscape and sdfifficiency in rice productiomRice is naturally adapted to grow in
flooded or waterlogged conditions withverage temperature between 20 °C and 27 °C. Average
175t 300 cm annual rafall is the most suitable for the paddy cultivation [Bhis 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 isonsidered as the leading environmental problem iff 2éntury, 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 &adnlthe central
highlands, but according to the regional climate model projections for future temperature
proposed consistent enhancement of 1.0¢C.1 °C in 2030, 1.3 ¥CL.8 °C in 2050, and 2.3 &C

3.6 °C in 2080. Along with increase temperatitrpredicts 5%10% increase precipitation by the

end of the 2% century [5]. Global warming and the changing climatic conditions lead to the
concurrence of multiple abiotic and biotic stresses individually or in combinati@h fgriculture

is a key affcted 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 vyield in most parts of the world, especially the Asia and Afrid®]9Abiotic 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)Ihese include basically high temperature and humidity, drought,
salinity and flooding [11].

Table3. Major abiotic stress conditions and their effects on rice cultivation

Stress condition Brief introduction and/or Harm cause toice crops
High Developmental stage sensitivity
temperature Rice's response to high temperatures varies based on developm

and humidity stages. Ex: Heat tolerance during booting may not correlate with flowe
tolerance, Extreme heat during vegets stages may not significant
affect the reproductive stage [12].

Vegetative phase tolerance:

During the vegetative phase, rice is relatively tolerant to eleve
temperatures (around 35 °C daytime and 25 °C nighttime). Beyond 1
temperatures, redaed growth, fewer tillers, and lower dry weight m
occur. High temperatures can disrupt photosynthesis by affecting thyla
organization and membrane stability [L3].

Transpiration cooling:

Efficient transpiration cooling is crucial in mitigating higmperature
impacts.

Closely related to relative humidity, lower humidity enhances transpira
cooling.

Higher humidity reduces the effectiveness of transpiration cooling [12]

Pollen sensitivity:

Rice pollen is highly sensitive to temperature and fdity. Viability is lost
within 10 minutes after shedding.

Spikelets with over 20 germinating pollen grains tend to remain fertile u
high temperatures.
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Heattolerant rice varieties show slower reductions in pollen activ
germination, and floret fertity [12].

Impact on ripening:

High temperatures during rice ripening reduce grain weight, filling,

quality. Resulting in a higher percentage of chalky rice, smaller grains
reduced amylase content. Heightened demand for assimilates during

filling contributes to these issues [11].

Night temperature impact:

High night temperatures, especially minimum temperatures, have [
linked to reduced yields.

Demands more comprehensive studies to address this emerging chal
[12].

Drought

Factoss driving:
Rising temperatures, frequent El Nifio events and reduced rainy days

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 cortiti@n, despite
irrigation [1213].

Effects on crop vield:
Drought occurs when soil moisture is insufficient for crop we
requirements.
Yield losses in reproductive stage more than vegetative stage. Geasifs
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 exert
pollen shed, and embryo development. Decreased grain yitldng
fertilization and mitiation of grain filling [13L4].

Simultaneous high temperature and drought stress:

Significant negative impact on rice cultivation, especially under up
conditions.

Expected increase in frequency and intensity due to cintaiange [13].

Combined drought and high temperature stress effects:

Affects rice physiology more than individual stresses.

Particularly during reproductive stage (flowering and grain filling). Li
photosynthesis due to reduced stomatal conductancadiag to biomasg
decrease.
Evokes unigue transcriptome, metabolome, and proteome responses if
[13].

Phenotyping considerations:
Specific developmental stages affected by combined drought and
stress.
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Varied stress intensities during different ges.

High temperatures during anthesis particularly sensitive, leading to spi
sterility.

Longer durations of combined stress result in greater yield reductions

Salinity

Salinity threat due to climate change:

Indirect factors driving salinitgre rising temperatures and sea level ri
(Elevated temperatures contribute to sea level rise). Projections sugg
3.58 °C temperature increase could lead to a substantial 1000 mm seg
rise. Coastal wetland inundation and heightened salinityultesrom
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 sali
Secondary salinization anishicreased brackish groundwater prevalen
occur [12].

