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Abstract
Climate change is one of the most factors that affect the crop productivity. The most climatic factor that
affects the final yield of crops is temperature, precipitation, relative humidity, solar radiation and air
pollution. Increase in temperature may lead to higher respiration rates, shorter periods of seed formation
and, consequently, lower biomass production. Also higher temperatures may result in a shorter and
insufficient development period; therefore, it may lead to smaller and lighter grains, lower crop yields and
perhaps lower grain quality. Dry periods can badly affect plant growth but the amount of damage depends
on the ability of the plant to expand its root system and how much water the soil can hold onto. High
humidity, frost and hail may also damage certain crops. Excessively wet years, on the other hand, may
cause crop yield reduction due to water logging. Air pollutants such as nitrogen oxides, carbon monoxide,
and methane, react with hydroxyl radicals in the presence of sunlight to form tropospheric O3, which
causes oxidative damage to photosynthetic parts in all major crops.
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1. Introduction
Climate Change is a serious global environmental concern. It is primarily caused by the building
up of Green House Gases (GHG) in the atmosphere. Increasing evidences over the past few
decades are indicating that significant changes in climate are taking place worldwide as a result
of enhanced human activities. Global Warming is a specific example of the broader term
“Climate Change‟ and refers to the observed increase in the average temperature of the air near
earth’s surface and oceans in recent decades. Its effect particularly on developing countries is
adverse as their capacity and resources to deal with the challenge is limited. Accumulation of
green house gases in the atmosphere has its adverse effects on agriculture (Haris et al., 2013)
[22]
. Due to climate change, the spatial and temporal distribution of rainfall is expected to vary a
lot (Oki, 2006) [45]. Rate of evaporation may change, leading to variations in water availability
and ground water recharge (Huntington, 2005) [25]. Thus, competition for water will be a major
future challenge for agriculture. Crop water requirement and the temporal and spatial changes of
this important characteristic provide key information for irrigation scheduling, water resource
planning and future decision making (Yang et al, 2013) [25]. In addition, expected changes in soil
moisture may alter the amount of water available to plant roots for transpiration (Goyal, 2004)
[19]
. Increased concentration of green house gases especially CO2 has a direct impact on crop
growth and productivity. Under elevated CO2, conditions, the stomatal conductance in most
species decreases, which may result in lower transpiration per unit leaf area (Kruijt et al., 2008)
[27]
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Spatial and temporal changes in precipitation and temperature will shift current agro-ecological
zones (Kurukulasuriya and Mendelsohn 2008) [28] and have major impacts on the viability of
both dry land subsistence (Challinor et al., 2007) [7] and irrigated crop production (Knox et al.,
2010) [26]. As climate is a primary determinant of agricultural productivity, any changes will
influence crop growth and yield, hydrologic balances, supplies of inputs and other components
of managing agricultural systems. Climate change may be a change in the mean of the various
climatic parameters such as temperature, precipitation, relative humidity and atmospheric gases
composition etc. and in properties over a longer period and a larger geographical area. It can also
be referred as any change in climate over time, whether due to natural variability or because of
human activity.
~ 55 ~

International Journal of Research in Agronomy

http://www.agronomyjournals.com

The changing patterns of climatic parameters like rise in
atmospheric temperature, changes in precipitation patterns,
excess UV radiation and higher incidence of extreme weather
events like droughts and floods are emerging major threats for
crop production in the tropical zone (Tirado et al., 2010) [54].
Many developing countries are especially sensitive to climate
change because they are located in the tropics, with temperatures
that already compromise agricultural production (Da Cunha et
al., 2015; Kurukulasuriya et al., 2006; Mendelsohn et al., 2006)
[29, 13]
, and because they have limited access to the human and
physical capital that might mitigate its effects (Di Falco, 2014)
[14]
. These challenges are often compounded by a lack of access
to new technology and to developed markets (Di Falco, 2014;
Kurukulasuriya et al., 2006) [14, 29]. Therefore the objective of
this review is to gather the information on the relationship
between climate change and crop productivity.
2. Effect of temperature on crop productivity
Rate of plant growth and development is dependent upon the
temperature surrounding the plant and each species has a
specific temperature range represented by a minimum,
maximum, and optimum. Analysis by Meehl et al. (2007)
revealed that daily minimum temperatures will increase more
rapidly than daily maximum temperatures leading to the increase
in the daily mean temperatures and a greater likelihood of
extreme events and these changes could have detrimental effects
on grain yield. If these changes in temperature are expected to
occur over the next 30 years then understanding the potential
impacts on plant growth and development will help develop
adaptation strategies to offset these impacts.
2.1 Response of crop to temperature.
Responses to temperature differ among crop species throughout
their life cycle and are primarily the Phenological responses, i.e.,
stages of plant development. For each species, a defined range
of maximum and minimum temperatures form the boundaries of
observable growth. Vegetative development (node and leaf
appearance rate) increases as temperatures rise to the species
optimum level. For most plant species, vegetative development
usually has a higher optimum temperature than for reproductive
development. Faster development of non-perennial crops results
in a shorter life cycle resulting in smaller plants, shorter
reproductive duration, and lower yield potential. Temperatures
which would be considered extreme and fall below or above
specific thresholds at critical times during development can
significantly impact productivity. Photoperiod sensitive crops,
e.g., soybean, would also interact with temperature causing a
disruption in Phenological development. In general, extreme
high temperatures during the reproductive stage will affect
pollen viability, fertilization, and grain or fruit formation
(Hatfield et al., 2014) [24].
There is emerging evidence that differences exist among rice
cultivars for flowering times during the day (Sheehy et al.,
2005). Given the negative impacts of high temperatures on
pollen viability, recent observations from Shah et al. (2011)
suggest flowering at cooler times of the day would be beneficial
to rice grown in warm environments. They proposed that
variation in flowering times during the day would be a valuable
phenotypic marker for high-temperature tolerance. As daytime
temperatures increased from 30 to 35 °C, seed set on malesterile, female fertile soybean plants decreased (Wiebbecke et
al., 2012). This confirms earlier observations on partially malesterile soybean in which complete sterility was observed when
the daytime temperatures exceeded 35 °C regardless of the night
temperatures and concluded that daytime temperatures were the

