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ABSTRACT 

 Global food production must increase by 50% to meet the projected demand of the world’s population by 2050. 

Meeting this difficult challenge will be made even harder if climate change melts portions of the Himalayan 

glaciers to affect 25% of world agriculture production in Asia by influencing water availability. Thus, climate 

changes are in response to changes in the hydrosphere, biosphere and other atmospheric and interacting 

factors. Human activities driven by demographic, economic, technological and social changes have a major 

impact on climate change. We describe research on the effects of changes in temperature, CO2 and ozone 

concentrations, precipitation, and drought on the biology of pathogens and their ability to infect plants and 

survive in natural and agricultural environments. Climate affects all life stages of the pathogen and host and 

clearly poses a challenge to many pathosystems. Pest and disease management has played its role in doubling 

food production in the last 40 years, but pathogens still claim 10–16% of the global harvest. Influences of 

climate change on production and quality of plants, outlines key links between plant diseases, climate change 

and food security, and highlights key disease management issues to be addressed in improving food security in a 

changing climate. 

Keywords:  

I.INTRODUCTION 

The earth’s climate has always changed in response to changes in the cryosphere, hydrosphere, biosphere and 

other atmospheric and interacting factors. It is widely accepted that human activities are now increasingly 

influencing changes in global climate that influence ecology (Pachauri and Reisinger, 2007; Ahanger et al., 

2013). Climate change is a major environmental challenge worldwide. Green house gases (GHG) viz., water 

vapour (H2O), carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O), hydrofluorocarbons (HFCs) and 

Ozone (O3) in the atmosphere trap reflected radiation to warm the earth surface (Mahato, 2014). According to 

Inter-govenrmental Panel on Climate Change (IPCC, 2007); the planet earth is experiencing a climate change 

and atmospheric CO2 is a major GHG, which increased by nearly 30% and temperature by 0.3- 0.6°C 

(Chakraborty et al., 2000). This global climate changes by various factors (Pachauri and Reisinger, 2007 and 

Pachauri et al., 2014) and influence all the three major elements of disease triangle, viz., host, pathogen and 

environment (Legreve and Duveiller, 2010). Atmospheric CO2 concentration, temperature, changes in 

precipitation patterns and frequency of extreme weather phenomena affect crop growth and production due to 
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high disease presence altered under these conditions (Rosenzweig and Tubiello, 2007; Ghini et al., 2008 and 

Chakraborty, 2011). 

         The battle against plant disease is not a new one, and plant disease management is essential for our 

continued ability to feed a growing human population. The Great Irish Hunger is one striking example of the 

impact of plant disease in 1845 more than a quarter million Irish people starved as the result of an epidemic of 

potato late blight (M.M. Kennelly et al. 2005). It is now recognized that climate change will affect plant 

diseases together with other components of global change, i.e. anthropogenic processes such as air, water and 

soil pollution, long-distance introduction of exotic species and urbanization (Regniere, 2012). Anthropogenic 

activities have been found to spread of many diseases like sudden oak death (Prospero et al., 2009). Elevated 

temperature and CO2 concentration have impact on plant-disease interaction (Lopez et al., 2012) and posing a 

higher threat perception of late blight (Phytophthora infestans) of potato, blast (Magnaporthe grisea) and sheath 

blight (Rhizoctonia solani) of rice (Kobayashi et al., 2006). Disease management strategies should be re-

oriented in changing climate for sustainable food production. Although, plant diseases play an important role in 

agriculture, a limited amount of information on the potential impacts of climate change on plant diseases is 

available (Harvell et al., 2002 and Garrett et al., 2006). 

II.EFFECTS OF CLIMATE CHANGE ON PLANT DISEASES 

Effect of temperature on plant diseases 

     Temperature affects the chain of events in disease cycles such as survival, dispersal, penetration, 

development and also reproduction rate for many pathogens. Due to changes in temperature and precipitation 

regimes, climate change may alter the growth stage, development rate, pathogenicity of infectious agents, and 

the physiology and resistance of the host plant (Charkraborty and Datta, 2003). Generally high moisture and 

temperature favors and initiate disease development, as well as germination and proliferation of fungal spores of 

diverse pathogens. Spores of Erisiphe chichoracearumand, Erysiphe necator germinate at temperature from 7 to 

32°C with a RH of 60 to 80% and 6 to 23°C with a RH of 33 to 90 % (Khan and Khan, 1992; Bendek et al., 

2007). Moderate temperature is the best for fungal growth that cause plant disease. Late blight of potato and 

tomato infects and reproduces most successfully at high moisture when temperatures are between 7.2°C and 

26.8°C. Infection of Eucalyptus sp. by Phytophthora cinnamomi due to increased soil temperature of 12-30°C 

(Podger et al., 1990). Temperature also plays a vital role for the occurrence of bacterial diseases such as 

