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Preface  

Agriculture in the twenty-first century faces the challenge of meeting food 
demands while satisfying sustainability goals. Global food production must increase 
by 70% to meet the projected demand of the world’s population which is likely to 
reach 9.5 billion by 2050. The challenge is further complicated by climate change, 
which affects the distribution of crop pests (insect pests, disease and nematode 
pathogens and weeds) and the severity of their outbreaks. More than 30 per cent of 
crops worldwide are blemished, damaged or destroyed by agricultural pests. The 
crop losses due to pests viewed in terms of food security would represent the 
equivalent of food required to feed over one billion people. Most existing pest 
management strategies have been based on the indiscriminate use of pesticides in 
agriculture. Increasing concerns over health and the environment, as well as new 
legislation on pesticide use urge us to find sustainable alternatives to pesticide-based 
pest management. Crop damage could occur more rapidly than expected due to 
climate change, because many pests develop more rapidly in response to rising 
temperatures. In addition, as temperatures increase, the frequency of spring frosts 
will decline and the resulting extended frost-free periods will increase the duration 
and intensity of pest outbreaks. This has major implication for the intensification of 
yield losses due to potential changes in crop diversity and increased incidence of 
insect-pests in the context of impending climate change. Agriculture needs to meet 
food demands, satisfy sustainability goals, and adapt to climate change. Indeed, 
maintaining, or even increasing, crop yield while simultaneously reducing reliance 
on pesticides represents a challenging task that is further complicated against the 
background of climate change scenarios. 

Current agricultural practices may need to be redesigned because of climate 
change. Crop protection per se has an important role to play in mitigating climate 
change. Crop protection practices can contribute to the reduction of greenhouse 
gases (GHG) emissions. The conventional crop production systems coupled to 
reduced tillage is generally the best for producing high yields to minimize GHG 
emissions and to contribute to global food security. Optimum control of pests is 
insurance for optimum exploitation of all other investments in crop production. 
IPM is a widely used strategy that integrates cultural, biological, and chemical 
controls to reduce harmful insect populations below a threshold which otherwise 
will cause economic losses. Hence, time has come to elaborate new crop protection 
strategies that are robust and reliable enough for the challenges of changing climatic 
conditions and more stringent human and environmental protection.  

In the view of these developments, the present book on “Crop Protection 

Strategies under Climate Change Scenarios” is timely and is need of the hour. The 
book provides the following information on insect and mite pests, disease pathogens 
(fungi, bacteria, viruses and nematodes), and weeds in a very systematic manner: 
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1. Overview on the crop pest scenarios in changing climate. 

2. Effects of abiotic stresses due to climate change [increased temperatures, 
elevated carbon dioxide levels, varying precipitation patterns and frequency 
and magnitude of extreme weather events (drought, cyclones, floods, etc.), 
and elevated levels of atmospheric pollutants [ozone, acid rain, and elevated 
ultraviolet B] on crop pests. 

3. Impacts of climate change induced consequences (expansion of 
geographical distribution, increase in number of generations, increased 
overwintering survival, pest population dynamics and outbreaks, risk of 
introducing invasive alien species, crop-pest interactions, loss of ecological 
biodiversity, changes in phenology, increased incidence of insect vectored 
plant diseases, disruption of plant-pollinator interactions, reduced 
effectiveness of pest management strategies) on crop pests. 

4. Development of modelling to predict future pest change scenarios. 

5. Formulation of sustainable adaptation and mitigation pest management 
strategies including physical, cultural, chemical, biological, host resistance, 
and integrated methods under climate change scenarios. 

This book will be of immense value to scientific community involved in 
teaching, research and extension activities related to crop protection under changing 
climate. The material can be used for teaching post-graduate courses. The book can 
also serve as a very useful reference to policy makers and practicing farmers. 
Suggestions to improve the contents of the book are most welcome (E-mail: 
reddypp42@gmail.com). The publisher, Scientific Publishers, Jodhpur, India, 
deserves commendation for their professional contribution. 

 

  P. Parvatha Reddy 

Bengaluru 34, UAS Layout, I
st
 Main, 7

th
 Cross 

January 26, 2018 Sanjay Nagar, Bengaluru-560 094 



 

Contents 

 

