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ABSTRACT
Climate change for agriculture is a great threatening adversity in under developed countries due to their more dependence
on agriculture and increase in greenhouse gases. Agricultural practices are influenced by climate change because they rely
mainly on climatic factors. This review covers the factors affecting the climate change and explains strategies for the
development of adaptation in plants against climate change. Climate affects the agricultural soil by directly by changes in
organic carbon transformations and indirectly by cumulative impacts of CO2 along with fertilizer application practices and
variable efficiency of Radiation use. Many gases are produced due to burning of fossil fuels; they include methane and
oxides of Carbon, sulphur and Nitrogen. Climate change also increases the drought and heat stress for agriculture. These
gases mainly come from the use of fertilizer on the agricultural soils, livestock manure, tillage practices, and fossil fuels.
Now different strategies i.e. Agroforestry, omics, Genome wide association studies and CRISPR/Cas9 are used for
screening the plants against climatic change.
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1. INTRODUCTION
Climate change is a major worldwide environmental
problem and effects all types of life. It defines as change
in climate with the passage of time due to the natural
changes (Natural fluctuations in the sun’s intensity,
Volcanic eruption, Shorter- term cycles like El-Nino) or
due to human movement (excessive use of fertilizers,
tillage, fossil fuels etc.) or define as significant variation
by statistically in state mean of the climate[1]. Greenhouse
gases increase that is the reason to increase biotic stresses
(diseases, insect attack) and abiotic stresses i.e. drought,
temperature, heat [1][2].
Climate changes badly influences the agricultural land,
crops, forest ecosystems and disturb different agricultural
magnitudes, causing yield losses, effectiveness and
occupation. Food security is another major threat due to
variation in climate[3], due to the unpredictable crop
production, fluctuations in markets, prices of food and
supply network[4]. The choice of the optimum crops
cultivated, optimum planting time and harvesting time
mainly base on the weather circumstances prevalent
everywhere [5]. Soils are essential portions of numerous
universal nutrient cycles. Climate change effect
agricultural soil by (i) direct effects include alterations in
organic matter and nutrient circulation linked with alter in
moisture and temperature in the soil to hence soil erosion
due to an increased and uneven rainfall[6] (ii) indirect
effects of climate change are normally predicted to
increase crop yield because of fertilization, carbon
dioxide, radiation use efficiency and longer growing
seasons [7].
Nitrogen and Carbon are vital constituents of organic
matter of soil[8] and it can change into carbon dioxide

(CO2) cause greenhouse effect in atmosphere, 4% increase
per year and increase rain fall variability, methane (CH4),
and nitrous oxide (N2O), 4.5 million tons of (N2O)
produce per year[9][2]. Use of non-renewable energy
reservoirs, tillage of soil and greenhouse gases has
changed the equilibrium of nature[10]. Drought and heat are
the most important factor of climate change which effect
agriculture soil and crop productivity. Increase in
temperature and decrease in the rainfall reduce the water
supplies and difficult to meet the water demands.
Different strategies used to compete with the climate
change. Forest development to decrease the influence of
water deficit, prevent barren land formation and fix
destroyed soil[11]. The new technologies omics are using to
study the crop plants by genomics, proteomics and
transcroptomics. It helps us in study the interaction of
genes, proteins and metabolites [12]. Genome studies used
to study the gene changes and linkage in the traits [13]. In
biotechnology stress tolerant plants are developing by the
use of genetic engineering for the human beings[14]. Now
these day CRISPR/ Cas9 technique use for the
development of biotic and a biotic stress tolerant plant [15].
Present study covers the identification of factors which
enhance the climate change and strategies to decrease and
compete with climate changes.

2. CLIMATE CHANGE AND AGRICULTURAL
SOIL

2.1 What is climate change?
Climate change refers to alteration in climate with passage
of time, because of natural changes or due to human action
[16]. Worldwide, climate change is severe threat that badly
affects agricultural yield and quality [17]. The accumulation
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of toxic gases produced as a result of Greenhouse effect is
the biggest cause of changes in environment. Climate
change is strongly linked with agriculture, this association

is as important as the difference between population and
food productivity[18]. International contribution of different
sectors in climate change shown in table 1.1.

