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The effects of climate change on plant diseases have been the subject of intense debate in the last
decade; research in this sense has been carry out, however, more information is needed. Elevated
temperatures and carbon dioxide concentrations associated with climate change will have a substantial
impact on plant-disease interactions. Changes in temperature affect both the host and the pathogen;
thus, risk analyses must be conducted for each pathosystem to determine the effects of climate
change. Studies have been performed under controlled conditions, and the effects of high CO, levels
have been identified; however, field responses such as the adaptation of pathogens over time may be
different. The climate influences the incidence as well as temporal and spatial distribution of plant
diseases. The most likely effect of climate change in poleward modifies agroclimates zones, this
causing a shift in the geographical distribution of host pathogens. Considering this climate change
could profoundly affect the status of agricultural diseases, the focus of this study was to review studies
related to the effects of climate change on plant diseases. Taking into account the work done, this
review addresses the impact of climate change on plant diseases, considering the effect on crop

grown, development and the impact on crop production.
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INTRODUCTION

Much of the food we eat comes from crops, which are
affected by pests, diseases and extreme weather
conditions. Studies have shown that diseases, insects
and weeds interfere with 36.5% of crop production
around the world. In total, 14.1% of crop losses are
attributed to the occurrence of diseases, which
represents an annual loss of $220 billion dollars (Agrios,
2005). In addition to monetary losses, crop destruction
causes malnutrition and hunger. To reduce the effects of
plant diseases, millions of kilograms of pesticides are
used to treat seed, soil and harvested fruits every year,
which increases production costs and environmental
pollution.

Plant diseases are malfunctions caused by plant
pathogenic organisms and those caused by other factors
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(the so called non infectious diseases) are termed
disorder (Mehrotra, 2003). The malfunction result in
adverse changes in the form, function, or integrity of the
plant and may lead to partial impairment or death of plant
parts or of the entire plant (Agrios, 2005). Three basic
elements are required for the development of an
infectious disease: a susceptible host, a virulent
pathogen and favorable weather conditions for infection,
host colonization and propagule production. If any of the
three factors are altered, the progress of any one disease
can change. Although interactions among the three
factors must be matched, weather is an important
variable due to its dynamic behavior.

As described in the report of the Intergovernmental
Panel on Climate Change (IPCC, 2007), overwhelming
scientific evidence suggests that the planet is
experiencing climate change. This is a singular problem
of global importance. The greatest effects of climate
change may be observed over long periods of time and
involve complex interactions between natural (ecological
and climatic facts), social, economical and political
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Table 1. Risk analysis studies on the effects of climate change.

Author Study Result
. epidemics will not only increase in severity
Evans et al. In the UK, the effects of cllma_lte change on Phoma but also spread northwards by the
(2007) were assessed (Leptosphaeria maculans)
2020s

Future scenarios of downy mildew on grapevine

(Plasmopara viticola) were simulated from the results of Predicted an increase of the disease pressure
Salinari et al. two climate change models. The results suggested that . P

- 4 - in each decade to consequence of more

(2006) the incidence of disease would increase and the

production of grapes in northwestern Italy would

decrease.

Climate modeling was conducted to predict the habitat
distribution of pathogenic fungi Sphaeropsis sapinea
and Cryphonectria cubensis in South Africa and the
potential distribution of pathogens under climate

Van Standen et
al. (2004)

change.

Chakraborty et al. Anthracnose and host models were evaluated under

(2002) the effects of climate change..

Kocmankova et
al. (2007)

A model to assess the severity of Phytophthora
infestans under climate change was developed.

favorable temperature conditions

A much smaller area of South Africa is
predicted to be suitable for the occurrence of
C. cubensis than for S. sapinea, but a range
shift westward in suitable habitat for C.
cubensis

Favorable areas for hosts were identified, and
wheat rust was modeled

A marked shift of the disease in the
infestation pressure to higher altitude.

processes (Martinez and Fernandez., 2004). Around the
world, rates of land change will increase greatly over the
next 20 to 50 years, and human populations continue to
grow (Alig et al., 2004; Theobald, 2005). The nature,
pattern, and ecological and societal consequences of
land change will vary on all spatial scales as a result of
spatial variation in human preferences, economic and
political pressures, and environmental sensitivities
(Carpenter et al., 2007). Extreme weather conditions will
affect life on the planet, depending on their intensity and
duration in the rain or the temperature, as well as the
level of vulnerability of the society or an ecosystem, the
impacts of climate can vary from imperceptible to
catastrophic, with economic consequences. The
atmospheric concentration of CO, has risen significantly
and has reached its highest level in the last 650,000
years (Siegenthaler et al., 2005). Since 2000, the
increase of CO, concentration is greater than that of
previous decades (Canadell et al., 2007). Similar trends
have been observed for the concentration of methane
(CHy), nitrous oxide (N,O) and other greenhouse gases
(Spahni et al., 2005; IPCC, 2007).

