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Abstract: Anthropogenic activities on the environment have intensified in the last century resulting in a devastating increase
in greenhouse gases and triggering global climate oscillation. Global food productions have increase significantly by 50% in
order to meet the anticipated demand of the world’s population by 2050. The challenges of food production increases are high
and even harder if climate change as a global threat is not addressed. In the coming years, there could be more changes in the
biosecurity of food crops due to escalating global climate change. The effects of climate change on plant pathogens and the
diseases they cause have been reported in some pathosystems. Climatic changes have been predicted to affect pathogen
development and survival rates with possible modification of host susceptibility, host-pathogen-vector interaction that could
lead to changes in the impact of diseases on food crops. The climate change may affect not only the optimal conditions for
infection but also host specificity and mechanisms of plant infection. Changes in the abiotic conditions are known to affect the
microclimate surrounding plants and the susceptibility of plants to disease. These changing conditions are expected to affect
microbial communities in the soil and canopy pathosystems, with the possibility of altering the beneficial effects of these
communities. Since both the pathogens and host plants could be affected by the dramatic changes in the magnitude of disease
expression in a given pathosystem, the geographical distribution of particular plant diseases, their economic importance in a
given location, and the set of diseases that infect each crop are crucial to understand their etiology and level of virulence. These
changes could affect the measures farmers take to efficiently manage these diseases, as well as the feasibility of cropping
systems in particular regions. This review examines 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 survival in natural and agricultural
environments. We also underpin the multiple aspects linked to the effects of climate change on crop plant diseases, including
the impact of increasing concentrations of atmospheric CO2 and other gases, and how diseases can change under the alteration
of atmospheric gases conditions in the future.
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1. Introduction
The concentrations of atmospheric greenhouse gases are
being altered by human activities leading to global climate
change. These activities, including the burning of fossil fuel
and deforestation, intensified after the industrial revolution at
the end of the eighteenth century [1, 2]. The atmospheric
concentration of carbon dioxide (CO2) has reached levels
significantly higher than in the last 650 thousand years [3, 4].
Since 2000, the growth rate in CO2 concentration is increasing
more rapidly than in the previous decades [1, 5-6]. A similar
occurrence has been observed for methane (CH4), Nitrous
oxide (N2O), and other greenhouse gases [3, 7-8]. Several
changes in the climate have been registered. The average
global surface temperature has increased by 0.2°C per decade
in the past 30 years [5, 9]. Eleven of the twelve warmest years
ever registered by instruments since 1850 occurred between
1995 and 2006 except 1996. The alterations in the water cycle
have also been observed. These changes will probably
continue to happen even if greenhouse gas concentrations
stabilize due to the system's thermal inertia and to the long
period necessary for returning to a lower equilibrium [3, 10].
Anthropogenic activities have a significant impact on the
climate and the ecosystems, resulting in a continuous
increase in temperatures, changes in the quantity and pattern
of precipitation, increased CO2 and ozone levels, and
drought. Any change in ecosystems can affect plant diseases
because these diseases result from an interaction between a
susceptible plant, a virulent pathogen, and the environment
[11]. Losses of marketable yield in crops and reduction in
growth and productivity of tree species are observed after
exposure to high levels of O3, and while pollutants can
influence plant pathogens, foliar pathogens can also affect the
leaf response to O3. Some aspects associated with climate
changes, such as the increase of temperature and changes in
precipitation and moisture can have some effects on the
fitness (number of generations, the sexual reproduction) of
plant pathogens, extending the amount of time available for
their reproduction and dissemination [1, 12].

of increased aggressiveness at higher temperatures of some
pathogens has been reported, suggesting that they can adapt to
and benefit from higher temperatures. An example include
when the fungus Monilinia fructicola spread in several
European countries, M laxa and M fructigena were the only
pathogens responsible for brown rot in stone and pome fruits
in Europe [2, 14]. The reason for its dissemination could be
attributed to a faster capacity to growth at a higher temperature
than the other two Monilinia species.
Other essential aspects concern the influence of climate
change on the biology of the host and indirectly its response
to pathogen attacks; for example, higher temperatures
produce an extension of the vegetative season and the
consequent increase of secondary infections on leaves [1516]. The persistence of a fungicide on the plant depends on
weather conditions such as precipitation and temperature,
changes in duration, frequency, and intensity of rain events
can alter the efficacy of the chemicals. It has been reported
that those climatic factors that affect food crop production are
interrelated. These factors include the farming practice within
a community, crop pest and disease status, the development
and improvement of new cultivars or transgenic genotypes
with resistant agronomic/genetic traits, organic farming and
soil status as indicated in Figure 1.