Preface   iii 

Section I. INTRODUCTION 

1. Climate Change – An overview  1-16 

1.1. Introduction 1  

1.2. What is climate change ? 1 

1.3. Global warming/Greenhouse effect 2 

1.4. The main indicators of climate change 3 

1.5. Causes of climate change  3 

1.5.1. Natural causes 4 

1.5.2. Human causes 4 

1.6. Greenhouse gases 4 

1.6.1. Carbon dioxide (CO2) 5 

1.6.2. Methane (CH4) Methane (CH4) 5 

1.6.3. Nitrous oxide (N2O) 5 

1.6.4. Chlorofluorocarbons (CFCs) 5 

1.6.5. Water vapour (H2O) 5 

1.7. Climate change projections 5 

1.7.1. Projected impacts of climate change on agriculture 6 

1.8. Agriculture as a source of GHGs 6 

1.9. Impacts of climate change 8 

1.9.1. Impacts on crop pests 9 

1.10. Climate change threats to agriculture 11 

1.11. Climate change imposed challenges for agriculture 11 

1.12. Climate change scenarios and prediction models 12 

1.13. Climate-resilient agriculture 13 

1.13.1. Adaptation 14 

1.13.2. Mitigation 15 

1.14. Conclusions 16 

2. Climate change, Crop pests and Food security  17-38 

2.1. Introduction 17 

2.2. Crop losses 18 

2.3. Impact of climate change on crop pests 19 

2.4. Pest evolution under climate change 21 



Crop Protection Strategies under Climate Change Scenarios vi 

2.4.1. Weeds 22 

2.4.2. Insect pests 25 

2.4.3. Disease pathogens 28 

2.4.4. Nematode pathogens 33 

2.5. Prediction modelling 34 

2.6. Food security 34 

2.7. Adaptation and mitigation 35 

2.8. Research needs 36 

2.8.1. Research and development 36 

2.8.2. Technologies and practices 37 

2.9. Conclusions 37 

Section II. INSECT AND MITE PESTS 

3. Climate change and insect Pest scenarios 40-58 

3.1. Introduction 40 

3.2. Insect pests under changing climate 42 

3.3. Climate change and emerging pest problems in India 44 

3.4. Effects of climate change on insect pests 45 

3.5. Impacts of climate change on insect pests 47 

3.6. Prediction modelling for insect pests 50 

3.7. Adaptation and mitigation strategies  50 

3.7.1. Use of synthetic pesticides 50 

3.7.2. Use of bio-pesticides (plant extracts) 51 

3.7.3. Cultural practices 52 

3.7.4. Breeding climate-resilient varieties 53 

3.7.5. GIS based risk mapping of crop pests 54 

3.7.6. Integrated pest management  54 

3.8. Future pest threats 55 

3.9. Future lines of work 57 

3.10. Conclusions 58 

4. Effects of climate change variables on insect pests 59-82 

4.1. Introduction 59 

4.2. Change in crop pest behaviour due to climate change 60 

4.3. Increased temperatures 61 

4.3.1. How rising temperatures affects insect pests 64 

4.3.2. Effect of temperature on natural enemies 66 

4.3.3. Effect of temperature on specific insect pests 66 

4.4. Elevated carbon dioxide (CO2) levels 68 

4.4.1. Nutrient value 74 

4.4.2. Influence on plant defences 77 

4.4.3. Impact on natural enemies 77 



Contents vii 

4.5. Varying precipitation patterns 77 

4.6. Drought 79 

4.6.1. Effect of drought on population dynamics 79 

4.7. Combined effect of elevated temperature and CO2 80 

4.8. Conclusions 81 

5. Impacts of climate change induced consequences on 
insect pests 83-111 

5.1. Introduction 83 

5.1.1. Projected impacts of climate change on insect pests 84 

5.2. Expansion of geographical distribution 85 

5.3. Increase in number of generations 89 

5.4. Increased overwintering survival 90 

5.5. Pest population dynamics and outbreaks 92 

5.6. Risk of introducing invasive alien species 94 

5.7. Crop-pest interactions 94 

5.8. Loss of ecological biodiversity 98 

5.9. Changes in phenology 100 

5.10. Increased incidence of insect vectored plant diseases 101 

5.11. Disruption of plant-pollinator interactions 102 

5.12. Reduced effectiveness of pest management strategies 103 

5.12.1. Reduced effectiveness of transgenic crops for pest 
management 103 

5.12.2. Breakdown of host plant resistance 104 

5.12.3. Reduced activity and abundance of natural enemies 105 

5.12.4. Increased pesticide usage 109 

5.13. Conclusions 111 

6. Development of prediction models for insect pests 112-121 

6.1. Introduction 112 

6.2. InfoCrop models 112 

6.3. Climate matching 113 

6.3.1. CLIMEX model 114 

6.3.2. Match climates 116 

6.4. Empirical models 117 

6.5. Simulation models 118 

6.5.1. Simulation of population dynamics 118 

6.5.2. Coupling of population dynamics model to crop 
growth model 119 

6.6. Insect phenology based modelling 119 

6.6.1. Insect life cycle modelling (ILCYM) 120 

6.6.2. ILCYM applications 120 



Crop Protection Strategies under Climate Change Scenarios viii 

6.6.3. Integrated pest management (Examples) 120 

6.6.4. Main advantages of ILCYM modelling 121 

6.7. Conclusions 121 

7. Climate change adaptation and mitigation strategies 
for insect pests 122-136 

7.1. Introduction 122 

7.2. Adaptation 122 

