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Abstract

Climate change is a serious threat to agriculture and food security. Extreme
weather conditions and changing patterns of precipitation lead to a decrease in the
crop productivity. High temperatures and uncertain rainfall decrease the grain yield
of crops by reducing the length of growing period. Future projections show that
temperature would be increased by 2.5°C up to 2050. The projected rise in tempera-
ture would cause the high frequent and prolong heat waves that can decline the crop
production. The rise in temperature results in huge reduction in yield of agronomic
crops. Sustaining the crop production under changing climate is a key challenge.
Therefore, adaptation measures are required to reduce the climate vulnerabilities.
The adverse effect of climate change can be mitigated by developing heat tolerant
cultivars and some modification in current production technologies. The develop-
ment of adaptation strategies in context of changing climate provides the useful
information for the stakeholders such as researchers, academia, and farmers in
mitigating the negative effects of climate change.

Keywords: climate change impacts, climate change projections,
adaptation strategies

1. Introduction

Climate change and variability are the real threats to agriculture and food
security [1, 2]. Extreme weather events and uncertainty in rainfall patterns are
negatively affecting the agricultural crops [3, 4]. The evidences of global trend
in rainfall are unclear due to large regional gaps in spatial coverage and temporal
shortfalls in the data. Owing to these changes, the drought is more prevailing in
many regions of the world including Pakistan [5].

Finding evidences reported that high temperature and uneven distribution of
rainfall have negative effects on crop productivity all over the world [6]. These
changes in weather and climate are likely to affect the food security of developing
world where a large fraction of ever-increasing population is already fronting hun-
ger, insecure and unhealthy food [7]. Warming of weather and climate systems can
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results in highly corresponding changes in the occurrence of extreme events includ-
ing rise in temperature, uneven rainfall patterns [4]. These extreme events occur
due to shift in their distribution, or to change in the shape of distribution. Various
studies suggest that a shift in mean accounts for much the change in observed
temperature extremes [8]. Comparisons of various studies showed that both daily
maximum (Tmax) and minimum (Tmin) temperatures have shifted toward higher
values in all regions. These shift in temperatures and rainfall significantly effected
the cropping patterns, crop yields and phenology [9].

The Intergovernmental Panel for Climate Change (IPCC) has found evidences
of accelerated global warming, climate variability and change since the early 1990s.
The IPCC reported that average global temperature in the last 100-150 years has
increased by 0.76°C [10]. The variability in temperature altered the phenology of
crop, i.e., leaf development, anthesis, harvest, fruit production and in asynchrony
between anthesis and pollinators. The variable temperature range resulted in high
respiration rates, reduction in pollen germination, shorter grain filling period,
lesser biomass production and low yields [4]. High temperature above 35°C in
combination with high humidity and low wind speed caused a 4°C increase in tem-
perature, resulting in floret sterility in cereals and fruits [6]. Climate change impact
assessment provides the scientific foundation for the development of adaptations to
offset the negative impacts of climate change. Keeping in views, the current study
was planned to assess the impacts of climate change and adaptations strategies for
agronomics crops.

2. Projections of climate change across the globe especially in ASIA

World faces dreadful challenges due to changing climate as it is indicated by
climatic models that global surface temperature is likely to exceed 1.5°C relative to
1850-1900 for all representative concentration pathways (RCP) scenarios for the
end of the twenty-first century [11]. It is likely to exceed 2°C for RCP 6.0 and RCP
8.5 and warming will continue beyond 2100 under all RCP scenarios. Increase of
global mean surface temperatures for 2081-2100 relative to 1986-2005 is projected
to likely be increased 0.3-1.0°C (RCP 2.6), 1.1-2.6°C (RCP 4.5), 1.4-3.1°C (RCP 6.0),
2.6-4.8°C (RCP 8.5) by the of the twenty-first century. It is projected that tempera-
ture will increase drastically in arid areas of Pakistan and India and western part of
China [11]. Models predictions indicated that erratic rainfall with greater intensity
would increase across the region, but higher intense rainfall will occur during sum-
mer monsoon season. Increase in aridity in South and Southeast Asia is projected
due to decline in winter rainfall. Sea level will rise to 3-16 cm by 2030 and 7-50 cm
by 2070 across the globe due to climatic abnormalities and in relation with regional
sea level variability [11].