Ralstonia solanacearum, Acidovora xavenae and Burkholderia glumea and bacteria also proliferate in the areas 

where temperature dependent diseases have not been previously observed (Kudela, 2009). Incidence of virus 

and other vector borne diseases also alter due to temperature. Mild and warmer winters make aphids easy to 

survive thus spreading Barley yellow dwarf virus (BYDV) and also increase viruses of potato and sugar beet 

(Thomas, 1989; Mackerron et al., 1993). 
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Effect of Rising CO2 Levels 

Chakraborty et al. (2008) remind us that the current CO2 concentration in the atmosphere, (which is set to 

exceed 400 ppm in a few years) is higher than the range of concentrations (180–300 ppm) measured from ice 

cores going back 650,000 years. The main causes of this global [CO2] increase are fossil fuel burning and land-

use changes (mainly deforestation) (Cerri et al. 2007; Paterson and Lima 2010). The increase in [CO2] and the 

concentration of other greenhouse gases has already resulted in an increase in the global average temperature of 

0.6–0.7°C over the last century (Mann et al. 1998; Walther et al. 2002; Benvenuti, 2009). The effects of 

elevated CO2 concentration on plant diseases can be positive or negative, but majority of the cases disease 

severity increased (Manning and Tiedmann, 1995).Since 1750, global emissions of radioactively active gases, 

includingCO2, have increased rapidly, a trend that is likely to accelerate if increase in global emissions cannot 

be curbed effectively. Man-made increases in CO2 emissions have come from industry, particularly as a result of 

the use of carbon-based fuels. New races may evolve rapidly under elevated CO2, as evolutionary force act on 

massive pathogen populations by a combination of increased fecundity and infection cycles under favorable 

microclimate within enlarged canopy (Chakraborty, 2013).  High CO2 concentrations may result in denser 

canopies with higher humidity that favor pathogens and lower plant decomposition rates observed in high CO2 

situations could increase the crop residue on which disease organisms can overwinter, resulting in higher 

inoculum levels at the beginning of the growing season, and earlier and faster disease epidemics. Pathogen 

growth can be affected by higher CO2 concentrations resulting in greater fungal spore production. However, 

increased CO2 can result in physiological changes to the host plant that can increase host resistance to pathogens 

(Coakley et al., 1999). An increase in CO2 levels may encourage the production of plant biomass and 

alternatively, a high concentration of carbohydrates in the host tissue promotes the development of biotrophic 

fungi such as rust (Chakraborty et al., 2002). Thus, an increase in biomass can modify the microclimate and 

affect the risk of infection (Lambers et al., 2008). Increased size of plant organs, leaf area, leaf thickness, more 

numbers of leaves, higher total leaf area/plant, stems and branches with greater diameter are resulted from 

increased CO2 levels (Bowes, 1993 and Pritchard et al., 1999). Dense canopy favours the incidence of rust, 

powdery mildew, Alternaria blight, Stemphylium blight and anthracnose diseases. 

                             Under elevated CO2 conditions, potential of dual mechanism i.e., reduced stomata opening 

and altered leaf chemistry results in reduced disease incidence and severity in many plant pathosystems where 

the pathogen targets the stomata (Mcelrone et al., 2005). In soybean, elevated concentration of CO2 and O3 

altered the expression of 3 soybean diseases, downy mildew (Perenospora manshurica), brown spots (Septoria 

glycines) and sudden death syndrome (Fusarium virguliforme) and response to the diseases varied considerably 

(Eastburn et al., 2010) 

Effect of moisture on plant disease 

Moisture, in the form of free water or high humidity, is necessary for infection, reproduction, and spread in 

many plant pathogens, although some pathogens cause disease in dryer conditions. Because environmental 

conditions favourable to disease development vary greatly among plant pathogens, it is vital to understand the 
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environmental requirements of individual plant pathogens before predictions on responses to climate change can 

be made. With increased temperature various models on climate change predict frequent and extreme rainfall 

events and higher atmospheric water vapour concentrations. These encourage the crops to produce healthier and 

larger canopies that retain moisture as leaf wetness and RH for longer periods and results in condition conducive 

for pathogens and diseases such as late blights and vegetable root diseases including powdery mildews (Coakley 

et al., 1999). High moisture favours foliar diseases and some soil borne pathogens such Phytophthora, Pythium, 

R. solaniand Sclerotium rolfsii. Drought stress affect the incidence and severity of viruses such as Maize dwarf 

mosaic virus (MDMV) and Beet yellows virus (BYV) (Olsen et al., 1990 and Clover et al., 1999). 