7.2.1. Promotion of resource conservation technologies 123 

7.2.2. Increased biodiversity 124 

7.2.3. Avoidance of one ‘high input variety’ or one breed 
of crop variety 124 

7.2.4. Ecologically based pest management 124 

7.2.5. Facilitating adaptation to climate change 124 

7.3. Mitigation 126 

7.3.1. Pest monitoring 127 

7.3.2. Rescheduling of crop calendars 127 

7.3.3. GIS based risk mapping of crop pests 127 

7.3.4. Screening of pesticides with novel modes of action 128 

7.3.5. Improved pest control 128 

7.3.6. Behaviour modification 128 

7.3.7. Precision pest management 129 

7.3.8. Breeding for pest resistance 130 

7.3.9. Biological control 133 

7.3.10. Chemical control 134 

7.3.11. Integrated pest management 135 

7.4. Conclusions 136 

Section III. DISEASE PATHOGENS 

8. Climate change and disease pathogen scenarios  138-150 

8.1. Introduction 138 

8.2. Effects of climate change on disease pathogens 141 

8.2.1. Direct effects 141 

8.2.2. Indirect effects  142 

8.3. Impacts of climate change on disease pathogens 143 

8.4. Predictive models in plant pathosystems 144 

8.5. Adaptation and mitigation strategies  145 

8.6. Future threats  145 

8.7. Research needs 147 

8.8. Future prospects  148 

8.9. Conclusions 149 



Contents ix 

9. Effects of climate change variables on disease 
pathogens 151-162 

9.1. Introduction 151 

9.2. CO2 enrichment 152 

9.3. Elevated temperatures  155 

9.4. Varying precipitation patterns 158 

9.5. Frequency and magnitude of extreme events 159 

9.6. Elevated levels of atmospheric pollutants 160 

9.6.1. Ozone 160 

9.6.2. Acid rain  161 

9.6.3. Elevated ultraviolet B 162 

9.7. Conclusions 162 

10. Impacts of climate change induced consequences on 
disease pathogens 163-181 

10.1. Introduction 163 

10.2. Expansion of geographical distribution 164 

10.3. Host plant–pathogen interactions 166 

10.4. Changes in crop loss 168 

10.5. Vector-borne diseases 169 

10.6. Disease pathogens 172 

10.6.1. Viral pathogens 172 

10.6.2. Bacterial pathogens 173 

10.7. Disease complexes 173 

10.8. Crop yield 174 

10.9. Disease outbreaks 175 

10.10. Breakdown of host plant resistance 175 

10.11. Emergence of new and intense disease problems 176 

10.12. Increased pesticide usage 176 

10.13. Food security 177 

10.14. Reduced efficacy of disease management strategies 179 

10.15. Conclusions 181 

11. Development of prediction models for disease 
pathogens 182-199 

11.1. Introduction 182 

11.2. Development of prediction models 182 

11.3. Complexity of predicting the effect of climate change on a 
pathogen 191 

11.4. Impact models 192 

11.4.1. Climate matching 192 

11.4.2. Empirical models 193 



Crop Protection Strategies under Climate Change Scenarios x 

11.4.3. Population models 194 

11.4.4. Simulation models 194 

11.5. Predictive models in horticultural systems and the open field 195 

11.6. Potential adaptations of cropping systems 198 

11.7. Conclusions 198 

12. Climate Change Adaptation and mitigation strategies 
for disease management  200-221 

12.1. Introduction 200 

12.2. Plant disease management under climate change 201 

12.3. Adaptation and mitigation 204 

12.3.1. Enhanced surveillance 206 

12.3.2. Quarantine and exclusion 206 

12.3.3. Physical methods 206 

12.3.4. Cultural methods 206 

12.3.5. Chemical methods 208 

12.3.6. Biological methods 210 

12.3.7. Microbial interactions 211 

12.3.8. Host resistance 213 

12.3.9. Transgenic disease resistant varieties 215 

12.3.10. Integrated Disease management (IDM) 218 

12.4. Future lines of work 218 

12.4.1. Enhanced research and development 218  

12.4.2. Enhanced public and professional awareness 218 

12.4.3. Integrated and adaptive policy development 218 

12.4.4. Need for adoption of novel approaches 219 

12.4.5. Need for biodiversity based approach  220 

12.5. Conclusions 220 

Section IV. NEMATODE PATHOGENS 

13. Climate change and nematode pathogen scenarios 223-229 

13.1. Introduction 223 

13.2. Effects of climate change on nematodes 224 

13.2.1. Increased temperatures 224 

13.2.2. Elevated CO2 levels 225 

13.2.3. Precipitation patterns 225 

13.2.4. Drought 225 

13.2.5. Air pollutants 225 

13.3. Impacts of climate change on nematodes 226 

13.3.1. Expansion of geographical range 226 

13.3.2. Increase in additional generations 226 

13.3.3. Impact on overwintering 226 



Contents xi 

13.4. Prediction modelling for nematodes 226 

13.5. Adaptation and mitigation strategies  227 

13.5.1. Biotechnological approaches to nematode resistance 228 

13.6. Conclusions 228 

14. Effects of climate change variables on nematode 
pathogens 230-238 

14.1. Introduction 230 

14.2. Elevated temperatures 230 

14.3. Changes in water regimes 232 

14.4. Combined changes in temperature and moisture regimes 233 

14.5. CO2 enrichment 233 