Challenges in salinity conditions:
Rising temperatures promote salt deposition on the soil surface thrg
capillary action. Salt becomes difficult to leach below the root zone [12

Impact on rice cliivation:
Significantly affects rice growth and yield. Salinity stress can reduce
grain yield from 20 to 100% depending on severity and duration.

High soil salt levels hinder water uptake, causing osmotic stress, ion to
anddisrupted nutrientuptake [1516].

Effects on morphephysiological parameters:

Inhibited seed germination, Stunted root and shoot growth, Reduced
and grain numbers per plant, decreased pollen viability and delayed
setting, Sterile spikelet occurrence and poaflarea development [17].

Biochemical and physiological changes:

Growth inhibition and yield losses result from biochemical and physiolo
changes. Main effects on rice plants include reduced water poter
impaired nutrient uptake, and direct toxigifrom sodium (Ng and chloride
(Ch) ions [1716].

Altered physiological characteristics and biochemical indicators:

lon uptake, total cation, and osmotic stress are altered by salt st
Changes in relative growth rate and transcription efficieocgur.
Biochemical indicators such as proline, anthocyanins, peroxidase ac
calcium and potassium concentrations, chlorophyll, and hydrogen perc
are affected [1716].

Flooding
(Submergence)

Historical association of rice with flooding:
Riceplants evolved from aquatic species. Thrive in swampy monsd
environments [18].

132



Role of floods in rice cultivatian
Provide essential water and nutrients to rice plants [18].

Destructive nature of flooding:
Excessive or prolonged flooding can be oheéntal.
Considered one of the most destructive natural calamities [18].

Climate change impact on flooding:
Increased concerns due to climate change. Rice in extreme rainfall ¢
and intensification of tropical cyclones [18].

Maijor types of flooding @tterns:

Submergence: Sheduration flooding lasting less than three weeks.
Stagnant Flooding: Varies in water depth, from medideep to deep.
Flooding During Germination: Occurs in areas where rice is directly s¢
[18].

Adaptations to deep water coditions:
Deepwater rice varieties have evolved to elongate rapidly to keep pa
the plant above water.

Effects of flooding on rice plants:

Oxygen deprivation, reduced photosynthesis, inhibited nutrient uptake,
hindered growth.

Submergence duringgproductive stage leads to poor grain setting, spike
sterility, and yield loss [19].

Specific challenges with submergence:

Submergence during germination becoming more relevant with
adoption of directseeded systems.

Devastating effects on riceaits, impacting oxygen supply, photosynthes
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 omplaots, 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 abitand 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 andeiblast 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
hostpathogen interactions due to environmental shifts may also lead to increased disease
outbreaks in rice crops [222]. Some of the most common biotic stresses affecting rice cultivation
are shown in Table 2.
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Table4. Most common biotic stress conditions and their effects on rice cultivation

Category Examples Harm cause to rice crops References

Insectpests |G wA OS & ( S With its destructive moth larvae [4], [23]
burrowing into rice stems, reduces
yield and weakens plarstructures
A & Damage leaves, leaving behind [4], [23]
¢ | characteristic "windowpane"

damage
a. NB gy LJ| Weaken rice plants, transmit viral | [10], [4], [23]
K 2 LILJS NB& ¢ | diseases and can lead to hopper

(et O(
-
R

S

O Q
mw=s
Uy >

& { 4sucking burn symptoms
Ayasoitas
Diseases dwAi OS 06 f I Affects leaves, stems, and grains, | [10], [4]

causing characteristic lesions and
reducing yields

a{ KSI G K g Attacks the sheaths and leaves of | [10], [4]
rice plants, leading to reduced
photosynthesis and yield losses
NA || Affects leaves and can cause [4]
€ blighting and necrosis, reducing the
quality of rice crops

awA OS { dzy Significantly reduce rice yields and| [4]
reduce the grain quality
Weeds a9 OKA Yy 2 OK Compete with ricgplants for [24]
species resources such as water, nutrients,
& / & LIS NHza ¢| and sunlight and reduce yields by | [24]
shading rice plants and depriving

a. I
ot A

W O«
\U))

l.:.l
K..