Since the last century, scientists have predicted that
global temperature would raise due to an increase in the
concentration of greenhouse gases in the atmosphere
from natural and anthropogenic sources (IPCC, 1990,
1992, 1996, 2007). In the past 150 years, the average
surface temperature has increased by 0.76°C (IPCC,
2007) and could increase from 2.4 to 6.4°C in the period
of 2090-2099 relative to 1980 to 1999. High atmospheric

CO, concentrations, temperatures and changes in
precipitation patterns as well as the frequency of extreme
weather phenomena will significantly affect crop grow
and production, and therefore the presence of diseases
will be altered under these conditions (Rosenzweig and
Tubiello, 2007). Climate change will affect each region
differently, and its impacts will be observed gradually.
Understanding the potential effects of changes in
agriculture, pests and diseases on plants is an important
issue. Several analyses on the effects of climate change
on agriculture have been conducted at the regional and
global level. In these studies, emphasis has been placed
on agricultural production (Rosenzweig et al., 2001;
IPCC, 2007; Schlenker and Roberts, 2008; Schlenker
and Roberts, 2009). Although, plant diseases play an
important role in agriculture (Agrios, 2005), a limited
amount of information on the potential impacts of climate
change on plant diseases is available (Table 1). The risk
of production losses due by diseases is likely to increase
due to climate change; however, production losses are
rarely considered in climate assessments (Reilly et al.,
2001; Anderson et al., 2004). Thus, the objective of this
review was to integrate advances in potential responses
of plant diseases to climate change and to express the
need for research in this area. Taking into account the
work done, this review addresses the impact of climate
change on plant diseases, considering the effect on crop
grown, development and the impact on crop production,
for this purpose laboratory and field researches as well
modeling studies were reviewed. And, with this



information expose the research needs in this area.

EFFECT OF CLIMATE CHANGE ON CROPS

The environment may affect the availability, growth stage,
succulence, and genetic susceptibility to diseases of
plants (Agrios, 2005). Therefore, agricultural production is
extremely susceptible to climate change. According to the
IPCC (2007), climate change will reduce yields in the XXI
century. However, the effects of climate change will be
highly variable and dependent on the region. Climate
change will affect temperature, precipitation, CO, levels
and frequency of extreme weather events, so these will
have a significant effect on agricultural production and
the temporal and spatial distribution of pests and
diseases (Nicholls, 1997; Peng et al., 2004; Rosenzweig
and Tubiello, 2007; Ghini et al., 2008).

Yields will increase due to a sharp rise in the
concentration of CO,, and productivity will be limited by
other nutrients or climatic events such as drought or
floods (Amthor, 2001; Fuhrer, 2003; Long et al., 2005;
Gregory et al., 2005; Stern, 2007). According to the IPCC
(2007), crop productivity at mid to high latitudes (areas
from 35° to 90°) will increase slightly as the average
temperature increases by 1 to 3°C, depending on the
crop type. Alternatively at lower latitudes, especially
seasonally dry and tropical regions, crop productivity is
projected to decrease for even small local temperature
increases (1-2°C), because increases in the frequency of
droughts and floods will affect local crop production
negatively, which would increase risk of hunger (IPCC,
2007).

Temperature on crop growth, development and
impact on yield

Temperature influences crop growth and development
through its impact on enzyme and membrane controlled
processes. Carbon acquisition by photosynthesis typically
has a temperature optimum close to the normal growth
temperature for a given crop, while the carbon loss via
respiration increases with temperature (Lambers et al.,
1998). Therefore, crop growth will be indirectly controlled
by temperature due to the balance between
photosynthesis and respiration rates. Temperature also
serves as a controlling factor for developmental
processes, and the accumulation of low or high
temperatures often serves as cues for flowering and fruit
maturation stages (Atkinson and Porter, 1996). Because
of the importance of temperature an increment could lead
to longer growing seasons (this means a major quantity
of accumulated heat or degree days in the period, but a
minor chill hour), reduction of cycles of crops (so the rate
of heat will be faster), efficiency of photosynthesis
(negative or positive). Temperature changes also vary
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both regionally and seasonally. In this sense, Schlenker
and Roberts (2009) studied the nonlinear temperature
effects in USA under climate change in: corn, soybean
and cotton, and find that yields increase with temperature
up to 29°C for corn, 30°C for soybeans, and 32°C for
cotton but that temperatures above these thresholds are
very harmful resulting in an reduction on yields. The
relationship between temperatures and crop yields was
used to derive the effects of changes in average weather
on crop yields. They found important impacts under
climate change for corn, soybeans, and cotton imply a
79, 71, and 60% reductions in yields, respectively, under
the rapid warming scenario and a 44, 33, and 25% under
the slower warming scenatrio.