primary factor affecting pod set Caviness and Fagala (1973).
Matthews et al. (1997) [34] simulated the impact of increased
atmospheric carbon dioxide on the productivity of rice in various
parts of Asia and found that on average the yields will go down
by 4%. Though, there are areas where the yields would rise due
to the increased global temperatures (especially in regions with
cooler climate) leading to double-cropping, this would not be
sufficient to compensate for the overall loss in yields in various
parts of Asia, which grows the majority of rice in the world
(Matthews et al., 1997) [34].
2.2 Effect of extreme temperature on crop productivity
Increase in temperature may lead to higher respiration rates,
shorter periods of seed formation and, consequently, lower
biomass production. Crop growth cycles are related to
temperature and increase in temperature speeds up development.
In case of an annual crop, duration between sowing and
harvesting season decreases, hence this shortening of growth
cycle affects productivity. Also higher temperatures may result
in a shorter and insufficient development period; therefore, it
may lead to smaller and lighter grains, lower crop yields and
perhaps lower grain quality (i.e. lower protein levels). Again,
certain weeds, diseases and pests (Ziska et al. 2011) [23] benefit
from warming and growth of many microbial (usually fungal
infection) is aggravated when warmth and moisture are
available. Humidity and temperature can thus favor the growth
of fungal infection and damage crops.
Temperature affects agricultural yields through various ways.
Temperature also affects the rates of photosynthesis,
transpiration and respiration. Increase in temperature during day
increases photosynthesis (provided the temperature is
maintained near the optimal range) whereas an increase in
temperature during night raises the rate of respiration (CraftsBrandner et al., 2002) [11]. Another factor directly affected by the
fluctuation in temperature is humidity. Increase in temperature
leads to an increase in saturation vapor pressure of air. Relative
humidity has remained roughly constant in recent decades over
large spatial scales (Willett, 2007) [61] and is projected to change
minimally in the future as well. Increase in temperature to an
extreme level can directly damage plant cells.
In China, researchers reported that wheat production rates would
be reduced by 3 to 10% due to a 1 °C increase in temperature
during the growing period based on the historical data between
1970- 2000. The same study also reported that the increase in
temperature over the last two decades would have resulted in the
yields dropping by 4.5%, if not for the increased use of
resources (like irrigation, fertilizers etc.,) in growing the crops
(You et al., 2009) [65]. Experimental observations on wheat
yields between 1981–2009 across China showed a wide
variation in the productivity of wheat in different climactic
regions. They found that the wheat yields in Northern China rose
by 1–13% while a reduction of 1% to 10% was observed in
Southern China (Tao et al., 2014) [53].
Variations in temperature within a short span of time may seem
critical if it by chance interferes with the different stages of
development of crops. It was observed by Wheeler et al. (2000)
[7]
that a few more days of extreme temperature (greater than 32
0
C) at the flowering stage of many crops candrastically reduce
yield. Changes in growing conditions coupled with stress factors
thus affect the growth, development and eventual yield.
Physiological processes related to growth such as photosynthesis
and respiration respond to changing temperature always. But
rates of crop development are often affected when the changes
in temperature or the fluctuation in temperature reaches a certain
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level. In the short-term, high temperatures can affect enzyme
mediated reactions and gene expression, whereas in the longer
term, these will have their impact on carbon assimilation and
eventually on growth rates and final yield. The impact of high
temperatures on final yield can depend on the stages of crop
development. Wollenweber et al. (2003) [62] stated that the plants
experience warming periods as independent events and those
critical temperatures of 35 0C for a short-period around anthesis
had severe yield reducing effects. However, high temperatures
during the vegetative stage did not seem to have significant
effects on growth and development.
Various researchers have shown that global warming can have a
negative impact on the yields of paddy produced around the
world. Over the past century, the average global temperatures
have increased by 0.5 to 0.6 °C (Hansen et al., 2010) [21]. The
increase in temperature has resulted in increased respiration in
the plant and a subsequent increase in carbon metabolism and a
decrease in the yield of paddy (Zhao and Fitzgerald, 2013) [66].
The higher temperatures can also cause the flowers of the paddy
to become sterile, disrupting the reproduction process. Recently,
the International Food Policy Research Institute (IFPRI)
reported that climate change could reduce the paddy yield by 10
to 15%, which can result in a rise in market price by 32 to 37%
(Nelson et al., 2009) [44]. Using historic data from 1999 to 2007,
the ORYZA 2000 model predicted for Malaysia that a 2 °C
temperature increase could reduce paddy yields by 0.36 t ha−1,
which would result in a huge economic loss (Vaghefi et al.,
2011) [55].
2.3 Effect of solar radiation on crop productivity
One of the most important factors that influence plants
development is the solar radiation intercepted by the crop. The
solar radiation brings energy to the metabolic process of the
plants. The principal process is the photosynthetic assimilation
that makes synthesize vegetal components from water, CO2and
the light energy possible. A part of this, energy is used in the
evaporation process inside the different organs of the plants, and
also in the transpiration through the stomas. Solar radiation is
the set of electromagnetic radiation emitted by the Sun. In the
interception of light by a canopy, difference between the solar
incident radiation and reflected radiation by the soil surface
(Villalobos et al., 2002) [57], is a determining factor in crop
development and provides the energy needed for fundamental
physiological processes such as photosynthesis and
transpiration. Leaf is the principal photosynthetic functional
unit; therefore its efficiency on the capture and use of solar
energy determines the vegetable productivity. The area and
arrangement of foliage (the canopy architecture), determine the
interception of solar radiation (LI) by a crop and the distribution
of irradiance among individual leaves (Loomis and Connor,
2002) [33]. Leaf area and arrangement change during the life of a
crop and, by leaf movement, even during the course of a single
day. Maximum crop production requires complete capture of
incident solar radiation and can only be achieved with
supporting levels of water and nutrients (Loomis and Connor,
2002) [33].
The productivity of a crop depends on the ability of plant cover
to intercept the incident radiation, which is a function of leaf
area available, the architecture of vegetation cover and
conversion efficiency of the energy captured by the plant into
biomass. Deficiencies in water and nutrient inputs may reduce
the rate of leaf growth, reducing yield below optimum levels due
to insufficient energy capture (Gardner et al., 1985) [17]. The
efficiency of interception of a canopy corresponds to the