It is evident from the facts that lives of millions rural poorest people in Asia are
highly vulnerable to climate change. There are evidences of prominent increase in
intensity and frequency of many extreme events such as heat waves, erratic and
uncertain rainfall patterns and more number of hot days, sustained dry spells,
tropical cyclones and dust storms in the region. These countries accounted for 91%
of the world’s total death and 49% of the world’s total damage due to natural disas-
ters in the last century. South Asia is the most food insecure region with 262 million
malnourished people in the world [6, 12]. Discussed facts showed (Table 1) that
rural communities that already live in remote dry lands and deserts with inadequate
natural resources are most prone to climate change. Agricultural systems being
affected by abnormal climatic variables that disturbs the biological, physical and
chemical processes of the systems. Number of hot days and warm nights are likely
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Crops Country/continent Yield reduction (%) References
Wheat Australia -32 [13]
Iran =37 [14]
Worldwide -5.5 [7]
Mexico +25 [15]
China -175 [16]
Asia -77 [17]
India -5.2 [19]
Pakistan =50 [20]
Turkey -20 [21]
Rice India -7 [22]
Indonesia -11 [23]
India -8 [24]
Asia -6.3 [25]
Italy -12 [26]
Japan -11.3 [27]
Nepal 24 [28]
Maize Portugal -17 [16]
Ghana +12 [29]
Africa -20 [30]
USA =50 [31]
Ethiopia -47 [32]
China —46 [33]
Africa -32 [34]
Pakistan =27 [4]
China -30 [35]
USA =27 [36]
Table 1.

Impact of climate change on cereal crop production.

to increase in the Asia from 1961 to 2003 and reduction in cool days and nights was
observed especially in the years after the start of El Nino [37]. Tropical cyclones
frequency and intensity has increased in Pacific from last few decades [38].

3. Impact of climate change on crop production

Global atmospheric concentrations of greenhouse gases have significantly
increased relative to pre-industrial times [13, 39, 40]. As a result, greenhouse gas
forcing is the main cause of the warming of the atmosphere during the past decades
[14, 41, 42]. This warming is expected to substantially alter the climate system
and change global food production, mainly because temperatures are predicted to
increase which in turn will alter the precipitation pattern and increase the fre-
quency of extreme events such as drought [15, 43-45]. Man-made greenhouse gas
emissions as a result of industrialization and urbanization have made significant
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contributions to global warming and further changes in the global climate. Asa
result, global temperature rose by 0.83°C from 1906 to 2010 [10]. Global warming
also causes changes in precipitation levels and patterns due to higher evapotranspi-
ration and water vapor amounts in the atmosphere with several implications for the
global hydrological cycle [16, 46]. As the major water consumer of the developing
world and some developed countries, agriculture is one of the most vulnerable
water sectors to climate change [17, 18]. Dramatic population growth, associated
with reduction of productive land area and water resources, exerts extra pressure on
the agricultural sector. To ensure sustainability of agriculture, studying the possible
climate change impacts on this sector is essential [9, 19, 47].

Rate of plant growth and development is dependent upon the temperature
surrounding the plant and each species has a specific temperature range repre-
sented by a minimum, maximum, and optimum [48-50]. The expected changes
in temperature over the next 30-50 years are predicted to be in the range of 2-3°C
Intergovernmental Panel for Climate Change [10]. Heat waves or extreme tem-
perature events are projected to become more intense, more frequent, and last
longer than what is being currently been observed in recent years [51, 52]. Extreme
temperature events may have short-term durations of a few days with temperature
increases of over 5°C above the normal temperatures [53]. Extreme events occurring
during the summer period would have the most dramatic impact on plant produc-
tivity. A recent review by Barlow et al. [54] on the effect of temperature extremes,
frost and heat, in wheat (Triticum aestivum L.) revealed that frost caused sterility
and abortion of formed grains while excessive heat caused reduction in grain
number and reduced duration of the grain filling period. Analysis by [55] 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 develop-
ment will help develop adaptation strategies to offset these impacts [56, 57].

