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Editorial
Rice production currently plays an essential role in feeding the

world’s population and will continue to be in the future, because rice is
the most important global staple food in many countries. The
production of rice, along with other agricultural crops, will be
impacted by climate change. There is still great uncertainty about how
climatic and atmospheric changes will affect the future productivity of
food crops [1]. Major future impacts of climate change are expected on
food security and agricultural incomes, including shifts in production
areas across the world [2].

In addition to affecting rice production, climate change may alter
pathogen dissemination and development rates, and modify the
resistance, growth and metabolism of host plants. The geographical
distributions of pathogens are very likely to change, and losses can be
expected, in part due to altered effectiveness of control strategies [3].
Thus climate change is a serious threat to agriculture because it can
lead to significant changes in the occurrence and severity of plant
diseases [4].

Agricultural zones and the geographical distribution of diseases,
pests and weeds are projected to change in future climate scenarios,
and as a consequence, crop growing areas and seasons are expected to
change. Consequently, plant health problems are anticipated to take on
greater importance.

Due to their large populations, the ease with which they multiply
and become disseminated, and their short generation times, pathogens
will likely be among the first organisms to exhibit the effects of climate
change [5]. However, the effects of plant diseases differ depending on
the pathogen, the host, and environmental conditions and the results
of studies of the effects of plant disease have often varied due to the
different methodologies used, as well.

Rice is the host of Magnaporthe oryzae (Barr) [anamorph
Pyricularia oryzae (Cav.)], which is one of the most destructive and
widespread pathogens in all regions of the world where rice is grown,
including Brazil. Rice blast disease results from the interaction between
a virulent isolate of this pathogen, and a susceptible genotype in the
presence of favorable ambient conditions. Predictions on how changes
in climate will affect plant health at various spatio-temporal scales are
based on extrapolation from expert knowledge, experimental studies,
and computer models [6]. However, quantitative analysis of effects of
climate change on pathogens is lacking in both field and laboratory
studies, or as well as in modeling-based assessments [7].

Luo et al. [8] used models to study the effects of temperature and
UV-B on rice blast disease and predicted an increase in rice blast
severity in several zones of Asia. These investigators showed that
changes in precipitation did not affect epidemics and had little effect

on the leaf wetness period in their model. In cold subtropical areas, an
increase in temperature was found to cause an increase in the severity
of disease and in the area under the disease progress curve. These
results may be attributable to an increased risk of infection at elevated
temperatures. In contrast, in the humid tropics and in warm, humid
subtropical regions, such as southern China, the Philippines and
Thailand, low temperatures increased the risk of blast epidemics
because current temperatures in these regions are higher than
temperatures that are favorable for the occurrence of the disease. In
another analysis of the same field project, Luo et al. (1998) reported
that an increase in UV-B radiation significantly enhanced the
occurrence of the disease. In contrast, Finckh et al. [9] found no
change in the incidence of rice blast with increased UV-B exposure.

Over 30 years, maximum and minimum temperatures were
recorded in three upland rice producing of Brazil, that have negligible
(Cuiabá), moderate (Goiânia), and high (Brasília) levels of blast [10].
The measurements were made when the plants were in the stages of
panicle emission and maturation and were therefore susceptible to
infection. At all locations, there was no major differences in
precipitation, but the maximum and minimum temperatures increased
each month, and this increase favored higher levels of blast disease. In
Brasilia, lower maximum (26.6°C to 27.1 °C) and minimum (16.8°C to
17.5°C) temperatures were observed as compared with Cuiabá, as well
as higher levels of disease incidence. In Cuiabá, the maximum (32.6°C
to 32.9°C) and minimum (22.0°C to 23.2°C) temperatures were
unfavorable to the disease. This study thus projects that by 2080 the
incidence of blast disease will be lower due to the predicted increase in
minimum temperatures, which will present values between 22°C and
24°C. Moreover, because the maximum and minimum temperatures
will both increase, the severity and incidence of rice blast are expected
to fall in these regions in Brazil. However, in contrast, if the
temperature increases in cool, temperate climates, those regions may
become more susceptible to rice disease. More detailed modeling
studies and climate monitoring that take into consideration other
factors that affect the disease, would be beneficial.