capacity of the plant population in intercepting the incident solar
radiation, which is the main factor influencing the
photosynthesis and the transpiration processes (Thorpe, 1978).
The efficient crops tend to spend their early growth to expand
their leaf area; they make a better use of solar radiation.
Solar radiation also has an important role in the processes of
evaporation and transpiration. Evaporation takes place mainly
from the soil surface and transpiration is the evaporation that
occurs across different plant organs, mainly leaves. Because
both processes are closely linked, they are often considered
together (evapotranspiration). Apart from the availability of
water in the surface horizons, the cultivated soil evaporation is
determined mainly by the fraction of solar radiation reaching the
soil surface. This fraction decreases over the growing season,
and at the same time the crop canopy cover grows. The
development of a crop can be divided into four stages (Allen et
al., 1998) [2]
2.3.1 Initial Stage: The early growth of individual plants, with
little plant-plant competition is very fast. As the LAI develops,
there is a shade of lower leaves, so that descriptions of crop
growth are based on leaf area depending on the soil surface
(Gardner et al., 1985) [17].
2.3.2 Crop Development Stage: LAI grows exponentially,
changing the dominant component of evapotranspiration,
predominating evaporation in theinitial period and the plant
transpiration at the end of the stage. As the leaf area grows, the
radiation intercepted by leaves increases. Mid-season stage: The
late season stage runs from the start of maturity to harvest or full
senescence. In the vegetative period radiation interception does
not increase, starting from fruit ripening to leaf senescence.
Under no-stressed environmental conditions, the amount of dry
matter produced by a crop is linearly related to the amount of
solar radiation, specifically photo synthetically active radiation
(PAR), intercepted by the crop. Monteith (1977) [399],
demonstrated that cumulative seasonal light interception for
several crops grown with adequate soil water supply was closely
related to biomass production. He formalized and fully
established the experimental and theoretical grounds for the
relationship (RUE) between accumulated crop dry-matter and
solar radiation, arguing that this approach is robust and
theoretically appropriate to describe crop growth. RUE is highly
dependent on the photosynthetic performance of crop canopies
and can be influenced by several factors, namely, extremes
temperature, water, and nutrient status. This is indicated by the
variation reported in RUE among and within crop species and
across locations and growing environments (Subbarao et al.,
2005) [52].
The water deficit reduces the interception of solar radiation due
to rolling up the leaves (Müller, 2001). If the water deficit is
prolonged, the number and size of leaves may be reduced or the
total leaf area may decrease, reducing as a result, the
interception of radiation (Collinson et al., 1999). Soil water and
the resulting plant water status play a key role in determining
stomata conductance and canopy photosynthesis. Soil water
deficit results in plant water deficits that lead to stomata closure
and reduced photosynthesis, and results in loss of photosynthetic
efficiency of the canopy and thus to a decrease in RUE
(Monteith, 1977) [39].
2.4 Effect of precipitation on crop productivity
Extreme rainfall conditions characterized by droughts and floods
can have devastating impacts on rural household’s engaged in
agricultural production, especially in low-income regions around
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the world. The absence of access to financial services by these
households implies that they cannot mitigate the short-run
effects of adverse weather conditions. Under these
circumstances, rural households use informal strategies for
coping with weather related risk (Chen and Chang, 2005; Lewin
et al., 2012; Skees et al., 2002) [8, 32, 49]. However, relying on
informal insurance to deal with weather variations from others in
the same village or rural region is likely to be unavailable since
bad weather conditions affect other neighboring households
(Gudiño, 2013) [20].
Rainfall variations have devastating effects in areas where
agriculture is predominantly rain fed and hence any irregularity
in weather conditions has adverse welfare implications (Birhanu
and Zeller, 2009) [5]. In consistency with the long-run effects in
Mexico of climate change, several measures indicate that
droughts have been one on the main problems affecting rural
areas. Severe and sustained drought began in 1994 and
continued for the past 15 years with only limited relief. Drought
during this period equaled some aspects of the 1950s drought,
which is the most severe drought evident in the instrumental
climate record for Mexico from 1900 to 2008 (Cook, 2007;
Cortez, 2006; Stahle et al., 2009) [9, 10, 50].
Increases in precipitation (i.e. level, timing and variability) may
benefit semi -arid and other areas which have shortage of water,
by increasing soil moisture. But this factor could aggravate
problems in regions with excess water. Similarly a reduction in
rainfall could have the opposite effect. Water stress during the
reproductive period of cereal crops may be particularly harmful
(Stone, 2001; Hatfield et al., 2011) [23, 51] while the farmers may
be confused enough to determine the planting season for
agriculture if there are changes in the timing of the rainy season,
particularly in tropical areas. Finally, more intense rainfall
events may lead to flooding and water logging of soils, which
are also good reasons behind crop destruction. An atmosphere
with higher CO2 concentration would result in higher net
photosynthetic rates (Cure et al., 1986; Allen et al., 1987) [12, 1].
Higher concentrations may also reduce transpiration (i.e. water
loss) as plants reduce their stomatal apertures, the small
openings in the leaves through which CO2and water vapor are
exchanged with the atmosphere.
As global warming progress, there will be increased evaporation
from the earth’s surface and from plants. Even a 1 °C
temperature increase would increase the amount of evaporation
from the earth. As well, increased temperatures result in more
concentrated, heavy rainfall, and crops show decreased rainfall
use efficiency in such circumstances. Snowfall, which results in
stored water resources, also decreases with higher temperatures,
and snow melts more rapidly. Together, these factors could
combine to increase drought in the major agricultural regions the
mid-latitude continents. This could significantly restrict the
world’s food supply. In dry areas, water moves from subsurface
to surface layers of the soil. Therefore, when capillary water
reaches the ground or irrigation water evaporates, the soluble
salts that dissolved into the water in the lower layers are
concentrated in the surface soil layer. As a result, salt
accumulates at the soil surface, where it negatively affects or
prevents plant growth. Theoretically, the increase in the number
of strong tropical storms is because of increased evaporation the
energy source for tropical storms due to the rise in the
temperature of the ocean’s surface (Emanuel, 1987) [15].
Walsh (2004) [58] indicated that the tropical cyclone intensity will
increase by 5–10% around 2050, along with increased peak
rainfall rates of approximately 25%. More recent climate model
predictions are that the number of cyclones will decrease by