14.6. Severe droughts 237 

14.7. Air pollutants 238 

14.8. Conclusions 238 

15. Impacts of climate change induced consequences on 
nematode pathogens 239-248 

15.1. Introduction 239 

15.2. Expansion of geographical distribution 240 

15.3. Breakdown of nematode resistance 241 

15.3.1. Host defence mechanisms 245 

15.3.2. Soybean resistance genes and soybean cyst nematode 
virulence genes 246 

15.3.3. Prospect 247 

15.4. Increase in number of generations 248 

15.5. Conclusions 248 

16. Development of prediction models for nematode 
pathogens 249-256 

16.1. Introduction 249 

16.2. Model to simulate the density changes of carrot cyst nematode, 
Heterodera carotae 250 

16.3. SIMBA-NEM model to simulate the population dynamics of 
Radopholus similis and Pratylenchus coffeae on banana 254 

16.4. Conclusions 256 

17. Climate change adaptation and mitigation strategies 
for nematode pathogens  257-271 

17.1. Introduction 257 

17.2. Adaptation and mitigation 258 

17.2.1. Alternative management strategies  258 

17.3. Physical methods 259 

17.3.1. Solarization 259 



Crop Protection Strategies under Climate Change Scenarios xii 

17.4. Cultural methods 260 

17.4.1. Crop rotation 260 

17.4.2. Fallowing 263 

17.4.3. Multicropping 263 

17.4.4. Green manuring 263 

17.4.5. Time of planting 263 

17.4.6. Weed control 264 

17.5. Biological methods 264 

17.6. Host resistance 265 

17.6.1. Pre-emptive plant breeding 266 

17.6.2. Biotechnological approaches 266 

17.7. Integrated nematode management 267 

17.8. Innovative technologies 268 

17.8.1. Precision agriculture 268 

17.8.2. Genetically engineered and traditional host resistance 268 

17.8.3. Advisory programmes 269 

17.9. Future prospects 270 

17.10. Conclusions 271 

Section V. WEEDS 

18. Climate change and weed scenarios 273-281 

18.1. Introduction 273 

18.2. Crop losses 273 

18.3. Effects of climate change on weeds 274 

18.4. Impacts of climate change on weeds 275 

18.5. Prediction modelling for weeds 277 

18.6. Adaptation and mitigation strategies 277 

18.6.1. Quarantine barriers 278 

18.6.2. Eradication and/or containment 278 

18.6.3. Herbicides 278 

18.6.4. Biological control 279 

18.6.5. Other control methods 280 

18.7. Future thrusts 280 

18.8. Conclusions 281 

19. Effects of climate change variables on weeds 282-297 

19.1. Introduction 282 

19.2. Elevated temperatures 282 

19.3. CO2 enrichment 286 

19.3.1. C4 weeds in C3 crops 288 

19.3.2. C3 weeds in C4 crops 288 

19.3.3. C3 weeds in C3 crops 288 



Contents xiii 

19.3.4. C3 and C4 weeds in C3 crops 289 

19.3.5. C4 weeds in C4 crops 290 

19.4. Varying precipitation patterns 292 

19.5. Extreme weather events 294 

19.5.1. Drought 294 

19.5.2. Floods 294 

19.5.3. Cyclones 294 

19.5.4. Severe frosts 295 

19.5.5. Fire  295 

19.6. Phenology 295 

19.7. Land use change 295 

19.8. Increased atmospheric ozone (O3) 296 

19.9. Effect of multiple climatic factors on weeds 296 

19.10. Conclusions 297 

20. Impacts of climate change induced consequences on 
weeds 298-309 

20.1. Introduction 298 

20.2. Expansion of geographical distribution 298 

20.3. Change in functioning and productivity of ecosystems 300 

20.4. Increase in exotic invasive weed species 300 

20.5. Shifts in competitive balance 302  

20.6. Weed shifts 302 

20.6.1. Range shifts 303 

20.6.2. Niche shifts 304 

20.6.3. Trait shifts 304 

20.6.4. Damage shifts 305 

20.7. Increased number of generations 305 

20.8. Development of super weeds and sleeper weeds 306 

20.9. Herbicide-climate interactions 306 

20.10. Impact on weed management practices 307 

20.10.1. Biological control 307 

20.10.2. Mechanical control 308 

20.11. Human health 308 

20.12. Conclusions 308 

21. Development of prediction models for weeds 310-316 

21.1. Introduction 310 

21.2. Geographical distribution models 310 

21.2.1. Correlative models 311 

21.2.2.  Mechanistic models 311 

21.3. Species distribution models 312 



Crop Protection Strategies under Climate Change Scenarios xiv 

21.4. Issues to be considered when using weed distribution models 313 

21.5. Early warning systems models 314 

21.6. General limitations to modelling 315 

21.7. Recent developments 316 

21.8. Conclusions 316 

22. Climate change Adaptation and mitigation strategies 
for weeds 317-330 

22.1. Introduction 317 

22.2. Adapting weed management 318 

22.2.1. Continuing current control options 318 

22.2.2. Adopting weed management options suitable under 
current extreme weather conditions 318 

22.2.3. Developing new weed management techniques 
adapted for climate change 318 

22.3. Adaptation and mitigation strategies 319 

22.3.1. Plant quarantine 319 

22.3.2. Physical methods 319 

22.3.3. Cultural methods 319 

22.3.4. Chemical methods 320 

22.3.5. Biological control 324 