The impacts of elevated atmospheric CO2 concentrations on the
development of rice diseases are not well understood. Ainsworth [11]
conducted a meta-analysis to synthesize rice responses to rising
atmospheric CO2 and O3 concentrations. On average, high CO2
concentrations will increase rice yields, but elevated temperatures and
increased O3 concentrations will dampen these effects. High
concentrations of CO2 are expected to increase blast spread [12-14].

Simulation or modeling studies that attempt to predict the impact
of climate change on rice blast disease are scarce. For this reason,
assumptions are made based on the epidemiology of the disease at
specific temperature, humidity and CO2 values. The advantage of this
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method is that the complete cycle of a disease can be considered.
However, this method is also regarded as somewhat subjective [15].

All phases of the disease cycle, from the germination of spores to
the development of lesions, are considerably influenced by climatic
factors. The most important climatic factors are temperature and
precipitation or the deposition of dew. These factors may be modified
by the coming climate changes.

The life-cycle of the rice blast fungus begins when conidia produced
on lesions are disseminated and come in contact with rice leaf surfaces.
The production phase, release and dissemination phase both occurs
under highly humid conditions, 93% and 92-96% relative humidity,
respectively. Peak spore production occurs during the night when the
relative humidity is high (100%) and the temperature is approximately
22°C. Night temperatures over 30°C have been shown to coincide with
less spore liberation [16]. Consequently, climate change may reduce
disease severity in this regard.

To penetrate a leaf to initiate infection, the fungus must overcomes
the cuticle barrier, which is a hydrophobic layer covering the
epidermis. Soon after the attachment of a spore to the leaf surface,
mucilage stored in the spore is liberated. This occurs in wet
environmental conditions. This helps the fungus to adhere to the leaf,
and this adherence permits conidial germination. A lack of humidity
in the form of rain drops can also reduce disease severity. Under these
conditions, conidial adherence and penetration are restricted.

The germination of conidia and the onset of infection are highly
dependent on water, and starts with the small tube germination after
30 to 90 minutes of contact with water. Appressorium formation
occurs on average at 24°C, but it is uncommon for the appressorium to
form at temperatures higher than 28°C. Fungal penetration requires a
minimum of 6-8 hours of wetness and occurs at an optimal
temperature of 25°C. Sporulation then begins on wounds when the
relative humidity is at least 93%. However, when the night temperature
exceeds 20°C, infection is absent. Higher temperatures that are
predicted to occur with climate change may thus reduce disease
incidence.

Rapid growth of lesions is favored by alternating temperatures of
25/32°C and 20/32°C. The development of lesions occurs 72 hours after
inoculation, and the lesions then grow in size and number. After 144
hours of high humidity, the lesions begin to produce spores in
abundance, the spores are released and dispersed by the wind, and
provide the inoculum for a new cycle of infection [10]. The ideal
temperature for sporulation ranges from 25°C to 28°C, while the
optimal relative humidity is between 89% and 93%. Mild temperatures
(16 to 24°C) maintain the sporulation capacity of lesions.

Rainfall washes the newly generated spores from the plant, thereby
reducing the available amount of inoculum, and on rainy days, spores
spread over smaller area [10]. However, the failure of released spores to
act as inoculum in the next cycle does not appear to increase in
incidence of disease.

Strategies for adapting to climate change must be developed to limit
the development of economic and social problems. Disease-resistant-

and stress-tolerant rice varieties, for example, can be grown to prevent
reduced crop productivity associated with diseases, and with heat and
drought stress. Breeding new rice cultivars adapted to the new climate
demands is necessary. Vulnerability mapping, early warning systems
and coordination across sectors can prevent losses, and join efforts
among investigators from a variety of fields will enable the
development of successful and sustainable adaptation strategies.
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