approximately 30% under global warming, but their duration
will be longer (Oouchi et al., 2006) [46]. Therefore, low-lying
areas could be at high risk because of longer tropical storms and
increased sea levels.
The millet yield increased by 6% after drought (lower limit of
soil water availability) and 8% after heat simulation (increased
from 27 °C to 29 °C). Drought and heat tolerance together
showed an increase in millet yield which amounts to 14% under
climate change. Furthermore, millets also possess the ability to
grow in hilly terrain and mountainous regions where cultivation
of other cereals is difficult (Rasul et al., 2018) [47]. This shows
that millets possess the potential to be a vital crop that could
grow with limited nitrogen input in drought, high-temperature
and hilly regions around the world. This is one crop that clearly
has the potential to reduce the carbon footprint as it has the least
global warming potential, and at the same time is resistant to the
global warming effects such as increased frequency in droughts
and increased average temperatures.
In the United States, global warming has resulted in an average
2.5% decrease in maize yield in the period from 1970 to 1999,
and precipitation modeling reported that by the 2050s, corn
yields are projected to decrease further by 20 to 50% depending
on the current emission scenarios (Leng, and Huang, 2017).
Water supply is also a vital factor for maize production. Studies
revealed that from 1999 to 2002, the average yield of maize
grown under irrigation (12.44 t ha−1) was 16.5% higher than
when cultivated under non-irrigated condition (10.68 t ha−1)
Nagy (2003) [3]. The yields of maize grown under two irrigation
systems, raised bed and drip irrigation systems were compared
(Amin et al., 2015) [3]. The results showed that compared to the
drip irrigation system, the raised bed irrigation system was
beneficial for increasing the plant height, biological yield, and
grain yield by 1%, 5%, and 21%, respectively.
Water is one of the most important factors for proper growth,
balanced development, and high yields of wheat. Two cultivars
of winter wheat (Baviaans and 14SAWYT306) were cultivated
with three irrigation durations or schedules with the control case
having no irrigation. The three schedules were irrigation up to
development of the stem extension, irrigation from stem
extension up to physiological maturity, and irrigation throughout
the growth of the crop (Ngwako, and Mashiqa, 2013). The
results showed that irrigation treatments significantly increased
grain yield compared to no irrigation treatment for both
cultivars. Compared with no irrigation, irrigation throughout the
growth period increased the number of tillers, number of grains
per spike, grain yield, harvest index, and grain protein by
20.58%, 26.07%, 42.72%, 16.71%, and 3.31%, respectively.
2.5 Effect of air pollution on crop productivity
Air pollutants such as nitrogen oxides, carbon monoxide, and
methane, react with hydroxyl radicals in the presence of sunlight
to form tropospheric O3, which causes oxidative damage to
photosynthetic machinery in all major crop plants (Wilkinson et
al., 2012) [60]. Aerosols from air pollution can also cause harm.
These pollution-related impacts are incredibly dangerous in
agricultural areas, but the danger of tropospheric Ozone can also
be a problem across continents. In fact, tropospheric
O3concentrations above pre-industrial levels are currently found
in most agricultural regions of the globe (Van Dingenen et al.,
2009) [56]. There are effects due to interaction between O3 and
elevated CO2. For example, reduced stomatal conductance under
elevated CO2 will reduce O3uptake by crop plants, thereby
limiting damage to the plant and maintaining biomass
production (McKee et al., 1997) [35]. However, empirical
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evidence is mixed regarding the ability of elevated CO2 to
reduce the impact of O3 on final yields (McKee et al., 2000) [36].
However, a higher stomatal conductance implies more uptake of
O3, increasing the sensitivity of more recent varieties to
O3damage (Biswas et al., 2008) [6].
To achieve high yields, crops must be protected from pests,
diseases, and weeds. Of the total cropping area worldwide, crop
yield is decreased by 10–20% by weeds (Mirrabelli et al., 2005).
Many C4weeds are found in arable C3crops and many C3weeds
in arable C4crops. Therefore, under high temperatures and
increased atmospheric CO2 concentrations, weed damage to
arable C4crops in tropical and subtropical semiarid areas is
predicted to increase. It is likely that global warming will result
in pests and diseases that are currently found in low-latitude
regions spreading to high-latitude regions. Bacteria and fungi are
the main causal agents of plant diseases, and their optimal
growth temperatures are approximately 25 °C and above 30 °C,
respectively. Temperature also affects the growth of insects,
with higher temperatures increasing their growth rate. Therefore,
continued warming is expected to increase damage to crops from
bacteria, fungi, and insects.
2.6 Effect of relative humidity on crop productivity
Relative humidity is the ratio of actual water vapor content to
the saturated water vapor content at a given temperature and
pressure expressed in percentage (%).Maximum RH is in the
equatorial region due to high evaporation and decreases towards
poles up to 30° N and S due to subsiding air mass. It is increases
in poles due to low temperature. Relative humidity (RH) directly
influences the water relations of plant and indirectly affects leaf
growth, photosynthesis, pollination, occurrence of diseases and
finally economic yield. The dryness of the atmosphere as
represented by saturation deficit (100-RH) reduces dry matter
production through stomatal control and leaf water potential.
Water is a primary factor controlling plant growth. Xiao et al.
(Xiao et al., 2000) [63] stated that, when water was applied at
0.85, 0.70, 0.55 or 0.40 ET (evapotranspiration) to cotton plants
grown in pots, there was a close relationship between plant
development and water supply. The fruit bearing branches,
square and boll numbers and boll size were increased with
increased water supply. Barbour and Farquhar (2000) reported
on greenhouse pot trials where cotton cv. CS50 plants were
grown at 43 or 76% relative humidity (RH) and sprayed daily
with abscisic acid (ABA) or distilled water. Plants grown at
lower RH had higher transpiration rates, lower leaf temperatures
and lower stomatal conductance. Plant biomass was also reduced
at the lower RH. Within each RH environment, increasing ABA
concentration generally reduced stomatal conductance,
evaporation rates, superficial leaf density and plant biomass, and
increased leaf temperature and specific leaf area.
Until now, optimization of the greenhouse environment has been
achieved mainly by focusing on the productivity and visual plant
quality of flower crops; keeping quality has been given less
attention. This is particularly the case with respect to air
humidity. The effect of air humidity on the keeping life of
flower crops is little known, with one exception: in cut roses,
humidity control (avoiding high humidities) as a means of
improving keeping quality is nowadays strongly advocated in
the greenhouse industry in Scandinavia (Mortensen and Fjeld,
1998) [42].
Very high or very low RH is not conducive for high grain yield.
Under high humidity, RH is negatively correlated with grain
yield of maize. The yield reduction was 144 kg/ha with an
increase in one per cent of mean monthly RH. Similarly, wheat