3. Impact of Factors Influencing Crop
Production
There are many diversified factors that have been reported to
influence crop production in developed and low income
economies as indicated in figure 1. Climate change, status of the
crop in terms of pest infestation and diseases, farming practices
contributes more in the sustainable food crop production in sub
Saharan Africa [20]. Climate change has a great influence on
post-harvest crop quality due to the fact that post-harvest
technology of transformation of harvested products is still at its
infancy in developing countries such as Cameroon in particular
and the sub Saharan Africa in general [3, 7, 17].

2. Climate Change and Disease
Management
Plant disease management still depends on the integrated
use of fungicides, although other alternative methods are still
under study. The persistence of a chemical on the plant
surfaces depends on weather conditions in particular
precipitation and temperature. Changes in duration, frequency,
and intensity of rain events alter the efficacy of fungicides
since they can be quickly washed away. The temperature
influences the degradation of pesticides and alters the
morphology and physiology of plants affecting their
penetration, translocation, and mode of action [13]. Evidence

Figure 1. Impact on factors influencing crop production [20].
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In Phyto-pathology, the environment is considered as the
combination of temperature, humidity, precipitation,
ultraviolent (UV)-rays. Water, air, and soil, is the
environmental factor which constitutes one of the three sides
of the disease triangle [9]. This environment can significantly
influence the incidence severity of plant diseases [11, 16, 17]
In the Anthropocene era, the recent period of the history of
the earth, human activities have had a significant impact on
climate change and ecosystems, resulting in increased
temperature, changes in the quantity and pattern of
precipitation, increased CO2 and ozone levels, drought [1820]. Increase in CO2 levels tends to reduce damage caused by
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high ozone concentrations [7]
3.1. Climate Changes and Pathogens
Climate change can lead to remarkable losses in crop
yield, reduction in growth, and productivity of tree species as
a result of high levels of O3, pollutants [4, 21]. This effect
can influence plant pathogens, and foliar pathogens can affect
the leaf responses to O3. Generally, ozone exposure tends to
decrease the incidence of disease caused by obligate parasites
while increasing the frequency of diseases caused by
facultative parasites as shown in table 1.

Table 1. Effect of ozone on some fungal plant diseases [15].
Fungi
Obligate biotrophs
Puccinia graminis f.sp tritici
Erysiphe graminis f.sp hordei
Necrotrophs
Botrytis cinerea
Lophodermium sp

Host plant

Effect on disease

Wheat
Barley

Decreased hyphal growth and urediospore
production on O3 injured leaves.

Potato

Infection only in O3 injured leaves.

Pine

Increased severity of needle blight

In general, necrotrophic and biotrophic pathogens show a
different behaviour concerning their nutrition. The first
obtain nutrients from dead tissues, while the second derive
nutrients from living cells and maintain a prolonged and deep
interaction with their host [22, 23]. Therefore, all climatic
factors that cause or accelerate tissue death, high
temperatures, or O3 levels, could favour necrotrophic
pathogens. Moreover, climatic factors that stimulate plant
growth, such as elevated levels of CO2 or increased
temperature, could likely change the physiology of the plant,
altering host colonization by biotrophic pathogens [11, 2425]. The decomposition of high CO2 litter occurs at a low
rate, increasing the biomass availability, which combined
with higher winter temperatures, might increase pathogen
survival on crop residues, accumulating the amount of initial
inoculum to infect subsequent crops [4, 26].
Today, the environment can influence host plant growth and
susceptibility, pathogen reproduction, dispersal, survival and
activity, as well as host-pathogen interaction. The classic disease
triangle establishes the conditions for disease development,
which is the interaction of a susceptible host, a virulent pathogen,
and a favorable environment. This relationship is evidenced in
the definition of plant disease itself. A plant disease is a dynamic
process in which a host and a pathogen intimately related to the
environment are mutually influenced, resulting in morphological
and physiological changes [27-29].
3.2. Diseases Yield Losses
Diseases are responsible for losses of at least 10% of
global food production, representing a threat to food security
estimated that annual losses by disease cost US$ 220 billion
[1, 30]. Apart from the direct crop losses, the methods for
disease control, especially the chemical methods, can result
in environmental contamination and residual chemicals in
food. Apart from social and economic problems, the close
relationship between the environment and diseases suggests

