
ASM Series on Climate Change

C. Devendra

-20< >-15 -10 -5 0 5 10 15 20

Climate Change Threats
and Effects: Challenges for
Agriculture and Food Security





ASM Series on Climate Change

Climate Change Threats and 
Effects: Challenges for

Agriculture and Food Security
C. Devendra

Academy of Sciences Malaysia
2012



©Akademi Sains Malaysia 2012

All rights reserved. No part of this publication may be produced, stored in 
a retrieval system, or transmitted in any form or by any means, mechanical, 
photocopying, recording, or otherwise without the prior permission of the 
Copyright owner.

The views and opinions expressed or implied in this publication are those of 
the author and do not necessarily reflect the views of the Academy of Sciences 
Malaysia.

Perpustakaan  Negara  Malaysia    Cataloguing-in-Publication Data

Devendra, C., 1935–
 Climate Change Threats and Effects: Challenges for Agriculture and
 Food Security / C. Devendra.
 ASM Series on Climate Change
 ISBN 978-983-9445-82-4
 1. Climatic  Changes.  2. Agriculture — Environmental Aspects.  
 3. Food Supply.  I. Akademi Sains Malaysia.  II. Title.  III. Series.
 577.5522



Content

Abstract  1

Introduction 2

Asian Agriculture 3
 Natural Resources 3
 The Problem of Climate Change 5

Development Pathways and the Climate Change Context 6

Declining Agriculture 7
 Agriculture`s Contribution to GDP in Malaysia 8
 ADB Observations of Climate Change in Agriculture in South East Asia 9

Food Security 9
 Dimensions 10
 Supply of Dietary Animal Proteins 10
 Food Security Policy in Malaysia 11

Agro-ecological Zones 11

Land Use and Livelihood Systems 13

Effects of Climate Change 15
 Land Use and Livelihood Systems of the Poor 16
  Resultant Impacts 16
  Effects on the Poor 16
 Dryland Agriculture 19
 Crops and Cropping Patterns 19
  Effect of Temperature on Rice Yields 20
  Key Factors Affecting Individual Traits 21
 Animals and Animal Production Systems 22
  Heat Stress 24
  Significance of Nomadic and Transhumant Systems 25
  Quantity and Quality of Feed Resources 25
  Implications 26
  Plantation Crops 27
 Urbanisation 28



CGIAR Study on Mapping Hotspots of Climate Change and Food Insecurity
   in the Global Tropics 28
 Hotspots of Climate-induced Food Insecurity 29

Water Availability as a Constraint 30
 Consequences of Inefficient Use of the Available Fresh Water Resources 30

Carbon Sequestration and Greenhouse Gases 32

Strategies to Cope with Climate Change 34
 Mitigation 34
 Adaptation 37
 Agricultural Diversitification 41

Conservation of Genetic Diversity 41

Challenges for Research and Development 43

Role of Biotechnology 44

Strengthening Research Capacity 45

The Relevance and Application of Systems Perspectives 45
 Methodology for Farming Systems Research 45
 Site Selection 46
 Site Description and Characterisation (Diagnosis) 47
 Participatory Rural Appraisal 47

Policy Requirements 48
 Mitigation 49
 Adaptation 49

Investing in Agriculture 49

Concluding Remarks 50

Acknowledgements 51

References  51



Lists of Figures
1 The development process. 7

2 Relationship between crop yield and climate (1991–2003). 20

3 Agroforestry and silvopastoral systems potential and carbon sequestration. 33

Lists of Plates
1 Rice, the principal staple crop in Asia is likely to have lower yields with 21 

climate change due to the combined influence of accompanying water 
scarcity and thermal stress. The photo reflects a typical situation in Thailand.

2 Integrated oil palm and cattle (Brahman and Hereford) system in Sabah,  33 
East Malaysia. This production system is underestimated.

3 Cowpea-cassava food-feed system in Mahasarakam province, Thailand. 40

4 Woman delivering cattle manure for use as main source of fertilizer for 40 
rainfed rice land in Nin Thuan province, South Vietnam.

5 A herd of swamp buffaloes in the semi-arid drylands with very high  42 
temperatures and low rainfall in Nusa Tenggara, Indonesia.

6 South China black goats extensively grazing in Nanjian province in China.  42 
Goats like buffaloes are very adapted to and resilient to semi-arid and  
arid agro-ecological zones.

Lists of Tables
1 Human populations, food demand and land use in the priority agro- 14 

ecological zones of Asia.

2 Agricultural land use in Malaysia (103 ha; 2000–2010). 15

3 Effects of climate change on land use and livelihood systems of the poor. 17

4 Major issues in animal production that will be affected by climate change  18 
impacts.

5 Proportion of poor livestock keepers within production system by region (%). 26

6 Mitigation options in agriculture in South East Asia. 35

7 Mitigation options in agriculture in South Asia. 38





Climate Change Threats and Effects: 
Challenges for Agriculture and Food Security

C. DEVENDRA*

Key words: Climate change; threats and effects; cropping patterns; heat stress; animals; poverty;  
   water; rainfed; dryland; mitigation; adaptation; diversification; C sequestration; R&D, policy;  
   strategies; challenges; investments

Abstract

The significance of climate change threats and effects on agriculture and food security is 
discussed in the context of waning Asian agriculture, the need for increased engagement, and 
research and development (R&D) investments in the sector. It assesses what we presently know,  
the challenges for what we need to know and needs to be done, in tandem wiith reviewing the 
information currently available in Malaysia, broader Asia, and also Sub-Saharan Africa. The 
discussions include the effects and implications of climate change on land use and livelihood 
systems, crops and cropping patterns, animals and animal production systems, and plantation 
crops. With animals, the effects are mediated through heat stress and significant changes in the 
quantity and quality of the feeds produced for use by animals; these effects are summarised. 
Adaptation and mitigation options and opportunities for R&D include: adjustment of cropping 
calendar and patterns; changes in the management and farming practices; use of heat-resistant 
varieties; diversified farming; intercropping, crop rotation, utilisation of southern oscillation 
index designing cropping strategy; implementation of index-based insurance; development 
of early warning systems; improvement of irrigation efficiency; integration of animals with 
annual and tree crops systems; development of food-feed systems; nutrient management and 
soil fertility; improved and sustainable crop-animal systems; appropriate economic incentives, 
subsidies, pricing and taxes. A supportive policy framework is also essential and needs to 
include the following priorities to cope with the harmful climate change effects:

 • Affirmation of official policy to address waning agriculture, its revitalisation,  
climate change effects; food security and increased self-reliance

 • Concerted R&D of rainfed agriculture and small farm systems; and increased 
focus on the development of marginal and fragile lands; 

 • Improved water efficiency for cropping systems and land use systems
 • Pro-poor community-based activities that can adapt to climate change ad use of 

sustainable technologies
 • Promotion of ways and means to enhance C sequestration and reduce emissions of 

GHG e.g. development of sustainable integrated tree crops-ruminant systems 

 *Consulting Tropical Animal Production Systems Specialist, 130A, Jalan Awan Jawa,  
 58200 Kuala Lumpur, Malaysia
 (e-mail: cdev@pc.jaring.my)
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 • Trait-based breeding and conservation of the animal genetic resources with  their 
inherent adaptation traits which provide a means to mitigate climate change

 • Strengthening R&D capacity, trans-disciplinary systems perspectives and human 
resources  to deal with climate change; and

 • Ensure increased investments in agriculture to promote greater agricultural 
development. 

 These issues together present formidable and unprecedented challenges for urgent action 
to preserve agricultural systems and sustain production in the face of inevitable climate 
change. Failure to do so will mean exacerbating food insecurity and poverty in the future. 

INTRODUCTION

The subject of climate change is a relatively new science, and is widely accepted as an 
unprecedented man-created calamity that requires more than immediate action and response 
to solutions. Climate change is a complex problem involving varied interactions between 
the environment, natural resources (land, crops, animals and water) and peoples. These 
interactions are likely to change the ecological and agricultural landscape, and therefore 
influence agricultural production Analyses of the issues involved and well informed opinions 
clearly indicate that the looming effects of climate change are potentially awesome. The 
predictable effects of increased temperature are apparently varied and many, whose impacts 
directly concern the biophysical environment, use of natural resources, productivity, 
research and development capacity, health and human welfare .

 Agriculture involves the science, art and business of cultivating soil, growing plants 
and raising animals for producing food, feeds, fibre and a whole range of other services 
Together with forestry and fisheries, it provides the primary source of food and nutritional 
security for the welfare of the people (Devendra 2010). However, agriculture is not just 
about food production alone, since it is a complex multi-dimensional and multi-faceted 
sector which concerns the efficient use of the natural resources, productivity enhancement, 
and preservation of the ecosystems in a manner that can sustain the needs and improvements 
of human livelihoods in the future.  

 This paper will focus specifically on climate change with respect to the threats and 
effects on agriculture. It assesses what we presently know, what we need to know, and 
more importantly, what needs to be done. It reviews the information currently available 
in Malaysia, broader Asia, Sub-Saharan Africa, the implications, and opportunities for 
research and development (R&D). The discussions include the potential effects and 
implications of climate change on land use, poor people and livelihood systems, crops and 
cropping patterns, animals and animal production systems, plantation crops, food security,   
significance of mitigation, adaptation and conservation. It also emphasise the need for 
appropriate policy strategies to cope with climate change.
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 For purposes of discussion, agriculture in this chapter includes the natural resources: 
land, crops (annual and perennial), domestic animals and water, including interactions with 
people. It is stressed that climate change alone is not the only factor that will impact on 
agriculture. Several other factors can also drive the impacts and potential changes, and 
include inter alia: food crises, population growth, rising incomes, consumer preferences, 
cultural differences, globalisation and externalities.    

                                                            ASIAN AGRICULTURE

 Natural Resources
   
Asian agriculture is an important determinant of economic growth and the technologically 
driven transformation. The successful economic development through the Green  
Revolution of the 1960s and beyond is testimony of this fact. The sector is central to 
the efficient use of the natural resources, and the emerging challenges, and is directly  
concerned with to the following  key issues:

 •  Availability, management and use of the natural resources (land, crops ,animals and 
water) that is consistent with maximising agricultural growth and productivity to 
the extent possible

 •  Enhancing food security
 •  Reducing hunger, poverty and the vulnerability complex
 •  Stability of human livelihoods and households 
 •  Development of adaptation and mitigation options to cope the climate change; and
 •  Application of integrated systems perspectives to cope with climate change.

 Associated with integrated natural resource management (NRM) is the interdependence 
of agriculture and the poverty complex, involving several millions of poor people, The 
majority of these rural poor rely and indeed survive because of the reliance on agriculture. 
An estimated 60% of the working population and generating 25% of the region’s GDP 
are involved with agriculture. ESCAP (2008) has estimated that agriculture alone can lift 
the estimated 641 million people out of poverty, and that a 1% increase in agricultural 
productivity would lead to a 0.37% drop in poverty in the Asia-Pacific region It was clear 
that further progress was limited without necessary intervention and the infusions of new 
technologies.  

 While agricultural production, consumption and trade are pivotal, the fact remains that 
food insecurity, poor access to food, poverty and hunger are widespread and widening in 
the Asian region. It is pertinent in this context to note that an estimated that two thirds of 
the world`s poor or 641 million are found in Asia and the Pacific, of which some 70% of 
the poor are associated with agriculture.  The effects of globalisation and other externalities 
have the poor people very vulnerable.
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       The agriculture sector also produces non-food products like biofuels and rubber which 
are of much economic importance and a variety of important services:

 •  Links  system components (land, crops, animals and water), small farmers and the 
landless

 •  Agricultural growth provides for pro-poor initiatives and environmental 
sustainability

 •  Enables links to several component industries like food processing and feed 
milling

 •  Promotion of nutritional and food security
 •  Foreign exchange savings from exports e.g. of staples and imports; and
 •  R&D and innovation link agricultural science and society, resolution of problems 

of farmers, and scale-neutral technology application and adoption.

 The traditional role of agriculture is its direct contribution to the GDP, foreign exchange 
earnings, export growth and trade (Johnston & Mellor 1961).  It plays a significant role in 
Asia: value addition in 2005 of 10% and 17% for East Asia and the Pacific and South Asia, 
respectively (World Bank 2007). However, agriculture appears neglected, and the share 
of agriculture in GDP has declined significantly, due to low productivity resulting in slow 
growth (ESCAP 2008). In East Asia and the Pacific for example, this has dropped from 
3.0% in the 1980s to a mere 0.1% in 2000–2003. Figure 1 illustrates this trend in several 
regions in Asia. Nevertheless, the sector makes a significant contribution to the national 
economies of many countries.

 Despite the importance of agriculture, the sector is one of general neglect and does not 
appear to be high on the priority for national development compared to other sectors such as 
information and communication technology. This is reflected in lower growth in production 
of rice, wheat and staples, and inability of the production resources to match the expanding 
human requirements such as in foods of animal origin due to rapid population growth rates. 
The current outputs of meat and milk from ruminants are relatively low, as also the levels 
of self-sufficiency in these products. Increased affluence and per capita incomes began to 
fuel diet diversification and increasing imports of higher value. As incomes rise and living 
standards improve, the choice of diets is changing in which people tend to eat more animal 
proteins. 

 In China for example, the consumption of poultry meat, pork and beef has more than 
doubled in circumstances where the demand is greater that supplies. Such inadequacies 
trigger and exacerbate increasing imports at high cost. The challenges for revitalising 
agricultural growth through more efficient use of the natural resources (land, crops, animals 
and water), understanding the significance of crop-animal interactions and application of 
appropriate technology in intensive systems of production in the future are considerable.  

 It is also relevant to keep in perspective that an important characteristic of Asian 
farming systems is the preponderance of small farms, overwhelming emphasis on mixed 
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farming systems, involving complex interrelationships between crops and animals across 
a variety of agro-ecological zones (Devendra 2010). At the global level, about 2.6 billion 
farmers produce the majority of food as well as all other products and services in agriculture 
throughout the world on small farms with less than two hectares. Using a definition of a 
small farm as having a land area less than 2 ha, it has been reported that an overwhelming 
majority of 87% of 470 million small farms worldwide is found in Asia (Nagayets 2005). 
It was further estimated that China alone accounted for about 40.2% of the farms, followed 
by India (23%).