grain yield is reduced in high RH. It can be attributed to adverse
effect of RH on pollination and high incidence of pests.
Increasing the humidity from about 700 to 200 Pa VPD has been
found to increase the leaf area and dry weight of agricultural
plants such as wheat and sugar beet (Ford and Thorne, 1974).
In a range of agricultural plants, humidity has no effect at levels
ranging from 500 to 1500 Pa VPD, but at higher VPD levels
some reductions in photosynthetic rate can be observed (Rawson
and Begg, 1977; Leach, 1979). On the contrary, increase in RH
during panicle initiation to maturity increased grain yield of
sorghum under low humidity conditions due to favorable
influence of RH on water relations of plants and photosynthesis.
With similar amount of solar radiation, crops that are grown
with irrigation gives less yield compared to those grown with
equal amount of 'water as rainfall. This is because the dry
atmosphere, which is little affected by irrigation, independently
suppresses the growth of crops. The growth of several foliage
pot species is generally found to be little affected when VPD is
decreased from 1000 to 400 Pa (Mortensen and Gislerùd, 1990)
[41]
. Decreasing VPD from 900 to 100±200Pa in
Begoniahiemalis and poinsettia, however, strongly enhances leaf
size and plant height. Transpiration is decreased by 50-60%, but
nutrient concentrations in the leaves are little affected (Gislerùd
et al., 1986; Mortensen, 1986) [40].
3. Summary
The effects of climate change on crop production are complex,
and are a combination of increased CO2 concentrations in the
atmosphere, higher temperatures, fluctuations in rainfall and
solar radiation, and pests and diseases. Its effect particularly on
developing countries is adverse as their capacity and resources
to deal with the challenge is limited. Accumulation of
greenhouse gases in the atmosphere has its adverse effects on
agriculture. Due to climate change, the spatial and temporal
distribution of rainfall is expected to vary a lot, rate of
evaporation is change, leading to variations in water availability
and ground water recharge. Due to this competition for water
will be a major future challenge for agriculture. The major
climatic factors that affect crop productivities are temperature
change, rain fall, air pollution, solar radiation and relative
humidity.
Temperature affects agricultural yields through various ways.
Temperature affects the rates of photosynthesis, transpiration
and respiration. Increase in temperature during day increases
photosynthesis (provided the temperature is maintained near the
optimal range) where as an increase in temperature during night
raises the rate of respiration. Increase in temperature may lead to
higher respiration rates, shorter periods of seed formation and,
consequently, lower biomass production. Also higher
temperatures may result in a shorter and insufficient
development period; therefore, it may lead to smaller and lighter
grains, lower crop yields and perhaps lower grain quality (i.e.
lower protein levels). High temperatures affect crops directly by
increasing the rate at which they lose water (their evaporation
rate), in the same way that high temperatures make us sweat.
One of the most important factors that influence plants
development is the solar radiation intercepted by the crop. The
productivity of a crop depends on the ability of plant cover to
intercept the incident radiation, which is a function of the leaf
area available, the architecture of vegetation cover and
conversion efficiency of the energy captured by the plant in
biomass. Water stress and nutrition reduce LAI to a smaller size
and greater leaf senescence. The smaller size of LAI agrees with
light capture and thus crop growth, decreasing the efficiency of
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radiation. The measurement of radiation intercepted by a crop
for formation of leaf area is an important factor in monitoring
crops, water relations studies, and nutrition and in crop
simulation models.
Increases in precipitation (i.e. level, timing and variability) may
benefit semi -arid and other areas. Precipitation (rainfall) is the
primary source of soil moisture, and rainfall amount is probably
the most important factor determining the crop yield. A change
in climate can cause an increase or a decrease in the amount of
precipitation which falls. Dry periods can badly affect plant
growth but the amount of damage depends on the ability of the
plant to expand its root system and how much water the soil can
hold onto. High humidity, frost and hail may also damage
certain crops. Excessively wet years, on the other hand, may
cause crop yields to fall. The soil becomes waterlogged and the
plant roots rot in the excess water. Intense bursts of rainfall may
also damage young plants, both because of the hard impact of
the rain drops on the tender plants and because heavy rain can
cause soil erosion.
As climate change have contrasting effect in different part of the
world, it mainly affect the developing world, causing variability
in precipitation, solar radiation, temperature,[CO2] humidity etc,
it leads to increased infestation of disease, insect, pest and
dispersal of weed, which may affect food production and
productivity. When the ambient factors affecting growth will
become beyond the tolerance of the plant species, it will have a
negative effect on their reproduction, life cycle and eventually
extinct of the species from natural ecosystem.