CLIMATE CHANGE EFFECTS ON PLANT DISEASES

The climate influences the incidence as well as temporal
and spatial distribution of plant diseases. The main
factors that control growth and development of diseases
are temperature, light and water; similarly these factors
affect type and condition of host crop (Rosenzweig et al.,
2001; Agrios, 2005). The environment may affect plant
pathogen, therefore, survival, vigor, rate of multiplication,
sporulation, direction, distance of dispersal of inoculums
, rate of spore germination and penetration can be
affected (Su, et al., 2004; De Wolf and Isard, 2007; Kang
et al., 2010). Plant diseases develop under a well-
defined, optimal range of climatic variables (such as
temperature, rain, relative humidity, etc); however, the
occurrence and severity of a disease in an individual
plant is defined by the deviation of each climatic variable
within the optimal range for disease development (Figure
1), thus climate affects all life stages of the pathogen and
host (Agrios, 2005).

In general, high moisture and temperature must be
favorable and act together in the initiation, development
of plant diseases, as well as germination and proliferation
of fungal spores of the vast majority of pathogens
(Agrios, 2005). Moreover, powdery mildew conidia are
anomalous in their ability to germinate in low moisture.
Some do so even at 0 % relative humidity (RH)
(Yarwood, 1978) that is conias of Erisiphe cichoracearun
germinate from 7 to 32°C with a RH of 60 to 80% (Khan
and Khan, 1992); spores of Erysiphe necator germinate
at temperatures from 6 to 23°C with a RH from 33 to 90
% (Bendek et al., 2007). Due to the large variation in the
response of plant pathogens to climate change, the
incidence of pathogens must be characterized as a
function of the temperature and humidity.

The climate is becoming increasingly extreme and
unpredictable (Paul et al., 2009), and climate change is
affecting plants in natural and agricultural ecosystems
(Stern, 2007). Climate change also disrupts and alters
the distribution of pests and diseases, which poses a
threat to agriculture (Rosenzweig et al., 2000; Scherm et
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Figure 1. Germination responses shape from conidia of Erysiphe cichoracearum as function
of temperature. Three areas are identified: area of greatest abundance near of range
optimum, survive area or zone of physiological stress, and zone of intolerance where the

specie is absent.

al., 2000; IPCC, 2001, Paul et al., 2009).

Changes in rainfall patterns and temperature can
induce severe epidemics in plants because some types
of pathogens will tend to favour others (Coakley et al.,
1999; Chakraborty, 2005; Rosenzweig and Tubiello,
2007). Moreover if these changes cause unfavorable
condition for pathogens diseases could be reduced or not
present. Severity will depend on the characteristics of
each pathogen and its development as a function of
environmental factors as well as the magnitude of
changes in temperature and wetness in agro-ecological
areas. The range of many pathogens is limited by climatic
requirements for infection and development. Studies in
this order have been carried out and in many cases have
been predicted to lead to geographic expansion
(Chakraborty et al., 2002; Baker et al., 2000; Boshoff et
al., 2002; Olwoch et al., 2003; Anderson et al., 2004;
Bergot et al., 2004; Van standen et al., 2004; Salinari et
al., 2006; Evans et al., 2007). When the host is present,
pathogens with short life cycles, high reproduction rates
and effective dispersion mechanisms respond quickly to
climate change, resulting in faster adaptation to climatic
conditions (Coakley et al., 1999). Nevertheless, little
research on the effects of climate change on plant
diseases has been conducted in the XXI century (Garrett
et al., 2006). Thus, future research should focus on the
generation of relevant information to determine how pa-
thogens will respond to climate change. For this purpose
it is necessary considering major disease of the main
crops.