 Cost of agricultural inputs and production and very important in agriculture. Increased 
costs can trigger higher commodity prices that can be associated with strong global 
demand. The latest OECD-FAO (2010) forecast is that average crop prices over the next 
10 years will be 15%–40% higher in real terms relative to 1997–2006. The price increases 
are in an upward trend and are a function of increasing demand, inadequate supplies, 
shortages, and bad weather around the world with climatic changes and events that have 
been more severe and frequent than have been in the past. At a time when increasing food 
production and food security is crucial, such a backdrop presents major challenges for 
solutions.
        
 For agriculture to succeed in the future along with crops, animals and biodiversity, it 
has to adapt to the potential threats of climate change. Together with the paucity of climate 
science, improved understanding is necessary about the ability, resilience and capacity of 
the ecosystems to continue to provide food and nutritional security. For the ecosystems to 
cope and respond to climate change, NRM is crucial in innovative strategies for expanding 
agricultural development.

The Problem of Climate Change

The problem of climate change and the effects are global; involve cross-cutting issues 
that affect agricultural production in both the developed and developing worlds. However, 
the latter is likely to be more harder hit than the former because of the stresses on the use 
of natural resources across a greater variety of agro-ecological zones. In the developing 
world, the most vulnerable are several millions of poor small farmers and the landless, 
their disadvantaged livelihoods, and general inability to lift themselves from subsistence 
living to improved livelihoods, seek food and nutritional security, and the stability of 
farm households. It is already a major challenge for the resource-poor to efficiently use 
the available natural resources and seek improvements, and the onset of climate change 
imposes even greater stresses on their resilience and farming activities.

 One conclusion is for sure — climate change is inevitable and poses major threats to 
agriculture and services to mankind such as food supply. In this context, the conclusions 
by a group of experts on The Conservation of Global Crop Genetic Resources in the Face 
of Climate Change in Belagio are noteworthy (Rockefeller & Kendall Foundations 2007):
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 1) There was broad consensus that projections of future climate change among  some 
20 global climate models considered by the IPCC that climatic conditions are 
changing significantly at regional and global scales, and that the climate at the end 
of this century will be substantially warmer than that of the past century.

 2) There was widespread agreement on three points in particular:

  (i) All regions will become warmer
  (ii) Soil moisture will decline with higher temperatures and evapotranspiration in 

the sub-tropics, leading to sustained drought conditions in some areas and 
flooding in other areas where rainfall intensity increases but soil moisture 
decreases; and

  (iii) Sea level will rise globally with thermal expansion of the oceans and glacial 
melt.

 
 The report goes on to say that the latter will be most devastating for small island states, 
of course, and for countrie such as Bangladesh that are low-lying and highly populated. 
Large areas of Bangladesh already flood on an annual basis and are likely to be submerged 
completely in the future, leading to a substantial loss of agricultural land area, even for 
deep water rice. Another important change for Asia pointed out at the meeting meeting will 
be the melting of the Himalayan glaciers; these glaciers regulate the perennial flow in large 
rivers such as the Indus, Ganges, Brahmaputra, and Mekong, and are already receding 
faster than any other glacier system in the world.

DEVELOPMENT PATHWAYS AND THE CLIMATE CHANGE CONTEXT

 It is relevant to keep in perspective the development pathways in the climate change 
context. The pace of agriculture-induced economic development is then followed by the 
growth of the non-agricultural sector, especially the manufacturing and service sectors. 
The resulting effect is a secondary role for agriculture that was associated with variable 
outputs, declining agriculture and decreased share in the GDP, increased labour productivity, 
increased poverty and hunger, and reduced nutritional and food security.

  Figure 1 illustrates the development pathways in the process of economic transformation. 
Agriculture-induced growth resulted in clear benefits, notably commodity exports, import 
substitution, and export manufacturing. In Malaysia, the development of agriculture has 
involved a combination of diversification of agriculture, and the finding that tree crops, 
notably oil palm, rubber and cocoa were well suited to the local environment and led 
to a rapid shift and expansion to tree crop-based agriculture. Although agriculture-led 
economic transformation has been achieved, agriculture per se has been on the decline 
in most countries. The overriding issue and one which is of grave concern, is that of its 
overarching effects of climate change on agriculture. 
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DECLINING AGRICULTURE

In the last two decades the development of agriculture has been on the decline. The share 
of agriculture in gross domestic product (GDP) has declined significantly, due to low 
productivity, resulting in slow growth (ESCAP 2008). In East Asia and the Pacific for 
example, this has dropped from 3.0% in the 1980s to a mere 0.1% in 2000–2003 .This has 
been associated with several factors as follows:

 •  Decreasing investments and engagement in agriculture
 •  Low level of production and contribution from small farm systems (Devendra 

2010). Based on a land area less than two hectares, an overwhelming majority of 
87% of 470 million small farms worldwide is found in Asia (Nagayets 2005); and

 •  Marginalisation of small farmers and food production capacity.

The effects of globalisation on market access and agricultural trade are:
 •  Food and nutritional insecurity
 •  The poverty-hunger-vulnerability complex is serious. IFAD (2009) has reported 

that climate change is expected to put 49 million additional people at risk of 
hunger by 2020, and 132 million by 2050.

Objectives
•	 Food	and	nutrition	security
•	 Income	generation
•	 Improved	livelihoods
•	 Sustainability
•	 Environmental	integrity

Production resources
•	 Land
•	 Crops
•	 Animals
•	 Water

•	 Integrated	R&D
•	 Systems	prespectives
•	 Technology	aplication
•	 Sustainable	and	economically
						viable	production	systems

•	 Stable	farm	households
•	 Self-reliance
•	 Food	and	nutritional	security
•	 Sustainable	development

RURAL AND ECONOMIC GROWTH

Figure 1. The development process.
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 •  Inefficient and inadequate use of the natural resources
 •  Food crisis; and
 •  Climate change.

Agriculture’s Contribution to GDP in Malaysia

In Malaysia, agriculture’s contribution to GDP has also been on the decline. In 1960 the 
percentage contribution to GDP was 37%, in 2000 to 8.4% and in 2010 this was 7.3%. This 
is also associated with lower productivity growth in agriculture, which during the Ninth 
Malaysia Plan period (2006–2010) was 2.65%. Despite these, revitalising agriculture is 
considered very important in the context of food security. In the Tenth Malaysia Plan period 
(2011–2015), agriculture, palm oil and related products have been designated National 
Key economic Areas (NKEAs). The Plan has identified for attention issues such as limited 
access to suitable land, financing, lack of skilled workers, uneconomic scale operations, 
inadequate support services, lack of research and development support, and weak linkages 
to the market (EPU 2011).

 In addition to the foregoing issues, the climate change factor is now becoming 
increasingly of concern and urgent. The key conclusions of Working Group 1 of the 
Intergovernmental Panel on Climate Change (IPCC), the Fourth Assessment Report (AR4), 
(IPCC 2007a) were: 

 (i) Warming of the climatic system is unequivocal
 (ii) Anthropogenic warming will probably continue for centuries due to the timescales 

associated with climate processes and feedbacks; and
 (iii) The surface air warming in the 21st century by best estimate will range from 1.1°C 

to 2.9°C for a “low scenario” and of 2.4°C to 6.2°C for a high scenario.

 IPPC (2007a) projections on climate change suggest that “the worst is yet to come”. 
South East Asia for example, is anticipated to have a mean surface temperature increase of 
3.77°C by the turn of this centaury relative to the baseline of 1961–1990, and drier weather 
conditions in the next two to three decades, under a high emission scenario. This is also 
reflected in the recent study by the Asian Development Bank (ADB 2009) on the effect of 
climate change on South East Asia with reference to Indonesia, Philippines, Thailand and 
Vietnam has indicated that the agricultural dependent economies will contract by as much 
as 6.7 % annually. The economic cost according to the report would be 2.2% of GDP by 
2010 if only the impact on markets is considered, 5.7% if health costs and biodiversity 
losses are factored in, and 6.7% if losses from climate-related disasters are also included. 
The latter far exceeds the projected cost globally of climate change, estimated at 2.6% 
of GDP each year to the end of the century. Additionally, IFAD (2009) has reported that 
climate change is expected to put 49 million additional people at risk of hunger by 2020, 
and 132 million by 2050.
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ADB Observations of Climate Change in Agriculture in South East Asia

South East Asia ia a major agricultural sector with such major planted crops as rice, maize, 
cassava, coconut oil palm and natural rubber. It is a major supplier of grains and industrial 
products, being for example the largest producer of palm oil and natural rubber. In recent 
years, the livestock sector has grown faster that crops, in circumstances where animal 
protein supplies are inadequate to meet projected needs. In the context of climate change 
and the environment, the ADB (2009) has highlighted the following points concerning 
agriculture in South East Asia:

 • As a major rice producer it can contribute to a reduction in CH4 emissions while 
ensuring food security

 •  Through cropland management, the vast areas of cropland could be an important 
channel  to sequester carbon in soils

 • It has the highest technical mitigation potential to reduce green house gas (GHG) 
emissions from agriculture than any other region; and

 •  Potential options for the reduction of CH4 emissions for rice fields and other 
mitigation options could boost agricultural production, help reduce poverty, 
while at the same time help stabilise GHGs. 

 The impact on agriculture due to the threats and effects of climate change while 
large and serious, is therefore compelling and urgent. Not addressing the challenges and 
the urgency of collective actions is going to be catastrophic. The way forward requires 
increased understanding and awareness to cope with the interdependencies and interactions 
of natural resources and climate change, the vulnerabilities and interdisciplinary efforts.

FOOD SECURITY
              
The greatest threats and effects of climate change are on food security and the impact 
on agriculture of this issue. Ensuring food security st the national level is therefore high 
priority. The issue is especially important because it provides the link between production 
and availability on the one hand and potential use on the other. It is a primary objective in 
the livelihoods and aspirations of farmers, a reason to work on the farm, and provide for 
a better tomorrow. FAO (2003) refers to the existence of food security “when all people, 
at all times, have physical and economic access to sufficient, safe, and nutritious food for 
a healthy and active life”. FAO (2009) has also reported that while globally the impact 
of climate change on food production may be small, at least until 2050, the distribution 
of production will have severe consequences on food security: developing countries may 
experience a decline of between 9% and 21% in overall potential agricultural productivity 
as a result of global warming, the paper estimated.
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Dimensions

FAO (2009) has suggested that food security involves four dimensions:

 •  Adequacy of food supply or availability
 •  Stability of supply, without seasonal fluctuations or shortages
 •  Accessibility to food or affordability, and
 •  Utilisation: quality and safety of food.

 Food security is also an important element of poverty, and embraces production, 
supply, processing, distribution and market access. Food insecurity, food deficits or 
shortages are thus major issues, and addressing ways to ensure that these issues can be 
minimised to the extent possible are major challenges that all countries are concerned with. 
The extent to which these issues can be overcome will vary from country to country, and 
much will depend on the degree of investments on agriculture, food distribution systems, 
early warning measures, transport and communications. An overriding factor concerns 
appropriate policies on food security.  

 At the farm level, nutritional and food insecurity problems are widespread, very 
common, and are often caused by the dilemma between the food needs of the farming 
family and the need to sell part of the produce such as rice, maize or native chicken to 
generate cash income. The stability of rural households is thus put at risk with other 
resulting difficulties, and ways to minimise these and ensure sustainable consistent farm 
produce are major challenges for small farmers. 

Supply of Dietary Animal Proteins

An important aspect of food and nutritional insecurity concerns the supply of dietary 
animal proteins. Animals make a most significant contribution especially in terms of 
the availability of a range of various dietary products from them. This is reflected in the 
contributions of the buffalo for example, of many products and services to food security 
in Asia (Devendra 2009b). The animal products are meats, eggs and milk, all of which 
are important sources of concentrated and digestible sources of high quality proteins and 
energy, and their consumption significantly contribute to good health. Dietary animal 
products are important sources of supply of micro nutrients such as calcium, iron, zinc, and 
vitamins A, B6 and B12, which are often deficient in cereal-based diets. There is also an 
infinite availability of various processed products from both meat and milk which are also 
produced at the small farm level.

 Among the red meats, goat meat has a higher lean content than beef or mutton on 
account of the fact that the fat content in the formers tends to be more concentrated in the 
viscera rather than sub-cutaneously. Goat milk also has two advantages over cow milk. 
One is the anti-allergy properties, and the other is the presence of higher levels of six of 
the ten essential amino acids, and also monounsaturated, polyunsaturated, and medium 
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chain triglycerides, all of which are known to benefit human health. The ownership and 
contribution of animals, especially small animals is therefore an important strategy. The 
value of goats for food and nutritional security and also survival, especially in rainfed 
environments, is a good example of this point (Devendra 2007c).

Food Security Policy in Malaysia

In Malaysia, the Food Security Policy (FSP 2008–2010) was introduced during the global 
food crisis m but has since expired. It is likely that the FSP will be extended this year, along 
with the implementation of thr National Agricultural Policy. The extension is important 
when viewed from the potential and adverse effects of various components of climate 
change. The focus of the FSP is on rice in which the thrust is increasing rice production. 
To this end, government assistance is considerable and includes subsidies on fertiliser, padi 
price, padi seed, padi production, and padi yield and rice price.

 The key strategies of the FSP are:

 • Increasing rice production
 •  Increasing production and productivity
 •  Reinforcing marketing and distributing network
 •  Buni Hijau programme; and
 •  Development of abandoned areas.

 It will be important in the face of climate change, to review the strategies with the 
major components of food production such as rice, animals and aquaculture, and develop 
implementation mechanisms and approaches which can increase production from each 
of the sub-sectors of food production. In the absence of developing this implementation 
strategy, there is always the risk of food crises and social unrest. More importantly, a weak 
or unsuccessful FSP will then trigger increased imports of food at very high cost, which in 
the case of Malaysia stands at a high cost in excess of RM14 billion and rising.