11.

12.

13.

14.

15.
16.
17.
18.

19.

20.
4. Reference
1. Allen LH, Jr, Boote KJ, Jones JW, Jones PH, Valle RR,
Acock B. Response of vegetation to rising carbon dioxide:
photosynthesis, biomass and seed yield of soybean. Global
Biogeochem Cycles 1987;1:1-14.
2. Allen RG, Pereira LS, Raes D, Smith M. Crop
evapotranspiration - Guidelines for computing crop water
requirements. FAO Irrigation and drainage paper 1998, 56.
3. Amin M, Anjum L, Alazba A, Rizwan M. Effect of the
irrigation frequency and quality on yield, growth and water
productivity of maize crops. Qual. Assur. Saf. Crops
2015;7:721-730.
4. Barbour MM, Farquhar GD. Relative humidity- and ABAinduced variation in carbon and oxygen isotope ratios of
cotton leaves. Plant, Cell and Environment 2000;23:473485.
5. Birhanu A, Zeller M. Using panel data to estimate the effect
of rainfall shocks on smallholder’s food security and
vulnerability in rural Ethiopia. Research in Development
Economics and Policy, Discussion Paper No. 2/2009. 2009.
6. Biswas DK, Xu H, Li YG, Sun JZ, Wang XZ, Han XG.
Genotypic differences in leaf biochemical, physiological
and growth responses to ozone in 20 winter wheat cultivars
released over the past. Glob. Change Biol 2008;14:46-59.
7. Challinor A, Wheeler T, Garforth C, Crauford P, Kassam A.
Assessing the vulnerability of food crop systems in Africa
to climate change Clim. Change 2007;83:381-99.
8. Cheng CC, Chang CC. The impact of weather on crop yield
distribution in Taiwan: some new evidence from panel data
models and implications for crop insurance. Agricultural
Economics. 33, Issue Supplement 2005;s3:503511.
9. Cook ER, Seager R, Cane MA, Stahle DW. North American
drought: Reconstructions, causes, and consequences. Earth
Science, 2007.
10. Cortez Vazquez J. Mexico, in state of the climate in edited

21.
22.

23.

24.

25.

26.

27.

28.

29.

30.