Another important aspect of water is its quality, e.g. whether it is affected by pollution or salination. Use 

ofexcessive amounts of irrigation can cause salination problems for crop growth directly or through sea 

wateringress. This has direct effects on crop production, but also many indirect effects through effects on pest, 

pathogenand interactions with beneficial microbes, since many abiotic stress mechanisms are also biotic stress 

response mechanisms, particularly abscisic acid, jasmonate, ethylene and calcium regulation (Fujita et al., 

2006). Pathogen spores from water- or salt-stressed plants, for example, can have increased infectivity (Wyness 

& Ayres, 1985).Furthermore, cold and drought stress and stress-relief can affect disease resistance expression 

(Newton & Young, 1996; Goodman&Newton, 2005). Thus, effects on suchinteractions should be considered in 

terms of not only thecrop as a substrate for the pest, pathogen or other microbe, but also the efficacy of defense 

mechanisms. Many nutrients affect disease development and will be influenced indirectly by climate change 

(Walters&Bingham, 2007), particularly for nitrogen, is another plant growth-related trait that has high genetic 

variability (Chardon et al., 2010), a large environmental interaction (e.g. Hirelet al., 2001), is a modern breeding 

target and has direct effects on pathogen fecundity (Baligaret al., 2001). 

 

Direct effects of climate change on plant pathosystem 

      Plant pathologists have long considered environmental influences in their study of plant diseases: the classic 

disease triangle emphasizes the interactions between plant hosts, pathogens and environment in causing disease 

(Garrett 2008; Klopfenstein et al. 2009; Grulke 2011). Climate change is just one of the many ways in which the 

environment can move in the long term from disease-suppressive to disease-conducive or vice versa (Baker et 

al. 2000; Fuhrer 2003; Perkins et al. 2011). Therefore, plant diseases could be even used as indicators of climate 

change (Logan et al. 2003; Garrett et al. 2009), although there may be other bio-indicators which are easier to 

monitor. Long-term data sets on plant disease development under changing environmental conditions are rare 

(Scherm 2004), but, when available, can demonstrate the key importance of environmental change for plant 

health (Jeger and Pautasso 2008; Fabre et al. 2011). Plant health is predicted to generally suffer under climate 

change through a variety of mechanisms, from accelerated pathogen evolution and shorter incubation periods to 

enhanced abiotic stress due to mismatches between ecosystems and their climate and the more frequent 

occurrence of extreme weather events (Chakraborty and Datta 2003; Chakraborty 2005; Chakraborty et al. 

2011; Ghini et al. 2011; Newton et al. 2011; Sutherst et al. 2011). Drought is expected to lead to increased 
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frequency of tree pathogens, mainly through indirect effects on host physiology (Desprez-Loustau et al. 2006). 

Drier conditions may also have direct effects on pathogens, as shown by the invasive exotic species. Reduction 

in frost due to increased average minimum temperatures implies the removal of a limiting factor for pathogens 

such as Fusarium circinatum (the causal agent of pine pitch canker), with consequent enlargement of the area at 

risk, particularly in Europe (Watt et al. 2011). Conversely, for pathogens that take advantage of frost-wounds in 

order to infect the host (e.g. Seiridium cardinale on cypress species), a decreased occurrence of frost could lead 

to reduction in disease incidence (Garbelotto, 2008). In the case of insect-vectored diseases: if warmer 

temperatures translate into additional insect generations (as they often do), obviously this will increase 

transmission rates of the invasive pathogen (Dobson 2009; Robinet et al. 2011). Already observed climate 

warming appears to have been associated with shifts in plant hosts for some fungi (Gange et al. 2011). Some 

regional consequences of climate change on plant health are already present: for example, although changes in 

cropping practices may also be playing a role, there have been progressively earlier and more frequent 

observations of Phytophthora infestansin Finland (Hannukkala et al. 2007). In forests of Canada and the 

Western USA, warmer temperatures have been associated with large-scale outbreaks of bark beetles (Bentz et 

al. 2010; Woods et al. 2010; Woods 2011). Plant pests are already causing substantial crop losses in most 

regions of the world (Rosenzweig et al. 2001; Barnes et al. 2010; Haqet al. 2011). An increase in extreme 

weather events and a trend towards warmer temperatures may well worsen these impacts (Roos et al. 2010; 

Thomas 2010; Hakala et al. 2011; Madgwick et al. 2011; West et al. 2012). 

 

Impact of Climate Change on Disease Management Practices 

    Results indicate that climate change could alter stages and rates of development of the pathogen, modify host 

resistance, and result in changes in the physiology of host-pathogen interactions. However, many plant disease 

forecast models have not lived up to the expectations that they would play a major role in better disease 

management. Amongst the reasons, the presumption of a disease forecast model is that it makes future 

projections of major events in disease development – and most present forecast models do not (Seem, 2001). An 

exciting development in this area is the possibility to use weather forecasts as input into disease models and 

consequently output ―true disease forecasts‖. As weather forecasts improve together with more accurate 

estimations of environmental variables useful for plant disease models, as such precipitation and leaf wetness 

duration, it will be possible to provide seasonal estimates of disease likelihood and forecast outbreaks. This is 

especially interesting for crop management for the reason that unnecessary sprays has a significant impact on 

production costs, and no timely applications may result in inadequate control (Way and van Emden, 2000). The 

revolution in web-based technologies has led to great strides in the development and employment of decision 

support systems for growers and pest management specialists. Disease predictive systems are intended to be 

management aids. With a few exceptions, these systems typically do not have direct sustained use by growers. 