AGRO-ECOLOGICAL ZONES

The discussion on the effects of climate change on agriculture needs to focus on the 
importance of prevailing agro-ecological zones (AEZs). Agriculture shows great diversity 
in land use patterns, and in cropping and animal production systems. This reflects the wide 
range of biophysical environments in various regions and countries, which defer in such 
factors as climate, altitude, topography, slope and biodiversity. Additionally, there is the 
length of the growing period (LGP), which is defined as the period in days during the year 
when the rainfed available soil moisture supply is greater than half the period potential 
transpiration. The reference to AEZs encompasses all these factors and is used in the 
classification of these and agricultural systems. 
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 Farming systems are the practices of agriculture in numerous ways in different 
locations and countries. The principal determinants of the type of farming systems in 
a particular location are the agro-ecological conditions (Duckham & Masefield 1970; 
Spedding 1975; Ruthenburg 1980; Sere & Steinfeld 1996; Devendra 2007a). These 
systems vary according to the type of AEZs, biophysical environment, and extent and 
quality of the natural resources available. The AEZs thus involve great diversity in land 
use patterns in which crops and animals play a most important role in food production, as 
well as contribute towards income, generation, food security and livelihoods of the poor. 
This role is however especially significant in mixed farming systems which form the 
backbone of Asian agriculture (Devendra & Thomas 2003), with an emphasis is on crop 
production.

 For Asia, the AEZs of relevance are as follows:

 •  Rainfed temperate and tropical highland systems — mainly the Hindu Kush/
Himalayan region

 •  Rainfed humid/sub-humid tropical systems — mainly countries in Indo-China, 
South East Asia and the South Pacific islands, South India, Bangladesh and Sri 
Lanka

 •  Irrigated humid/sub-humid tropical systems — mainly countries in Indo-China, 
South East Asia and South China, and

 •  Irrigated and non-irrigated arid/semi-arid tropical and sub-tropical systems — 
mainly Pakistan and India.

 In South East Asia, humid (warm humid tropics consolidated with warm-cool humid 
sub-tropics with summer rainfall) and sub-humid (warm sub-humid tropics consolidated 
with warm/cool sub-humid sub-tropics with summer rainfall) predominate. Humid zones 
are characterised by an LGP of 180–270 days and a rainfall regime ranging from 1000mm–
1500 mm annually. By contrast, much of South Asia is characterised by dry climates inn 
which total rainfall and its distribution can limit crop growth. Arid/semi-arid (warm arid 
and semi-arid tropics consolidated with warm arid and semi-arid tropics with summer 
rainfall) and sub-humid climates predominate. The LGP for the arid/semi-arid zones varies 
from 0–74 days (arid) and 75–179 days (semi-arid) respectively. Annual rainfall in the 
semi-arid zone ranges from about 500 mm–1000 mm and < 500 mm in the arid zone. 

 Agricultural production in Asia mainly emphasises intensive rice and wheat production 
in multiple cropping systems. Crop-based systems are varied and mainly encompass mixed 
farming which is synonymous with crop-animal systems and forms the backbone of Asian 
agriculture. Diversification and integration of the production resources are common in 
these systems. Descriptions of the features of mixed farming systems in South East Asia 
(Devendra et al. 1997) and South Asia (Devendra et al. 2000), and potential improvements 
have been reviewed.

 Two broad categories of mixed farming systems can be identified (Devendra 2007b):
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 (a) Systems combining animals and annual cropping in which there are two further 
sub-types:

  •  Systems involving non-ruminants, ponds and fish e.g. Vegetables – pigs – 
ducks – fish systems in Vietnam, Rice – maize – vegetables – sweet potatoes 
– pigs – dairy cattle (China); and

  •  Systems involving ruminants e.g. Maize – groundnuts/soyabean – goats systems 
(Indonesia), Rice – finger millet – rice – goats (Nepal).

 (b) Systems combining animals and perennial cropping in which there are again two 
sub-types:

  •  Systems involving ruminants e.g. Coconuts – sheep integration (Philippines), 
Oil palm – cattle integration (Malaysia); and

  •  Systems involving non-ruminants e.g. Oil palm – chickens integration (Malaysia).

LAND USE AND LIVELIHOOD SYSTEMS

Available arable land in most countries in Asia is utilised to the maximum, and in some 
cases has led to degradation. Irrigated agriculture is well developed in high potential areas, 
but most countries are still heavily dependent on rainfed production systems. It is relevant 
to note that irrigated agriculture is likely to suffer more from water stress and increased 
temperature than rainfed areas. IPPC (2007) projections suggest that warming is likely to 
be above the global average for Sub-Saharan Africa, eastern Asia and South Asia. El Nino 
will evidently increase the risk of droughts over large areas across South and East Asia. 

 The importance of rainfed agriculture is illustrated in Table 1. In South East Asia, the 
total rainfed area is 99 million ha and in South Asia 116 million ha. In South East Asia the 
rainfed area as a proportion of total land available ranges from 63% in Indonesia. 68% in 
Malaysia to 97% in Cambodia. In South Asia, the corresponding values are from 27% in 
Pakistan to 84% in Nepal. Only in Pakistan and Sri Lanka does the percentage of irrigated 
land exceed that of the rainfed area. In absolute terms however, the largest irrigated land 
area of 43.8 million ha is found in India. The contributions of rainfed production, excluding 
Pakistan, to agricultural gross domestic product ranges from16% in Malaysia to 61% in 
Myanmar. 
                                                               
 The justification for targeting rainfed areas for food production is urgent, and is linked 
to the following two key issues:

 •  Human-induced climate change and climate instability with an anticipated harsher 
climate will cause push for extreme poverty and survival; and 

 •  Ensuring that the efficiency in the use of available natural resources and 
resulting benefits soil-crop-animal interactions are consistent with productivity 
enhancement, environmental integrity and sustainable development of rainfed 
areas.



ASM Series on Climate Change

14

 The potential value of rainfed areas for food production is underestimated. In a broad 
sense, their management and use is a step forward to cope with the effects of climate 
changes, notably arise in temperature, erratic rainfall, frequent dry spells and variable 
soil quality. Farming communities in the developing world have some local knowledge 
about temperature stresses and climate changes, which is an advantage in strategies for 
improvement of rainfed agriculture 

 In Malaysia, both annual and perennial crop production is prevalent (Table 2). While 
rice, fruit, pepper and vegetable production is important, the tree crops (oil palm, rubber 
and cocoa) dominate agriculture, involving both large plantations and small farmers. The 
tree crops occupy more than 86% of the total agricultural area and involve most of the 
fertile alluvial coastal plains and undulating foothills. Oil palm alone uses about 63.4% of 
the total agricultural area, followed by rubber.  The land area is further expected to expand 
by about two per cent by 2010.

 Associated with their resource-poor status, and while many of the farmers are sensitive 
to changes in weather conditions, it is more than likely that many of them are ill prepared 
to cope with the new threats and effects of climate change. Mitigation and adaptation 
approaches and methods will be relatively new to most. It is therefore instructive to know 
about the findings of a recent study led by the International Food Policy Research Institute 
(IFPRI) on the perceptions of climate change among smallholder farmers in Ethiopia, 
Kenya and South Africa (Ringler 2010). The study found that a lack of access to credit, 
markets, information, risk-sharing tools, and property rights has limited the ability of many 
farm households to adapt to the negative effects of climate change. The study concluded 
that adaptation to rising temperatures and changing weather patterns is crucial to the 
food security of millions of people. Addtionally, the study also emphasised that without 
significant investment in agricultural technology and rural development, many farmers in 

TABLE 1. HUMAN POPULATIONS, FOOD DEMAND AND LAND USE IN THE PRIORITY 
AGRO-ECOLOGICAL ZONES OF ASIA

 Arid/ semi-arid Sub-humid Humid % of
 zones zone zone  Asia in
Parameters    agro-
 Amount/ % of Amount/ % of Amount/ % of ecological
 number Asia number Asia number Asia zones

Human populations in 2010 (106) 1311.4 35.7 588.8 16.0 1264.5 34.4 86.1
Food demand in 2020 (106 tGE) 358.6 33.4 175.5 16.3 383.9 35.8 85.5
Production of food crops (106 tGE) 230.9 31.5 123.6 16.9 262.7 35.9 84.3
Production of cash crops (106 tGE) 79.6 33.6 62.8 26.5 89.7 37.9 98.0
Land area (106 ha) 327.6 16.1 237.7 11.7 534.1 26.2 54.0
Arable land (106 ha) 191.9 41.5 73.0 15.8 123.4 26.7 84.0
Rain-fed arable land (106 ha) 126.8 38.8 55.2 16.9 86.1 26.3 82.0
Irrigated arable land (106 ha) 65.2 48.8 17.8 13.1 37.3 27.5 88.6

     (Source: TAC (1992). t GE, tones of grain equivalent. Excludes cool tropics.)
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Sub-Saharan Africa will be unable to meet the challenges of the coming decades, as a result 
of which calorie availability would drop dramatically and millions more children will be 
malnourished in 2050.

EFFECTS OF CLIMATE CHANGE

Against the background of the foregoing, it is now appropriate to consider the nature 
and extent of the effects of climate change. Climate change is expected to bring with it 
warmer temperatures and drier or wetter conditions. According to the Food and Agriculture 
Organisation, global mean surface temperature is projected to rise between 1.8°C to 4.0°C by 
2100. The actual rise will depend on the degree of emissions reductions achieved in the next 
few decades.The core issue is that GHG emissions and the manifestations of the uncertainty 
of climate change and the effects on agriculture and the biophysical environment. Such 
uncertainties have also been considered and emphasised for climate change scenarios for 
Malaysia between 2001–2009 (Malaysian Meteorological Department 2009).It is important 
to stress that in general there is a paucity of information on the subject. What information 
is available is largely subjective and adduced from published information and current 
discussions. Where available, quantitative data is used to illustrate the brevity of individual 
effects. Malaysian climate change scenarios has recently been published (Yap et al. 1012).

 An additional area of much looming concern is that of coping with the effects 
and climate change impacts. A framework of national strategies for adapting to climate 
change and mitigation is required within which research will need to addresses climate-
friendly productivity increases, and details of how the technologies developed appropriate 
to mixed farming conditions involving crops and animals. These advances can only come 
from increased investments in such research, supportive policy and application of systems 
methodologies. 

TABLE 2.  AGRICULTURAL LAND USE IN MALAYSIA (103 Ha; 2000–2010)

Crop 2000 2005 2010 Annual growth rate (%)

Oil palm 3377 4049 4555 2.4
Rubber 1431 1250 1179 -1.2
Rice 479 452 450 -0.1
Fruits 304 330 375 2.6
Coconut 159 180 180 0
Cocoa 76 33 45 6.2
Vegetable 40 64 86 6.1
Tobacco 15 11 7 -7.4
Pepper 13 13 14 0.6
Total 5893 6383 6891 1.5

   [Source:  Ministry of Plantation Industries and Commodities, Malaysia (2006).]
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 The preservation of the ecosystems implies the use and promotion of appropriate 
environmental practices that can be balanced with sustainable agriculture and environmental 
integrity, including also identification of those ecosystems and areas that are particularly 
prone to the effects of climate change. The effects of climate change on land use and 
livelihood systems, crops and animals are discussed below.

Land Use and Livelihood Systems of the Poor

Table 3 summarises the effects of climate change on land use and livelihood systems. 
The effects are serious  and wide ranging, and cause  inter alia reduced soil moisture, 
increased water stress and reduced yields from cropping systems; expansion of semi-arid 
and arid AEZs; increased droughts; increased rangelands; increased woody encroachment; 
expanding desertification; increased heat stress on animals; overstocking of heat tolerant 
animals e.g. goats especially in the rangelands with resultant soil degradation; reduced 
biodiversity; and reduced ecosystem services. The resultant trend will have negative 
impacts and a shift out of agriculture.                                                           

 Resultant impacts. In a general sense looming climate change, land use systems 
especially in the semi-arid and arid AEZs will come under great pressure and are likely to 
be associated with the following:

 •  Considerable variation in the quantitative and qualitative changes in vegetative growth
 •  Problems in the management and use of natural resources
 •  Overstocking as a means to reduce economic risk
 •  Loss of vegetative cover
 •  Loss of soil moisture
 •  Soil erosion; and
 •  Desertification.

 The poor and the landless in small farm systems are the most vulnerable to the effects of 
climate change. This is because of their lack of adaptation, limited capacity for mitigation, 
inadequate access to new technologies and services that can reduce risks and promote 
increased adaptation to heat stress for example in cropping patterns. As it is, these farmers 
have poor access to improved agricultural technologies and information, and the additional 
demands and needs of climate change will only exacerbate the situation. Since the majority 
of the poor live in difficult environments, poverty and their vulnerability is increased and 
further exacerbated by lack of opportunities for off-farm employment.

 Effects on the poor. The effects on poor people and livelihood systems are serious and 
include reduced income, increased poverty, vulnerability and instability, pressures to adapt 
to heat stress, increased food and nutritional insecurity, reduced opportunities, reduced self-
reliance, and increased urban migration.  The net effects of these limitations are widespread 
and increased vulnerability and negative impacts on livelihoods stability of households, 
and agricultural development. 
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 More particularly and with specific reference to animal production, climate change will 
bring with it a number of potentially significant yield-reducing impacts. The impacts and 
potential yield reduction is likely to be significant given the sizeable populations of various 
animals and diversity of breeds. With buffaloes, goats and sheep for example, as much 
as 98%, 55% and 39% of the total world populations (FAO 2010) are present, a high 
proportion of which are found in small farms and extensive semi-arid and arid  AEZs. 
 
 Table 4 summarises the situation with reference to type of key issue (e, g heat stress 
and feed resources), climate change impacts, and opportunities for R&D. The information 
that is presented is not exhaustive, but rather it has tried to capture in a comprehensive way 
the range of issues involved priority attention and the need for more R&D investments. .Heat 
stress is particularly overbearing as it directly affects the animals and also the environment. 
The R&D opportunities will need to be identified with the development and application of 
all possible mitigation and adaptation strategies.
 