~ 60 ~

by K. A. Shein, special supplement, Bulletin of the
American Meteorological Society 2006;87(6):S66-S67.
Crafts-Brandner SJ, Salvucci ME. Sensitivity of
photosynthesis in a C4 plant, maize, to heat stress. Plant
Physiol 2002;129:1773-1780.
Cure JD, Acock B. Crop responses to carbon dioxide
doubling: a literature survey. Agric. For Meteorol
1986;38:127-145.
Da Cunha DA, Coelho AB, Féres JG. ‘Irrigation as an
adaptive strategy to climate
change:
an
economic
perspective on Brazilian agriculture.’ Environment and
Development Economics 2015;20(1):57-79.
Di Falco S. ‘Adaptation to climate change in Sub-Saharan
agriculture: assessing the evidence and rethinking the
drivers.’ European Review of Agricultural Economics
2014;41(3):405-430.
Emanuel KA. The dependence of hurricane intensity.
Nature, 483-485, ISSN. 0028-0836 1987;326:6112
Ford MA, Thorne GN. Effects of atmospheric humidity on
plant growth. Ann. Bot 1974;38:441-452.
Gardner FP, Parce R, Mitchel RL. Carbon fixation by crop
canopies. Physiology of Crop Plants 1985, 31-57.
Gislerùd HR, Mortensen LM, Selmer-Olsen AR. 1986. The
effect of air humidity on growth and nutrient content of
some greenhouse plants. Acta Hort. 178, 181±184.
Goyal RK. Sensitivity of evapotranspiration to global
warming: a case study of arid zone of Rajasthan (India).
Agric. Water Manage 2004;69:1-11.
Gudiño J. Los Microseguros: un instrument economico de
combate a la pobreza. Ph.D. Thesis in Economics, Center
for Economic Studies, El Colegio de Mexico, 2013.
Hansen J, Ruedy R, Sato M, Lo K. Global surface
temperature change. Rev. Geophys 2010;48:RG4004.
Haris AVA, Biswas S, Chhabra V, Elanchezhian R, Bhatt
BP. Impact of climate change on wheat and winter maize
over a sub-humid climatic environment. Current Sci
2013;104:206-14.
Hatfield JL, Boote KJ, Kimball BA, Ziska LH, Izaurralde
RC, Ort D. Climate impacts on agriculture: implications for
crop production. Agron. J 2011;103:351-370.
Hatfield JL, Takle G, Grothjahn R, Holden P, Izaurralde
RC, Mader T. Ch. 6. Agriculture. Climate Change Impacts
in the United States: The Third National Climate
Assessment. In: Melillo, J.M., Richmond, T.C., Yohe, G.W.
(Eds.) 2014, 150-174.
Huntington TG. Evidence for intensification of the global
water cycle: Review and Synthesis. J Hydrol 2005;319:8395.
Knox JW, Rodr´ ıguez D´ ıaz JA, Nixon DJ, Mkhwanazi M.
A preliminary assessment of climate change impacts on
sugarcane in Swaziland Agric. Syst 2010;103:63-72.
Kruijt B, Witte JM, Jacobs CMJ, Kroon T. Effects of rising
atmospheric CO2on evapotranspiration and soil moisture: A
practical approach for the Netherlands. J Hydrol.
2008;349:257-267.
Kurukulasuriya P, Mendelsohn R. how will climate change
shift agro ecological zones and impact African agriculture?
Policy Research Working Paper 4717 (Washington, DC:
World Bank Development Research Group) 2008.
Kurukulasuriya P, Mendelsohn R, Hassan R, Benhin J,
Deressa T, Diop M. ‘Will African agriculture survive
climate change?.’ World Bank Economic Review
2006;20(3):367-388.
Leach JE. Some effects of air temperature and air humidity

International Journal of Research in Agronomy

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.
46.

47.

48.

http://www.agronomyjournals.com

on crop and leaf photosynthesis, transpiration and resistance
to gas transfer. Ann. Appl. Biol. 1979;92:287-297.
Leng G, Huang M. Crop yield response to climate change
varies with crop spatial distribution pattern. Sci. Rep
2017;7:1463.
Lewin P, Fisher M, Weber B. Do rainfall conditions push or
pull rural migrants: Evidence from Malawi. Environment
and Development Economics 2012;15:153-171.
Loomis RS, Connor DJ. Crop Ecology: Productivity and
management in agricultural system. Cambridge University
press, 2002.
Matthews R, Kropff M, Horie T, Bachelet D. Simulating the
impact of climate change on rice production in asia and
evaluating options for adaptation. Agric. Syst 1997;54:399425.
McKee IF, Bullimore JF, Long SP. Will elevated CO2
concentrations protect the yield of wheat from O-3 damage?
Plant Cell Environ 1997;20:77-84.
McKee IF. Mulholland BJ, Craigon J, Black CR, Long SP.
Elevated concentrations of atmospheric CO2 protect against
and compensate for O3damage to photosynthetic tissues of
field-grown wheat. New Phytol 2000;146:427-435.
Mendelsohn R, Dinar A, Williams L. ‘The distributional
impact of climate changes on rich and poor countries.’
Environment and Development Economics 2006;11(2):159178.
Millabelli C, Colla G, Fiorillo A, Cardarelli M, Rouphael Y,
Paolini R. The effect of mechanical weed control technique
and irrigation method on yield, tuber quality and weed
suppression in organic potato. Acta Horticulture (ISHS),
No.684, 2005;1:127-134, ISSN 0567-7572
Monteith JL. Climate and the efficiency of crop production
in Britain. Philos. Trans. R. Soc. Lond. Ser. B
1977;281:277-294.
Mortensen LM. Effect of relative humidity on growth and
flowering of some greenhouse plants.Scientia Hort.
1986;29:301-307.
Mortensen LM, Fjeld T. Effects of air humidity, lighting
period and lamp type on growth and vase life of roses.
Scientia Hort 1998;73:229-237.
Mortensen LM,Gislerùd HR. Effects of air humidity and
supplementary lighting on foliage plants. Scientia Hort
1990;44:301-308.
Nagy J. Effect of Irrigation on Maize Yield (Zea mays L.).
Acta Agrar. Debreceniensis 2003, 1–6.Available
online:http://www.date.hu/kiadvany/acta/2003-11i/nagy.pdf
(accessed on 5 May 2018)
Nelson GC, Rosegrant MW, Koo J, Robertson R, Sulser T,
Zhu T. Climate Change: Impact on Agriculture and Costs of
Adaptation; IFPRI: Washington, DC, USA, 2009, 21.
Oki T. Global Hydrological Cycles and World Water
Resources. Science, 2006, 313.
Oouchi K, Yoshimura J, Yoshimura H, Mizuta R, Kusunoki
S, Noda A. Tropical cyclone climatology in globalwarming climate as simulated in a 20th kmmesh global
atmospheric model. Journal of the Meteorological Society
of Japan 2006;84(2):259-276. ISSN 0026-1165
Rasul G, Hussain A, Mahapatra B, Dangol N. Food and
nutrition security in the Hindu Kush Himalayan region. J
Sci. Food Agric 2018;98:429-438.
Rawson HM, Begg JE. The effect of atmospheric
humidityon photosynthesis, transpiration and water-use
efficiency of leaves of several plant species. Planta
1977;134:5-10.