Rather, their impact is mostly pedagogic and indirect, improving recommendations from farm advisers and 

shaping management concepts (Shaw, 2008). The degree to which a system is consulted depends on the amount 
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of perceived new, actionable information that is consistent with the objectives of the user. Often this involves 

avoiding risks associated with costly disease outbreaks (McCown, 2007). 

Plant health and climate change: Conclusions and research gaps 

          Climate change effects on plant health are likely to be unique, both in terms of direct and indirect 

impacts. Maintaining plant health across the planet, in turn, is a key requirement for climate change mitigation, 

as well as the conservation of biodiversity and the provision of ecosystem services under global change. Since 

there are inherent limits in our understanding of plant pathosystems and their interactions with future climates, it 

is likelythat a diversity of management strategies, including learning from our mistakes, is a better choice than a 

single, inflexible solution. To maintain ecosystem health and services under variable, unpredictable or unknown 

conditions, we need more resilient systems, decentralization, participatory research and breeding networks. At 

the same time, increased involvement of the many stakeholders and scientists from outside plant pathology 

shows the importance of considering trade-offs with other objectives. Increasing diversity would be in favour of 

a land-sharing approach, but may be relevant also to land-sparing scenarios (e.g. at the margin of fields), 

depending on the spatial and temporal scale and the type of diversity (genetic, species turnover, ecosystem) 

considered. 

                                  Table1. Effects of fungal infections on ozone sensitivity of plants 

Pathogen  Host  Effect  References  

Pyrenochaeta 

lycopersici  

Tomato  Increased brown root rot disease due to 

elevated concentration of ozone.  

(Manning, 1974)  

Verticicladiella procera  White 

pine  

Increased root disease with ozone 

stress.  

(Skelly et al., 1983)  

Puccinia recondita f. sp. 

tritici  

Wheat  Increased number of pustules and 

urediospores at or past shooting stage 

only by the effect of ozone.  

(Tiedemann et al, 

1992)  

Tranzschelia 

prunspinosa  

Peach  Enhanced spread of disease  (Badiani et al., 

1992)  

Botrytis cinerea  Cucumber 

& Tomato  

Strong increase in number of diseased 

tomato and cucumber fruits under UV 

(Honda et al., 1977)  
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III.CONCLUSION 

1. Climate change is a complex issue, but climate is changing there is no doubt about it. 

2. Greenhouse gases emission  are the main culprit for global warming 

3. Change in the level of Ozone, CO2 and other gases that are present in atmosphere will influence plant 

diseases by modifying host physiology and resistance. 

4. Change in temperature and precipitation will influence disease epidemiology. 

 

LITERATURE CITED 

[1.] Ahanger, R. A., Bhat, H. A., Bhat, T. A., Ganie, S. A., Lone, A. A., Wani, I. A., Ganai, S. A., Haq, S., 

Khan, O. A., Junaid, J. M. and Bhat, T. A. 2013. Impact of Climate Change on Plant Diseases. International 

Journal of Modern Plant & Animal Sciences 1: 105- 115. 

[2.] Badiani, M., Paolacci, A. R., Annibale, A. D., Schenone, G. C. and Sermanni, G. G. 1992. An 

 Ozone Fumigation Experiment of Peach Trees Enclosed in Open-Top hambers in  Central  

[3.] Baker, R. H. A., Sansford, C. E., Jarvis, C. H., Cannon, R. J. C., MacLeod, A. and Walters, K. F. A. 2000. 

The role of climatic mapping in predicting the potential geographical distribution of non-indigenous pests 

under current and future climates. Agriculture, Ecosystems & Environment 82: 57–71. 

[4.] Baligar, V.C, Fageria, N.K. 2001. Nutrient use efficiency in plants. Communications in Soil Science and 

Plant Analysis 32:921–50. 

[5.] Barnes, A. P., Wreford, A., Butterworth, M. H., Semenov, M. A., Moran, D. and Evans, N. 2010. 

Adaptation to increasing severity of phoma stem canker on winter oilseed rape in the UK under climate 

change. Journal of Agricultural Science 148: 683–694. 

[6.] Bendek, C. E., Campbell, P. A., Torres, R., Donoso, A andLatorre, B. A. 2007. The risk assessment index 

in grape powdery mildew control decisions and the effect of temperature and humidity on conidial 

germination of Erysiphe necator. Spanish Journal of Agricultural Research 5: 522-532. 

radiation  

Sclerotinia sclerotiorum  Egg plant, 

Cucumber  

Strong increase of apothecia formation 

under UV radiation  

(Honda and Yunoki, 

1977)  

Puccinia recondita f. sp. 

tritici  

Wheat  Rust infections increased on rust 

sensitive wheat cultivar  

(Biggs et al., 1984)  



 

942 | P a g e  

 

[7.] Benvenuti, S. 2009. Potenzialeimpattodeicambiamenticlimaticinell’evoluzionefloristica di 

fitocenosispontanee in agro ecosystem imediterranei. Rivista Italiana di Agronomia, S1, 45–67. 