that climate change will cause modifications in the current
phytosanitary scenario [9, 31]. The impacts can be positive,
negative, or neutral, since there can be a decrease, an
increase, or no effect on the different pathosystems, in each
region. The analysis of the potential impacts of climate
change on plant diseases is essential for the adaptation
measures, as well as for the development of resistant
cultivars, new control methods, or adapted techniques to
avoid more severe losses [9, 32-33]. Plant pathogens are
ubiquitous in natural and managed systems, being among the
first to demonstrate the effects of climate change due to the
numerous populations, ease of reproduction and dispersal,
and short time between generations. Plant pathogens,
therefore, constitute a fundamental group of biological
indicators that need to be evaluated regarding climate change
impacts, besides being responsible for production losses, and
potential threat to the agroecosystem sustainability [34].
3.3. Geographical and Temporal Distribution
The environment and diseases are closely related, and
climate change plays a role in the alteration of the geographic
and temporal distribution of phytosanitary problems.
Pathogens and other microorganisms related to the disease
process contribute to a rise in new diseases in certain regions,
and other diseases may cease to be economically important,
especially if the host plant migrates into new areas [35-37].
Pathogens tend to follow the host plant in its geographical
distribution, but the rate at which pathogens become
established in the new environment is a function of the
mechanism of pathogen dispersal, suitability of the
environment for dispersal, survival between seasons, and
physiological and ecological changes in the host plant [14,
38]. Some very aggressive strains of pathogens with broad
host range, such as Rhizoctonia, Sclerotinia, Sclerotium, and
other necrotrophic pathogens can migrate from
agroecosystems to natural vegetation, and less aggressive
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pathogens from natural plant communities can start causing
damage in monocultures of nearby regions [39].

4. Climate Change Risk Analysis
Disease simulation models frequently used for forecasting
can be utilized in simulation studies of spatial and temporal
distribution in future climate scenarios. For vectortransmitted pathogens, the risk analysis may include the
effects of climate change on the vector population, as
reported by Evan et al. [16] for the barley yellow dwarf
disease. One of the first studies about this subject was
conducted by Boland et al [5]. Asian countries due to the
importance cereal crops and to the losses related to diseases
infections, caused by Magnaporthe grisea, simulations were
made to study the risk of blast epidemics under the effects of
temperature change and enhanced ultra violet radiation [40].
The results demonstrated that changes in the amount of
rainfall do not affect the occurrence of the epidemics since
they have little effect on the leaf wetting period. In cold
subtropical zones, increased temperatures caused a rise in
disease severity and in the area below the disease progress
curve, because a higher risk of epidemics occurs under higher
temperatures. In the humid tropical and warm subtropical
zones, such as Southern China, Philippines, and Thailand, the
opposite effect was observed [42-44].
Climate information Disease risk management
Climatic oscillation has become a global concern and a
threat to food crop management to tame hunger worldwide.
There are many actors, and advocacy initiatives in most
countries to save the environment and increase food
productivity. The initiative drive must be motivated by a
well-developed climate information disease risk management
system. There is the need for a high throughput data base
system [11, 22]. A model climate information-disease risk
management system is illustrated in figure 2. This takes into
account the historical climate data in a defined region,
seasonal climate forecast, the different models for crop yield,
crop-disease risk, plant disease model, the microclimate data
and the economic input [7],

Figure 2. Climate information disease risk analysis management [7].