TABLE 1.1: International contribution of different sectors in climate change
Sr. No. Sectors Percentage References
1 Energy supply 25.9 [1]

2 Industries 19.4
3 Forest Development 17.4
4 Agriculture 13.5
5 Transports 13.1
6 Housing and Private building 7.9
7 Wastage 2.8

2.2 Soil and climate change
Soil is major component of the ecosystem and hence
climate. It is considered the second great reservoir of
Carbon first being the seas and oceans. Soils form the
surface on which all terrestrial ecosystem functions [19].
Soil and Schemes related to it have immense importance
as they are applied in manufacture of Biomass, Provide
Habitats to Living things, maintaining the Biodiversity, in
water cleansing, controlling the hazardous eruptions, Air
purification Role in carbon uptake and provide the

cultural, recreational and human health benefits [20].
Planting is directed to adverse changes in soil organic
carbon by changing the mechanisms involved with soil
Carbon production and decay [21][22]. Carbon content in the
soil is altered by many processes which are dependent on
many components such as pH of the Soil, Air temperature,
Soil texture Agronomic practices such as Tillage Changing
the cropping Pattern and Water upholding capacity of soil
[8]. Change in soil properties is because of change in
environment [23].

FIGURE: 1.1. Direct and indirect effects of climate change

2.3 Influence of climate change on soil
Increases in temperature, droughts, Downpours, storms,
chilling injury and expanding sea surface levels in coastal
areas are due to climate change. It increases the threat to

soil like reduced soil fertility, soil compaction, soil
erosion, and reduced crop yield [24]. These threats linked to
climate increase big problems about the soils as nutrient
media in future [25]. The soil is affected by the changes in
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ecosystem gradually and slowly because this is not
directly associated with climatic changes. There are some
components that are directly (temperature) and some
indirectly (fluctuations in soil humidity) this can
resultantly act as source of many greenhouse gases [26].
a. Direct effects
Alterations in processes related to soil like carbon
transformation circulation of the nutrients and relative
changes in moisture due to heavy precipitation causing
soil erosion are perceived as direct effects[27]. Proper
management of soil and climate adversities can alter the
capability of the soil to perform in different situations.
Different studies have reported the impacts of climate
change to different soil functions[28] [29]. Organic soils of
UK showed a reduced Capacity to retain the C in
increased soil temperature and reduced soil moisture [28].
b.Indirect effects
In some Crops like those using C3 pathway for
photosynthesis climate change can cause enhanced yield
as it alters the parameters like fertilization, radiation use
efficiency and prolonged growing season[7] but plants
having C4 pathway do not show this [30]. Increase in CO2

can cause enhancement of dry weight and other plant
parameters. Indirect impacts can also be due to on soil
practices, these also include the practices done for the
adaptations to environmental variations [31].
Many agricultural practices related to soil adaptation
including reforms in agricultural irrigation systems,
changing cropping schemes and patterns and changing the
fertilization quantities and practices. These include soil
improvement practices shown in fig 1.1[32].
Climate change also imparts effects on different soil
morphological factors e.g. soil morphological parameters
(soil structure, soil texture, soil water contents), soil
biological parameters (organic matter of soil, fauna and
flora in the soil) and soil chemical parameters [33].
3. Climate change and agriculture
The impacts of climate change are linked directly with
agriculture. Agriculture is the fundamental area that is
greatly affected by climate adversities[34]. Selection of
appropriate crops and their sowing and harvesting times
are based on climatic features of a specific area. It is clear
that the changes in climate are controlling the farmer’s
income as production and quality are under control of
climatic variation[5]. The speed of climate change is very
high as it can be observed through the fact that the
temperature of modern day has been increased 5.0°C
higher than last era of ice age [35]. So, in order to cope with
this dramatically increasing scenario there is a dire need of
quick actions to alleviate the adversities of climate change.
From previous decade agricultural production and quality
are immensely deteriorated due to climate change for
instance due to temperature as well as precipitation
fluctuations[36]. There is uncertainty about the severity of
droughts and floods and winds and sudden damage is
expected to be lethal. It could also the cause of permanent