Previous studies of climate change impacts on agriculture, using crop yield
simulation models [9, 58-60].or statistical models suggest that climate change will
substantially affect productivity of major staple food crops such as maize, because
growth and development of crops are mainly dependent on sunlight, temperature,
and water [22, 23, 61]. Climate change may modify precipitation, soil water, runoff,
and may reduce crop maturation period and increase yield variability and could
reduce areas suitable for the production of many crops [24, 62, 63]. Climate change
might limit crop production (the amount of a crop that is harvested in a farm,
region, state, or country in kilograms or tons) in many areas [64-66].

Temperature increases affect most plants, leading to crop yield reduction and
complex growth responses [25, 46, 67]. Nevertheless, the impact of increasing tem-
peratures can vary widely between crops and regions. For example, a 1°C increase
in the growing period temperature may reduce wheat production by about 3-10%
[68], winter wheat productions may be decreased by 5-35%, respectively, under
the future warmer and drier conditions [21, 26], and corn yield may be reduced by
2.4-45.6% due to higher temperatures [27, 69]. Even if precipitation is unchanged,
the crop production may decrease by 15% on average due to the reduction in crop
growth period and increased water stress as the result of higher temperature and
evapotranspiration (Schlenker et al. [63]; Yang et al. [16]; Khanal et al. [28])
expected precipitation reductions in arid and semiarid regions of the world, where
water is already limited, can have dramatic impacts on crop production [32-35]. For
example, in northwestern Turkey, winter wheat yield may decline more than 20%
under future climate change because the growth periods can be shortened as a result
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of increased temperature, exacerbated by a reduction in precipitation [21, 29-31].
Higher reduction in wheat yield of 50% was found in Pakistan as shown in Table 2.
In some other areas, climatic change might have positive influences on agricultural
crop yield, i.e., in dry areas rainfall enhances under wet climatic warming can lead
to improved crop productions like in Mexico the wheat yield would be increase

by 25% in future (Table 2). Maize, rice, winter wheat and potato crop yield can

be enhanced with increasing air temperature and rainfall in the Plain of North
China [73]. In Ghana maize yield would be increase by 12% in future (Table 2).
The impact of climate change on sugarcane and cotton is shown in Table 3. Higher
reduction in cotton yield of 17% and sugarcane yield of 40% was found at USA
(Table 3). However, some positive impacts of climate change on sugarcane yield
were found in few countries such as Brazil and Australia (Table 3). The impact of
climate change on coarse grain, oilseed and other miner crops such as pearl millet,
sorghum and sesame are shown in Table 1. Huge reduction in coarse grain and other

Crops Country/continent Yield reduction (%) References
Cotton China -5.5 [48]
USA -17 (49]
Africa -7 [52]
USA -9 (51]
Pakistan -8 [53]
Burkina Faso -13 [56]
Australia -17 [59]

Sugarcane Brazil +15 [70]; [65]
Switzerland -9 [71]
Australia +20 [72]
Africa +11 [46]
USA —40 [66]
Brazil =27 [65]
India -30 [64]
Table 2.

Impact of climate change on other crop production.

Countries Coarse grains Oilseeds Other crops
China -22to2 -12to12 -22to2
Philippines —17to -3 -10to 4 -17to -3
Thailand -17to -3 -10to 4 -17to -3
Rest S+E Asia -17to -3 -10to 4 -17to -3
Bangladesh -17to -3 -10to 4 -17to -3
India —17to -3 -15to 4 -17to -3
Pakistan —17to -3 -15to 4 —17to -3
Rest S Asia —17to -3 -15to 4 -17to -3
Table 3.

Productivity shock due to climate change on vice, wheat, and coarse grains by 2030.
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crops were found in china up to 2030. However, higher losses in oilseed crops were
observed at India and Pakistan as shown in Table 1.

4. Adaptation strategies for agronomic crops

Climate change adaptation is the action to global warming, which helps to reduce
the vulnerabilities in the social and biological system. The main objective of adapta-
tion strategy is to build the resilient in societies against climate change [74].