Harvell et al. (2002) demonstrated that warm winters

with high night temperatures facilitate the survival of
pathogens, accelerate life cycles of vectors and fungi,
and increase sporulation and aerial fungal infection.
Moreover, the results of the aforementioned study
suggested that the number of pathogens moving
northward will increase as increasing temperature makes
that previously inclement areas are more conducive.
Climate change will modify host physiology and
resistance, and alter the stages and rates of the
development of pathogens; examples of these are:
soybean studies carried out by Eastburn (2010) found
that elevated CO, and O; induced changes in the
soybean canopy density and leaf age; On Arabidopsis
Lake and Wade (2009) identified more stomata on
resistant varieties and fewer on susceptible varieties and
resistant varieties become more susceptible to powdery
mildew; Plessl et al. (2007) recognized no effect on
potato growth or canopy structure, so increased levels of
b-1-3 glucanases; Kobayashi et al. (2006) found that on
rice increased number of tillers per plant under elevated
CO,. The most likely effect of climate change in
poleward shift of agroclimates zones, this causing a shift
in the geographical distribution of host pathogens (Mina
and Sinha, 2008). Therefore, new diseases may become
prevalent in northern areas, causing considerable losses
in agricultural production (Kocmankova et al., 2009). New
disease complexes may arise, and some diseases may
cease to be economically important. But, pathogens will
follow migrating hosts and infect vegetation in natural
plant communities not previously exposed to the often
more aggressive strains from agricultural crops (Mina and
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Evans et al. (2007) conducted a study in the UK to
assess the effects of climate change on Phoma on
oilseed rape (Leptosphaeria maculans). In the afore-
mentioned study, a model of the prognosis of the disease
was used in combination with a climate change model
predicting UK temperature and rainfall under CO,
emission scenarios for the 2020 and 2050s. It was also
found that epidemics will not only increase in severity but
also spread northwards by 2020s. According to the
author, such predictions can be used to guide policy and
practice in adapting to the effects of climate change on
food security and wildlife. And suggests that these results
demonstrate how predicted global warming can increase
risk of the range and severity of plant diseases of
worldwide importance so conclude that is necessary to
develop models to predict the effects of climate change
on others plant diseases especially in delicately balanced
agricultural or natural ecosystems.

Salinari et al. (2006) used two climate change models
to simulate future scenarios of downy mildew on
grapevine (Plasmopara viticola). In this study a empirical
model predicted an increase of the disease pressure in
each decade and more severe epidemics were direct
consequence of more favorable air temperatures and
rainfall reduction conditions during the months of May
and June. Authors argue, that simulation analysis sug-
gests that the impact of increased temperatures on
enhancing disease pressure exceeded the limiting effect
of reduced rainfall, and from a biological point of view,
this result can be explained by considering that
temperature and wetness act together on the pathogen.
Thus the production of grapes in northwestern Italy would
decrease. And conclude that as adaptation response to
future climate change, more attention would have to be
paid in the management of early downy mildew
infections.

Van Standen et al. (2004) conducted a climate
modeling study to predict habitat distribution in South
Africa due to pathogenic fungi Sphaeropsis sapinea and
Cryphonectria cubensis, under conditions of climate
change. Results indicated that climate change will alter
the distribution of the evaluated pathogens. High-risk
areas identified for Sphaeropsis dieback coincide with the
summer rainfall hail belt. A much smaller area of South
Africa is predicted to be more suitable for the occurrence
of C. cubensis than for S. sapinea, but a range shift
westward in suitable habitat for C. cubensis is predicted
under a climate change scenario. The author concludes
that these preliminary results, and further refinement of
the model, will lay a valuable foundation for future risk
assessment and strategic management planning in the
South African forestry industry.

Chakraborty et al. (2002) studied anthracnose
(Colletotrichum.  gloeosporioides) and a  host
(Stylosanthes scabra ) model under the effects of climate
change and demonstrated that favorable areas for the
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host will be modified. This is partly due to lower annual
rainfall in inland areas under this climate scenario and to
increasing temperatures. However, their results
suggested that the pathogen would likely migrate to
areas where the host is established. Moreover, a
modeling study on wheat rust under the effects of climate
change was published by Chakraborty et al. (2002), who
used a dynamic simulation model to evaluate wheat
stripe rust epidemics under climate change. Result show
that although the response was not consistent among
cultivars of wheat, a location effect was very noticeable in
that in some areas diseased leaf area decreased for
future climates, occasionally there was slightly less
disease in 2030, but with higher levels of disease in
2070. Thus incidence of disease decreased in some
areas of Australia; this may be explained by the
sensitivity of pathogens to heat and atmospheric moisture
and how the distribution shift under climate change.
Furthermore the vyield loss is brought about by the
interaction between the change in climate, the phenology
of the cultivar and the impact of disease; however, as a
result of climate change the potential yield of wheat and
the timing of phenology events will change irrespective of
the presence of disease.

In the study of Kocmankaova et al. (2007) a model was
developed allowing the risk assessment of early
outbreaks or increases in the intensity of Potato late
blight (Phytophthora infestans) under the climate change
in central Europe. Under all climate change scenarios a
marked change was noted in the infestation pressure of
evaluated disease and in the higher number of favorable
days for Potato late blight outbreak. The results show the
shift of the infestation pressure to the beginning of the
year and describe an increasing trend of critical number
reaching to the detection of the first P. infestans
occurrence for 2025 and 2050.