[8.] Biggs, R. H., Webb, P. G., Garrard, L. A., Sinclair, T. R and West, S. H. 1984. The effect of  enhanced 

ultraviolet B radiation on rice, wheat, corn, citrus and duckweed. US EPA  Interim Report 80: 8075-03, 

US EPA< Washington, D. C. 

[9.] Bowes, G. 1993. Facing the inevitable: plants and increasing atmospheric CO2. Annual Review of Plant 

Physiology and Plant Molecular Biology 44: 309-32. 

[10.] Cerri, C. E. P., Sparovek, G., Bernoux, M., Easterling, W. E., Melillo, J. M., &Cerri, C. C. 2007. Tropical 

agriculture and global warming: impacts and mitigation options. Scientia Agricola 64: 83–99. 

[11.] Chakraborty, S. 2013. Migrate or evolve: Options for plant pathogens under climate change. Global 

Change Biology 19: 1985-2000. 

[12.] Chakraborty, S. and Datta, S. 2003. Plant pathogens adapt to host plant resistance at elevated CO2 

under a changing climate. New Phytologist 159: 733–742. 

[13.] Chakraborty, S. and Newton, A. C. 2011. Climate change, plant diseases and food security: an overview. 

Plant Pathology 60: 2–14. 

[14.] Chakraborty, S., Luck, J., Hollaway, G., Freeman, A., Norton, R. and Garrett, K. A. 2008. Impacts of 

global change on diseases of agricultural crops and forest trees. 

[15.] Chakraborty, S., Murray, G. and White, N. 2002. Impact of Climate Change on Important Plant Diseases 

in Australia. A report for the Rural Industries Research and Development Corporation, RIRDC Publication 

No W02/010, RIRDC Project No CST-4A. 

[16.] Chakraborty, S., Tiedemann, A. V. and Teng, P. S. 2000. Climate change: potential impact on plant 

diseases. Environmental Pollution 108: 317-326. 

[17.] Chardon F, Barthe´le´my. J, Daniel-Vedele .F, and Masclaux-Daubresse .C. 2010. Natural variation of 

nitrate uptake and nitrogen use efficiency in Arabidopsis thaliana cultivated with limiting and ample 

nitrogen supply. Journal of Experimental Botany 61:2293–302. 

[18.] Clover, G. R. G., Smith, H. G., Azam-Ali, S. N. and Jaggard, K. W. 1999. The effects of drought on sugar 

beet growth in isolation and in combination with Beet yellows virus (BYV) infection. Journal of 

Agricultural Science 133: 251–261. 

[19.] Coakley, S. M, Scherm, H., and Chakraborty, S. 1999. Climate change and plant disease management. 

Annual Review Phytopathology 37: 399-426. 

[20.] Desprez-Loustau, M. L., Marçais, B., Nageleisen, L. M., Piou, D. and Vannini, A. 2006. Interactive effects 

of drought and pathogens in forest trees. Annals Forest Science 63: 597-612. 

[21.] Dobson, A. 2009. Climate variability, global change, immunity, and the dynamics of infectious diseases. 

Ecology 90: 920–927 



 

943 | P a g e  

 

[22.] Eastburn, D. M., Degennaro, M. M., Delucia, E. H., Dermody, O. and Mcelrone, A. J. 2010. Elevated 

atmospheric carbon dioxide and ozone alter soybean diseases at SoyFACE. Global Change Biology 16: 

320-330. 

[23.] Fabre, B., Piou, D., Desprez-Loustau, M. L. and Marçais, B. 2011. Can the emergence of pine Diplodia 

shoot blight in France be explained by changes in pathogen pressure linked to climate changeGlobal 

Change Biology 17: 3218-3227. 

[24.] Fuhrer, J. 2003. Agroecosystem responses to combinations of elevated CO2, ozone, and global climate 

change. Agriculture, Ecosystems& Environment 97: 1-20. 

[25.] FujitaM, Fujita Y, Noutoshi Y et al., 2006. Crosstalk between abiotic and biotic stress responses: a current 

view from the points of convergence in the stress signaling networks. Current Opinion in Plant Biology 9: 

436–42. 

[26.] Gange, A. C., Gange, E. G., Mohammad, A. B. and Boddy, L. 2011. Host shifts in fungi caused by climate 

change. Fungal Ecology 4: 184–190. 

[27.] Garbelotto, M. 2008. Molecular analysis to study invasions by forest pathogens: examples from 

Mediterranean ecosystems. Phytopathologia Mediterranea 47: 183-203. 

[28.] Garrett, K. A. 2008. Climate change and plant disease risk. In D. A. Relman, M. A. Hamburg, E. R. 

Choffnes and A. Mack (Eds.), Global climate change and extreme weather events: understanding the 

contributions to infectious disease emergence (pp. 143–155). Washington, DC: National Academies Press. 