[

o { LIKSY 2 Ot thom of essential resources [24]
| SetlyAOl
Parasitic Rootknot Damageice roots, leading to [25]
nematodes nematode reduced water and nutrient uptake,
stunted growth, and yield loss
Rodents Rats and mice Cause posharvest losses by [26]

consuming rice grains during both
field and storage phases

Worldwide rice farming is practiced warious 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
variousecology 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 wellited for irrigation due to their elevation and terrain.
Upland farmmng 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. Shallolarnoe have a relatively shallow
water table, while deep lowlands have a much deeper water table. Medium lowlands fall
somewhere in betweemf those two. Anyhow, all the three types are rain fed and do not have
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access to artificial irrigation systems. Timay 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
lowlandscontend 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 blighpests. In contrast, irrigated
ecosystems benefit from controlled water access through artificial irrigation systems, alleviating
many waterrelated constraints faced by rain fed systefh@].

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 Rainfall, watetable | Lack of assured irrigation, frequent drought,

Shallow blast, bacterial leaf blight

Lowland

Rainfed Rainfall, water table | Lack of assured irrigation, drought, flood,

Medium drought and flood in same or different season

Lowland bacterial leaf blight, brown plant hqer, gall
midge

Rainfed deep Rainfall, water table,| Lack of assured irrigation, fragile and low

Lowland flood water productivity, Prevailing abiotic stresses such ¢
flood, salinity, Biotic stresses such as bacterig
leaf blight, gall midge, brown planbpper

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 raatiyortant 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 flwallenging 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 multifacafgaroach 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 climatesiient 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 climdteed
stressesCapacitybuilding initiatives provide farmers with the knowledge and skills to implement
effective strategies, while commun#tyased approaches and government policies support
collective resilience efforts. Ongoing research and innovation are essantiavelop and refine
climateresilient farming techniques, ensuring the sustainability of agricultural systems in the face
of evolving climate challenges [26lice Research and Development Institute (RRDI) and other
researchers in Sri Lanka have been wugkfor 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 ctenzhange 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 stressgstant 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, andehidting 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 agritutal 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 PRTAs9 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 requiresreful 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 ice varieties recommended by the Department of Agriculture, Sri Lanka from 1958 to
2021 (Table 4).

Table 4.Recommended rice varieties in Sri Langaurce:RRDI rice veritiedDepartment of
Agriculture Sri Lanka

Recommended regional / stress resistancg Examples
characteristics
Drought resistance Bg 251(GSR), Bg 250, Bg 301, Bg 314, Bw
7, Bw 2673, Bw 351, Bg 359, Bw 364, Ld 36
Ld 368, Ld 371, Bw 372, Bg 377, Bw 100, B

451, Bw 453
Submergence resistance Bw 302, Bw 278hb, Bg 750, Bg 455
Forgeneral cultivation Ld 253, At 313, H 10, B4-8, Bg 276, Bg

300, At 303, Bg 304, Bg 305, At 306, At 30
At 308, At 309, At 311, H7, Bg-84Bg 941,

Bg 942, Bg 350, Bg 352, Bg 357, By 358, Bg
360, Bw 361, At 362, Bw 363, , Bg 366, Bw

Bg 370Bg 381 IP, At 373, Bg 374, H 4, H 8,
11-11, Bg 92, Bg 372, By 406L, Ml 273, Bg
403, Ld 408, Bg 450, Bw 452, Bg 454

Iron toxic soil Bw 2673, Bw 361, Bw 363, Bw 364, Bw 367
Bw 372, Ld 66, Bw 100

Mineral soil Bw 351

Salinity Bg 310, At 353, A354, Bg 369, Bw 400, At
401, Bw 451

Acidic soil Ld 66, Bw 400
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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

(SourceRRDI rice veritiePepartment of Agriculture Sri Lanka)

Adaptation type Examples of application

Share loss Encourage farmers to diversify individual cropping,
sharerisk

Bear loss Where losses cannot be avoided or adaptation ¢

exceeds benefit
Mitigate the effects: structural an(¢ Increase reservoir capacity

technological Implement water efficiency schemes
Mitigate the effects: legislative Change landise planning practices
regulatory andnstitutional Change water allocation practices
Avoid or exploit changes in risk Move rice crop to lowerisk areas

Promote other agricultural crops

Change cropping calendar

Research Refine relationships between vations in climate,
water resources and crop yield. Improve reliabi
and/or resolution of future climate variability models
Education, behavioral Increase farmer awareness of the need to tg
individual or communal action to prepare for climg
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 highrgpaddy 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 Baeaers