Land use systems

• Reduced soil moisture

• Problems with agricultural water management

• Changes in soils  due to modification of water  
  balance

• Ecosystems changes: genetic resources and  
  biodiversity

• Expansion of semi-arid and arid AEZs
• Increased droughts
• Increased rangelands
• Woody encroachment

• Desertification

• Increased overstocking of heat tolerant animals  
  e.g. goats especially in the rangelands with  
  resultant soil degradation

• Alter the suitability of land to grow crops
• Increased salinisation

• Reduced biodiversity
• Species adaptation and  distribution
• Shift out of agriculture

* Includes the landless

Livelihood systems of the poor *

• Reduced food and nutritional security
 > Availability
 > Access
 > Utilisation; and
 > Food systems stability
• FAO (2008)

• Increased risk of poverty and hunger

• Increased vulnerability
• Inability to adapt to heat stress
• Inability to sustain animal production as   

  a key feature of rural livelihoods
• Reduced products and services from  

  agricultural biodiversity
• Increased susceptibility to diseases
• Reduced productivity

• Reduced income
• Reduced self-reliance
• Unstable households
• Increased urban migration

TABLE 3. EFFECTS OF CLIMATE CHANGE ON LAND USE AND LIVELIHOOD SYSTEMS 
OF THE POOR (Devendra 2011)
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Major issue 

1. Heat stress

2. Feed resources  
   (Forages, crop  
   residues, AIBP 
   and NCFR)*

3. Land use systems

4. Animal species  
   and breeds

5. GHG emissions  
   from enteric  
   fermentation and  
   manure,  
   producing  
   global warming

6. Integrated NRM  
   and holistic  
   systems*

7. Semi-arid and  
   arid AEZs  
   including  
   rangelands

Potential climate
change impacts

• Physiology
• Metabolism
• Reduced feed intake
• Reduced reproduction                          
• Increased mortality          
• Low productivity

• Reduced quantities                             
• Poorer nutritional  
   quality   
• More fibrous                 
• Decreased palatability

• Shift to dryland 
   agriculture
• Droughts              
• Water scarcity     
• Diversification of   
   agriculture 
• Sustainability

• Adaptation
• Possible reduction  
   in size
• Loss of biodiversity            
• Migratory systems

• Reduced crop growth  
   and animal  
   productivity                    
• Poor C sequestration

• R&D capacity

• Reduced feeds
• Overstocking 
• Environmental damage
• Landlessness

Opportunities for R&D

• Adaptation
• Feed efficiency
• Measures to increase intake
• Supplementation
• Improved management

• Use more heat tolerant plants
• Food-feed systems
• Use of multipurpose tree legumes
• Conservation 
• Supplementation

• Heat tolerant plants and animals
• Emphasis on rainfed agriculture
• Maximising feed intake
• Improved agronomic practices
• Conservation practices

• Dynamics of nomadic and transhumant  
   systems  
• Ensuring choice for AEZ    
• Understanding interactions with the  
   environment                                                                                      
• Vulnerability and  survival of the poor  
   and his animals

• Improved use of grasses, legumes and  
   agronomic practices
• Use of dietary nitrates to reduce CH4                                                                                                                                          • Intensification

• Interdisciplinary
• Use of systems perspectives
• C sequestration

• Control of ruminant numbers    
• Use of multipurpose leguminous trees
• Improved management
• Water use efficiency

TABLE 4. MAJOR ISSUES IN ANIMAL PRODUCTION THAT WILL BE AFFECTED 
BY CLIMATE CHANGE IMPACTS

*AIBP – Agro-industrial by-products;
  NCFR – Non-conventional feed resources;
  NRM – Natural resource management
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Dryland Agriculture
                                                                                                                                                                                                                                                                                                            
One aspect of the direct threat of climate change on livelihoods is through the expansion 
of dryland agriculture and areas such as in South Asia that are very vulnerable to drought. 
Such threats are projected to increase and will seriously affect millions of poor rural 
communities who are constantly deprived and experience vulnerability. On the other hand, 
these poor farmers already have some experience of coping with high temperatures and a 
harsh environment, which can be advantageous to them as they begin to cope with the more 
stressful aspects of climate change that will be imposed on them. 

 The value of the rainfed areas is totally dependent on rainfall. When the rains fail, the 
potential disaster is explosive with several resultant implications:

 •  More droughts and climate instability
 •  Failure of crop production and reduced grazing lands and feed availability
 •  Millions of households and people, with their camels, goats, sheep and cattle are 

forced into semi-nomadism and nomadism
 •  Poor people are marginalised further into extreme povertiy, starvation and 

vulnerability
 •  Erosion of biodiversity; and
 •  Damage to the environment is inevitable.

 Extreme difficulties and agricultural constraints are therefore inevitable which will 
increase risks and human despair. It is already bad enough for the poor to eke out living 
in these harsh conditions, without having to deal with the additional burden of climate 
change which threatens to exacerbate the circumstances and worsen the se even more. If 
the threats and effects of climate change are going to worsen, which is very likely, these 
very poor farmers and the landless will face disaster, let alone opt for a complete shift out 
of agriculture.          
                                                                                  
 The other related aspect concerning climate change is human health and livelihoods.  
The effects are mediated through complex interactions of temperature, rainfall, humidity, 
water, air quality, pollution, poor nutrition and adaptation. Poor people will be most 
vulnerable to these vectors with resultant ill health and a shorter life span. Famines, 
floods and monsoons further add to the problems. The consequences on human health and 
malnutrition seriously increase risks that affect human development. One result of this is 
reduced adult labour on farms to cope with farming activities and agricultural production.                                                                    

Crops and Cropping Patterns

Crop production will be seriously affected by climate change involving both annual and 
perennial crops. Temperature and water stress will affect leaf formation, flowering and 
growth. Cash crops which are so important for income and the stability of households 
will either have reduced yields or not grown at all as is already happening with successive 
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droughts. There is extreme paucity of data in Malaysia on the effects of temperature rise on 
crop production, and it will therefore be instructive to cite some results from elsewhere. 

 At the global level, the yield of the major cereals (maize, wheat and rice) grown at 
low levels are expected to decline beyond a temperature increase of just over 1°C (IPCC 
2007b). Variability in climatic changes will also have direct effects on reduced yields. 
Wheeler et al. (2000) for example have reported that the yield of all cereal and grain crops 
can be drastically reduced if temperatures above 32°C–35°C coincide with the time of 
flowering, when the crop is particularly sensitive to hot days.

 Effect of temperature on rice yields. One of the more detailed studies in Asia is that of 
Peng et al. (2004) at the International Rice Research Institute (IRRI) in the Philippines. The 
study found that rice yields decreased by 10% for every 1°C degree increase in temperature 
(Figure 2). Murdiyarso (2000) has predicted a decline of 3.8% in rice yields by the end of 
the 21st century due to the combined influence o fertilisation, accompanying water scarcity 
and thermal stress. The ADB (2009) which has also reviewed the effects of temperature 
rise on crop yields in South East Asia, has also projected that in four countries in South East 
Asia (Indonesia, Philippines, Thailand and Vietnam), there will be rice yield falls by about 
50% in 2100 relative to the 1990 level (Plate 1).

                                                           

 In Andhra Pradesh in India, micro level climate research has indicated that temperature 
increases by 3.5°C by 2050 will lead to a decline of 8%–9 % in yield in water — intensive 
crops such as rice (World Bank 2006). Also in Andhra Pradesh droughts are known to 
occur once every three to four years, leading to reduced output values of 5%–10%. In 
neighbouring Sumatera in Indonesia, El Nino effects have resulted in reduced phenology 
of flowering and increased leaf shedding, with a net effect of decreased 25% yield in rubber 
(Wijaya 2009). These studies together emphasise that crop production will become more 
difficult with climate change, with resultant reduced crop yields.
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Figure 2. Relationship between crop yield and climate (1991–2003).



C. Devendra: Climate Change Threats and Effects: Challenges for Agriculture and Food Security

21

 In the face of climate change, cropping systems and patterns will no doubt be affected 
and be in disarray, mediated mainly by increased temperature and water stress. Traditional 
cropping systems will need to be reconsidered with new varieties that can adapt to increased 
temperature and water stress, new agronomic and management strategies that can cope with 
increased temperature change, together with the use of low inputs. One issue is certain — 
more innovative systems will be required that can adapt to, and cope with the new demands 
and the multiple implications of climate change. 

 Key factors affecting individual traits. In mitigating the effects of climate change, the 
identification of individual traits in both crops and animals is especially important. The 
traits need to be targeted in R&D programmes in response to the following key factors:

 • Temperature (length of growing season, flowering, sterility, protein content)
 •  Precipitation (drought and flood tolerance, as well as the timing and quantity of 

rainfall in general); and
 •  Pests and pathogens, including those associated with post-harvest losses.

 The following issues were the key outputs of the Belagio meeting (Rockefeller & 
Kendall Foundations 2007):

 1. The design and implementation of trait collections as opposed to crop collections
 2. The collection of genetic resources at the extreme ends of diversity

Plate 1. Rice, the principal staple crop in Asia is likely to have lower yields with climate change 
due to the combined influence of accompanying water scarcity and thermal stress. The photo 

reflects a typical situation in Thailand (C.Devendra).
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 3. Pre-breeding as a public good; and
 4. Informing key players of the need for the conservation of crop genetic resources in 

the face of climate change.

 Climate modelling is an important tool for forecasting effects and implications. For 
example, a study on potential implications for dryland agriculture in Sub-Saharan Africa 
focused on the effects of a 2.9°C increase in temperature coupled with a 40% reduction in 
rainfall by 2060. The result was a reduction in revenue by about 25%. In 2003 prices, the 
revenue loss was estimated to be about USD26 billions (Kurukulasuriya & Mendelsohn 
2006). Stern (2006) has reported that models for farm income in India, with a 2°C–2.5°C 
increase in temperature could be associated with a net farm revenue reduction of 9%–25%.

Animals and Animal Production Systems

Animals in farming systems play a very important multifunctional role throughout the 
developing world of much significance for resource-poor farmers. A very large potion of 
the poor farmers own animals (Devendra et al. 2010) for socio-economic reasons and food 
security. Climate changes will have a significant effect on animal production systems. As 
with crops and so with animals, productivity from animals and the resilience of animal 
production systems will need to cope with the looming effects of climate change. The 
extent to which there will be adaptation to such effects will be especially important in the 
future. Climatic variables will have critical effects on the food production systems and 
food security, as well as impact on access to food, and therefore increased vulnerability of 
the poor.  Tropical climates with their high temperatures and humidity inflict behavioural 
and metabolic changes that result in reduced feed intake and therefore lower productivity. 
While the effects are many, the two key concerns are (i) heat or thermal stress and (ii) the 
qualitative and quantitative availability of feed resources. 

 It has been suggested that the speed of climate change may outstrip the ability of 
the animal genetic resources, notwithstanding inherent resistance, tolerance to specific 
diseases, and adaptation to the harsh conditions of the LFAs. The genetic diversity provides 
a range of options that will be useful in adaptation. Major challenges exist to ensure 
adaptation, fundamental to which is characterisation, sustainable use, conservation and 
policy framework (Pilling & Hoffmann 2011).

 There are a number of potential effects of climate change on prevailing animal 
production systems (Reynolds, Crompton & Mills 2011). These include impacts on:

 •  Forage yields
 •  Feedstuff quality, availability and costs
 •  Water availability
 •  Thermal or heat stress and related welfare issues
 •  Diseases spread and control; and
 •  These factors in turn affect GHG emissions.
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 Productivity will ultimately be reflected by performance and lifetime outputs that have 
been influenced by the sum total of climatic effects on the animal. The magnitude of these 
outputs is in turm determined by the efficiency of the mitigation and adaptation strategies 
that are applied. The latter needs to take cognisance of the following:

 •  Maximise the use of the diversity of breeds and species to the extent  possible
 •  Apply all available yield-enhancing and impact-oriented technologies that are 

suitable to individual environments; and
 •  Have socio-economic relevance and contribute to sustainable agriculture.

 Dairy production is a complex multi-dimensional and multi-faceted sector. Among 
ruminant production systems dairying stands tall, but it is also the most vulnerable to climate 
change, involving high quality animals, and improved and efficient use of feeds, the natural 
resources and preservation of the ecosystems. The vulnerability increases with the ise of 
exotic imports like Holstein-Friesian cattle. This involves both germplasm and production 
resources, often in peri-urban areas that sustains the needs of human livelihoods. 

 In India, the dairy sector has been very well developed through participation 
predominantly by small farmers and the landless, backed by effective co-operative 
development. These individuals survive because of dairying, and it is estimated that 
about 70% of all milk produced comes from this sector (Birthal 2008). Additionally, the 
sector integrates the  elements of gender, cultural barriers, training and education and 
technology application and governance, and has led to effective marketing networks, An 
estimated 60% of the working population and generating 25% of the region`s GDP are 
involved with agriculture (ESCAP 2008).

 Mitigation and adaptation strategies are especially important in dairying for three  
main reasons:

 •  Firstly, there are direct benefits to enhancing poverty-reducing impacts, improved 
livelihoods and the nutrition of adults and children. 

 •  Secondly, considerable opportunities are created for small farmers and the landless 
to enter improved dairy farming, diversify agricultural production, increase 
income, enhance food security, and achieve levels of self-sufficiency; and

 •  One direct consequence of these beneficial thrust are spill-over expanded interest  in 
many neighbouring countries, involving increased investments in infrastructure 
and the importation of pure bred cattle and riverine buffaloes to boost milk 
production. 

 In this context, the advances that have been made on milk production from buffaloes 
in India over the last four to five decades through the Anand model of “Operation Flood”, 
involving some 13 million farming families, processing of about 90 million kg of milk per 
year mainly from dairy buffaloes, and making farmers and the landless shareholders of the 
whole chain of marketing and processing of milk, is a testimony of this fact. The sector also 
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integrates the elements of gender, cultural barriers, training and education and technology 
application and governance, and has led to effective marketing networks.
 
 Interestingly also in India, over a 25 year period between 1982–1997, buffalo 
populations owned largely by the landless and small farmers had a growth rate was highest 
in the arid area (Government of India 1997). The combined population growth rate of 5.2% 
per year for the arid and rainfed areas is over two times that in the irrigated areas. The 
report indicated the following:

 •  Buffalo populations are clearly expanding beyond the traditional irrigated areas 
into the more difficult and less favoured rainfed environments

 •  This trend also suggests wider adaptive powers of buffaloes in the semi-arid and 
arid AEZs with an ability to mitigate the harmful effects of climate change and 
heat stress

 •  This adaptation trait in the buffaloes and also goats emphasises the need to  
conserve  and multiply the indigenous breeds within-species for wider use 

 •  The largest ownership of buffaloes by the higher proportion of landless, marginal 
and small farmers clearly emphasises the value of the species to the poorest of 
the poor and the most vulnerable

 •  Multiplication and conservation increases opportunities especially trade in live 
animals and animal products

 •  Associated with above, the benefits to enhancing nutritional and food security is 
enormous; and

 •  The trends underline the importance of targeting development initiatives that can 
focus on buffaloes and cattle in appropriate rainfed environments with potential 
impacts on improved livelihoods of the poorest of the poor.