Effect of increased CO, concentrations on pathogens

The concentration of CO, in the atmosphere reached 379
ppm in 2005, which exceeds the natural range of values
of the past 650,000 years (IPCC, 2007). An increase in
CO, levels may encourage the production of plant
biomass; however, productivity is regulated by water and
nutrients availability, competition against weeds and
damage by pests and diseases (Table 2). 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 (Burdon, 1987; Agrios, 2005; Lambers et al.,
2008). In general, increased plant density will tend to
increase leaf surface wetness duration and regulate
temperature, and so make infection by foliar pathogens
more likely (Huber and Gillespie, 1992; Dalla Marta et al.
2005; Dalla Pria et al., 2006). However, how abiotic
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Table 2. Effect of increased CO, concentrations on pathogens.

Author Study Effect

. The effect of elevated concentrations of CO; on the The percentage of conidia that progressed
Hibberd et al. . : . o ; /
(1996) infection of barley by Erysiphe graminis was to produce colonies was lower in plants

Tiedemann and
Firstching (2000).

Jwa and Walling
(2001).

Chakraborty et al.
(2002).

Karnosky et al.
(2002).

Pangga et al.
(2004).

Kobayashi et al.
(2006).

Eastburn et al.
(2010).

Strengbom and
Reich (2006).

Matros et al.
(2006).

Lake and Wade
(2009).

Runion et al.
(2010).

determined.

Interactive effects of elevated CO, and O3 levels on
wheat leaves infected with leaf rust fungus Puccinia
triticina were described.

The effects of elevated CO, concentrations on the
development of Phytophthora parasitica (root rot) in
tomato were evaluated.

The germination rates of conidia of C. gloeosporioides
were determined.

Elevated CO; and tropospheric O3 concentrations were
related to infection by rust (Melampsora medusae f. sp
tremuloidae) in aspen (Populus tremuloides Michx.)

The relative importance of canopy size and induced
resistance to Colletotrichum gloeosporioides was
examined at atmospheric CO, concentrations of 350
and 700 ppm. Susceptible Stylosanthes scabra
(Fitzroy) were evaluated in a controlled environment
facility (CEF) and the field.

Pyricularia oryzae Cavara and Rhizoctonia solani Kiihn
were evaluated.

The effects of carbon dioxide (CO,) and ozone (Os) on
three soybean diseases (downy mildew, Septoria and
sudden death syndrome) were determined in the field.

The incidence of leaf spot on mature leaves of Solidago
rigida was assessed. The incidence of disease was
reduced by half under ECO2 concentrations.

The response of tobacco to potato virus Y was
evaluated.

Interactions between Erysiphe cichoracearum and
Arabidopsis thaliana under elevated levels of CO, were
assessed.

The effects of elevated atmospheric CO,
concentrations on two southern forest diseases
(Cronartium quercuum and Fusarium circinatum) were
assessed.

grown in 700 than in 350ppm CO,.

Elevated CO2 increased the photosynthetic
rates of the diseased plants by 20 and 42%
at the ambient and elevated ozone
concentrations, respectively.

The extra CO, completely counterbalanced
the negative effect of the pathogenic
infection on overall plant productivity.

spore germination was reduced and
extended incubation period was at 700 ppm,
and Anthracnose severity was reduced.

Three- to five-fold increases in levels of rust
infection index were found.

Up to twice as many lesions per plant were
produced in the high CO; plants, because
the enlarged canopy trapped many more
pathogen spores.

Rice plants grown in an elevated CO;
concentration were more susceptible to leaf
blast than those in ambient CO»,

Changes in atmospheric composition
altered disease expression. Elevated CO-
reduced downy mildew disease severity. But
increased brown spot severity and without
effect in sudden death syndrome.

Disease incidence was lower in plots with
either elevated [CO,] or enriched N (-57 and
-37%, respectively) than in plots with
ambient conditions.

The titre of viral coat-protein was markedly
reduced in leaves under these conditions at
both nitrogen levels. The accumulation of
phenylpropanoids, may result in an earlier
confinement of the virus at high CO2.