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 <enarios 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 Kurunegald aotwolve shifting the planting

date by 1 month, serving as a noostly strategy to mitigate potential climate impacts on rice
production in the region [29]ShortDuration Seeds: Utilizing shedtration seeds (At362,"
"Bg300," and "Bw362) particularlR dzNA y3 GKS a, Ff+¢ &aSrazy 2y
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 stresg30]. Crop Diversification: Diversification into alternative field crops, especially during
GKS a,FftlFé¢ aSlrazy 2y f2g¢flyRax aArAayAFAOLyif e
approach involves planting different crops alongside or in rotatvith rice, providing farmers

with a buffer against droughtelated yield losses [27].
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Agroforestry
tfFydAy3a FANRPTF2NBAGNE (NBSa 2y t26flyR FASERA
sensitivity by approximately 7%, enhancing ovearsllience to drought [30].

Crop residue retention

LYLX SYSydAy3d AYLNROSR ONRLI NBaARdzS NBiOSyildizy L
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, jtorg sustainable rice

cultivation in challenging watestressed environments [30].

Droughttolerant rice varieties have emerged as crucial solutions to combat erratic rainfall
patterns in Sri Lanka's rafad rice cultivation zones. Approximately 35%aif-fed rice farmers

FIOS GKS OKIttSyaS 2F AyadzFFAOASYG ol GSNI I O Af
Sri Lanka's Agronomy Division, RRDI has actively engaged in screening rice lines for-moisture
stressed conditions since 2008, cbbaating with international organizations like the
International Rice Drought Tolerant Nursery (IRDTN) and the "Green Super Rice" project Through
GKSasS STF¥F2NIaz (g2 Ld)l\o‘%\yiea)\lwa? -MNIREGRSS GEISANBSTa AR Say. (3A 7
underwent adaptéd A £ A (& 0 SgindnAyyE3d ap F6a. INBMAS| &SR L& d. 3 Hpwm
o7-Mmmé 0SOFYS a.3 omné AY H Afedcdtivaios i SrAbArkdas dg LIS OA T
and intermediate zones. These varieties offer varying maturity periods and patéhtials,

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 wstason rainfall and elevated temperatures, Sri Lankan
rice growers adopt various measures. Recommending shoution seeds, crop diversification,
agroforestry, and improved crop residue retention practices serve to mitigate the adverse impacts
of high tamperatures 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 followg, Firstl
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 $alérant varieties is encouraged, such as

Gt 21 1FtAE FTYR ab2ylo2{Nrész LI2aasSaa YSOKIFIyAaAavYa
suitable for cultivation in saltontaminated fields [30]. Additionally, efforts have been made to
develop Highyielding Dwe Varieties (e.g., At 354, At 401, Bg 310, and Bg 369) that are both salt
tolerant and weladapted to local conditions, offering improved grain yields compared to
traditional salttolerant varieties [30]. Furthermore, ensuring the availability of qual@égds of
salttolerant rice varieties and promoting sedéed 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 miningdegnt 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 use3f]. Leveraging technology such as weather advisory systems,
Geographic Information System (GIS), and remote sensing aids in informed dewimg for
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planting seasons and identifying areas with salt accumulation, facilitating the implementation of
bestmanagement practices for paddy cultivation [33¢veral key strategies are employed by rice
growers in Sri Lanka to address these biotic stresses:

Pestresistant rice varieties:

Farmers in Sri Lanka have been adopting jpesistant rice varieties tit 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 yieldad enhanced food security [32].

Integrated Pest Management (IPM) Practid&® 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 natupkdators 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
Itis an essential practice in Sri Lankiae 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 pesticidesised 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 emglegoicsassisted

breeding (GAB) to develop rice varieties that are resilient to various biotic and abiotic stresses,
enhancing their suitability for sustainable and climataart rice production. The International

Rice Research Institute (IRRI) is at theefront of developing climatesmart rice varieties to

address a spectrum of climatelated challenges. Their approach includes utilizing marker

assisted breeding techniques for precision and efficiency. In response to drought, IRRI and its
national parhers have developed a drought2 f SNI yi NAOS OI-MH-BEE yI Y
NEfSFaAaSR Fta aG{lKoKIF3IA 5KIyé Ay LYRAIFIZ a{dzl KI 5
This variety exhibits genetic drought tolerance and efficient soil moisture eidradiffer a yield
FRGIFYGF3IS 2F noy G2 wmobdc G2ya LISNI KSOGI NB 2 @SN,
5KIFyé YFAYGOGlrAya I Fl-doudhd ooridifonsdandShsRshoBed Bigfurith y Y 2 y
duration, allowing for increased cropping intensiffhese droughtolerant varieties have the

potential to uplift socieeconomically disadvantaged farmers and enhance food security in rain

fed ricedependent areas [33]. They're addressing the adverse effects of high temperatures on

rice production by identying heattolerant 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 ctdderant rice varieties.