 Heat stress. The effect of climate change whaich is mediated by high temperatures 
is a major concern for animal production. The response to heat or thermal stress and the 
effects on animals are many and vary according to species, breeds within species, AEZ, 
physiological and nutritional status, and genetic potential. Goats for example, are more 
adapted to harsh and drier conditions and have greater resistance to dehydration than 
temperate animals (Devendra 2007b). On the other hand, imported exotic animals from 
temperate climates will be more sensitive to heat stress than tropical animals. In general, 
tropical animals are more adapted to high temperatures, humidity and disease resistance.

 With specific reference to animal production, climate change will bring with it a 
number of potentially significant yield-reducing impacts. High temperatures and reduced feed 
intake significantly influence productivity, and in the tropics, this may be between half and 
one-third of the potential of modern cow breeds (Parsons et al. 2001).Temperature rise above 
the optimal level for individual animal species will result in reduced efficiency of production, 
product outputs and increased costs of production. Cow fertility may also be affected as also 
fitness and reduced longevity (King et al. 2006). Heat waves have also caused substantial 
mortality in animals in the USA and northern Europe (Sirohi & Michaeltowa 2007).
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 More recently, it has been reported that many species already exhibit smaller sizes 
as a result of climate change (Sheridan & Bickford 2011). The authors suggest that this 
could impact both crop plants and protein sources such as fish that are important in human 
nutrition.

 Significance of nomadic and transhumant systems. In the semi-arid and arid regions 
where low rainfall and very high temperatures are the norm, an important traditional 
survival strategy that has been developed by the people to cope with theseasonal changes 
through nomadic and transhumance systems and sheer resilience. These are yearly nomadic 
migrations of people with their cattle, goats, sheep and camels in search of water and forage. 
Many such transhumance routes exist, and with the herds passing through, water supplies 
and plant cover are often used up well before the end of the long dry season. With the 
environment becoming drier by the year and concentrations of livestock continuing to grow, 
the shortfall especially of feeds and water is turning into a serious problem for the people.

 These systems are essentially extensive, with the difference that overwhelming numbers 
of goats usually with sheep are constantly on the move in search of feed and water. Both 
these systems are practiced by the shepherds and represent highly rational adaptations 
of human life to a severe and adverse environment (Devendra 2007c), and is a natural 
response to traditional livelihood under extreme limitations in a stressful environment. The 
systems are particularly common in the semi-arid and arid areas of north western Pakistan 
and North India, where annual chronic shortages of feed and water shortages occur.

 In the Indian sub-continent, it is estimated that between 30% and 40% of the total 
small ruminant population is on the move annually. These movements are spectacular, are 
a way of life, and involve whole households along well defined routes with several men 
accompanying the large flocks. Kids are often placed in baskets and are carried by camels 
along with kitchen utensils. Withthe onset of the rains and increased feed availability, 
grazing becomes more localised. During the height of summer and very high temperatures 
(30°C–40°C), these result in 4–6 months of animal movement of between 10km–15 km per 
day, motivated by the search for grazing as well as wage labour opportunities.

 Quite often signs of environmental degradation are apparent in areas around sources 
of drinking water, which are extremely localised. Streams and ponds are quickly drained 
after the rains, leaving livestock and people alike to rely on a variety of specialised man-
made water sources The most widely used are bore holes, either man made or mechanically 
created.

 Quantity and quality of feed resources. A major direct effect of climate change with 
respect to higher temperatures concerns the feed resources. The effect involves both 
quantities available and also quality. Climate change will reduce the area under crop land, 
resulting in reduced availability of crop residues for feeding animals. Hopkins & Del Prado 
(2007) have reported several impacts that are induced on feed crops and grazing systems as 
follows:
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 • Changes in herbage growth brought about by changes in atmospheric CO2  
concentrations and temperature

 •  Changes in the composition of pastures, such as the ratio of grasses to legumes
 •  Changes in herbage quality, with changing concentrations of water-soluble 

carbohydrates and N at given dry matter (DM) yield
 •  Greater incidences of droughts, which may offset any DM yield increases; and
 •  Greater intensity of rainfall, which may increase N leaching in certain years. 

 These impacts make a significant overall net effect on the feed resource base on 
which tropical animals are largely dependent on. It concerns not only the totality of cereal 
straws and other fibrous crop residues that ruminants largely subsist on, but also non-
conventional feeds (Devendra & Sevilla 2002), which for small farms will mean huge 
losses in productivity and livelihoods. The efficient use of these feed resources to the extent 
possible will dictate to a very large extent the contribution from animals to total protein 
supplies (Devendra & Leng 2011).

 The ownership of animals by poor people is especially significant in the harsher and 
more difficult environments. In these situations animals often sustain livelihoods and 
survival. Table 5 presents the extent of poor livestock keepers by production system and 
region, and several observations are relevant. Within these systems and within-region, 
South Asia and South East and East Asia accounted for a 59%–60% proportion of total 
poor livestock keepers. Mixed irrigated systems were the next highest, with a 29%–33.7% 
proportion. The higher number of poor livestock keepers in the mixed farming systems 
in rainfed areas is consistent with the higher proportion of the rural poor found in the 
combined marginal, arid lands, forests and woodlands.

 Implications. A direct consequence of the potentially negating effects on reduced 
productivity from both crops and animals to meet current and projected future demand is to 
disengage farmers from participating in competitive market share, and to increase imports.  
Malaysia will be no exception to this, and along with developing countries, may have to 
depend on the industrialised nations for the imports of foods.

TABLE 5. PROPORTION OF POOR LIVESTOCK KEEPERS WITHIN PRODUCTION 
SYSTEM BY REGION (%) (Thornton et al. 2002)

 Developing Sub- N. Africa South East and Latin
Production system countries Saharan and Asia S.E. Asia America and
  Africa Near East   Caribbean

Grassland-based systems 7.1 13.1 14.3 2.5 1. 8 9.0
Mixed rainfed systems 66.0 77.9 56.6 60.1 59.3 67.9       
Mixed irrigated systems 18.5 0.4 16.9 33.7 29.0 3.6
Landless 8.4 8.5 12.1 3.7 9.9 19.5
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 Plantation crops. Plantation crops have been identified separately for three principal 
reasons (Devendra 2008; 2009), in the context of the fact that agro-pastoral and silvopastoral 
systems are important carbon sinks to mitigate climate change:

 (a) The first reason associated with improved grass-legume forage production concerns 
the opportunity to promote integration with animals and stratification of production 
systems in the oil palm environment.

 The production options are quite numerous and include the following:

  •  Increase breeding of animal numbers and productivity
  •  More intensive utilisation of the available forage biomass and agro-industrial 

by-products in situ
  •  Development of intensive zero grazing systems
  •  Improved natural resource management(NRM)
  •  Increase institutional engagement in agriculture 
  •  Encourage interdisciplinarity and a focus on holistic oil palm-based production; 

and 
  •  Encourage a “market pull”, access to markets and marketing.

 (b) The second concerns carbon sequestration and greenhouse gases. Notwithstanding 
the fact that ruminants emit methane from enteric fermentation and manure, the 
expanding land areas under oil palm in Malaysia and elsewhere provide good 
opportunities for carbon sequestration through more widespread use of high quality 
grass-legumes and tree legumes, and improved forage management practices and 
improved soil fertility, given that carbon sequestration in soils has the highest 
potential to reduce atmospheric gas emissions and global warming. Currently less 
than three per cent of the land is used for integration with ruminants in oil palm 
plantations in Malaysia and this area can be substantially increased.

 (c) The third reason concerns a major advancement in reducing gas emissions in 
ruminant nutrition. More understanding is needed of the relative GHG emissions 
from improved grass-legume pastures, including the O2 under tree crops compared 
to grazing ruminants. If the emissions are in favour of the former especially 
in respect of more O2 into the atmosphere, the case for integrated systems and 
sustainable agriculture becomes even stronger.  In practice, strategies will need to 
be developed that can have a balance between the two types of emissions which is 
consistent with minimal effects on climate change. These interrelated and complex 
issues justify the need for more vigorous R&D.

 There is a growing body of consistent research results from Australia, Canada and 
Vietnam which suggest that the fermentable nitrogen requirements of ruminants on  
diets based on low protein cellulosic materials can be met from nitrate salts (Trinh et al. 
2009) and this potentially reduces methane production to minimal levels (Leng 2008).  
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Trinh et al. (2009) demonstrated that with adaptation, young goats given a diet of straw, 
tree foliage and molasses grew faster with nitrate as the fermentable N source as compared 
with urea Further studies from the same group have shown that nitrate can be used as a 
fermentable N source for beef cattle fed treated straw (Nguyen et al. 2010).

 In Australia, a recent study (Nolan et al. 2010), involved sheep being fed with oat 
hay and either potassium nitrate or urea (5.4 g N/kg hay), first in metabolism cages and 
then in respirations chambers. Methane production was reduced by feeding nitrate instead 
of urea but there were no effect on feed intake, DM digestibility or microbial protein 
synthesis in addition  van Zijderveld et al. (2010a) have shown a 50% reduction in methane 
production by sheep fed nitrate with sulphate in a corn silage-based diet. The same group 
have shown persistent reduction of 16% methane in dairy cows supplemented with nitrate 
(see van Zijderveld et al. 2010b quoted by  Hulshof et al. 2010) and a 32% reduction in 
methane production in beef cattle in Brazil when 2.2% nitrate replacing urea in a sugar 
cane/concentrate-based diet (Hulshof et al. 2010). This is a major step forward in ruminant 
nutrition and production.

Urbanisation

Urbanisation is a direct consequence of climate change, mediated through temperature 
extremes, droughts, and failed crop growth. The combined effect of these factors is 
significantly decreased agricultural productivity, increased poverty and vulnerability of 
the poor. With agricultural growth restricted by climate instability, and declining if not 
stagnant agriculture, non-farm activities and income generation are unable to drive the 
local economy, all of which hasten urbanisation. 

 In order to decrease the impact of this trend, many governments have promoted a 
strategy of providing infrastructure such as roads and communications, credits and  
improved technologies for people to use rainfed areas more effectively or move out of them 
move out of them, with variable success. Indonesia’s successful transmigration scheme 
to ease population pressure in Jawa through consistently beneficial economic agricultural 
activities is a case in  point. Results over nine years showed increased income, enhanced 
crop yields, improved livelihoods in Sumatera and self-reliance. Expansion in the use of 
available rainfed lands was apparent.

CGIAR STUDY ON  MAPPING HOTSPOTS OF CLIMATE CHANGE 
AND FOOD INSECURITY IN THE GLOBAL TROPICS

Most recently the Consultative Group for International Agricultural Research (CGIAR) has 
undertaken a study that maps global hotspots of climate-induced food insecurity (CGIAR 
2011). The study was an urgent need to focus climate change adaptation efforts on people 
and places where the potential for harsher growing conditions poses the gravest threat to 
food production and food security.
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Hotspots of Climate-induced Food Insecurity

The findings of the study and the implications are very serious, and reasons of brevity the 
key salient points are briefly highlighted below:

 • Future hotspots of risk for hundreds of millions whose food problems are on a 
collision course with climate change

 • Disaster looms for parts of Africa and all of India if chronic food insecurity 
converges with crop-wilting weather; Latin America also vulnerable

 • The highly-vulnerable populations are chiefly in Africa and South Asia, but 
potentially in China and Latin America as well, where in fewer than 40 years, 
the prospect of shorter, hotter or drier growing seasons could imperil hundreds 
of millions of already-impoverished people

 • In large parts of South Asia, including almost all of India, and parts of sub-Saharan 
Africa chiefly West Africa, there are 369 million food-insecure people living in 
agriculture-intensive areas that are highly exposed to a potential five percent 
decrease in the length of the growing period

 • There are 56 million food-insecure and crop-dependent people in parts of West 
Africa, India and China who live in areas where, by the mid-2050s, maximum 
daily temperatures during the growing season could exceed 30°C (86°F)

 • The study identified populations as chronically food-insecure if more than 40% of 
children under the age of five were stunted that is, they fall well below the World 
Health Organization height-for-age standards

 • The effect of climate change on agriculture is likely to intensify hunger and poverty. 
Farmers are already adapt to variable weather patterns by changing their planting 
schedules or moving animals to different grazing areas, but with the speed of 
climate shifts and the magnitude of the changes require much greater adaptation. 
New crops or new farming systems may be necessary

 • Crop breeders are focused on developing so-called climate ready crop varieties 
able to produce high yields in more stressful conditions. In parts of East and 
Southern Africa, temperatures may become too hot to maintain maize as the 
staple crop, requiring a shift to other food crops, such as sorghum or cassava, 
to meet nutrition needs. In addition, farmers who now focus mainly on crop 
cultivation might need to integrate livestock and agroforestry as a way to maintain 
and increase food production

 • By 2050, prime growing conditions are likely to drop below 120 days per season 
in intensively-farmed regions of northeast Brazil and Mexico. Growing seasons 
of at least 120 days are considered critical not only for the maturation of maize 
and several other staple food crops, but also for vegetation crucial to feeding 
livestock. specific regions in the tropics may be severely affected by 2050 in 
terms of their crop production and livestock capacity; and

 • International trade in agriculture commodities is also likely to assume even 
more importance for all regions as climate change intensifies the existing 
limits of national agriculture systems to satisfy domestic food needs.
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WATER   AVAILABILITY AS A CONSTRAINT

Agriculture uses a very high proportion of accessible fresh water to produce food. This is 
often inadequately appreciated as a key biophysical constraint in agricultural development 
in the future. The impact of climate change on water availability is serious, and varies from 
region to region, type of AEZs and pattern of agriculture. It is considered to be one of the 
greatest limiting factors facing crop water productivity and food security (Yinhong, Khan 
& Ma 2009). Producing one kilogram of rice requires 3500 litres of watr, one kilogram 
of beef requires about15 000 litres of water, and a cup of coffee about 140 litres of water 
(Hoekstra & Chapagain 2008).

Consequences of Inefficient Use of the Available Fresh Water Resources

Inefficient use of the available fresh water resources for agriculture and poor agricultural 
water management can have serious consequences, which inter alia include:

 • Shortfalls in food production will affect human requirements–exacerbated by 
climate change vulnerability

 • Food self-sufficiency is put to risk
 • Agricultural growth is likely to be stifled due to competition for water; and
 • At stake-changing ecological and agricultural landscape.