[29.] Garrett, K. A., Dendy, S. P., Frank, E. E., Rouse, M. N., and Travers, S. E. 2006. Climate change effects 

on plant disease: Genomes to ecosystems. Annual Review of Phytopathology 44: 489-509. 

[30.] Garrett, K. A., Nita, M., De Wolf, E. D., Gomez, L., & Sparks, A. H. (2009). Plant pathogens as 

indicators of climate change. In T. Letcher (Ed.), Climate change: observed impacts on planet Earth 

(pp. 425–437). 

[31.] Ghini, R., Bettiol, W. and Hamada, E. 2011. Diseases in tropical and plantation crops as affected by 

climate changes: current knowledge and perspectives. Plant Pathology 60: 122–132 

[32.] Ghini, R., Hamada E. andBettiol, W. 2008. Climate change and plant disease. Scientia Agricola 

(Piracicaba, Brazil) 65: 98-107. 

[33.] Goodman, B.A and Newton, A.C. 2005. Effects of drought stress and its sudden relief on free radical 

processes in barley. Journal of the Science of Food and Agriculture 85:47–53. 

[34.] Grulke, N. E. 2011. The nexus of host and pathogen phenology: Understanding the disease triangle with 

climate change. New Phytologist 189: 8-11. 

[35.] Hakala, K., Hannukkala, A. O., Huusela-Veistola, E., Jalli, M., &Peltonen-Sainio, P. (2011). Pests and 

diseases in a changing climate: a major challenge for Finnish crop production. Agricultural and Food 

Science20:3–14. 



 

944 | P a g e  

 

[36.] Hannukkala, A. O., Kaukoranta, T., Lehtinen, A. and Rahkonen, A. 2007. Late-blight epidemics on potato 

in Finland, 1933– 2002; increased and earlier occurrence of epidemics associated with climate change and 

lack of rotation. Plant Pathology56: 167–176. 

[37.] Haq, M., Taher Mia, M. A., Rabbi, M. F. and Ali, M. A. 2011. Incidence and severity of rice diseases and 

insect pests in relation to climate change. In R. Lal, M. V. K. Sivakumar, S. M. A. Faiz, A. H. M. M. 

Rahman, & K. R. Islam (Eds.), Climate change and food security in South Asia (pp. 445– 457). 

[38.] Harvell, C.E. Mitchell, J.R. Ward, S. Altizer, A.P. Dobson, R.S. and Ostfeld, M.D. 2002.Samuel, Science 

296:2158–2162. 

[39.] Honda, Y and Yunoki, T. 1977. Control of Sclerotinia diseases of greenhouse eggplant and  cucumber by 

inhibition of development of apothecia. Plant Disease Report 61: 1036- 40. 

[40.] Honda, Y., Toki, T and Yunoki, T. 1977. Control of gray mold of greenhouse cucumber and  tomato by 

inhibiting sporulation. Plant Disease Report 61: 1041-46. 

[41.] Italy. CEC Conference on Air Pollution and Crop Responses in Europe, Tervuren, Belgium, 23- 25 

November 1992. 

[42.] Jeger, M. J. and Pautasso, M. 2008. Plant disease and global change—the importance of long-term 

data sets. New Phytologist 177: 8–11. 

[43.] Khan, A. U. and Khan, A. M. 1992. Incidence and severity of cucurbit powdery mildew in Uttar Pradesh. 

Indian Phytopathology 45: 190-193. 

[44.] Klopfenstein, N. B., Kim, M.-S., Hanna, J. W., Richardson, B. A. and Lundquist, J. 2009. 

Approaches to predicting potential impacts of climate change on forest disease: an example with 

Armillaria root disease. USDA Forest Service, Rocky Mountain Research Station, RMRS-RP-76, pp. 

16. 

[45.] Kobayashi, T., Ishiguro, K., Nakajima, T., Kim, H. Y., Okada, M. and Kobayashi, K. 2006. Effects of 

elevated atmospheric CO2 concentration on the infection of rice blast and sheath blight. Phytopathology 96: 

425-431. 

[46.] Kudela, V. 2009. Potential impact of climate change on geographic distribution of plant pathogenic 

bacteria in Central Europe. Plant Protection Science 45: S27-S32 

[47.] Lambers, H., Chapin, F. S. and Pons, T. L. 2008. Plant Physiological Ecology, 2nd edn. Springer 

Science Business Media LLC. 

[48.] Legreve, A. and Duveiller, E. 2010. Preventing potential diseases and pest epidemics under a changing 

climate. p. 50-70. In M. P. Reynolds (ed.), Climate change and cropproduction. Wallingford, CABI 

[49.] Logan, J. A., Régnière, J. andPowell, J. A. 2003. Assessing the impacts of global warming on forest 

pest dynamics. Frontiers in Ecology and the Environment 1:130–137. 

[50.] M.M. Kennelly, D.M. Gadoury, W.F. Wilcox, P.A. Magarey, R.C. Seem.2005. Phytopatholology 

95:1445–1452 C.D.  