IRRIhas also tackled the problem of flooding, a major threat to rice crops, by incorporating the

SUBL1 gene, conferring submergence tolerance for up to 14 days. This innovation has resulted in

G NASGASA adzOK Fa a{ gt Nyl { dzoadvantggBs ofiddtony o I a I K
following flooding [34]. Furthermore, IRRI's efforts extend to-saéirant rice, exemplified by

G. wwL S5KFyYy MmMEéZ RSaAIAYSR (G2 OGKNAGS Ay alftAyS (
saltaffected areas. Additionallyit is dedicated to addressing scéllated 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
climateresilient and stresgolerant 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 poptdd NA OS @I NASGASa tA1S a{ ol Nyl €T
submergence and drought. Quantitative trait loci (QTLs) for traits like drought tolerance
(qDTY12.1, gDTY3.1, and gDTY1.1), submergence tolerance (Subl), 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 climateesilient 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, mgchaditerial 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 ffrts aimed at achieving high genetic gains. Additionally,
researchers have focused on enhancing adaptability to dseetled rice (DSR) conditions, which

are particularly relevant in the face of changing climate patterns and limited water resources.
Trats 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 markassisted selection (MAS). The intratlan of a multiparent 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 wa®nducted in Thailand to enhance the resilience of the

LJ2 LJdzf F NJ 3t dziAy2dza NRAROS QI NASGe aGawbScésx (yz2ey T2
to address the dual challenges of blast disease and salt stress by employing gene pyramiding
technigues through MAB. This innovative approach involved combining four blast resistance QTLs
0li.f MZ HX MMI YR MHU ¢gAGK GKS a{Fftd2f ve[e ¥

The breeding process began with the cross between the RD6 introgression line (RGDB7005
165-1),which carried the blastesistant QTLs, and the s#lt2 f SNI yi at 21 1t A& QDI NJF
new rice variety, named "RD6 BC4F4-132 m¢ ® ¢ KA & ySgfe& RSOSt2LISR NI
retained the favorable agronomic traits of RD6 but also demonstratsistance 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 ricegrowing areas, improving soil organic matter, reducing agricultural chemical use, and
enhancing organic carbon storage in agricultural systems. Thisl@sclmplementing 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 (@Ht&sions reduction technology can promote
sustainable development of the rice industry and mitigate climate warming effects [36].

Water-saving and droughill5 a A a G yd NAROS 625w0 NBLINBaSyida LI

high yield potential andrgin quality with a capacity to thrive in watscarce and droughprone
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 watelitions, owing

to their unique droughtesistant characteristics. Upland rice, which flourishes in witeted
environments, has been particularly effective due to its robust drought avoidance and resistance
attributes, cultivated through a speciada 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 tade-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 pemtd diseaseesistant gens. Numerous
registered WDR varieties are now available to farmers, demonstrating their adaptability to both
irrigated and raiffed ecosystems. To maximize the potential of WDR, crop management practices
encompass watesaving cultivation methods in lowlampéddy fields and dry seeding with aerobic
cultivation in rainfed fields, promoting resoureefficient and ecefriendly 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 chadgeed salinity and
waterlogging. They have utilized statistical models like Additive Main Effects and Multiplication
Interaction (AMMI) and Genotype and GenotyipeEnvironment Interaction (GE) to assess
genotypeSY GANBYYSYy (i AyiSNI OGA2Yy o6D9LO STFFSOGha 2y 3
ARSYGAFASR a GKS Y2ad adzidlrofS @FNARSGe FT2N (K
the dry season across all sites, aligning viéthmer 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 condtions 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 LankaBut most of the Sri Lankan paddy farmers stick to limited number of varieties (Figure
2) throughout the whole timeThis will be a major barrier in the adaptation against abiotic and
biotic stresses of rice cultivation in Sri Lanka.
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Figure 2.The most popular rice varieties in Sri LagiD19 (Source: RRDI Socio Economics
Aspects Cultivated ExtentDepartment of Agriculture Sri Lanka).
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Many farmers adhere to traditional farming practices that have been passed down through
generations. Thespractices 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, farminghgyarisk occupation, and
farmers may be rislaverse when it comes to adopting new varieties. They may fear potential crop
failure or reduced vyields if they switch to unfamiliar rice varieties. This risk aversion can be a
significant barrier to the adoptih of new and potentially more resilient varieties.