 The problem is anticipated to be much more pronounced in the rainfed environments 
and drought-prone areas, with grave possibilities that these same areas will become 
even drier with the threat of global warming. In these situations, crop growth will be 
increasingly exacerbated by decreasing rainfall, reduced length of the growing period, 
reduced agricultural production especially of food staples, and increased food insecurity 
and poverty. Reduced soil moisture, exacerbated further increased temperature will 
negatively impact on crop production. This will result in serious shortfalls in food supplies 
and reduced self-sufficiency levels will occur.
     
 Water supplies and their efficient use are thus critical factors in agriculture. While 
mitigation to climate threats need to be explored, increased ways to adaptation to climate 
change and global warming are more important. With crops and animals, increased 
tolerance and resilience to water will be important. Conservation methods and traditional 
ways of harvesting and efficient use will become more important in the future. Decreasing 
availability of land and water resources in the future makes it imperative that these need 
to be used more efficiently as well as intensively, including for irrigated systems ESCAP 
(2008) has suggested that greater attention to policy is also required concerning water 
conservation, water pricing, diversions from surplus to deficit areas, and establishing and 
restoring water management structures and institutions.

 The negative effects on decreased crop yields are not restricted to temperature alone. The 
other factors are floods, storms, typhoons, water shortages and droughts. In neighbouring 



C. Devendra: Climate Change Threats and Effects: Challenges for Agriculture and Food Security

31

Thailand for example, Boopragob (2005) has reported that between 1989–2002, the country 
suffered more than 70 million baht (approximately USD1.75 billion) in economic losses 
due to floods, storms and droughts. The losses were mainly in the agriculture sector, where 
crop yield losses cost more than 50 billion baht (approximately USD1.25 billion) between 
1991–2000.

 Examples of such dry and drought-prone areas are the northern parts of South Asia, 
northern China and in parts of the Mekong countries like Thailand, Cambodia and 
Vietnam. In China for example, temperatures are projected to be between 1.21°C and 2°C 
above 1961–1990 levels which will be associated with more droughts, spreading deserts 
and reduced water supplies. In the more arid environments, there is also the likelihood of 
increased landlessness, poor people and poverty.

 In Pakistan, a combination of both surplus and inadequate water are major constraints 
to cropping systems. With irrigation, the primary source of water is from an extensive 
canal system (70%) in which the Indus river provides most of the water. In the irrigated 
areas, especially in the provinces of Punjab and Sindh, salinity and water logging are 
increasingly becoming major constraints to crop production. There exists 6.2 million 
hectares of saline and sodic soils, and 11.4 million hectares of waterlogged soils in Pakistan. 
In the affected areas, yields of wheat, rice, sugarcane and cotton have been reduced by 
59%–68% (Devendra et al. 2000). Climate change will exacerbate this increasingly critical 
problem.          

  IWMI (2007) has suggested five key issues to improve agricultural water management, 
building resilience to climate change and reduce risks to poor communities:

 (1) Thinking more creatively about water shortage, which will be critical to overcome 
short- and long-term dry spells

 (2) Increasing water productivity: globally, this will also help to reduce GHG emissions 
by curbing the need to convert land for agricultural purposes

 (3) Improving basin water management and allocation this will require both knowledge 
of water flows and social and institutional governance mechanisms-key areas for 
research

 (4) Early warning and insurance: establishing targeted safety nets for farmers who are 
unable to adjust quickly enough, providing credible insurance against catastrophic 
asset loss and facilitating rapid recovery; and 

 (5) Ensuring that the water management strategies to support changes in cropping 
and land use patterns are tailored to local needsand secure storage of carbon  
that would otherwise be emitted or remain in the atmosphere (Watson et al.  
2000), notwithstanding the fact that animals emit methane from enteric 
fermentation.
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CARBON SEQUESTRATION AND GREENHOUSE GASES

Mention needs to be made about the potential importance of carbon sequestration. This 
is an area that has not been addressed in Malaysia concerns carbon sequestration, which 
is defined as the complex and manure, the expanding land areas under oil palm provide 
good opportunities for carbon sequestration through more widespread use of grasses and 
tree legumes, and improved forage management practices, with resultant decreased carbon 
atmospheric emissions and global warming.  

 Pretty et al. (2006) has calculated that in mixed farming systems, the carbon sequestered 
per hectare was 0.32 tC/ha/yr. The practical implication of this is that agronomic practices 
need to enhance these carbon sinks through enrichment of soil organic matter and the 
forage biomass under the oil palm. 

 Associated with above is the issue of greenhouse gas emissions (GHG), mainly CH4, 
N2O and CO2 and their effects on climate change or global warming. Improved grass- 
legume pastures to feed grazing ruminants will have the beneficial effect of enhancing 
carbon sequestration and releasing more O2 into the atmosphere. The ADB (2009) has 
recently reported that mitigation can potentially sequester carbon by 3.04 tCO2/ha.yr, 
reduce CH4 emission by 0.02 tCO2 -eq/ha/yr, and reduce N2O emissions by 0.02–2, 30 
tCO2 -eq/ha/yr. On the other hand, the presence of grazing ruminants will mean emissions 
of more CH4 into the atmosphere, and their possible effects.  In Brazil, Zebu cattle grazing 
tropical pastures produced a larger methane loss of 27 g/kg compared to either Holstein 
or Nellore cattle fed sorghum silage- concentrate diets that averaged 22 g/kg. Holstein or 
Nellore cattle on Bracharia or Panicum pastures consuming sorghum had methane losses 
that were close to the temperate forage-based diet of 20 g/kg (Lima et al. 2004).

 In response to possible effects on climate change, mitigation efforts have therefore 
concentrated on ways of reducing the CH4 emissions in which a wide range of strategies  
to include enhanced feed quality, supplemental lipids, tannins, protozoal inhibitors with 
varying success (Johnson, Poungchompu & Wanapat 2005). Of these, strategies to reduce 
GHG have largely focused on methanogen inhibitors and substrate levels, rather than at the 
feed quantity and quality end. Reference has also made above to the fermentable nitrogen 
requirements of ruminants on diets based on low protein cellulosic materials which can 
be met from nitrate salts, which potentially reduces methane production to minimal levels 
(Leng 2008).

 The benefits of silvopastoral systems due to synergistic interactions of the system 
components are illustrated in Figure 3, involving the oil palm as an example. In agro 
forestry, the various options e.g. planting leguminous trees improve the system to mutual 
advantage. With silvopastoral systems, stratification of the production system enables not 
only increased meat production, but also savings in the use of weedicides, increased soil 
fertility due to the return of dung and urine. and increased yield of fresh fruit bunches. In 
both cases carbon sequestration can be enhanced (Plate 2).    
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OIL PALM ENVIRONMENT

+Animals

Carbon
sequestration

• Sustainable production system
• Environmental suitability

•	Malaysia	and	Indonesia	owned		
				79%	of	the	global	plantation		
				planted	area.
•	Also	produced	78%	of	the	total		
				output	of	palm	oil.

•	Breeding
•	Feedlot

•	Efficient	use	of	NRM

•	Use	of	dietary	nitrate	salts
•	Reduce	CH4	emission

AGROFORESTRY

Improved system

SILVOPASTORAL
SYSTEMS
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•	Improved	agronomics
					practices
•	Enriched	soil	OM
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•	Beneficial	crop-	
				animal-soil	interaction

•	Increased	R&D
•	Increased	Investment
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Figure 3. Agroforestry and silvopastoral systems potential and carbon sequestration.

Plate 2. Integrated oil palm and cattle (Brahman and Hereford) system in Sabah, East Malaysia. 
This production system is underestimated (C. Devendra).
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 Much more understanding is necessary of the relative GHG emissions from improved 
grass-legume pastures, including the O2 under oil palm trees compared to grazing 
ruminants. If the emissions are in favour of the former especially in respect of more O2 into 
the atmosphere, the case for integrated systems and sustainable agriculture becomes even 
stronger.  In practice, strategies will need to be developed that can have a balance between 
the two types of emissions which is consistent with minimal effects on climate change. 
These interrelated and complex issues justify the need for more vigorous research and 
development.       

STRATEGIES TO COPE WITH CLIMATE CHANGE

The strategies for coping with climate change involve a combination of mitigation and 
adaptation. Both have to be addressed simultaneously. Concerning the first, ways and 
means to the extent possible  have to be found to reduce CO2 emissions and therefore 
global warming. The second involves accelerating the process of adaptation that will 
be required to cope especially with increased temperature. Both crops and animals will 
have to be more heat tolerant without compromising productivity. Together with greater 
emphasis on dryland agriculture, cropping systems and patterns will need to be geared to 
more suitable plants like sorghum and pigeon pea. As of now the answers to many of the 
strategies remain largely unknown. They underline the need for more vigorous R&D on 
numerous issues. 

Mitigation

For reasons of brevity and availability of up to date information, the discussion on 
mitigation draws attention to the excellent information reported in the ADB (2009) report. 
The principal strategy in biological terms relates to greenhouse gas (GHG) emissions in the 
agricultural sector and includes the following:

 • Reducing fertiliser-related emissions
 • Reducing CH4 emissions from rice paddies
 • Reducing emissions from land use change
 • Sequestering C in agro-ecosystems; and
 • Producing fossil fuel substitutes.  

 Table 6 summarises details of the mitigation options reported by Smith et al. (2007) 
in South East Asia. The information relates type of practice, relative mitigation potential, 
challenges, opportunities, and co-benefits and contribution to sustainable development. 
The types of practices identified include cropland management; rice management; 
agroforestry, set aside, land use change; grassland management; peat land management; 
restoration of degraded lands; bioenergy; livestock management feeding practices; and 
manure management.
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TABLE 6. MITIGATION OPTIONS IN AGRICULTURE IN SOUTH EAST ASIA  
(Smith et al. 2007)

Practice

Cropland 
management
  • Agronomy
  • Nutrient  
      management
  • Tillage/residue  
      management
  • Water  
      management

Rice management

Agroforestry, 
set-aside, land use 
change

Grassland 
management
  • Grazing  
      management
  • Fertilization
  • Fire

Relative Mitigation 
Potential

(unit of production)

Potential to 
sequester soil carbon 
by 0.55-1.14 tCO2/
ha/year. 
Potential to reduce 
N2O emissions by 
0.02-0.07 tCO2-eq/
ha per year.

In continuously 
flooded rice fields, 
potential to reduce 
CH4 emission by 
7%–63% (with 
organic amendment) 
and 9%–80% 
(with no organic 
amendment).

Potential to 
sequester carbon 
by 0.70-3.04 tCO2/
ha per year; reduce 
CH4 emission by 
0.02 tCO2-eq/ha per 
year; and reduce 
N2O emission by 
0.02-2.30 tCO2-eq/
ha per year.

Potential to 
sequester carbon by 
0.11-1.50 tCO2/ha 
per year.

Challenges/Barriers
(policy, poverty, 

knowledge, 
extension)

This option could be 
costly to implement 
and would need 
considerable effort 
to transfer, diffuse, 
and deploy. Also, 
some measures may 
challenge existing 
traditional practices.

The benefit may 
be offset by the 
increase of N2O 
emissions and the 
practice may be 
constrained by water 
supply.

Cropland conversion 
reduces areas 
intended for food 
production. Also, 
the fate of harvested 
wood products 
would need to be 
accounted for.

Nutrient 
management and 
irrigation might 
increase the use of 
energy; introduction 
of species might 
have an ecological 
impact.

Opportunities
(feasibility, cost 
effectiveness, 
synergy with 
adaptation)

Use of improved 
varieties with 
reduced reliance on 
fertilizers and other 
inputs provides 
opportunity for 
better economic 
returns. Reduced 
tillage will reduce 
the use of fossil 
fuel thus lower CO2 
emissions from 
energy use.

More effective 
rice straw 
management to 
reduce management 
to reduce CH4 
emissions  
(e.g. as a biofuel).

Harvest from trees 
(fuelwood) could be 
used for bioenergy; 
additional returns to 
farmers. Set-aside 
is usually an option 
only on surplus 
agricultural land 
or on croplands 
of marginal 
productivity.

 
Improves 
productivity.

Co-benefits and 
Contribution 

to Sustainable 
Development

Increases 
productivity (food 
security); improves 
soil, water, and air 
quality; promotes 
water and energy 
conservation; and 
supports biodiversity 
and wildlife habitat.

Promotes 
productivity (food 
security) and 
conservation of 
other biomes. Also 
enhances water 
quality.

This practice 
promotes 
biodiversity and 
wildlife habitats; 
energy conservation; 
and, in some cases, 
poverty reduction. 
Improves the quality 
of soil, water and 
air; promotes water 
conservation; 
supports 
biodiversity, 
wildlife habitats, 
and conservation of 
other biomes.

This measure 
increases 
productivity 
(food security); 
improves soil 
quality, promotes 
biodiversity and 
wildlife habitats; and 
enhances aesthetic/
amenity value.
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Practice

Peatland 
management and 
restoration of 
organic soils

Restoration of 
degraded lands

Bioenergy  
(soils only)

Livestock 
management 
feeding practices

Manure 
management

Relative Mitigation 
Potential

(unit of production)

Potential to 
sequester carbon by 
7.33-139.33 tCO2/ha 
per year; and reduce 
N2O emission by 
0.05-0.28 tCO2-eq/
ha per year.

Potential to 
sequester carbon by 
3.45 tCO2/ha per 
year.

Potential to 
sequester carbon by 
0.70 tCO2/ha per 
year; and reduce 
N2O emission by 
0.02 tCO2-eq/ha per 
year.

Improved feeding 
can reduce CH4 
emissions from 
enteric fermentation 
by 1%–22% 
for dairy cattle; 
1%–14% for beef 
cattle; 4%–10% for 
dairy buffalo, and 
2%–5% for non-
dairy buffalo.

Up to 90% of 
CH4 emitted 
can be captured 
and combusted, 
10%–35% of CH4 
can be reduced by 
composting, and 
2%–50% of N2O 
emission can be 
reduced through 
improved soil 
application.

Challenges/Barriers
(policy, poverty, 

knowledge, 
extension)

Need better 
knowledge of the 
processes involved 
to avoid double 
counting.