 

945 | P a g e  

 

[51.] Mackerron, D., Boag, B., Duncan, J. M., Harrison, J. G. and Woodford, J. A. T. 1993. The prospect of 

climate change and its implications for crop pests and diseases. P. 181-93. In D. Ebbels (Eds.) Plant Health 

and the European Single Market. Farnham: British Crop Production Council. 

[52.] Madgwick, J. W., West, J. S., White, R. P., Semenov, M. A., Townsend, J. A. and Turner, J. A. 

2011. Impacts of climate change on wheat anthesis and fusarium ear blight in the UK. European 

Journal of Plant Pathology 130: 117–131. 

[53.] Mahato, A. 2014. Climate Change and its Impact on Agriculture. International Journal of Scientific and 

Research Publications 4: www.ijsrp.org. 

[54.] Mann, M. E., Bradley, R. S. and Hughes, M. K. 1998. Globalscale temperature patterns and climate 

forcing over the past six centuries. Nature 392: 779–787. 

[55.] Manning, W. J. 1974. The influence of ozone on plant surface microfloras. In C. N.  Dickinson &  T. 

H. Preece, academic Press, London, pp. 159-172. 

[56.] Manning, W. J. and Tiedemann, A. 1995. Climate change: potential effects of increased atmospheric 

carbon dioxide (CO2), ozone (O2) and ultraviolet-B (UV-B) radiation on plant disease. Environmental 

Pollution 88: 219-246 

[57.] McCown, R.L.  2007. Locating agricultural decision support systems in the troubled past and 

sociotechnical complexity of ―models for management.‖Agricultural Systems 74:11–25 ed. O Koul, 

G Cuperus, pp. 1–17. 

[58.] Mcelrone, A. J., Hamilton, J. G., Krafnick, A. J., Aldea, M., Knepp, R.G. and De Lucia, E. H. 2010. 

Combined effects of elevated CO2 and natural climatic variation on leaf spot diseases of red bud and 

sweetgum trees. Environmental Pollution 158: 108-114. 

[59.] Mcelrone, A. J., Reid, C. D., Hoye, K. A., Hart, E.and Jackson, R. B. 2005. Elevated CO2 reduces disease 

incidence and severity of a red maple fungal pathogen via changes in host physiology and leaf chemistry. 

Global Change Biology 11: 1828-1836. 

[60.] Newton AC, Young IM, 1996. Temporary partial breakdown of Mlo-resistance in spring barley by the 

sudden relief of soil water stress. Plant Pathology 45:973–7. 

[61.] Newton, A. C., Johnson, S. N. and Gregory, P. J. 2011. Implications of climate change for diseases, 

crop yields and food. European Journal of Plant Pathology 179: 3–18.  

[62.] Olsen, A. J., Pataky, J. K., D’arcy, C. J. and Ford, R. E. 1990. Effects of drought stress and infection by 

Maize dwarf mosaic virus (MDMV) in sweet corn. Plant Disease 74: 147- 151. 

[63.] Pachauri, R. K., Allen, M. R., Barros, V. R., Broome, J., Cramer, W., Christ, R., Church, J. A., Clarke, L., 

Dahe, Q., Dasgupta, P., Dubash, N. K., Edenhofer, O., Elgizouli, I., Field, C. B., Forster, P.2014. Climate 

change 2014: Synthesis report. p.151. In R. Pachauri and L. Meyer (Eds.) Contribution of working groups I, 

II and III to the fifth assessment report of the intergovernmental panel on climate change. Switzerland. 

Geneva. 



 

946 | P a g e  

 

[64.] Pachauri, R.K. and Reisinger, A. 2007. Climate Change 2007: Synthesis Report. Contribution ofWorking 

Groups I, II and III to the Fourth Assessment Report of the Intergovernmental Panel on Climate Change. 

Geneva, Switzerland: IPCC. 

[65.] Paterson, R. R. M. and Lima, N. 2010. How will climate change affect mycotoxins in food? Food 

Research International 43: 1902–1914. 

[66.] Perkins, L. B., Leger, E. A. and Nowak, R. S. 2011. Invasion triangle: an organizational framework for 

species invasion. Ecology and Evolution 1: 610-625.  

[67.] Podger, F. D., Mummery, D. C., Palzer, C. R. and Brown, M. L. 1990. Bioclimatic analysis of the 

distribution of damage to native plants in Tasmania by Phytophthora. Australian Journal of Ecology 15: 

281-289. 

[68.] Pritchard, S. G., Rogers, H. H., Prior, S. A. and Peterson, C. M. 1999. Elevated CO2 and plant structure: A 

review. Global Change Biology 5: 807-837. 

[69.] Prospero, S., Grunwald, N. J., Winton, L. M. and Hansen, E. D. M. 2009. Migration patterns of the 

emerging plant pathogen Phytophthora ramorumon the west coast of the United States of 

America.Phytopathology 99: 739-749. 

[70.] Regniere, J. 2012. Invasive species, climate change and forest health. p. 27-37. In T. Schlichter and L. 