49. Skees J, Varangis P, Larson D, Siegel P. Can financial
markets be tapped to help poor people cope with weather
risks? UNU-WIDER Research Paper. World Institute for
Development Economic Research (UNU-WIDER), 2002.
50. Stahle W, Diaz F, Fye DJ, Acuña Soto R, Seager R. Early
21st-century drought in Mexico. EOS, 2009, 90(11).
51. Stone P. The effects of heat stress on cereal yield and
quality. In Crop Responses and Adaptations to Temperature
Stress. Basra, A.S. (ed). Food Products Press, Binghamton,
NY 2001, 243-291.
52. Subbarao GV, Ito O, Berry W. Crop Radiation Use
Efficiency and Photosynthates Formation-Avenues for
Genetic Improvement. Pessarakli, Editor, Handbook of
photosynthesis, (2nd ed.), Taylor and Francis, New York
2005.
53. Tao F, Zhang Z, Xiao D, Zhang S, Rötter RP, Shi W.
Responses of wheat growth and yield to climate change in
different climate zones of China, 1981–2009. Agric. For.
Meteorol 2014;189:91-104.
54. Tirado MC, Clarke R, Jaykus LA, Mc Quatters Gollop A,
Frank JM. Climate change and food safety: A review. Food
Research International 2010;43:1745-1765.
55. Vaghefi, N.; Shamsudin, M.N.; Makmom, A.; Bagheri, M.
The economic impacts of climate change on the rice
production in Malaysia. Int. J Agric. Res 2011;6:67-74.
56. Van Dingenen R, Dentener FJ, Raes F, Krol MC, Emberson
L, Cofala J. The global impact of ozone on agricultural crop
yields under current and future air quality legislation.
Atmos. Environ 2009;43:604-618.
57. Villalobos FJ, Mateos L, Orgaz F, Fereres E. Fitotecnia:
Bases y tecnologías de la producción agrícola. MundiPrensa; editor 2002, 496.
58. Walsh K. Tropical cyclones and climate change: unresolved
issues. Climate Research 2004;27(1):77-83, ISSN 0936577.
59. Wheeler TR, Craufurd PQ, Ellis RH, Porter JR, Prasad
PVV. Temperature variability and the yield of annual crops.
Agric. Ecosyst. Environ 2000;82:159-167.
60. Wilkinson S, Mills G, Illidge R, Davies WJ. How is ozone
pollution reducing our food supply? J Exp. Bot
2012;63:527-536.
61. Willett KM, Gillett NP, Jones PD, Thorne PW. Attribution
of observed surface humidity changes to human influence.
Nature 2007;449:710-712.
62. Wollenweber B, Porte JR, Schellberg J. Lack of interaction
between extreme high-temperature events at vegetative and
reproductive growth stages in wheat. J Agron. Crop Sci
2003;189:142-150.
63. Xiao JF, Liu ZG, Yu XG, Zhang JY, Duan AW. Effects of
different water application on lint yield and fiber quality of
cotton under drip irrigation. Acta Gossypii Sinica
2000;12:194-197.
64. Yang X, Gao W, Shi Q, Chen F, Chu Q. Impact of climate
change on the water requirement of summer maize in the
Huang-Huai-Hai farming region. Agric. Water Manage
2013;124:20-27.
65. You L, Rosegrant MW, Wood S, Sun D. Impact of growing
season temperature on wheat productivity in China. Agric.
For. Meteorol 2009;149:1009-1014.
66. Zhao X, Fitzgerald M. Climate change: Implications for the
yield of edible rice. PLoS ONE 2013;8:e66218.
67. Ziska LH, Blumenthal DM, Runion GB, Hunt ER, DiazSoltero H. Invasive species and climate change: an
agronomic perspective. Clim. Change 2011;105:13-42.

~ 61 ~