Where this practice 
involves higher 
nitrogen application, 
the benefit of carbon 
sequestration may 
be partly offset 
by higher N2O 
emissions.

Competition for 
other land uses 
and impact on 
agro-ecosystem 
services such as 
food production, 
biodiversity, and 
soil moisture 
conservation.

The effect varies 
depending on 
management 
of animals, i.e., 
whether confined 
animals or grazing 
animals.

Lack of incentives 
for the broad 
application of this 
measure would be a 
challenge.

Opportunities
(feasibility, cost 
effectiveness, 
synergy with 
adaptation)

Avoiding row crops 
and tubers; avoiding 
deep ploughing; 
and maintaining 
a shallower table 
are strategies to be 
explored.

Technical potential 
for biomass; 
technological 
developments in 
converting biomass 
to energy.

The measure 
depends on soil and 
climatic conditions, 
especially when 
dealing with grazing 
animals.

Applicable to all 
waste management 
systems particularly 
swine production.

Co-benefits and 
Contribution 

to Sustainable 
Development

Improves soil 
quality and 
aesthetic/amenity 
value; promotes 
biodiversity, wildlife 
habitats, and energy 
conservation.

Increases 
productivity (food 
security); improves 
soil and water 
quality and aesthetic 
and amenity value; 
and supports 
biodiversity, 
wildlife habitats, 
and conservation of 
other biomes.

Promotes energy 
conversion.

Reduced pressure 
on natural resources 
(such as soils, 
vegetation, and 
water) allow a 
higher level of 
sustainability.

Fewer odours and 
less environmental 
pollution.

TABLE 6. (cont.) MITIGATION OPTIONS IN AGRICULTURE IN SOUTH EAST ASIA  
(Smith et al. 2007)



C. Devendra: Climate Change Threats and Effects: Challenges for Agriculture and Food Security

37

 The highlights of the ADB (2009) study are reflected in the following:

  • Estimates exist, though limited, on the range of economic mitigation potential 
of agricultural practices in South East Asia

  • South East Asia has the highest technical mitigation potential to reduce GHG 
emissions from agriculture than any other region

  • South East Asia`s vast area of croplands, through cropland management, could 
be an important channel to sequester C in soils

  • As a major world rice producer, South East Asia can contribute toa reduction 
of CH4 emissions while ensuring food security; and

  • Other potential mitigation options could boost agricultural production, help 
reduce poverty, while at the same time help stabilise GHGs.

 It is stressed that Table 5 is specific to South East Asia, which is characterised mainly 
by a humid ecoregion with high humidity, high rainfall and a relatively long LGP. Crop 
growth is diverse beyond rice and includes such other examples as maize, soyabean, cassava 
and sweet potatoes. With perennial tree crops good examples include coconuts, cocoa, oil 
palm and rubber, all of which involve several thousands of hectares. Concerning the latter 
group, integration with ruminant animals in silvopastoral systems presents an important 
opportunity to sequester C, improve soil management and fertility, and enable feeding 
systems for animals with good possibilities of reduced CH4 from enteric fermentation, 
and introduction of improved grasses and forage legumes that can have a nutritional and 
ecological impact (Devendra 2009); this important production system is underestimated.  

 By comparison in South Asia, more variable AEZs are common, typified by most of 
northern India and Pakistan by semi-arid to arid conditions, and southern India, Bangladesh 
and being similar to humid South East Asia. The former AEZs are characterised by even 
higher temperatures than those in the humid AEZs, lower rainfall, and shorter LGP. Table 7  
summarises the major issues, challenges and opportunities that are of concern in South Asia, 
together with many common practices that were identified for South East Asia (Table 5).  
These include droughts, dryland agriculture, rangeland management, animal production 
and landlessness. climate change seriously impact on the agricultural sector as well as the 
very poor people and livelihood systems in South Asia. In India, agroforestry systems have 
recently been identified as an important resource conservation tool to maintain soil health 
in the more fragile north eastern states (Saha et al. 2010). 

Adaptation

Asian farmers have along history of adapting to the changes and effects of the biophysical 
environment. Adaptation has entailed in practice the use of risk minimising strategies and 
adoption of innovative low-input practices that can adapt to the environmental change. 
They have done this through deep understanding of farming systems and experience, and 
more particularly use of traditional knowledge and traditional systems that are suited to 
particular AEZs.
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Issue and practice

1. Droughts

2. Dryland agriculture
    • Heat tolerant crops  
        and animals
    • Improved water  
        harvesting and  
        conservation
    • Agronomy and  
        feeding regimes
    • Nutrient  
        management
    • Soil fertility and  
        water balance

3. Animal production
    • Species and breeds
    • Adaptation
    • Feed resources
    • Heat stress
    • Soil nutrient  
        management

4. Landlessness
    • Nomadism
    • Transhumance
    • Livelihoods
    • Animal ownership

5. Rangeland  
      management
    • Grazing systems

Challenges

• Minimise risks to farming  
    systems
• Coping with heat stress
• Adapting to heat stress
• High mortality in animals
• Resilience of livelihood  
    systems
• Improved storage and  
    conservation of seeds  
    and crops

• Use of indigenous  
    knowledge and traditional  
    systems
• Improved rainfed agriculture
• Alleviation of hunger and  
    poverty
• Improved livelihoods
• Improved health and
    resilience
• Improved agricultural water  
    management

• Heat tolerance
• Optimum productivity
• Totality of availability and  
    potential value
• Priorities and efficiency  
    of use
• Heat tolerance and  
    adaptation
• Increased C sequestration

• Rationale
• Way of life
• Migratory patterns
• Contribution by animals

• Overstocking
• Control of management

Opportunities

• Risk minimising strategies
• Sustainable dryland  
    agriculture
• Heat tolerant technologies
• Reduced animal mortality
• Enhancing nutritional and  
    food security
• Improved management and  
   use

• Major opportunities in R&D
• Expanded use of rainfed  
    areas
• Increased food production
• Improved R&D
• Empowerment
• Improved land management  
    and agronomic practice

• Identification of more  
    adaptable breeds
• Distinctive adaptation traits
• Integration with farming  
    systems
• Production and conservation
• Development of integrated  
    ruminants-tree crops  
    systems  (S.India and  
    Sri Lanka)
• Improved use of forage and  
    legume varieties, and in  
    food-feed systems

• Improved understanding
• Traditional systems
• Security
• Extent of contribution to  
    poverty alleviation

• Effective use of browse
• Improved fodder production
• Increased meat production

Co-benefits and contribution 
to sustainable development

• Increased adaptation
• Ecosystem resilience
• Reduced vulnerability
• Increased self-reliance
• Stable households
• Sustained agricultural  
    production

• Sustainable production  
    system
• Improved understanding of  
    the landless
• Environmental integrity
• Increased nutritional and  
    food security
• Cooperative development
• Ensuring sustained crop  
    production

• Increased productivity
• Increased sustainability
• Increased food and  
    nutritional security
• Development of all year  
    round feeding systems
• Stable households
• Sustainable production  
    systems

• Environmental protection
• Survival
• Increased ownership of  
    animals

• Prevention of environmental  
    damage
• Improved livelihoods

TABLE 7. MITIGATION OPTIONS IN AGRICULTURE IN SOUTH ASIA  
(Adapted from ADB 2009)

* The reference to “additional” implies the inclusion of issues and practices over and above those practices identified in  
   Table 5.
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 The ADB (2009) report has also reviewed the adaptation options and practices in the 
agricultural sector for South East Asia. While readers are encouraged to get the full details 
from it, for present purposes a summary of the adaptive options in the  agriculture sector is 
as follows:
 
 • Adjustment of cropping calendar and pattern
 • Changes in management and farming practices
 • Use of heat-resistant varieties
 • Development of water efficient crops
 • Diversified farming, intercropping, crop rotation and food-feed systems
 • Utilisation of southern oscillation index(SOI) designing cropping strategy
 • Implementation of index-based insurance
 • Development of early warning systems ,and
 • Improvement of irrigation efficiency.

 To these can be added the following:

 • Plant breeding for increased drought and flood tolerance and disease resistance
 • Application of new technologies for water harvesting, conservation and recycling
 • Development of food-feed systems
 • Nutrient management and soil fertility
 • Integration of animals with annual and tree crops systems
 • Sustainable intensification of improved crop-animal systems,
 • Appropriate economic incentives, subsidies, pricing and taxes; and 
 • Linking production to post-production systems and the international food supply 

chain. 

 Many of the adaptation options identified for South East Asia by the ADB (2009) 
will also be similar to the options for South Asia. Strategies for crop production, cropping 
patterns and cropping calendar for example, will be broadly similar, except the types of 
crops growand choice of animals and breeds to fit in with the particular AEZ. In general, 
both the types grown and animals reared in South Asia will need to be more heat tolerant 
than the requirements for South East Asia. Another good example is the food-feed systems 
which has much relevance in cropping systems in both irrigated and lowland rainfed  
areas.

 An ideal food-feed system is one that maintains, if not increases the yield of the food 
crop, sustains soil fertility and provides dietary nutrients for animals (Devendra et al. 2001). 
The concept is an important strategy that enhances soil fertility through the inclusion of a 
legume crop, and possibly also C sequestration (Plates 3 and 4).
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Plate 3. Cowpea-cassava food-feed system in Mahasarakam province, Thailand (C.Devendra).

Plate 4. Woman delivering cattle manure for use as main source of fertilizer for rainfed rice land 
in Nin Thuan province, South Vietnam (C. Devendra).
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Agricultural Diversification

Agricultural diversification in small farms is an important strategy to respond to climate 
change, and is directly associated with three key reasons — risks, seasonality and self-
reliance. The notion of risk and seasonality is linked closely to biophysical factors, and 
now increasingly to climate change effects. Many of the more experienced farmers are able 
to make the necessary adjustments to cope with the changing environmental factors, but 
will need all their skills to deal with the new challenges of climate change. These factors 
become more serious with decreasing quality of arable land. 

 Diversification involves the addition of a mix of crops or animals or other enterprises 
at the farm level and is essentially targeted at seeking maximum food security. Apart 
from meeting the immediate needs of the household and also traditional self-sufficiency, 
specialisation follows in which income generation and market orientation become new 
driving forces. Diversification in terms of the use of the production resources sees expression 
in mixed farming activities in humid AEZs of South East Asia, and least in the more semi-
arid and arid areas. The former involves crops and animals and possibly also aquaculture.

CONSERVATION OF GENETIC DIVERSITY

Since climate change is likely to seriously affect agricultural systems, especially in situations 
where crops and animals are not adapted to a particular AEZ, productivity is put to risk; the 
breakdown of the systems is not uncommon. In this context the real issue is the resilience of 
crops and animals, the extent of their adaptation, and ability to withstand heat stress and yet 
produce food. Recognisisng both indigenous crops and animals in terms of their diversity 
is therefore especially important; With indigenous breeds for example, the implications 
of breeding and conserving these animal genetic resources is justified because of their 
particular inherent adaptive traits that also provide a means to mitigate climate change.

 Concerning adaptation. Presently there exists over 30 “improver breeds” that can be 
promoted for wider use both within as well as in other countries with similar climates. Such 
a strategy is constrained presently by several issues: diseases that must be settled, together 
with the controlled use of chosen introduced breeds when their use is justified for specific 
reasons. Additionally, there are also issues such as is disease regulations, trade restrictions, 
knowledge base, and value in breeding programmes. Nevertheless, there are four important 
implications of this (Devendra 2011b):

 • Breeding, multiplication  and conservation of potentially important indigenous 
breeds is an important way to mitigate the effects of climate change

 • The above strategy enables expansion especially to  rainfed areas and small farm 
systems 

 • Productivity enhancement increases the contribution especially to food and 
nutrition security, livelihoods of the poor, and rural growth; and 

 • Increases opportunities especially trade in live animals and animal products.
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Plate 5. A herd of swamp buffaloes in the semi-arid drylands with very high temperatures and low 
rainfall in Nusa Tenggara, Indonesia (C. Devendra).

Plate 6. South China black goats extensively grazing in Nanjian province in China. Goats like 
buffaloes are very adapted to and resilient to semi-arid and arid agro-ecological zones  

(C. Devendra).
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CHALLENGES FOR RESEARCH AND DEVELOPMENT

Much of the foregoing discussions and information particularly in Tables 3, 4, 5 and 6 
emphasise the considerable opportunities and challenges for R&D. Agricultural research 
can go a long way to reduce risks in agriculture. With the science of climate change, the fact 
is that there is a great paucity of information in the understanding the effects of biophysical 
factors of temperature and rainfall on the natural resources and ecologies needs to start at 
the grass roots levels. Much remains to be done in the search for improved understanding 
of the issues. In this context, it is instructive to note that a recent review of research needs 
in middle-income and low-income countries it was  found that effective responses to the 
challenge of reducing vulnerability and enhancing adaptation will drive research and policy 
into major challenges.

 The review goes on to add that this will require a rethinking of the research structures, 
institutions and paradigms that have dominated global change research to date, and suggests 
that governance issues will be a central consideration (Lahsen et al. 2010). Associated 
with this report, it is relevant to also note that developing countries are expected to bear 
the large part of global costsof climate change, although these changes are caused mainly 
by industrialized countries. They are particularly vulnerable to climate change and have 
specific adaptation needs (Mertz et al. 2009).