Lower temperatures increased the risk of rice blast
epidemics since the current temperatures in these regions are
above favourable values for the occurrence of this disease.
However, a larger area below the disease progress curve does
not always result in lower rice yield, since the effect in plant
growth also takes place [13, 45, 46].
Using mathematical models, Percy et al. [42] simulated
climate change in Finland and concluded that warming would
expand the cropping area for cereals by 2050 by 100 to 150
linear km per degree Celsius and increase in mean annual
temperature. Moreover, higher yields are expected with higher
CO2 concentrations. In this case, potato cropping will also be
benefited with an estimated 20 to 30% increase in yield. A new
distribution of the potato cyst nematode Globodera
rostochiensis) is also predicted, with northward expansion in
the country and a higher number of generations per year [15,
47]. In such a situation, the risk of potato blight caused by
Phytophthora infestans is significantly higher in all regions of
Finland [48]. Pellegrino et al studied the climate change risk
analysis for the black sigatoka of banana caused by
Mycosphaerella fijiensis and elaborated the disease
distribution maps [40, 41]. The maps revealed that there would
be a reduction in the favourable area for the disease in Brazil.

5. Atmospheric Carbon Dioxide
There is a relatively large number of studies on the
beneficial effect of increased concentration of atmospheric
CO2 on plant growth. In the last few years, approximately
3,000 reports have been published on the subject [48-50].
High CO2 concentration supports plant growth, although
there might be differences among species. CO2 enrichment
promotes changes in plant metabolism, growth, and
physiological processes. There is a significant increase in the
photosynthetic rate and a decrease in the transpiration rate
per unit leaf area, while total plant transpiration sometimes
increases, due to the larger leaf area [12, 51]. The alterations
also include higher efficiency in the use of water and
nitrogen by the plant [21]. The stimulus on photosynthesis is
due to the reduction in competition between the atmospheric
CO2 and O2 being fixed by the ribulose 1, 5-bisphosphate
carboxylase-oxygenase (Rubisco) enzyme. The atmospheric
concentration of O2 normally inhibits CO2 absorption by
plants and triggers photorespiration. With a rise in CO2
concentration, the inhibition of photosynthesis by O2 tends to
decrease due to an increase in the CO2:Q2 ratio [11, 52].
Despite shreds of evidences of the beneficial effects of
CO2 on the host plant, it is not well known if these effects
will still take place in the presence of pathogens or other
limiting factors, particularly in tropical countries. Some
studies have been conducted in controlled conditions, which
might not reflect plant responses in the field, where there are
variations and interactions among temperature, precipitation,
and other factors [25, 53]. The dynamics of crop diseases and
pest influx are changing rapidly due to changing climate, and
managing them has, therefore, become a huge challenge.
Favourable atmospheric conditions have led to the
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appearance of entomopathogenic organisms, and new pests
are more invasive to crops, as shown in figure 3, representing
the negative effect of the rising levels of CO2 and
temperatures on pests and diseases in crops.

Figure 3. The negative effect of the rising levels of CO2 and temperatures on
pests and diseases in crops [16].