Montes (Eds.) Forests in Development: A Vital Balance. Springer. Berlin. 

[71.] Robinet, C., Van Opstal, N., Baker, R. and Roques, A. 2011. Applying a spread model to identify the entry 

points from which the pine wood nematode, the vector of pine wilt disease, would spread most rapidly 

across Europe. Biological Invasions 13: 2981-2995.  

[72.] Roos, J., Hopkins, R., Kvarnheden, A. and Dixelius, C. 2010. The impact of global warming on plant 

diseases and insect vectors in Sweden. European Journal of Plant Pathology 129: 9–19. 

[73.] Rosenzweig, C. and Tubiello, F. N. 2007. Adaptation and mitigation strategies in agriculture: an analysis 

of potential synergies. Mitigation and Adaptation Strategies for GlobalChange 12: 855-873. 

[74.] Rosenzweig, C., Iglesias, A., Yang, X. B., Epstein, P. R., &Chivian, E. 2001. Climate change and 

extreme weather events. Implications for food production, plant diseases, and pests. Global Change 

& Human Health 2: 90–104. 

[75.] Rosenzweig, C., Iglesias, A., Yang, Y. B., Epstein, P. R. and Chivian, E. 2000. Climate Change and U.S. 

Agriculture: The Impacts of Warming and Extreme Weather Events on Productivity, Plant Diseases and 

Pests. Boston, MA, USA: Center for Health and the Global Environment, Harvard Medical School. 

[76.] Scherm, H. 2004. Climate change: Can we predict the impacts on plant pathology and pest management. 

Canadian journal of Plant Pathology 26: 267-273. 

[77.] Seem, R. 2001. Plant disease forecasting in the era of information technology. In: Plant Disease 

Forecast: Information Technology in Plant Pathology. Kyongju, Republic of Korea. 



 

947 | P a g e  

 

[78.] Shaw, M.W. 2008. Epidemic modelling and disease forecasting. In Plant Pathologists’   

Pocketbook, ed. JM Waller, JM Lenn´e, SJ Waller, pp. 252–65.  Wallingford, UK: CABI. 528 pp. 

3rd ed. 

[79.] Sutherst, R. W., Constable, F., Finlay, K. J., Harrington, R., Luck, J. and Zalucki, M. P. 2011. 

Adapting to crop pest and pathogen risks under a changing climate. Wiley Interdisciplinary Reviews 

- Climate Change 2: 220–237. 

[80.] Thomas, K. (2010). Climate change and management of cool season grain legume crops. In S. S. Yadav, 

D. L. McNeil, R. Redden, & S. A. Patil (Eds.), Impact of climate change on diseases of cool season grain 

legume crops 99– 113. 

[81.] Thomas, T. 1989. Sugar beet in the greenhouse - a global warning. Brown Sugar 59: 24-26. 

[82.] Tiedemann, A, V., Weigel, H. J. & Jager, H. J. 1991. Effect of open-top chamber fumigation with ozone 

on three fungal leaf diseases on wheat and the microflora of the phyllosphere. Environmental pollution. 72: 

205-224. 

[83.] Tiedemann, A. V. 1992. Ozone effects on fungal leaf disease of wheat in relation to epidemology.I. 

Necrotrophic pathogens. Journal of Phytopathology 134: 177-86. 

[84.] Walters D.R and Bingham I.J, 2007. Influence of nutrition on disease development caused by fungal 

pathogens: implications for plant disease control. Annals of Applied Biology 151: 307–24. 

[85.] Walther, G.-R., Post, E., Convey, P., Menzel, A., Parmesan, C., Beebee, T. J. C.2002. Ecological 

responses to recent climate change. Nature 416: 389–395. 

[86.] Watt, M. S., Ganley, R. J., Kriticos, D. J. and Manning, L. K. 2011. Dothistroma needle blight and pitch 

canker: the current and future potential distribution of two important diseases of Pinus species. Canadian 

Journal of Forest Research 41: 412–424. 

[87.] Way MJ, van and Emden HF. 2000. Integrated pest management in practice: pathways towards 

successful application. Crop Protection 19: 81–103. 

[88.] West, J. S., Holdgate, S., Townsend, J. A., Edwards, S. G., Jennings, P. and Fitt, B. D. L. 2012. Impacts of 

changing climate and agronomic factors on fusarium ear blight of wheat in the UK. Fungal Ecology 5: 53–

61. 

[89.] Woods, A. 2011. The health of British Columbia’s forests being influenced by climate change. Canadian 

Journal of Plant Pathology 33: 117–126. 

[90.] Woods, A. J., Heppner, D., Kope, H. H., Burleigh, J. and Maclauchlan, L. 2010. Forest health and climate 

change: a British Columbia perspective. The Forestry Chronicle 86: 412–422. 

[91.] Wyness LE, Ayres PG, 1985.Water or salt stress increases infectivity of Erysiphepisi conidia taken 

from stressed plants.Transactions of the British Mycological Society 85: 471–6. 

 

 

 