Agriculture sector is highly vulnerable to changing climate. Extreme weather
conditions and changing patterns of precipitation affects the crop development,
growth and yield of crops. High temperature at critical growth stages could reduce
the grain filling duration caused the grains sterility and consequently yields reduc-
tion. [4]. To avoid the risks in agriculture associated with climate change (CC),
adaptation is the key factor that could help to mitigate the negative of climate
change. Adaptation strategies provide an opportunity to address the CC challenges
and to sustain the crop production [75].

In the recent year, climate change adaptation has been explored by the farmers
in many ways. For example, in Pakistan and Brazil farmers has adapted the climate
change variability by adjustment of planting tine and optimization of plant popula-
tions [9, 60]. Adjustment of planting date is important to explore the fully potential
of crop. High temperature at grain filling stage, reduce the time for grain filling that
lead to decrease the yield. Adjusting the planting time with the onset of rains and
heat waves would decrease the yield losses. Number of plants per unit area plays a
vital role for higher yield in crops especially wheat. The number of productive tillers
dies or remains unproductive due to variation in temperature and moisture stress.
The optimum plant population compensates the yield loss. The development of
improved varieties such as early maturing, drought and heat tolerant are necessary to

Crop (s) Region/ Adaptation References

name country

Wheat Pakistan ¢ Use of heat tolerant cultivars [9, 81]
Brazil

* Adjustment of planting dates

* Optimum plant population

Rice Bangladesh * System of rice intensification with alternate wetting [77, 82]
Sri Lanka and draying

¢ Direct planting

Maize Nepal * Raised bed planting [83, 84]

Asia * Early maturing cultivars

* Precision nutrient management

Cotton Pakistan * Heat and drought tolerant cultivars [53]

* Increase in plant population by 18%

Sugarcane Swaziland * Ratoon management [71,72]

India * Pit planting

Chickpea India * Integrated weed control [85-87]
» Agro-forestry (Wind barrier)

* Improved crop varieties (early maturity)

Table 4.
Climate change adaptations for agronomic crops.
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sustain the productivity under changing climate. The new cultivars would increase
the production per unit area under moisture stress and extreme temperatures [76].

Methane gas is produced form the flooded rice. Flood water in rice blocks the
oxygen to penetrate in soil that creates the favorable condition for bacteria that emit
the methane gas. So new methods of planting like direct seeded rice and system of
rice intensification with Alternate wetting and draying reduce the methane emis-
sion and increase the water use efficiency [77].

Precision management of nutrients can increase the resilience in the crops by
increasing the efficiency of fertilizers. Precision management of fertilizers in crops
especially maize reduced the use of fertilizers that would enhance the production
and soil health that lead to decrease the emission of greenhouse gases (GHGs)

[78]. Ratoon crop of sugarcane is more adaptive to climatic vulnerabilities. Fuel
consumption is less for tillage practices, and less soil is disturbed that lead to reduce
the GHGs emission. Pit planting is new evolutionary method in sugarcane. In this
methods sugarcane seedling are grown in a small pit under field condition. This
method improved the aeration and solar radiation that lead to increase the qual-

ity of cane juice and number of canes for milling [79]. Weeds are serious issue in
the chickpea cultivation. Weeds compete with the chickpea plants for water and
nutrients that reduce the growth and yield of chickpea. So integrated weed control
improves the yield. GHGs emissions are also reduced due to less use of synthetic
weedicides [80] (Table 4).

5. Conclusion

Climate change and variability have negative effects on crop productivity.
Change in precipitation pattern, increase in frequency, and intensity of extreme
events such as heat waves and drought have detrimental effects on grain yield.
Future projections showed that temperature would be increased by 2-3°C at the
end of century. Number of hot days and warm night will be increased in Asia and
high intense rainfall will occur in summer monsoon. This warming situation would
cause a huge reduction in grain yield of crops by end of century. Wheat yield is
expected to decrease by 50% in Pakistan, maize yield by 46% in China, cotton yield
by 17% in USA and sugarcane yield would reduce by 30% at India. The negative
effects of climate change can be mitigated by developing some adaptation measures.
The development of heat tolerant cultivars, modification in current production
technologies of crop can offset the negative effects of climate change. In future,
climate change impacts should be studies by using low and high emission scenarios
for early, mid and late century. The adaptation strategies should be quantified based
on modeling approaches.
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