Elevated CO2 can increase levels of simple sugars in
leaves and lower their nitrogen content. These can increase
the damage caused by many insects, who will consume more
leaves to meet their metabolic requirements of nitrogen, and
therefore, any attack will be more severe. Higher
temperatures from global warming, mainly due to elevated
CO2, will mean that more numbers of pests will survive the
winter season [53]. Elevated CO2 will help in the overwintering of pathogens, while higher temperatures will
favour thermophilic fungi [28, 54]. Higher temperatures
could also lead to a poleward spread of many pests and
diseases in both hemispheres and this will lead to more
attacks over longer periods in the temperate climatic zone
Other possible effects of climate change need to be taken
into account; on the one hand, the warmer temperature lowers
the effectiveness of some pesticides, but on the other hand, it
favours insect carriers of many disease pathogens and natural
enemies of pests and diseases [55]. Therefore, depending on
the pest or pathogen, elevated CO2 may act in a synergistic or
opposing manner with higher temperatures. The results of such
interactions are difficult to be anticipated, and thus, one is
obliged to wait for visual signs of the appearance of a pest or
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disease before initiating action [17, 56].
The increase in plant biomass production, i.e., the increase
in the production of shoots, leaves, flowers, and fruit,
represents more tissue that can be infected by pathogens.
Increased carbohydrate contents can stimulate the
development of sugar-dependent pathogens, such as rusts and
powdery mildews [6, 57]. The increase in crop residues can
represent better survival conditions for necrotrophic
pathogens. The reduction in the stomatal opening can inhibit
stomata-invading pathogens, such as rusts, downy mildew,
and some necrotrophs [40]. The shortened growth period and
accelerated ripening and senescence can reduce the infection
period for biotrophic pathogens and increase the necrotrophic
pathogen populations. The increase in root biomass increases
the amount of tissue that could be infected by mycorrhiza or
soil-borne pathogens but can compensate for the losses
inflicted by the pathogens [3, 16]. Higher root exudation can
stimulate both pathogens and antagonistic microbiota in the
rhizosphere (plant growth promoters).
Increased CO2 effects depend on insect-plant interaction
such as increased carbon nitrogen in plants makes for poorer
forage for insects, shift in plant defenses from nitrogen to
carbon based, fewer toxins, tougher leaves, more tannins/
phenols, the deficiencies in micronutrients. The CO2 help for
insects nitrogen addition for a better forage, shift in plant
defenses from nitrogen to carbon based and consume more
plant to make up for less nitrogen [21, 30]
5.1. Effect of Plant Pathogens Interactions as Indicators of
Climate Change
Disease forecasting models based on weather exist for
many important plant diseases, and can be rescaled for other
purposes such as climate change scenario analysis.
Complexity in terms of the amount of information needed to
adequately predict outcomes For example, predicting the
effects of disease involves pathogen reproduction and
dispersal, and multi-species interactions (in contrast to direct
effects of weather on plant physiology) (Figure 4).

Figure 4. Effect of Plant pathogens interactions as indicators of climate change [25].
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5.2. Disease Management, Climate Change and Food
Security
All crop protection could be considered as an integrated
approach since pesticides are directly applied only when
there is a perceived threat. Such applications of the
conventional crop protection products often disrupt the many
processes controlling such organisms in some kind of benign
balance in non-epidemic conditions.

6. Disease Control
Disease management strategies depend on climate
conditions. Climate change will cause alterations in the disease
geographical and temporal distributions, and consequently, the
control methods will have to be adapted to this new reality [50].
Changes in temperature and precipitation can alter fungicide
residue dynamics in the foliage, and the degradation of
products can be modified. Alterations in plant morphology or
physiology, resulting from growth in a CO2-enriched
atmosphere or different temperature and precipitation
conditions, can affect the penetration, translocation, and mode
of action of systemic fungicides. Besides, those changes in
plant growth can alter the period of higher susceptibility to
pathogens, which can determine a new fungicide application
calendar [31, 45, 52]. The fungicide market will undoubtedly
change. Chen & McCarl [12] performed a regression analysis
between pesticide usage provided by the United States
Department of Agriculture (USDA) and climate variations in
several US locations, with climate data provided by the
national oceanic atmospheric administration (NOAA). The per
acre pesticide usage average cost for corn, cotton, potatoes,
soybeans and wheat were found to increase as precipitation
increases. Similarly, the pesticide usage average cost for corn,
cotton, soybean, and potatoes also increases as temperature
increases, while the pesticide usage cost for wheat decreases
[56]. The main impact of climate change on chemical control
will be in the cultural realm due to the fact that the entire
humanity is suffering the consequences of anthropogenic
activity in the process of exploiting the resources of the planet
will raise awareness that this activity must be conducted in a
sustainable way. The society will certainly exert pressure for
the use of non-chemical methods to control plant diseases [5].
One of the direct consequences of climate change in the
pathogen-host relationship is the genetic resistance of plants
to diseases. Many changes in plant physiology can alter the
resistance mechanisms of cultivars obtained by both
traditional and genetic engineering methods.[41] Several
studies provide evidences of these alterations, such as
significant increases in photosynthetic rates, papillae
production, silicon accumulation in appressorial penetration
sites, higher carbohydrate accumulation in leaves, more wax,
additional epidermal cell layers, increased fiber content,
reduction in nutrient concentration and alteration in the
production of resistance-related enzymes [19, 32].
Paoletti & Lonardo [33] conducted one of the few studies to

