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Abstract 

Natural and anthropogenic factors have resulted in altered environmental conditions that influence changes in 
abundance and diversity of insect pests. Global climate change projections focus on crop yields and adaptation 
strategies to declining yields and ignore the likely impact of a changing climate on insect pests and plant diseases. 
In this research paper, we review the effects of climate variables namely temperature, carbon dioxide (CO2), 
precipitation and extreme weather events on insect pests and plant diseases incidence. Elevated temperatures, 
CO2 and extreme weather events have been shown to alter the distribution, reproductive potential, the incidence 
and abundance of plant insects and diseases in temperate regions because of the dependence of insects and 
diseases on environmental conditions. There is limited information on the influence of temperature and carbon 
dioxide as well as their interaction on the incidence and severity of insect pests, bacterial and viral diseases in the 
tropical regions. Information on the influence of altered precipitation patterns is also limited but could be of 
importance in insect distribution studies in a changing climate. Some tropical insects pests are most likely to 
suffer from extreme heat, resulting in death and hence pest extinction. Future research should focus on the 
interaction of elevated temperature and CO2, determine the influence of supra optimal summer temperatures, 
temperature variability, precipitation variability and the corresponding viral and bacterial diseases.  
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1. Introduction 

Human activities and natural factors have led to rapid and extreme increases in atmospheric gases such as carbon 
dioxide, methane, chlorofluorocarbons and other greenhouse gases (IPCC, 2013). The increases in greenhouse 
gases have resulted in a number of observable climatic changes such as elevated temperatures (Jamieson et al., 
2012), increased occurrence and severity of extreme weather events such as droughts, floods (Mearns et al., 2013) 
and intense tropical cyclones (Nissen et al., 2014). According to the Intergovernmental Panel on Climate Change 
(IPCC, 2007), the world’s average temperature has increased by 0.07 °C for every decade in the 20th century. The 
first decade of the 21st century, however, has been the warmest period on record (AMCEN, 2011). There is also 
evidence that the rate of climate warming is increasing (IPCC, 2013) and the global climate change models 
predict a continued increase of atmospheric temperatures beyond the 21st century, even if the amount of gaseous 
emissions are to be reduced (Burrows et al., 2014; IPCC, 2013). On the other hand, CO2 levels have increased 
from 280 ppm in 1750 to 368 ppm in the year 2000 (Watson, 2001). The levels of CO2 are expected to increase 
to 1000 ppm by the end of the 21st century (Sanderson et al., 2011).  

The increase in frequency and intensity of extreme weather events, changes in moisture conditions, temperature 
rises and elevated carbon dioxide concentrations are expected to magnify pest pressure on agricultural systems 
through various ways (Johnson et al., 2013). Insect pests are likely to respond through range expansion of the 
existing insect pests, invasion by new insect pests and accelerated insect pest development (Parvatha, 2015). 
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There is also a likely disruption of temporal and spatial synchronization of insect pests, diseases and beneficial 
insects which will increase risks of insect pest outbreaks (Jaworski & Hilszczanski, 2013). Due to complex and 
highly variable responses of pests and their hosts to multiple and interactive shifts in environmental conditions, it 
is difficult to accurately quantify the potential impacts of climate change on pests.  

The changes in environmental conditions include elevated CO2, changes in temperature and relative humidity, 
cloudiness, shifts in rainfall patterns, wind patterns, land cover and land use changes. Extreme weather events 
(dry and wet conditions) are key factors in triggering endemic and emerging insect pest outbreaks (Anderson et 
al., 2004). Increased frequency of extreme weather which is expected to occur with climate change and 
variability is set to increase the agricultural pest burden. Dry periods tend to increase insect and viral outbreaks, 
while wet periods are likely to encourage fungal and bacterial diseases and indirectly affect population dynamics 
of insect pests. Areas of concern for managing pests under climate change include pest range expansions, 
increased weed competitiveness, effects of drought stress on pests and reduced effectiveness of integrated pest 
management. 