The number of established colonies
(networks of mycelia) on mature leaves
increased significantly

In general, disease incidence was
decreased by exposure to elevated CO2,
and increased the latent period (time to
sporulation) for fusiform rust on red oak
seedlings.
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The effects of elevated levels of CO, and temperature on
the Incidence of four major chili pepper diseases
(Anthracnose (Colletotrichum acutatum), Phytophthora
blight (Phytophthora capsici)) and two bacterial diseases
(bacterial wilt (Ralstonia solanacearum) and bacterial

Shin and Yun
(2010)

Elevated CO2 and temperature significantly
increased the incidence of two bacterial
diseases. Anthracnose decreased and
Phytophthora blight slightly increased.

spot (Xanthomonas campestris pv. vesicatoria)) were

determined.

McElrone et al.

(2010) trees

Effect of elevated CO2 and interannual climatic variability When significant changes did occur, disease
affect Cercospora leaf spot diseases of two deciduous

incidence and severity always increased
under elevated CO..

stress factors interact to affect plants will be a key to
understanding climate change effects on plants (Mittler,
2006; Niinemets and Valladares, 2008); By the contrast
low concentration of carbohydrates, in the host tissue
also promotes development of diseases, this because the
susceptibly of plants increase by stress (caused by
climate or fertilization).

Experimental research on the effects of high
atmospheric CO, concentrations on plant—pathogen
interactions has received little attention, and conflicting
results have been published. Elevated levels of CO, can
directly affect the growth of pathogens. For example,
according to Chakraborty et al. (2002), the growth of the
germ tube, appressorium and conidium of C.
gloeosporioides fungi is slower at high concentrations of
CO; (700 ppm). Germination rates of conidia on leaves
were lower at CO, concentrations of 700 ppm than those
observed at 350 ppm. However, once the pathogen
infects the plant, the fungus quickly develops and
achieves sporulation. In contrast, the rate of germination
sporulation was greater at high concentrations of CO,
(700 ppm). In another study Hibberd et al. (1996)
evaluated powdery mildew in barley, and found that an
acclimation of photosynthesis at elevated CO, and an
infection-induced reduction in net photosynthesis caused
larger reductions in plant growth at elevated CO,; also,
the percentage of conidia that progressed to produce
colonies was lower in plants grown in high CO, (700 ppm)
than in low CO, (350 ppm) and lower percentage of
conidia producing hyphae in 700 ppm CO,, it was due to
a higher proportion of the spores being arrested at the
appressorial stage. Elevated ozone can have a similar
effects (Plazek et al., 2001; Plessl et al., 2005) such as a
3 to 5-fold increase in rust infection on poplar, however
this response is reduced by elevated CO, (Karnosky et
al., 2002). Tiedemann and Firsching (2000) analyzed the
direct effects of elevated ozone and carbon dioxide on

spring wheat infected with Puccinia recondita f. sp. tritici.
Crop yield and growth were measured for plants exposed
to two levels each of carbon dioxide and ozone and either
inoculated with rust or left uninoculated. Results showed
that ozone damage to leaves is largely dependent on
both carbon dioxide concentrations as well as disease.
Additionally, elevated carbon dioxide levels appeared to
reduce and delay leaf damage caused by ozone
(Tiedemann and Firsching, 2000).

As suggested by Chakraborty (2005) a lack of
knowledge for model host-pathogen interactions that
must be met through a baseline of empirical studies.
Models can then be used to extrapolate, predict and
validate potential impacts. Some authors suggest that
elevated CO, concentrations and climate change may
accelerate plant pathogen evolution, which can affect
virulence. Researches in this direction have been carried
out. In this regard, Mulherin et al. (2000), evaluated the
response of tobacco (Xanthi-nc NN) grown under
elevated CO, to inoculation with tobacco mosaic virus
(TMV) in two concentration of CO, (360 and 720 ppm);
they found that plants grown at 720 ppm CO, produced
fewer TMV lesions per leaf versus plants grown at 360
ppm CO, However, the mean lesion area at 720 ppm
CO, was larger versus plants grown at 360 ppm CO.,.
Acording to the authors this indicates that elevated CO,
alters endogenous foliar salicylic acid levels and affects
plant response to TMV inoculation, and conclude that
elevated CO, will affect plant-pathogen interactions.
Moreover, Mcelrone et al. (2005) assessed how elevated
CO. affects a foliar fungal pathogen, Phyllosticta minima,
of Acer rubrum growing in the understory at the Duke
Forest free-air CO, enrichment experiment in Durham,
North Carolina. A. rubrum saplings in the 6th, 7th, and
8th years of the CO, exposure revealed that elevated
CO; significantly reduced disease incidence, with 22, 27,
and 8% fewer saplings and 14, 4, and 5% fewer leaves
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infected per plant in the three consecutive years,
respectively. Mcelrone et al. (2005) concludes that the
potential dual mechanism of reduced stomata opening
and altered leaf chemistry that results in reduced disease
incidence and severity under elevated CO, may be
prevalent in many plant pathosystems where the
pathogen targets the stomata.