verify the effects of increased CO2 concentration on disease
control by using resistant cultivars. Many changes in host
physiology can potentially enhance plant resistance. However,
the greatest threat to genetic resistance is the acceleration of
pathogen cycles, which can be affected during all life cycle by
increased CO2 concentrations [3, 11]. Some studies revealed
that in spite of a delay in the initial development and a
reduction in host penetration, the established colonies develop
faster. The increased fecundity of the pathogen, associated
with a favorable microclimate within enlarged canopies, favors
the occurrence of epidemics [40]. There is practically no
information on the impacts of climate change on plant disease
biological control. The few results obtained focus on climate
change impacts on the composition and dynamics of the
microbial community of the phyllosphere and the soil, which
can be very important for plant health.
6.1. Effect of Climate Change on Agricultural Pests and
Diseases
Climate change poses a significant threat to the control of
pests and disease invasions. These "pests and diseases"
include insects, plant diseases, and invasive weeds. As the
climate variables continue to change, new pests and diseases
may become able to invade previously uninhabitable.
Climate factors that aid in pest and disease invasions are
mostly temperature related and include increasing average
temperatures, warmer winter minimum temperatures,
changes in precipitation patterns, and water shortages [33].
Some crops like soybean and cowpea can serve as an
alternative host for the pathogen. If warmer winters allow
pathogens to move northward, and create a greater impact on
the spread of the disease in most crops (Figure 5). As
illustrated in figures 5, 6, 7 climate change significantly
affects the aggressiveness of agricultural pest and diseases.

Figure 5. Rice blast caused by severe weather fluctuations [31].

Figure 6. Asian soybean rust caused by extreme hot condition [17].
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7.1. Diseases Vectors

Figure 7. Many invasive insects are range-limited by cold temperatures [6].

6.2. Origin of Pests and Diseases
Some crop diseases and pests are native to a community or
region, while others originate from other regions of the
continent or world. In their native areas, potential pest species
are kept under control by predators and other ecosystem
processes [8]. However, once introduced to a different region,
these pests and diseases may no longer have natural predators
or other environmental variables to control their population
size. Climate change is aiding these invasions by widening the
"invasion niche," or the set of environmental conditions under
which pests can successfully invade [54].
6.3. Examples of Pest and Disease Invasion
Threats due to climate change resulting from increasing
temperatures contribute to a pole ward migration or
expansion of the ranges of many organisms [13]. The average
annual temperatures have been modeled to increase by up to
4.5°C. Additionally, winter minimum temperatures may
increase by up to 2.4°C in that same window [21]. This will
likely result in an increased amount of new pest and disease
species, as cold winter minimums have historically limited
the ranges of the many pests and diseases

7. Insect Pests
Milder winters have been shown to increase the survival
of many frost-sensitive insects [2] 2002). Increasing
temperatures also allow for higher rates of growth and
reproduction in insect herbivores [17]. Studies on aphids
and moths have shown that increasing temperatures can
enable insects to reach their minimum flight temperature
sooner, aiding in increased dispersal capabilities [6].
Many studies have shown the northward expansion or
shift of insect ranges, such as Edith’s checker spot
butterfly or the mountain pine beetle, to be correlated with
increasing temperatures [39]. We can expect from insect
pests in light of climate change some positive
physiological responses to rising temperatures that allow
for faster insect growth and movement. Furthermore,
milder winters will allow for earlier insect growth and a
reduction in overwinter deaths. The expansion or shift in
ranges coupled with an increase in growth and numbers
will likely increase insect invasions.