22.3.6. Precision weed management 326 

22.3.7. Transgenic herbicide tolerant crops 327 

22.3.8. Integrated weed management 328 

22.3.9. Non-conventional weed management strategies for 
modern agriculture 329 

22.4. Conclusions 329 

Section VI. FUTURE THRUSTS AND CONCLUSIONS 

23. The way forward 332-344 

23.1. Introduction 332 

23.2. Diversification of current crop protection strategies to mitigate 
climate change impacts 333 

23.2.1. Resilient cropping systems 334 

23.2.2. Breeding for and sustaining resistance 335 

23.2.3. Biological control 335 

23.2.4. Pest risk analysis 335 

23.2.5. Soil management 336 

23.2.6. Landscape management 336 

23.2.7. Ecosystem-based strategy 336 

23.2.8. Human resource development 337 

23.3. Potential benefits 338 



Contents xv 

23.4. Policy and regulatory issues 340 

23.5. Future lines of work 341 

23.5.1. Research and development 342 

23.5.2. Training and education 343 

23.5.3. Policy support 343 

23.6. Conclusions 344 

 

References  345-410 

Annexures  411-417 

 Annexure I  Glossary 411 

 Annexure II  Acronyms  415 

Subject Index   417-421 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



About Author  

Dr. P. Parvatha Reddy obtained his Ph. D. degree jointly 
from the University of Florida, USA and the University of 
Agricultural Sciences, Bengaluru.  

Dr. Reddy served as the Director of the prestigious, Indian 
Institute of Horticultural Research (IIHR) at Bangalore from 
1999 to 2002 and during this period the Institute was 
honoured with “ICAR Best Institution Award”. He also served 
as the Head, Division of Entomology and Nematology at 
IIHR and gave tremendous impetus and direction to research, 
extension and education in developing bio-intensive integrated 
pest management strategies in horticultural crops. These 
technologies are being practiced widely by the farmers across 
the country, since they are effective, economical, eco-friendly 
and residue-free. Dr. Reddy has about 34 years of experience 
working with horticultural crops and involved in developing 
an F1 tomato hybrid “Arka Varadan” resistant to root-knot 
nematodes. He has over 250 scientific publications to his 
credit, which also includes 30 books. He has guided a few 
Ph.D. students at the University of Agricultural Sciences, 
Bengaluru. 

Dr. Reddy served as Chairman, Research Advisory 
Committee (RAC), Indian Institute of Vegetable Research, 
Varanasi; Senior Scientific Advisor, Dr. Prem Nath 
Agricultural Science Foundation, Bengaluru; Member, RAC of 
National Centre for Integrated Pest Management, New Delhi; 
Member of the Expert Panel for monitoring the research 
program of National Initiative on Climate Resilient 
Agriculture (NICRA) in the theme of Horticulture including 
Pest Dynamics and Pollinators; Member of the RAC of the 
National Research Centre for Citrus, Nagpur and the Project 
Directorate of Biological Control, Bengaluru. He served as a 
Member, QRT to review the progress of the Central Tuber 
Crops Research Institute, Thiruvananthapuram; AICRP on 
Tuber Crops; AICRP on Nematodes and AINRP on Betel 
vine. He is the Honorary Fellow of the Society for Plant 
Protection Sciences, New Delhi; Fellow of the Indian 
Phytopathological Society, New Delhi and Founder President 
of the Association for Advancement of Pest Management in 
Horticultural Ecosystems (AAPMHE), Bengaluru. 



 xvii 

Dr. Reddy has been awarded with the prestigious 
“Association for Advancement Pest Management in 
Horticultural Ecosystems Award”, “Dr. G.I. D’souza 
Memorial Lecture Award”, “Prof. H.M. Shah Memorial 
Award” and “Hexamar Agricultural Research and 
Development Foundation Award” for his unstinted efforts in 
developing sustainable, bio-intensive and eco-friendly 
integrated pest management strategies in horticultural crops. 

He has organized “Fourth International Workshop on 
Biological Control and Management of Chromolaena odorata”, 
“National Seminar on Hi-tech Horticulture”, “First National 
Symposium on Pest Management in Horticultural Crops: 
Environmental Implications and Thrusts”, and “Second 
National Symposium on Pest Management in Horticultural 
Crops: New Molecules and Bio-pesticides”. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

 

 

 
 

 

 

Section I 

INTRODUCTION 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


	Cover
	Title
	Preface
	Contents
	Section I Introduction
	1 Climate Change – An Overview
	1.1. Introduction
	1.2 What is Climate Change?
	1.3. Global Warming/Greenhouse Effect
	1.4. Main Indicators of Climate Change
	1.5. Causes of Climate Change
	1.5.1. Natural causes
	1.5.2. Human causes

	1.6. Greenhouse Gases
	1.6.1. Carbon dioxide (CO2)
	1.6.2. Methane (CH4)
	1.6.3. Nitrous oxide (N2O)
	1.6.4. Chlorofluorocarbons (CFCs)
	1.6.5. Water vapour (H2O)