In a changing climate, insect pests and plant diseases present a major threat to global crop production and food 
security (Chakraborty & Newton, 2011). However, many assessments of the effect of climate change on 
agriculture have focused on adaptation measures (Parvatha, 2015) and the potential impacts of climate change on 
crop yields (Moyo et al., 2012). Other yield limiting factors such as insect pests and crop diseases have not been 
taken into consideration in most of these assessments (Selvaraj & Pandiara, 2013). There is, therefore, a risk that 
future crop yields might be overestimated if the impacts of insect pests and plant disease epidemics are not taken 
into consideration (West et al., 2015). In the tropical areas, there have been few studies on the effect of global 
warming on insect pests of agricultural crops (Perkins et al., 2011) with the exception of the coffee berry borer 
(Jaramillo et al., 2009) and the potato tuber moth (Kroschel et al., 2013) and yet tropical insects are at a greater 
risk from climate change as they inhabit hot environments (Zeh et al., 2012). This review will, therefore, 
examine the impact of each of the climate change variable in more detail.  

2. The Impact of Elevated Temperature on the Biology of Insect Pest and Diseases 

Elevated temperature is one of the most important drivers of climate change that directly affect the timing of 
seasonal biological events of the majority of the arthropods, particularly insects (Altermatti, 2012; 
Miller-Rushing et al., 2010; Savopoulou-Soultani, 2012; William et al., 2015). The majority of insect pests are 
cold-blooded invertebrates and, therefore, do not use their metabolism to maintain their body temperature 
(Petzolet & Seaman, 2010), but depend on surrounding temperatures for all their biological activities (Jaworski 
& Hilszczanski, 2013). Increases in the ambient temperatures may result in various changes such as a shift in 
geographical distribution, increased overwintering, extension of the insect development season, increase in the 
number of insect generations which result in changes in population growth rates and also increased risk of 
invasion by migrant pests (Ahanger et al., 2013).  

The increased rates of insect development are achieved through a reduction in the length of the biological life 
cycle of insects from the egg, larval, pupal and the adult stages (Newton et al., 2011; Seiter & Kingslover, 2013). 
Effect of elevated temperature on the length of larval development has been observed under laboratory 
conditions for two species of native foliophages, the nun moth, Lymantria monacha (L.) which attack mainly 
corniferous trees and the gypsy moth Lymantria dispar (L.) which attack oak trees, shrubs and apples trees in 
Asia (Karolewski et al., 2007). For both insect species, increase in temperature from 15 °C, 20 °C and 25 °C had 
an influence on reducing the length of the life cycle, from egg phase to the pupal phase (Jaworski & Hilszezenski, 
2013). In the majority of the studies, it has been estimated that with a 2 °C temperature increase, insects might 
experience one to five additional life cycles per season and produce more eggs (Yamamura & Kiritani, 1998). In 
a study that evaluated the biology of leaf hopper (Nilavarpatha lugens) under a 3 °C temperature increase in Asia, 
the short winged females deposited 48.1% more eggs in elevated temperature treatments than under ambient 
temperature treatments (Shi et al., 2014). In a similar study, adults that were exposed to elevated temperature 
treatments emerged on average 1.3 days earlier than those that were exposed to ambient temperatures (Shi et al., 
2014). In East Africa, in a study with the Coffee berry borer (Hypothenemus hampei), using the CLIMEX model, 
a 2 °C increase in temperature from the ambient temperature was predicted to increase the number of generations 
as well as the damage by the Coffee berry borer (Jaramillo et al., 2011). As a result of increased warming, earlier 
emergence and development of these insects is therefore anticipated (Jamieson et al., 2012) with the possibility 
of causing intense insect pest problems in the future. This, in turn may lead to insect population increases 
(Flower et al., 2014; Jamieson et al., 2012).  
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The warmer environmental conditions will also allow insect pests to disperse to new regions from which they 
were previously excluded because of low winter temperatures (Parvatha, 2015). The insects shift their 
geographical location to higher-latitudes or higher elevation areas (Sharma et al., 2013). The migration of insects 
such as Helicoverpa armigera, a major pest of cotton, pulses and vegetables in North India is predicted to 
increase with increased warming from the southern parts of India (Sharma et al., 2010). This movement cause 
insects to adapt to new host plants thereby altering the structure, diversity and functioning of ecosystems (IPCC, 
2007) and increasing the host range of insect pests (Jaworski & Hilszezenski, 2013). In a study that was 
conducted in Zimbabwe, using the Generalized Linear Models (GLM) on coffee white stem borer (Monochamus 
leuconotus P.), it was predicted that the area suitable for the insect will increase in Chimanimani district by up to 
200% by 2080 (Kutywayo et al., 2013). This suggests that some geographical areas that are too cold or 
unsuitable for certain insect species under the current climate scenario may become susceptible to insect pests 
under future climates. However, a contraction on population of vertebrate pests in the temperate regions (Bellard 
et al., 2002) can also occur on insect pests that require colder conditions such as the armyworms (Mitrovski et al., 
2008; Terblanche et al., 2008). This implies that in the temperate areas, further increases in temperature will 
result in the shrinking of insect pest population.  