Crop diseases can be animal, fungal, bacterial, or viral in
origin and are often spread through an insect vector. Fungal
infections are also common and can spread via spores carried
by the wind. Dispersal plays a crucial role in the spread of
crop disease, and anthropogenic activities have been found to
contribute to the spread of sudden oak death. An increase in
severe weather events such as hurricanes may also catalyze
the spread of crop diseases such as soybean rust across
continents or oceans [21, 56]. Climate change can also aid in
the dispersal of plant and crop disease. A local increase in
summer precipitation due to climate change has been found
to be responsible for the increase and spread of needle blight
in British Columbia [19].
7.2. Weeds
Climate change is expected to increase the range, or
"damage niche of many weed species. Some research
suggests that the composition of invasive weed communities
will be fundamentally altered by the end of the century under
increasing temperature scenarios, with new weed species
entering communities as a result of geographic range shifts
[16, 40]. For example, the range of the Striga species a maize
weed is expected to increase to more in sub-Saharan Africa
where there is intensive maize farming under a cultural
disease control system, due to climate change [9, 42, 53].
The effects of climate change on weed/plant interactions
are likely to vary by region and crop type. Understanding of
the underlying physiological mechanisms responses to such
factors is needed to address these effects. Since the
interactions between crops and weeds are "balanced" by
various environmental factors, local changes in these factors
may tip the scale towards either crop or weed [1, 15].
Furthermore, as the geographic distribution of weed species
changes, so will the community composition, posing both
challenges and opportunities for invasion control. When the
invasion of new weed species can be detected, efforts can be
made in advance to prevent and control their establishment
[25, 42].
7.3. How Climate Change Affects Crop Pests and Diseases
Elevated carbon dioxide and higher temperatures may act
in a synergistic or opposing manner depending on the pest or
pathogen concerned. The result of these changes cannot be
foreseen as yet and waiting for the visual appearance of a
pest or disease to initiate action, is the only remaining option.
Organizing manual surveys to cover all major crop pests and
diseases will be very costly and nearly impossible. Under
these circumstances, spore and insect trap data can assist in
anticipating incidences of pests and diseases [25]. A network
spore and insect trapping centers to cover all major irrigated
and rain-fed crops and their pests and diseases need to be set
up. To ensure the network include major irrigated crops with
minimum stations, delineated homogenous rainfall zones and
crop-climate zones need to be taken into account [47].
Summation of the mean air temperatures above a specified
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base value, known as accumulated degree-days, has been
useful for anticipating the incidence of many crop pests and
diseases. To overcome the unsuitability of calendar dates and
to begin calculations, the concept of biofix is used. For a pest
or a disease, biofix date can mark the beginning of sustained
trapping of insects or disease spores [29]. It is crucial to
measure the economic threshold level (ETL), the insect
density at which control operations must begin to prevent
crop loss from exceeding the cost of control operations.
Economic injury level (EIL) is the insect density at which
crop loss is more than the cost of control operations and
varies with pests, crops, and their growth stages. It is
recommended to be taken as 75% of EIL [29]. Similarly, in
the case of diseases, it is important to note the critical disease
level (CDL), which is the point in time before which
application of fungicides is not required and after which will
be ineffective. Thus, for integrated management of pests and
diseases using spore and insect trap data, it is necessary to lay
down the ETL and CDL criteria for essential crop pests and
diseases respectively [29, 33].
The higher nighttime temperature will reduce the duration
of leaf-wetness and result in lesser disease incidence.
Biological control of a pest or disease through the
introduction of their natural enemies from other regions will
become more effective, and warm temperatures will favour
their quick establishment and development [5, 57].
Forewarnings based on current crop position and expected
weather are most effective when there is a time lag between
the onset of favourable conditions and the manifestation of
pest or disease affliction. In addition, an initial inoculum is
detected in insect or spore traps and the organism's
phenological development is amenable to a calculation by the
accumulated degree days approach above a base value. The
effectiveness of forewarnings of pests and diseases is
maximal over large mono-cropped areas and minimal in
situations of variegated cropping [20].
7.4. Solutions that Exist to Address Climate Change and
Pests
Integrated pest management lies at the center of insect,
disease, and weed control. The combination of farming
strategies, biological control agents, and necessary pesticide
and herbicide use has helped farmers address pest problems
using a variety of methods. Climate change may make
integrated pest management (IPM) solutions less effective
and harder to implement. The spread of pests and disease
through human vectors will continue to become a problem,
especially as they become more tolerant of environmental
conditions [11, 36].
Increasing resistance to pesticides among invasive insects
is a problem for farmers and the effectiveness of current IPM
and other pest management strategies. For example, Liu [26]
showed that invasive populations of the potato Psyllid have a
higher resistance to certain pesticides than the native
populations [30, 47]. Plant growth responses to increasing
CO2 will aid in herbicide resistance by increasing leaf
thickness and decreasing stomatal openings and soil nutrient