According to Lake and Wade (2009) elevated carbon
dioxide concentrations and climate change may
accelerate plant pathogen evolution, which can affect
virulence. Authors suggest that plant—pathogen
interactions under increasing CO, concentrations have
the potential to disrupt both agricultural and natural
systems severely, yet the lack of experimental data and
the subsequent ability to predict future outcomes
constitutes a fundamental knowledge gap. Furthermore,
nothing is known about the mechanistic bases of
increasing pathogen aggressiveness. Lake and Wade
(2009) studied the case Erysiphe cichoracearum in the
interaction of Arabidopsis thaliana L. Stomatal and found
that density, guard cell length, and trichome numbers on
leaves developing post-infection are increased under
elevated CO; in direct contrast to non-infected
responses. Considering this conclude that many plant
pathogens utilize epidermal features for successful
infection, these responses provide a positive feedback
mechanism facilitating an enhanced susceptibility of
newly developed leaves to further pathogen attack.

Eastburn et al. (2010) evaluated the effects of elevated
CO; and O3 on three soybean diseases: downy mildew
(Peronospora manshurica), Septoria (Septoria glycines)
and sudden death syndrome (Fusarium virguliforme).
Their results suggested that changes in the composition
of the atmosphere altered the expression of the disease,
and plant responses to the diseases varied considerably.
For instance, the severity of downy mildew damage was
significantly reduced at high levels of CO,. In contrast,
high levels of CO,, alone or in combination with high
concentrations of O, increased the severity of Septoria
glycines. Alternatively the concentration of CO, and Os
did not have an effect on sudden death syndrome. The
authors concluded that high levels of CO, and O3 induced
changes in the soybean canopy density and leaf age,
likely contributed to disease expression modification.
Thus, the increase in both CO, and O will alter disease
expression for import fungal pathogens of soybean.

Kobayashi et al. (2006) evaluated the effects of eleva-
ted CO, concentrations on the interactions between rice,
Pyricularia oryzae Cavara and Rhizoctonia solani Kiihn,
and found that rice plants were more susceptible to
injury. Thus, the authors concluded that rice cultivated at
sites with high concentrations of CO, may have an
increased risk of infection by the aforementioned patho-
gens. The production of photosynthates by the host
increases at high concentrations of CO,, and if the infec-
tion is present, provides the pathogen a better substrate
for growth and increases spore production (Runion,

2003). But, other elements affect pathosystems, so this
statement could not be generalized. Therefore evalua-
tions are necessary to increase the knowledge in this
area.

The effects of an increase in temperature and
ultraviolet radiation on pathogens

Due to changes in temperature and precipitation regimes,
climate change may alter the growth stage, development
rate and pathogenicity of infectious agents, and the
physiology and resistance of the host plant (Charkraborty
et al., 1998; Charkraborty and Datta, 2003). A change in
temperature could directly affect the spread of infectious
disease and survival between seasons. Ultraviolet
radiation plays an important role in natural regulation of
diseases. Evidence suggests that sunlight affects
pathogens due to the accumulation of phytoalexins or
protective pigments in host tissue. A change in
temperature may favor the development of different
inactive pathogens, which could induce an epidemic.
Increase in temperatures with sufficient soil moisture may
increase  evapotranspiration  resulting in  humid
microclimate in crop and may lead to incidence of
diseases favored under these conditions (Mina and
Sinha, 2008).

Temperature is one of the most important factors
affecting the occurrence of bacterial diseases such as
Ralstonia solanacearum, Acidovorax avenae and
Burkholderia glumea. Thus, bacteria could proliferate in
areas where temperature-dependent diseases have not
been previously observed (Kudela, 2009). As the
temperature increases, the duration of winter and the rate
of growth and reproduction of pathogens may be
modified (Ladanyi and Horvath, 2010). Similarly, the
incidence of vector-borne diseases will be altered.
Climate can substantially influence the development and
distribution of vectors. Changes may result in
geographical distribution, increased overwintering,
changes in population growth rates, increases in the
number of generations, extension of the development
season, changes in crop-pest synchrony of phenology,
changes in interspecific interactions and increased risk of
invasion by migrant pests (Porter et al., 1991; Kamata et
al., 2002; Newman et al., 2003; Newman, 2004; Fabre et
al., 2005; Mondor et al., 2005; Memmott et al., 2007;
Parmesan, 2007). Because of the short life cycles of
insects, mobility, reproductive potential, and physiological
sensitivity to temperature, even modest climate change
will have rapid impacts on the distribution and abundance
of vectors. Thus, increase in temperature may be result in
high rate of development of insect, obtaining a greater
number of insect generations per cycle. Furthermore
increase in temperature could determine the distribution
of areas favorable for overwintering (Garrett et al., 2006),
or even more lethal zones where the insect cannot



survive.