Increase in the minimum temperatures increase survival of insect pests during the winter season season (Fand et 
al., 2012). In India an increase in winter temperature by 1-5 °C promote insect development at times of year 
when insect development would normally be suspended (Sharma et al., 2010; Sharma et al., 2013). This leads to 
earlier insect activity in spring and late appearance of insects in autumn, for the majority of temperate insect 
species (Fand et al., 2012; Jong et al., 2011). This increase in mean temperatures in a climate change scenario 
would increase insect survival due to low winter mortality and, hence, increased population growth (Sharma et 
al., 2010). In frost sensitive areas, increased warming results in a reduction in mortality events caused by chilling 
or freezing injury (Khaliq, 2014). This means that there will be an increase in insect survival in the areas that 
were previously unsuitable for insect pest development as a result of low winter temperatures.  

Insects can change their behaviour as a result of a change in temperature conditions (G. Ma & C. S. Ma, 2012a). 
Movement of insect pests from one part of the plant to the other is also a response to warmer leaf temperatures 
(G. Ma & C. S. Ma, 2012b). In a study in India, heat stress forced movement of insect pests (Metopolophium 
dirhodum and Aphis gosspii) from the tender upper leaves to the bottom older leaves (Liu et al., 2000) where 
cool microhabitats in the lower leaves prevent heat injury to the aphids (G. Ma & C. S. Ma, 2012b). This implies 
that there is a possibility for insect pests to be constantly moving down the lower plant leaves in response to high 
temperatures as a way of escaping heat stress and, hence, a reduction in the time they spend feeding on the crops.  

Extreme temperatures in the tropical areas can lead to heat induced coma and insect death (G. Ma & C. S. Ma, 
2012a). In a study with Nilaparvatha lugens (a tropical rice pest) in India, the results of the effect of temperature 
on the insect indicated that the first instar nymphs became immobilized by heat stress at around 30 °C and 
among the more heat tolerant adult stage, no insects were capable of a coordinated movement when the 
temperature was increased to 38 °C. The insect did not recover after entry into heat coma, at temperatures around 
38 °C for the nymphal stages and 42-43 °C for the adult stages (Piyaphongkul et al., 2012). These results suggest 
Nilaparvatha lugens can become extinct in the future in the tropical regions when temperatures continue to rise 
as is projected.  