	1.7. Climate Change Projections
	1.7.1. Projected impacts of climate change on agriculture

	1.8. Agriculture as A Source of GHGS
	1.9. Impacts of Climate Change
	1.9.1. Impacts on crop pests

	1.10. Climate Change Threats to Agriculture
	1.11. Climate Change Imposed Challenges for Agriculture
	1.12. Climate Change Scenarios and Prediction Models
	1.13. Climate-Resilient Agriculture
	1.13.1. Adaptation
	1.13.2. Mitigation

	1.14. Conclusions

	2 Climate Change, Crop Pests andFood Security
	2.1. Introduction
	2.2. Crop Losses
	2.3. Impact of Climate Change on Crop Pests
	2.4. Pest Evolution Under Climate Change
	2.4.1. Weeds
	2.4.2. Insect pests
	2.4.3. Disease pathogens
	2.4.4. Nematode pathogens

	2.5. Prediction Modelling
	2.6. Food Security
	2.7. Adaptation and Mitigation
	2.8. Research Needs
	2.8.1. Research and development
	2.8.2. Technologies and practices

	2.9. Conclusions


	Section II Insect and Mite Pests
	3 Climate Change and Insect PestScenarios
	3.1. Introduction
	3.2. Insect Pests Under Changing Climate
	3.3. Climate Change and Emerging Pest Problems in India
	3.4. Effects of Climate Change on Insect Pests
	3.5. Impacts of Climate Change on Insect Pests
	3.6. Prediction Modelling for Insect Pests
	3.7. Adaptation and Mitigation Strategies
	3.7.1. Use of synthetic pesticides
	3.7.2. Use of biopesticides (plant extracts)
	3.7.3. Cultural practices
	3.7.4. Breeding climate-resilient varieties
	3.7.5. GIS Based risk mapping of crop pests
	3.7.6. Integrated pest management

	3.8. Future Threats
	3.9. Future Lines of Work
	3.10. Conclusions

	4 Effects of Climate Change Variableson Insect Pests
	4.1. Introduction
	4.2. Change in Crop Pest Behaviour Due to Climate Change
	4.3. Increased Temperatures
	4.3.1. How rising temperatures affects insect pests
	4.3.2. Effect of temperature on natural enemies
	4.3.3. Effect of temperature on specific insect pests

	4.4. Elevated Carbon Dioxide (CO2) Levels
	4.4.1. Nutrient value
	4.4.2. Influence on plant defences
	4.4.3. Impact on natural enemies

	4.5. Varying Precipitation Patterns
	4.6. Drought
	4.6.1. Effect of drought on population dynamics

	4.7. Combined Effect of Multiple Factors
	4.8. Conclusions

	5 Impacts of Climate Change InducedConsequences on Insect Pests
	5.1. Introduction
	5.1.1. Projected impacts of climate change on insect pests

	5.2. Expansion of Geographical Distribution
	5.3. Increase in Number of Generations
	5.4. Increased Overwintering Survival
	5.5. Pest Population Dynamics and Outbreaks
	5.6. Risk of Introducing Invasive Alien Species
	5.7. Crop-Pest Interactions
	5.8. Loss of Ecological Biodiversity
	5.9. Changes in Phenology
	5.10. Increased Incidence of Insect Vectored Plant Diseases
	5.11. Disruption of Plant-Pollinator Interactions
	5.12. Reduced Effectiveness of Pest Management Strategies
	5.12.1. Reduced effectiveness of transgenic crops for pest management
	5.12.2. Breakdown of host plant resistance
	5.12.3. Reduced activity and abundance of natural enemies
	5.12.4. Increased pesticide usage

	5.13. Conclusions

	6 Development of Prediction Modelsfor Insect Pests
	6.1. Introduction
	6.2. Infocrop Models
	6.3. Climate Matching
	6.3.1. CLIMEX model
	6.3.2. Match climates

	6.4. Empirical Models
	6.5. Simulation Models
	6.5.1. Simulation of population dynamics
	6.5.2. Coupling of population dynamics model to crop growth model

	6.6. Insect Phenology Based Modelling
	6.6.1. Insect life cycle modelling (ILCYM)
	6.6.2. ILCYM applications
	6.6.3. Integrated pest management (examples)
	6.6.4. Main advantages of ILCYM modelling

	6.7. Conclusions

	7 Climate Change Adaptation andMitigation Strategies for Insect Pests
	7.1. Introduction
	7.2. Adaptation
	7.2.1. Promotion of resource conservation technologies
	7.2.2. Increased biodiversity
	7.2.3. Avoidance of one ‘high input variety’ or one breed of crop variety
	7.2.4. Ecologically based pest management
	7.2.5. Facilitating adaptation to climate change

	7.3. Mitigation
	7.3.1. Pest monitoring
	7.3.2. Rescheduling of crop calendars
	7.3.3. GIS based risk mapping of crop pests
	7.3.4. Screening of pesticides with novel modes of action
	7.3.5. Improved pest control
	7.3.6. Behaviour modification
	7.3.7. Precision pest management
	7.3.8. Breeding for pest resistance
	7.3.9. Biological control
	7.3.10. Chemical control
	7.3.11. Integrated pest management