Some farmers may not be aware of the availability of newer, more stodssant rice varieties.
Access to information, education, and extension services may be limited in certain regions,
preventing famers 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 widespréaataassible,

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 betaelum 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 welsuited for local cisines 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 stréeferant varieties, and create incentives for farmers to adopt
new and resilient rice varieties. Collaboration between resesnrsh agricultural extension
services, and local communities is crucial in promoting the adoption of improved agricultural
practices.The most important factor isjiverse range of improved rice varieties and different
strategies against abiotic and bioti&tresses 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 Sri Lanka

According to the Asian Development Bank assessing the costs of climate change and adaptation
in South Asia report, dry andtermediate 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 thala season (AprgAugust) and in the dry zone
during themahaseason (Octobedanuary). Due to those climate changes rice production will
significantly decrease in Sri Lanka (Figure 3) [5]. This will welya¢iffect on many sectors and

food security will be in the jeopardy.
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The adoption and expansion of stregsistant rice varieties affect the social and economic
aspects of the country. Cultivating stregsistant rice varieties in Sri Lanka can significantly boost
the income and livelihoods of farmers idhbenefiting 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. Moreovemeased farm
profitability enables farmers to reinvest in agriculture, diversify income sources, and stimulate
local economic development, ultimately leading to improved selihg in rural areas [39].

The availability of stres®sistant rice varieties irsri 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. Theihigher 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 clinetdted shocks,
benefiting not only smaflcale 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 upwardénd 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 theigbtent
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 stepvi@ard in addressing the challenges of food
security, laying the foundation for sustained agricultural resilience on a global scale [41].

It also influences ruradrban migration patterns in Sri Lanka. When farmers have more reliable
incomes due to these vigties, 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 infrastrudt2}€lhe
expansion of streseesistant 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, carefulitoring 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 stesstant 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, shoule laddressed to promote inclusive adoption [44]. The shift towards
stressresistant 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, thedebeoul

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 streseesistant 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 stregsistant rice varieties in Sri Lanka not only impact farmers
but also hold significant implications for consumers. Theemeed availability of rice in the
market, resulting from higher and more stable yields of streséstant varieties, plays a crucial
role in influencing food accessibility and affordability for consumers. With a more consistent rice
harvest, consumers arlikely 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 stesgstant rice
varieties contribute to a more nutritious diér 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 rurairban migration, driven by increased income stability

for farmers, can psitively 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 gathéa 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 stressistant ice 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
challerges 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 governmentrages. 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 tfian 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 aimiagenhancing 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
stresstolerant 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 abouttikesst

rice varieties will be strengthening extension seeg. 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 clinesient
agriculture strategies to 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 wieers, 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 agsessi
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
organizatiors 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 challengesgby abiotic and
biotic stresses in the dynamiontext 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 productimerelore, 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 stress@4ost 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 adagttto traditional and advanced
mitigating strategies in parallel to other Asian countriefie promotion of climateresilient 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 ovel 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 wiéh rdgional
specifications.
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Enhance the agriculturdased economy of Sri Lanka: A decision
support tool includingcrucial climate forecast and optimal
cultivation plan

N.M. Hakmanage N.V. Chandrasekata D.D.M. Jayasundata

Abstract

Sri Lanka's agricultural practices are largely-fad) 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 agticaltproductivity. As rural communities in

Sri Lanka make a considerable contribution in terms of feeding a growing population, this chapter
introduces a usefriendly decision support tool called as 'Smart Agro Planner' which contains a
rainfall forecastig 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 NetworkN)ANodel 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 arealdhe 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 gisting 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 mustldeith 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 foa 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 datiiven methodologies, such a decision support tool seeks to
revolutionize decisiommaking processes within the agricultural landscape of Sri Lanka including
early detection of climatic changes.