Plant diseases occur when there is an interaction of three factors namely, a susceptible host, a sufficiently 
effective pathogen inoculum and suitable environmental conditions (West et al., 2015). The incidence of vector 
transmitted plant viral disease is expected to increase with increasing temperatures (Robinet et al., 2011; 
Malmstrom et al., 2011). Increasing temperatures increases insect vector expansion, feeding activity, 
transmission rates and increases the potential for new insect vectors (West et al., 2015). An increase in the 
incidence of viral diseases is predicted to occur due to either increased winter survival of insect vectors with 
increasing temperatures or early spring migration of the insect vectors (Mirski et al., 2012). In some experiments, 
warmer winters have been associated with an increase in viruses of many crops while warmer soils affect 
soil-borne viruses as the insect vectors will be able to infect crops at an earlier stage of crop growth (West et al., 
2015).  

Temperature increases will extend the period of time that is available for fungal reproduction, dissemination and 
evolution (Nurhyati, 2013). Increased temperatures may increase the metabolic rates of fungal pathogens as well 
as the rate of infection (Thompson et al., 2010). Warmer temperatures also remove a limiting factor for plant 
pathogens resulting in an increase in the geographical area that is at risk of the disease due to range expansion of 
the pathogen (Jaworski & Hilszczanski, 2013). Climate induced high temperatures increases the severity of 
fungal pathogens such as the fusarium head blight (FHB) (Chakraborty, 2011). Fusarium culmorum and 
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Microdochium nivale have been the prevalent pathogens in cooler climates of Europe, but in the last decade F. 
graminearum has become the dominant species resulting in the high prevalence of FHB in the Netherlands 
(Waalwijk et al., 2003), England, the Wales (Jennings et al., 2004) and northern Germany (Miedaner et al., 2008), 
because of the higher temperature optimum of the pathogen. This implies that with increased warming, there is 
likelihood that the incidence of fusarium blights will increase. 

In north-western plains of India, late blight of potato used to occur in mild to moderate form only once in 4 to 5 
years, but more recently as a result of climate warming, it is occurring every 2 years (Luck et al., 2011). Climate 
warming extends the period of activity of the late blight pathogen (Luck, 2011). Hijmans (2000) has predicted 
that for each 1 °C warming, late blight would occur 4 to 7 days earlier, and the susceptibility period is extended 
by 10 to 20 days (Kaukoranta, 1996). In India, late blight now appears earlier in the northern part (November) 
and later in eastern parts (February) and within a higher temperature range of 14-27.5 °C than at 10-25 °C which 
used to occur in the past (Luck et al., 2011).  

A change in the genetic makeup of plant pathogens is expected under increased warming conditions. There is 
evidence of significant changes in the genetic makeup of populations of plant pathogens Phytophthora infestans 
in India and Bangladesh over the past two decades, including the appearance of an A2 type, thereby increasing 
the frequency of late blights epidemics in India over the past 15 years (Luck et al., 2011). In India, the efficacy of 
metalaxyl fungicide treatments for late blight control was significantly reduced in the last few years, suggesting 
the possible emergence of new late blight resistant strains in west Bengal (Luck et al., 2011). This implies that 
there is going to be an increase in pesticide resistant pathogens strains in the future as a result of the emergence 
of new pathogen biotypes that emerge as a result of increased warming.  

Despite an increase in the incidence of many fungal pathogens, severity of stripe rust disease is predicted to 
decrease during the 2050 season compared to the 2006 season (Abolmaaty et al., 2011). Research has shown that 
some forage species become more resistant to the rust fungi with increased temperature (Coakley et al., 1999). 
This is indirectly enhanced by increased lignification of the grass species under warmer atmospheric conditions 
(Furher, 2003) which decreases the susceptibility of the grass species to fungal attack.  

There is an indication that most of the studies relating elevated temperature to insect pests and diseases in a 
changing climate were mainly conducted in Asian countries. There is need for research in the tropical areas such 
as the Southern African region or during the summer temperatures to determine the effects of elevated 
temperature on insect pests and diseases of tropical regions. The impact of variable temperature which also 
characterises climate change also needs to be explored than merely focusing on elevated temperatures. There is a 
need to include more bacterial and viral diseases in climate change studies in tropical regions such as Southern 
Africa.  