	7.4. Conclusions


	Section III Disease Pathogens
	8 Climate Change and DiseasePathogen Scenarios
	8.1. Introduction
	8.2. Effects of Climate Change on Disease Pathogens
	8.2.1. Direct effects
	8.2.2. Indirect effects

	8.3. Impacts of Climate Change on Disease Pathogens
	8.4. Predictive Models in Plant Pathosystems
	8.5. Adaptation and Mitigation Strategies
	8.6. Future Threats
	8.7. Research Needs
	8.8. Future Prospects
	8.9. Conclusions

	9 Effects of Climate Change Variableson Disease Pathogens
	9.1. Introduction
	9.2. CO2 ENRICHMENT
	9.3. Elevated Temperatures
	9.4. Varying Pricipitation Patterns
	9.5. Frequency and Magnitude of Extreme Events
	9.6. Elevated Levels of Atmospheric Pollutants
	9.6.1. Ozone
	9.6.2. Acid rain
	9.6.3. Elevated ultraviolet B
	9.7. Conclusions


	10 Impacts of Climate Change InducedConsequences on Disease Pathogens
	10.1. Introduction
	10.2. Expansion of Geographical Distribution
	10.3. Host Plant–Pathogen Interactions
	10.4. Changes in Crop Loss
	10.5. Vector-Borne Diseases
	10.6. Disease Pathogens
	10.6.1. Viral pathogens
	10.6.2. Bacterial pathogens

	10.7. Disease Complexes
	10.8. Impact on Crop Yield
	10.9. Disease Outbreaks
	10.10. Breakdown of Host Plant Resistance
	10.11. Emergence of New and Intense Disease Problems
	10.12. Increased Pesticide Usage
	10.13. Food Security
	10.14. Reduced Efficacy of Disease Management Strategies
	10.15. Conclusions

	11 Development of Prediction Modelsfor Plant Pathogens
	11.1. Introduction
	11.2. Development of Prediction Models
	11.3. Complexity of Predicting The Effect of Climate Change on A Pathogen
	11.4. Impact Models
	11.4.1. Climate matching
	11.4.2. Empirical models
	11.4.3. Population models
	11.4.4. Simulation models

	11.5. Predictive Models in Horticultural Systems and the Open Field
	11.6. Potential Adaptations of Cropping Systems
	11.7. Conclusions

	12 Climate Change Adaptation andMitigation Strategies for DiseasePathogens
	12.1. Introduction
	12.2. Plant Disease Management Under Climate Change
	12.3. Adaptation and Mitigation
	12.3.1. Enhanced surveillance
	12.3.2. Quarantine and exclusion
	12.3.3. Physical methods
	12.3.4. Cultural methods
	12.3.5. Chemical methods
	12.3.6. Biological methods
	12.3.7. Microbial interactions
	12.3.8. Host resistance
	12.3.9. Transgenic disease resistant varieties
	12.3.10. Integrated disease management (IDM)

	12.4. Future Lines of Work
	12.4.1. Enhanced research and development
	12.4.2. Enhanced public and professional awareness
	12.4.3. Integrated and adaptive policy development
	12.4.4. Need for adoption of novel approaches
	12.4.5. Need for biodiversity based approach

	12.5. Conclusions


	Section IV Nematode Pathogens
	13 Climate Change and NematodePathogen Scenarios
	13.1. Introduction
	13.2. Effects of Climate Change on Nematodes
	13.2.1. Increased temperatures
	13.2.2. Elevated CO2 levels
	13.2.3. Precipitation patterns
	13.2.4. Drought
	13.2.5. Air pollutants

	13.3. Impacts of Climate Change on Nematodes
	13.3.1. Expansion of geographical range
	13.3.2. Increase in additional generations
	13.3.3. Impact on overwintering

	13.4. Prediction Modelling for Nematodes
	13.5. Adaptation and Mitigation Strategies
	13.5.1. Biotechnological approaches to nematode resistance

	13.6. Conclusions

	14 Effects of Climate Change Variableson Nematode Pathogens
	14.1. Introduction
	14.2. Elevated Temperatures
	14.3. Changes in Water Regimes
	14.4. Combined Changes in Temperature and Moisture Regimes
	14.5. CO2 Enrichment
	14.6. Severe Droughts
	14.7. Air Pollutants
	14.8. Conclusions

	15 Impacts of Climate Change InducedConsequences on Nematode Pathogens
	15.1. Introduction
	15.2. Expansion of Geographical Distribution
	15.3. Breakdown of Nematode Resistance
	15.3.1. Host defence mechanisms
	15.3.2. Soybean resistance genes and soybean cyst nematode virulencegenes
	15.3.3. Prospect

	15.4. Increase in Number of Generations
	15.5. Conclusions

	16 Development of Prediction Modelsfor Nematode Pathogens
	16.1. Introduction
	16.2. Model to Simulate The Density Changes Of Carrotcyst Nematode, Heterodera Carotae
	16.3. Simba-Nem Model to Simulate the Population Dynamics of Radopholus Similis and Pratylenchus Coffeae On Banana
	16.4. Conclusions