Temperature in nematodes is important. So thermal
constant is the amount of heat or total effective
temperature that each specie requires to complete its life
cycle. Considering this, studies has been carried out
using thermal constant with the aimed to assess the
potential impact of climate change on the spatial
distribution of coffee nematodes. In these sense, Ghini et
al. (2008) study the spatial distribution under effect of
climate change. The species included were -coffee
nematodes (races of Meloidogyne incognita) and leaf
miner (Leucoptera coffeella), they estimated the number
of generations for the climatological normal from 1961 to
1990 and future climates (2020, 2050, and 2080) in
scenarios A2 and B2. And conclude that the infestation of
Meloidogyne incognita races 1, 2 and 4, and Leucoptera
coffeella on coffee under the future scenarios will
increase when compared with the climatological normal
from 1961-1990. The number of generations of
nematodes and coffee leaf miner will increase in both
scenarios (A2 and B2), but for B2, it will be lower than in
the A2 scenario.

RESEARCH NEEDS

Research on the effects of climate change on plants and
Research on the effects of climate change on plants and
pathogens have been conducted; however, more
research is still needed in the following areas:

() The effect of climate change on crop production and
disease. Given the variable responses of pathosystems
to altered atmospheric composition studied to date
(Manning and Tiedemann, 1995; Chakraborty et al.,
2000, 2008; Garrett et al., 2006; Kobayashi et al., 2006),
more work is needed to quantify changes in host—
pathogen interactions particularly for important crop
species under natural conditions.

(i) The effectiveness of disease management strategies.
Assessing current management strategies and proposing
alternatives for the next decades will prepare us for the
challenge of climate change. This will allow our mitigation
measures to be more efficient and adaptable to change.
(iii) The risk of disease must be analyzed to determine
the geographical distribution and modification of diseases
due to climate change.

(iv) Plant diseases and crops must be modeled.
Mathematical models can be used to perform quantitative
analysis of the phytosanitary problems. They provide a
very powerful tool to understand and represent
interactions among weather, crop and disease variables
(Allman and Rhodes, 2004). Mathematical models can
help to assess the probability of introduction,
reproduction and dispersion of diseases, and the
magnitude of their effects on crops yield and quality in
current scenarios and under climate change.
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(v) Factors limiting the survival of pathogens should be
characterized (e.g., temperature, humidity, CO2, O3 and
radiation).

The present review indicates that a considerable amount
of research has been carried out; however, more detailed
work is required. Each region or country has different
needs, and different strategies must be developed to
facilitate progress.

CONCLUSION

In this review, an overview on the current research on
climate change is presented. Climate change is an
important  phenomenon that affects agricultural
production. By anticipating the future, we can prepare
ourselves for problems caused by climate change,
especially those related to agricultural activities, which
generate the greatest amount of food consumed by
humans. For several centuries, pests and plant diseases
have played an important role in agricultural production.
Because global warming may modify areas affected by
pests and diseases, studies must be performed to assess
pest and disease stages under the effects of climate
change, determine the magnitude of disease and identify
measures to minimize the risk of infection.

Exposure to altered atmospheric conditions can modify
fungal disease expression. Studies had shown that
exposure at elevated CO, increases disease incidence or
severity in some cases (Shin and Yun, 2010; McElrone,
2010; Eastburn et al., 2010; Kobayashi et al., 2006;
Mitchell et al., 2003; Thompson and Drake, 1994) but in
other cases decreased (Hibberd et al., 1996; Mulherin et
al., 2000; Jwa and Walling, 2001; Chakraborty et al.,
2002; Pangga et al., 2004; McElrone et al., 2005;
Eastburn et al., 2010;). These highlight how the host—
pathogen interactions make it difficult to devise general
principles that govern changes across fungal
pathosystems. So increase or decrease disease will be in
function of the host and pathogen. Hence the importance
of conducting studies on main crops and major disease
for each region.

Temperature is one of the main factors in conjunction
with the rain to determine the incidence and severity of
disease, but the effect could be positive and negative.
This requires us to anticipate what might happen in the
future. Considering this, climate change may affect the
actual, spatial and temporal distribution of diseases;
however, the magnitude of these effects remains unclear.
Because the security of food could be at risk due to a
change in the incidence of diseases, more research must
be conducted. Disease risk analyses based on host-
pathogen interactions should be performed, and research
on host response and adaptation should be conducted to
understand how an imminent change in the climate could
affect plant diseases.
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