3. Effect of Elevated Carbon Dioxide on Insect Pests and Diseases 

Rising CO2 levels in a changing climate may affect the distribution, abundance and performance of insect pests 
(Chakraborty et al., 2008). There have been reports of increase in crop consumption by insect pests by at least 
10% under elevated CO2 levels (Gonzales-Vigil et al., 2011). However, the responses of insect pests to feeding 
activity at elevated levels of CO2 levels vary with the feeding habit of the insect pest (Hilstrom et al., 2010). 
Chewing insects such as the Lepidopterans, which chew and digest the whole leaf increase the rates of feeding 
upon the crops as a result of reduced nitrogen to carbon content which results in compensatory feeding (Hughes 
& Bazzaz, 2001). Phloem and xylem feeding insects such as the Hemipterans may be less affected by elevated 
CO2 levels because they feed on plant sap, which is low in defensive compounds (Furstenberg-Hagg et al., 
2013). Insect pests that feed on seeds also may be less affected by increased CO2 levels because they maintain 
high levels of nitrogen in their reproductive system and hence have no need to acquire more nitrogen from the 
crops (Karowe & Migliaccio, 2011).  

High CO2 promotes foliar diseases such as rusts, powdery mildews, downey mildews, leaf spots and blights. The 
foliar diseases are enhanced through an increase in canopy density resulting from enhanced photosynthesis 
(Furher, 2003; West et al., 2015). Leaf diseases such as the leaf blotch or scald (Rhynchosporium secalis) and 
ramularia leaf spot (Ramularia collocygni) of barley, tan spot (Pyrenophora triticirepentis) of wheat, and 
alternaria dark pod spot of oil seed rape (Alternaria brassicae) are predicted to increase in severity due to an 
increase in epidemic cycles, greater plant biomass and denser canopies for most of the vegetative crop growth 
period under elevated carbon dioxide levels (West et al., 2015). Low light levels and reduced air circulation in 
dense crop canopies result in higher relative humidity, which promote the sporulation and growth of many plant 
pathogens (Eastburn et al., 2010).  
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There is limited information on the direct effects of CO2 on insect pests and diseases. There is need for more 
research on the effect of CO2 on insect vectors of tropical areas. More fungal pathogens were investigated under 
elevated CO2 levels compared to viral and bacterial pathogens. There is also need to determine the combined 
influence of carbon dioxide and temperature in a tropical setting so as to come up with a more realistic 
assessment of the influence of changing climate variables.  

4. Effect of Extreme Weather Events on Insect Pests and Diseases 

Climate change studies project a change in the frequency of extreme weather events such as floods, storms, heat 
waves and heavy winds (Easterling et al., 2000). These extreme weather events may eliminate vulnerable insect 
pest stages (egg, larval and pupal stages), leading to breakdown of natural control. Natural control will be 
disrupted because many parasites and parasitoids will fail to find a host of a suitable or susceptible 
developmental stage (Cork et al., 2014). The extreme weather events would, therefore, limit reproductive success 
of the majority of the insects as their early stages become vulnerable to the devastating effect of the extreme 
weather events. Increases in occurrence and severity of windy periods could also result in the increase in the rate 
of spread of insects from one area to the other. For example, New Zealand has been exposed to airborne insect 
pests from Australia for millions of years as a result of heavy winds (Cork et al., 2014).  