Climate change is any changeclimate over time, whether due to natural variability or because
of human activityf1]. Climate change may cause risk at cultivation which may be unavoidable and
unexpected?2-4]. The possible effects of climate change on agricultural productionairémited

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 cultivati¢b]. Even though all the climatic factors have influenced on
cultivation, rainfall is one of the major influential factors to Sri Lankan agriculésré Rainfall
forecasting is vital in agriculture, and it is a challenging task due to the uncertaintyurélina
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,ist 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 cultiyation

A process of earlyecognition of rainfall is valuable for farmers as it is useful to make decisions
that yield attractive benefits in the agricultuf®]. In the process of rainfall forecasting, it is
required to consider what are the factors affecting rainfajl

According to Shaikh et al. in 2017, temperature, humidity, wind speed, air pressure, cloud
percentage are some of the major factors affecting rairfftelll. Hence, this study considered
available meteorological factors: rainfall, temperature (TM), humi¢ht), 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 forecaisty 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 modgl&]. On the other hand, Artificialeural
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 predictib2]. Artificial neural network is a type

of data driven technique which refers theipciple of biological neurond.3]. 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 netf@®k Thereforejn

this stud/, 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 foirthat variables from another

ANN model. It is a collection of ANNSs.

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 (%&nd 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. fiimg trai
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 performancetied 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. PearsoS@eatman
Rhocorrelation coefficients are two widely using statistical measures when measuring the
relationship between variable¥he Pearson correlation coefficient assesses the linear
relationships between variables, while the Spearman correlation coefficient evalubtes t
monotonic relationships and hence this study continues with both coefficients. Table 1 represents
GKS tSNE2Y Q& | YR { LISI NYI Y -valdedbetn@ehNanBIf andickhery & | f 2
selected climatic factors and cross correlations among thdrasd correlation coefficients were

used to identify the significant factors affecting rainfall (i.evatue<0.05) and only the significant
relationships are given in the Table 1. Ngignificant correlations such as Temperarture_lag2,
Temperature_lag3, Wdspeed_lag2, Humidity _lag2, Cloud_lag2 were not considered further
GKSNB W[ IF3IymQ NBLINBaSyGa (GKS 2yS Y2yGiK o06ST2NB
NELINBASY(d | LISNA2R 2F H Y2Y(GK 0SF2NB QJlritdzS 27
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

t S NA 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_lagl 0.248 0.001 0.243 0.001
Windspeed_lagl -0.219 0.001 -0.229 0.001
Pressure_Lagl -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_lagl 0.156 0.001 0.126 0.002
Cloud_Lagl 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 pet@ge 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 nier 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 traadgagithm, the model

gl a8 GNIAYSR o0& OKFy3aAy3ad Y2RSt LI NI YSGSNY O2Y06A
the minimum error was obtained. Different networks give different results with the same training
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functions and adaptive learning functiorgving 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 percetage 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 immddarain 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 NeuralNetworks 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 emoessured 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 giuib variables

Variables Input combination of variables MSE NMSE
Temperature TM_lagl, TM_lag2 0.2257 0.2364
Pressure PS_lagl, PS_lag2 0.2478 0.2130
Cloud percentage CD_lagl, CD_lag2 0.2485 0.2369
Humidity HM_lagl, HM lag2 0.1457 0.1222
Wind speed WS lagl, WS_lag2 0.1987 0.1803

* Temperature (TM), Wind speed (WS), Pressure (PS), Cloud percentage (CD), Humidity (HD),
Temparature_lagl (TML1), Windspeed_lagl (WSL1), Windspeed_lag2 (WSL2),
Pressure_Lagl(PSL1), Pressure Lag2 (PSL2), PressurPEh8R Humidity Lagl (HDL1),
cloud_Lagl (CDL1),-lag 1, LA ag 2, L&ag 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, th
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 Temperature Pressure Humidity Wwind Cloud
hidden spedl percentage
layers
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 usefilitimer 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 numbof hidden neurons under 1st and
2nd hidden layers
Number of Neurons

Layer 1 Layer 2 MSE NMSE
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 firdtsatond 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 layertimee models.
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