	17 Climate Change Adaptation andMitigation Strategies for NematodePathogens
	17.1. Introduction
	17.2. Adaptation and Mitigation
	17.2.1. Alternative management strategies

	17.3. Physical Methods
	17.3.1. Solarization

	17.4. Cultural Methods
	17.4.1. Crop rotation
	17.4.2. Fallowing
	17.4.3. Multicropping
	17.4.4. Green manuring
	17.4.5. Time of planting
	17.4.6. Weed control

	17.5. Biological Methods
	17.6. Host Resistance
	17.6.1. Pre-emptive plant breeding
	17.6.2. Biotechnological approaches

	17.7. Integrated Nematode Management
	17.8. Innovative Technologies
	17.8.1. Precision agriculture
	17.8.2. Genetically engineered and traditional host resistance
	17.8.3. Advisory programmes

	17.9. Future Prospects
	17.10. Conclusions


	Section V Weeds
	18 Climate Change and Weed Scenarios
	18.1. Introduction
	18.2. Crop Losses
	18.3. Effects of Climate Change on Weeds
	18.4. Impacts of Climate Change on Weeds
	18.5. Prediction Modelling for Weeds
	18.6. Adaptation and Mitigation Strategies
	18.6.1. Quarantine barriers
	18.6.2. Eradication and/or containment
	18.6.3. Biological control
	18.6.4. Herbicides
	18.6.5. Other control methods

	18.7. Future Thrusts
	18.8. Conclusions

	19 Effects of Climate Change Variableson Weeds
	19.1. Introduction
	19.2. Elevated Temperatures
	19.3. Co2 Enrichment
	19.3.1. C4 weeds in C3 crops
	19.3.2. C3 weeds in C4 crops
	19.3.3. C3 weeds in C3 crops
	19.3.4. C3 and C4 weeds in C3 crops
	19.3.5. C4 weeds in C4 crops

	19.4. Varying Precipitation Patterns
	19.5. Extreme Weather Events
	19.5.1. Drought
	19.5.2. Floods
	19.5.3. Cyclones
	19.5.4. Severe frosts
	19.5.5. Fire

	19.6. Phenology
	19.7. Land Use Change
	19.8. Increased Atmospheric Ozone (O3)
	19.9. Effect of Multiple Climatic Factors on Weeds
	19.10. Conclusions

	20 Impacts of Climate Change InducedConsequences on Weeds
	20.1. Introduction
	20.2. Expansion of Geographical Distribution
	20.3. Change in Functioning and Productivity of Ecosystems
	20.4. Increase in Exotic Invasive Weed Species
	20.5. Shifts in Competitive Balance
	20.6. Weed Shifts
	20.6.1. Range shifts
	20.6.2. Niche shifts
	20.6.3. Trait shifts
	20.6.4. Damage shifts

	20.7. Increased Number of Generations
	20.8. Development of Super Weeds and Sleeper Weeds
	20.9. Herbicide-Climate Interactions
	20.10. Impact on Weed Management Practices
	20.10.1. Biological control
	20.10.2. Mechanical control

	20.11. Human Health
	20.12. Conclusions

	21 Development of Prediction Modelsfor Weeds
	21.1. Introduction
	21.2. Geographical Distribution Models
	21.2.1. Correlative models
	21.2.2. Mechanistic models

	21.3. Species Distribution Models
	21.4. Issues to be Considered When Using Weed Distribution Models
	21.5. Early Warning Systems Models
	21.6. General Limitations to Modelling
	21.7. Recent Developments
	21.8. Conclusions

	22 Climate Change Adaptation andMitigation Strategies for Weeds
	22.1. Introduction
	22.2. Adapting Weed Management
	22.2.1. Continuing current control options
	22.2.2. Adopting weed management options suitable under currentextreme weather conditions
	22.2.3. Developing new weed management techniques adapted forclimate change

	22.3. Adaptation and Mitigation Strategies
	22.3.1. Plant quarantine
	22.3.2. Physical methods
	22.3.3. Cultural methods
	22.3.4. Chemical methods
	22.3.5. Biological control
	22.3.6. Precision weed management
	22.3.7. Transgenic herbicide tolerant crops
	22.3.8. Integrated weed management
	22.3.9. Non-conventional weed management strategies for modernagriculture

	22.4. Conclusions


	Section VI Future Thrusts and Conclusions
	23 The Way Forward
	23.1. Introduction
	23.2. Diversification of Current Crop Protection Strategies to Mitigate Climate Change Impacts
	23.2.1. Resilient cropping systems
	23.2.2. Breeding for and sustaining resistance
	23.2.3. Biological control
	23.2.4. Pest risk analysis
	23.2.5. Soil management
	23.2.6. Landscape management
	23.2.7. Ecosystem-based strategy
	23.2.8. Human resource development

	23.3. Potential Benefits
	23.4. Policy and Regulatory Issues
	23.5. Future Lines of Work
	23.5.1. Research and development
	23.5.2. Training and education
	23.5.3. Policy support

	23.6. Conclusions


	References
	Annexure 
	Annexure I Glossary
	Annexure II Acronyms

	Subject Index