Excessive rains resulting in flooding cause increases in water-borne transport of pathogens. This increases 
survival, dissemination and spread of mainly the soil borne pathogens to areas that were not previously infected 
(Thompson et al., 2013). Fungal pathogens benefit from flood events compared to any other pathogens (Parvatha, 
2015). In China, wheat stripe rust outbreak following floods, contributed to the 1960s famine (Rosenzweig et al., 
2000). In the United States (U.S.) Great Plains in 1993, mycotoxin produced by wheat scab (Fusarium spp.) 
reached the highest record after torrential rainfall and continuous soil saturation which caused long-term 
problems related to root rots (Rosenzweig et al., 2000). In a related rainfall simulation experiment in the UK, the 
seedlings of the canopy tree, Pleradenophora longicuspis (Standl.) Esser (Euphorbiaceae), were exposed to a 
gradient of watering volumes at three different frequencies, to test the hypothesis that mortality driven by fungal 
pathogens increases with both volume and frequency of watering. The results of the experiment revealed that 
both watering frequency and volume were important determinants of pathogen-induced seedling mortality. 
Mortality was greatest with heavy and more frequent watering, and declined significantly with less frequent 
watering (Swinfield et al., 2012). This implies that flood events can enhance the development of fungal 
pathogens and hence plant mortality resulting from fungal pathogens attack while the development of fungal 
pathogens can correspondingly decrease with reduced rainfall quantities.  

Heavy wind currents provide large scale transportation of disease agents (spores of fungi) from overwintering 
areas to distant hosts (Rieux et al., 2014). The rain-splashed, polycyclic foliar fungal disease, septoria leaf blotch 
(Mycosphaerella graminicola) is exacerbated by windy conditions in the United Kingdom (UK). Septoria leaf 
blotch epidemics are started by air-dispersed ascospores (sexually-produced spores) in late summer and autumn 
followed by many cycles of rain-splashed conidia (asexually-produced spores) and a second batch of ascospores 
in spring (West et al., 2015).  

Extremely windy conditions accompanied by excessive rainfall are, therefore, likely to result in distant spread of 
plant pathogens and insect pests that are dispersed by wind and water currents. In addition, extremely wet 
conditions resulting from heavy rainfall promotes the germination of spores and the proliferation of bacterial and 
fungal diseases within the crop canopies.  

5. Conclusion 

Elevated temperatures, CO2 and extreme weather events such as floods and storms have an effect on fecundity, 
development, survival, distribution as well as incidence of insect pests and diseases in a changing climate. 
Despite an expected increase in insects and diseases, some temperate insect pests as well as some diseases such 
as wheat stripe rust are expected to become less prevalent under a future climate in the temperate regions. Most 
research on climate change was mainly conducted in Asian, European and Australian environments and limited 
information is available on the influence of climate change on polyphagous insects that are dominant in Africa. 
Future research should focus on the interaction between temperature and CO2 on pests and viral diseases that are 
prevalent in the warmer tropical areas such as southern Africa. Long term surveillance and monitoring of insect 
pests is also of importance in climate change studies as this would provide a more realistic assessment of climate 
change on insect pests and pathogen interaction. Precipitation should also be considered in climate change 
studies as this is likely to directly and indirectly affect the distribution of tropical insect pest species.  

Various models have been used to predict how global warming will affect insect ecosystems. Some of these 
models have been used to predict the response of individual insect pests to climate change. Future research 
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should concentrate on models which are used to explore the response to climate change of various insects and 
pathogens. Focus should be on modelling insects climate change envelopes along with climate change. This 
would increase the capacity to forecast insect population.  

Risk and hazard rating systems are essential components of crop health management strategy and should be in 
place and applied in advance of insect epidemics and outbreaks. These systems should be a priority for crop 
health research and development efforts. In addition climate mapping which predicts the potential distribution on 
insects in new areas under future climates should be part of the research to support the modelling exercises. 

National and regional early warning and surveillance systems should be part of policy to deal with increased 
pests and diseases under climate change. Most of the work on pests and diseases under climate change has been 
done in cooler and developed regions. There is need for urgent research in the tropics particularly sub-Saharan 
Africa which is characterised by low adaptive capacity to deal with the changing climate. These studies should 
be conducted on pests and diseases on a crop-forestry-livestock-human continuum.  
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