uptake, which could make plants less likely to absorb applied
herbicides. As a result, IPM solutions will have to adapt to
these problems. Biological control agents can be effective
against insect or weed populations that are resistant to
pesticides or herbicides. The establishment of hedgerows
containing native vegetation can aid in the establishment of
beneficial insect and plant communities near crops to aid in
biological control.
7.5. What We Need to Understand to Adapt Management to
Climate Change
Farming practices such as cleaning equipment between
crop uses can help to minimize the spread of diseases or
pests, and planting strategies such as changing planting times
can counter weed growth [16].
For growers we need to adapt early warning systems for
within-season tactical decision making. How to construct
longer-term (season or longer) support for decision making.
For plant breeders and pesticide developers there is need to
understand what diseases/weeds/pests to prioritize where. For
policy makers, stakeholders/ donors the need to understand
what the important problems are for investment in the future.
How financial tools can buffer farmers from increased
variability in natural systems and new biofuels systems in
addition to the distribution of resistance genes

8. Future Perspectives
If food production has to increase by 50% in the next 50
years from the declining land resources, this will need a
sustainable and huge investment of capital, time and human
resources. In common with the past achievement of world
agriculture that gave rise to green revolution to save millions
of population from starvation, the main component of the
solution in the future will be from a technology driven
platform. This technology will need to produce, process,
distribute and market food that is sufficient, safe and
nutritious to meet the dietary needs and preferences of the
world human population, without affecting the sustainability
of the natural environment. There has been limited empirical
research on plant diseases/vectors under field conditions that
realistically mimic climate change and this greatly hinders
the development options to enhance sustainable crop
adaptation to biodiversity and conservation or integrated pest
and diseases management (IPDM) under climate change.
From the point of view of global food security there must be
a shift in paradigm from impact assessment to developing an
adaptation and mitigation strategies for a viable control
options [56].
Two main areas are of interest are important for
investigation, that involves evaluation under climate change
the efficacy of integrated control; chemical, biological
disease resistance cultivars, sand then to include future
climate situations in all research driven projects on new
technologies and strategies. Transgenic technology in
particular must take into consideration integrated disease
management within the framework of food security.
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9. Conclusion
Climatic change has attracted world interest for common
mobilization to address the problem. It has become a global
concern and a threat to food crop management to tame
hunger worldwide. There are many actors, and advocacy
initiatives in most countries to save the environment and
increase food productivity. The initiative drive must be
motivated by a well-developed climate information disease
risk management system. There is the need for a high
throughput data base system. This takes into account the
historical climate data in a defined region, seasonal climate
forecast, the different models for crop yield, crop-disease
risk, plant disease model, the microclimate data and the
economic input.
The impact of climate change on plant diseases is
becoming a serious threat to food biosecurity and therefore
requires a more multi-disciplinary research approach to
address the problem. The effects of climate change could
result from more frequent and more intense extreme weather
events or from the changing temperatures and precipitation
patterns. Agriculture-based livelihood systems remains one
of the most affected dimensions of global food security and
faces immediate risk of increased crop failure, new patterns
of pests and diseases. Although the issues on climate change
have developed rapidly in the last few decades, there are still
some gaps in information, thereby necessitating
investigation. Interactions with global change drivers
influence the prediction and the management of climate
change impacts on planet health. The models of plant disease
development can under different forms of climate change,
requiring different management strategies based on more
participatory approaches. An understanding of climate
change effect on our crops will support IPM strategies for
sustainable crop production and food biosecurity. More
insight on how climatic oscillation affects the host-pathogenvector interaction, needs more understanding and greater
attention than it has hitherto received in order to put in place
a robust disease pest management control strategy. The
earth’s climate has always changed in response to oscillation
in the cryosphere, hydrosphere, biosphere and atmospheric
factors interacting together. It is therefore widely understood
that human activities are now increasingly having a negative
influence in the global climate change.
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