 The R&D opportunities are therefore many, need to be considered at the systems levels, 
and also prioritised. These have been broadly identified for mitigation and adaptation in 
Tables 5 and 6, in tandem with the challenges and co-benefits. The opportunities are many 
and interrelated; will vary from country to country, with more specific and individual needs.  
More importantly, the issues identified are by no means exhaustive, and the following 
additional comments on the issues and practice below provides important considerations 
for the definition of the R&D agenda:

 • Increased awareness to practitioners, planners and policy makers about the serious 
effects of climate change in agriculture is urgently needed 

 • Improved understanding is required of the links between agriculture, climate 
change, and the broader environment 

 • Concerning natural resources, improved understanding is required of the dynamics 
and characterisation of  adaptation to climate change 

 • Extensive reviews and analyses of individual country needs are required 
immediately to establish the priorities and R&D direction

 • Country-specific agendas and strategies will need diagnosis, problem identification 
and priority setting of the activities

 • Extensive analyses through modelling techniques to assess the nature and extent of 
GHG emissions from different components, inclusive of changes in appropriate 
management techniques in agriculture

 • R&D in agriculture needs to shift from monoculture crop or  animal considerations 
to the system level in holistic terms 
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 • The implications of climate change on soil-crop-animal- people-biophysical 
interactions need urgent attention, backed by integrated interdisciplinary 
approaches, policy and institutional commitment

 • The focus of  R&D should  be  annual crops and animals- perennial crops 
systems 

 • The development of silvopastoral systems are underestimated from the standpoint 
of improved C sequestration, emission of GHG and increased animal protein 
supplies. Concerted development of these systems has important advantages for 
Malaysia

 • Associated with above, emphasis should also be given to pro-poor initiatives that 
address poverty and vulnerability of the rural poor, in the context of the fact that 
several millions of them are reliant on agriculture for their livelihoods 

 • Increased training is required at various levels for improved understanding of 
systems perspectives and interdisciplinary R&D

 • Analyses for formulating appropriate action on economic incentives, subsidies, 
pricing, taxes and trade barriers; and 

 • Increased institutional commitment and investments are required to support the 
R&D agenda.

ROLE OF BIOTECHNOLOGY

Biotechnology is a rapidly advancing science, and its role and potential contribution 
for productivity enhancement in Asian agriculture. Technologically driven agricultural 
development and transformation spur economic growth and is reflected in the success 
of the Green Revolution. However, the Green revolution was a public non-profit agenda 
with massive capital inputs for rural farmers; biotechnology is being developed mainly by 
the private sector in the more affluent countries. Biotechnology applied to adaptation and 
mitigation approaches can enhance strategies to cope with the effects of climate change. 
Potentially important biotechnology applications include inter alia:

 Animals: Embryo technology and reproductive biology, improved production traits, 
genotypes with specific resistance to diseases e.g gastro-intestinal parasites, production 
of specific vaccines e.g. foot and mouth disease, bird flu, and development and 
adaptation of feeds to heat stress.

 Crops: Tissue culture for rapid transfer of germplasm, genetic mapping,ncreased yield 
potential, pest and disease resistance, biofortification and improved nutritional value, 
and, reduced moisture stress in drought-prone areas e.g. sorghum.

 The challenges for agriculture in the future depend largely on improved productivity-
enhancing technology and biotechnology applications, policy, institutional support, 
increased investments and private sector participation which in China and India have 
shown demonstrably high returns to agricultural R&D.
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STRENGTHENING RESEARCH CAPACITY

An emerging dilemma concerning coping with the threats and effects of climate change is 
the very R&D capacity, including human resource availability to deal with issues of food 
production. The issues involve more than just addressing food security, namely that of 
adapting farming systems that can be identified with components of climate change and ensure 
agricultural development. A combination of risk management strategies and adaptive farming 
systems is clearly necessary. In this context, strengthening research capacity, especially 
adaptive R&D, interdisciplinarity, and systems perspectives will be especially relevant. The 
importance of this need in the context of food security is urgent (Royal Society 2009). 

THE RELEVANCE AND APPLICATION OF SYSTEMS PERSPECTIVES

Associated with the need for adequate research capacity, is the relevance and application 
of systems perspectives. It is now widely acknowledged that systems perspectives and 
systems approaches are fundamental to enhance NRM, poverty, food insecurity and issues 
of the environment. While strong disciplinary training is essential, detailed but a more 
rounded view is necessary that enables the formally trained degree holder to skills and 
ways of dealing with these issues and their interactions in holistic systems. 

 This is especially the case with Asian farming systems with the diversity of crops and 
animals, traditional methods of farming, multifunctional contribution of animals, multiple 
crop-animal interactions, and numerous problems of farmers, all of which present complex 
issues that cannot be resolved easily. Specific problems cannot be resolved by a single 
discipline or in a disciplinary context alone, which has been a major weakness of many 
research programmes involved with NRM in the past. Climate change has in fact set the 
stage for the application in interdisciplinary joint efforts to deal with the many complex 
problems and interactions of system components.

 Three key elements concerning the application of FSR are methodology, site selection, 
description and characterisation, and participatory rural appraisal.

Methodology for FSR
  
The methodology for farming systems research (FSR) is a most important tool, and follows 
several distinct steps, which are as follows:

 1) Site selection
 2) Site description and characterisation (Diagnosis)
 3) Planning of on-farm research 
 4) On-farm testing and validation of alternatives
 5) Diffusion of results; and
 6) Impact assessment.
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 The systems approach needs to be backed by a few other important requirements:
      
 • Recognition of the importance of interdisciplinary participatory  approaches 
 • Formulation of research programmes that have community-based participation to 

set a common agenda and create ownership. It should involve both production 
and post-production systems

 • Programmes that are needs-led, and have institutional and structural commitment
 • Establishment of effective participatory planning, inter-institutional coordination 

and collaboration, research management, dissemination of information, and 
resolution of feedback issues 

 • Long term commitment to achieving impacts; and
 • Education and raining in agricultural systems and systems methodologies at various 

levels.

Site Selection
          
The initial stages of site selection involved understanding of the agro-climatic attributes 
and the production systems. These referred to temperature, total rainfall and its distribution, 
elevation, soil type, land use, length of growing period, water source and availability. 
Production systems referred to cropping patterns, livestock systems, crop and animal 
management, use of crop residues and animal products. 

 A chosen site was chosen to enable the following:

 • Targeting research and development
 •  Monitoring performance and productivity
 • Technology transfer
 • Developing soil conservation plans
 • Modeling agro-ecosystems performance
 • Evaluating changes in environmental quality; and
 • Undertaking impact assessment studies.         

 The site to be chosen was where the work will be done, and improvements can be 
demonstrated. The following considerations were important:

 • The site should be representative of the area
 • Activities undertaken in the site can be extrapolated elsewhere, in the face of 

diversity
 • The site should provide for both control and intervention opportunities to enable a 

measure of outputs, change and impact
 • Potential opportunities exist for changes and improvements in the face of 

externalities and,
 • The site should also be accessible, have the potential for increasing productivity, 

infrastructure, marketing systems, and extension services
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 • Site selection within national priority area ie agro-ecological zone, province, 
county

 • Crop and animal population production density
 • Presence of markets and market access
 • Poverty and food insecurity
 • Institutional factors e.g. presence of NGO’s , extension services
 • Linkages between institutions
 • Perceived constraints and problems and opportunities for improvement; and
 • Potential for impact.

Site Description and Characterisation (Diagnosis)

Characterisation generated baseline information. The following were addressed:

 • Defining the geographic, ecological, and socio-economic features of the area
 • Identification of  prevailing systems and determination of productivity
 • Identification and understanding the factors that influence the systems
 • Determination of limiting factors affecting the systems
 • Identification and understanding of the linkages between crops and animal 

production, and how these linkages can be enhanced to increase the overall 
productivity of the system 

 • Understanding of attitudes, perceptions, motives and aspirations; and
 • Defining areas where the technologies developed can be extended.

 More importantly, the objectives enabled the identification of constraints and 
problems in the systems practiced, in order to define appropriate interventions to promote 
improvements. The results together enabled an assessment the improvements that can be 
made through technological interventions which in turn can result in major impacts. 

Participatory Rural Appraisal
         
In order to seek knowledge on the complexities of farming systems, there needed to be a 
basic understanding of the farmer and his ways, his practices, and indigenous knowledge. 
This was fundamental to then seek all the necessary information about his farm and 
resources, problems and constraints in order to formulate possible improvements. For this 
purpose, ethnographic and anthropological information was sought in the early days, hand 
in hand with a technique called rapid rural appraisal (RRA). RRA is an informal technique 
that was used to collect information to describe farming systems. The researcher was more 
pro-active, and information was largely gathered and analysed by him. A limitation of the 
technique was the realisation that it was not adequately participatory, and to overcome this, 
the participatory rural appraisal (PRA) technique was derived.

 The PRA was made flexible to suit different situations. The farmers were involved in 
every step, from planning the agenda, activities, data collection, analyses and interpretation 
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of the results, and development of action plans. The farmers were recognized as lead players 
in the team without which the credibility of the results is at stake, as also the formulation 
of continuing activities that can address the constraints and provide solutions.

 The PRA had the following objectives:

  • Establish a meaningful working relationship between farmers, rural 
communities, researchers, development agencies and others

  • Enable information gathering on prevailing farming systems and natural 
resource management

  • Enable understanding of farmers’ attitudes, perceptions, traditions, aspirations,  
indigenous knowledge and capacity 

  • Provide information on bio-physical factors and land use systems 
  • Provide information on gender issues
  • Identification of constraints, and prioritisation of research and development by 

participatory efforts aimed at solving the problems 
  • Enable collaborative decision making  to formulate potential interventions, 

and on-farm efforts to improve farming systems and  NRM to achieve 
community goals; and 

  • Promote community empowerment for collective action e.g. cooperatives, and 
to be more self-reliant.  

 The PRA was a way of seeking a clear picture of farmers’ aspirations, ideas, and 
knowledge of the local situation with a view to enable a community to make their own 
appraisal and analyses of constraints, and formulation of actions to overcome them. It is 
emphasised that the approach and the answers are based on group dynamics, and will need 
to be clarified and confirmed by further discussion, again in participation with farmers. This 
will entail further semi-structured interviews and focus group discussions. The process also 
enabled adjustments and refinements to be made to the use of questionnaire in the future.  

POLICY REQUIREMENTS

The implementation of the R&D activities for coping with the effects of climate change 
in agriculture will also need realistic policy elements to ensure the success of a pragmatic 
agenda. These policy requirements which are appropriate for agriculture are reflected in 
the following:

 • Affirmation official policy to address waning agriculture, its revitalisation, 
integrated NRM and the effects of climate change

 • Priority for food security and increased self-reliance without compromising the 
environment

 • Priority for concerted R&D of rainfed agriculture and small farm systems
 • Increased focus on the development of marginal and fragile lands 
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 • Improved water efficiency for cropping systems and land use systems
 • Priority for pro-poor community-based activities that can adapt to climate change 
 • Promotion of ways and means to enhance C sequestration and reduce emissions of 

GHG e.g. development of sustainable integrated tree crops-ruminant systems
 • Building  R&D capacity and application of systems perspectives to deal with 

climate change,
 • Increase substantial investments in agriculture to promote greater engagement and 

productivity; and
 • Promote public-private sector partnerships to address agricultural development in 

the context of climate change.

 In addition to the above proposals, it is also pertinent to draw attention to the policy 
recommendations by the ADB (2009) for mitigation and adaptation for the agriculture 
sector and land use sectors in South East Asia:

Mitigation

 • Improve land use systems, temperature-tolerant crop and animal practices  and 
farm management; and

 • Promote emissions reduction through a combination of market-based programs, 
regulatory measures, voluntary agreements, and international programmes.

Adaptation

 • Strengthen adaptive capacity by providing public goods and services such as better 
climate information, R&D on heat-resistant crop variety and other techniques, 
early warning systems, efficient irrigation systems, and explore innovative risk-
sharing instruments such as index-based insurance schemes; and

 • Implement aggressive public-private partnerships for reforestation and afforestation.

INVESTING IN AGRICULTURE

Investing in agriculture R&D is the key determinant of productivity growth and needs 
considerable support from the private sector as well. Unfortunately, such investments, 
associated with waning agriculture are inadequate presently for agriculture R&D. This has 
been further exacerbated by reduced donor funding for agriculture. One of the reasons for 
underinvestment in agriculture was the low levels of returns to the sector.

 Reversing declining agricultural growth calls therefore for keeping food prices low, 
and increasing the level of R&D to support and investments in the future. It is relevant to 
note  that estimated returns to agricultural R&D are high, and high enough to justify an even 
greater investment of public funds (Pardey & Beintema 2001), reflected by the massive 
investments and policies that resulted in the success of the Green Revolution in India.
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 More recently, the FAO has identified three types of critical investments for agricultural 
R&D:

 1. Direct investment, especially in agricultural R&D to increase productivity and to 
enhance the ability of agricultural systems, especially smallholder farms to cope 
with climate change and resource scarcity

 2. Investments to link the primary agriculture sector with the sources of demand, 
including agricultural institutions, extension services, rural roads, ports, power, 
storage and irrigation systems; and

 3. Non-agricultural investment to enhance the rural institutional environment and 
improve human well being; such investments include education particularly of 
women, sanitation and clean drinking water supply an health care.

CONCLUDING REMARKS

There is no doubt that with climate change there will be serious effects and implications 
on agriculture. The scale of these effects are uncertain, but there is consensus in the 
international community that the following impacts are certain:

 • All regions will become warmer
 • Soil moisture will decline with higher temperatures and evapotranspiration in the 

sub-tropics, leading to sustained drought conditions in some areas and flooding 
in other areas where rainfall intensity increases but soil moisture decreases; and

 • Sea level will rise globally with thermal expansion of the oceans and glacial melt.
   
 These impacts are serious and are likely to further exacerbate waning interest in 
agriculture throughout, Asia. It underlines the need to deal with major challenges that 
require more than urgent attention. A reorientation of R&D strategy is necessary to improve 
inadequate food production, enhance food and nutrition security, combat spiralling food 
costs and crisis, and promote sustainable development across the ecological landscape 
and the livelihood systems of the poor. The need for remedial action cannot therefore 
be postponed any longer. Much will also depend on the institutional will to rally the 
efficient use of natural resources, maximise agricultural productivity, undertake trait-based 
breeding and conservation of the expand animal genetic resources, promote investments in 
agriculture, self-reliance and preservation of the environment.

 The priorities for R&D include inter alia:

  • Pro-poor community-based activities that can adapt to climate change ad use 
of sustainable technologies

  • Promotion of ways and means to enhance C sequestration and reduce emissions 
of GHG e.g. development of sustainable integrated tree crops-ruminant systems 
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 • Trait-based breeding and conservation of the animal genetic resources with their 
inherent adaptation traits which provide a means to mitigate climate change

 • Strengthening R&D capacity, trans-disciplinary systems perspectives, and human 
resources to deal with climate change; and

 • Ensure increased investments in agriculture to promote increased agricultural 
development. 

 The revitalisation of agriculture and ensuring sustainable agricultural systems to 
produce adequate food production in the face of anticipated effects of climate change hangs 
in the balance. A sense of vision underlines the need for concerted action in the immediate 
tomorrow.
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