water deficits, Deserts formation, Soil erosion and many
other devastating factors such as diseases or variation in
atmospheric pressure of air and water level. Susceptible
regions face severe crop losses in case of such changes[37].
Climate change can have positive effects in some area [34].
As a result, there is direct impact of climate change on
food productivity of the world [38].
Agriculture is the primary area that is immensely damaged
by the climate change and hence the farmer community
that is damaging for the economics and a great reason of
rural poverty. And this impact is going to be very intense
in under developed or progressing countries that are
entirely relying on their agriculture for economic growth
[39]. For example, 70% of population of Pakistan is related
to agriculture one way or the other and the livelihood of
these people is dependent on agricultural production.
Similarly, agriculture plays 70% role in GDP (gross
domestic product) of Pakistan’s economy.
3.1Effects on CO2:
Due to increasing consumption of Fuel and Burning
activities the CO2 level in Atmosphere has gone to higher
concentrations. Human activities have intervened the
climate and now CO2 is causing greenhouse effect in the
atmosphere. Two issues are of main concern to economists
first is the speed or pace at which CO2 is accumulating and
total amount of CO2 accumulated. From the last century
the amount of CO2 dumped in atmosphere in the form of
emissions has increased to 4% and level of CO2 in
atmosphere is increasing at a rate of 1-2% per annum. If
this rate remains, the same then after 50 years’ amount of
CO2 will double up. The use of fossil fuels in developed
countries will be replaced by some other alternatives due
to increasing prices and income [40].
CO2 is involved in the absorption of upto20% of thermal
radiations [41]. It is produced naturally as a result of
degradation of organic matter, breathing activity of living
things and Oceanic release. Man has created many sources
which directly or indirectly responsible for CO2 emissions
they include cement factories, forest destruction, burning
tons of fossil fuels in form of petrol, gas and coal.
According to estimation 24% of CO2 is emitted by agro-
forestry and other land practices and 21% by industry [42].
The atmospheric carbon dioxide has reached to a level of
385 µmol. mol−1 in 2018 from 275 µmol. mol−1 in 1750.
It is estimated that due to increased CO2 concentration due
to human activities will increase the temperature of earth
by 3–5oC in year 2100 [42].
3.2 Effects on Nox
No doubt Nitrogen is of prime importance and limiting
factor for the plant growth and agriculture. Sometimes the
soil could not provide the sufficient nitrogen to the plant
grown in high intensity cultivated systems so it is required
to provide the nitrogen from external sources for enhanced
production. The use of fertilizers is immensely increased
from 12 Tg (teragram) in 1960 to 113 Tg in 2010 shown in
figure 1.2 [43].
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FIGURE 1.2: Comparison of N Sources and contribution in 1961 and 2010 [44]

If the trend continues then for feeding more population in
the future more nitrogen fertilizer will be used in 2050[45].
The nitrogenous emissions along with other greenhouse
gases are likely to drastically reduce the production of the
crops and are threat to food security[46]. Emissions of
Nitrogen pose very dangerous effects on agricultural
systems e.g. N2O has a very long life in atmosphere about
116 years and very high global warming potential (GWP)
that is 310 times more than that of carbon dioxide and high
global change temperature potential (GTP) on one hundred
years-based calculations[47]. Nitrogen from Agricultural
practices influence the climate by producing NH3 and
other oxides of nitrogen [48]. The NOx affect climate in
different ways e.g. O3 formation that is involved in
warming, elimination of CH4 by hydroxal radical and
cause cooling.
3.3 Reactive Nitrogen Nr

A human activity also has raised the level of reactive
nitrogen in the atmosphere and this includes various forms
NH4, NOx, Nitrate and Nitrites. These compounds are
inter converted and are very much lethal to the plants and
environment at cosmopolitan level[49][50]. NOx are
producing some climate forcing agents such as ozone and
aerosols and at the same time are reducing long termed
climate forcing agents like methane. NH3 causes aerosol
enhancement in environment and N applied to soil
changes Carbon exchange that vary proportion of
Greenhouse gases among air and land [51]. The overall
effect of Nr is reduced by CO2 quantities, Nr amount and
number of Nr species in environment. Some research
reports show the collective impact of Nr at different levels
as national and international [52]. There is a lack of planned
study on climate [48]. China is the biggest source of Nr

from industrial and Land activities [53], and its emissions
are posing climatic effects are not only regional but global.

4. Impacts of climate-nitrogen interactions on
Agriculture

Climate has close relationship with Nitrogen cycle. O3

produced as a result of N interactions affect agricultural
productivity. This will lead to more emissions of Nr from
cattle and cropping patterns. The impacts of N include
heat and higher precipitation and heat and they impede the
fulfillment of nitrogenous demands of crop even after
fertilizer application and more application will lead to
increased N release to environment.
1. Higher temperature will lead to more release of O3 and

higher O3 will cause reduction in yield and production
of crops [54][55][56]. Model experimentation of O3 under
different concentrations showed greater effects on
grain crops [57].

2. Temperature fluctuations will promote more NH3

emissions[58], poor Nitrogen use efficiency causes more
release of Nr to atmosphere and causes reduced
production and higher death rate [59]. For compensating
this reduction more N is applied and hence more N will
be released in environment.

3. Recently heat stress is involved in the economic
decline of $1.7 to $2.4 billion in Livestock sector of
US [60].

4. More nitrogen emissions are observed when heavy
precipitation or flooding as more nitrogen is flushed
from washing off agricultural soils and can give serious
impacts to underground water [61].

5. Microbial activity enhances in N rich soils associated
with increased NO2 level in atmosphere by agriculture
fertilization practices. Process of NOx impacting the
environment shown in figure 1.3.
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FIGURE: 1.3. Process of NOx impacting the environment

5. Impact of climate change on Drought and Heat
Drought is natural phenomena and climate change
aggravates the conditions by increasing the rate of
hydrological cycles and set them in faster and intensified
and promoting the risks of wildfire. The hydrological
cycle is speeded up because availability of energy for
evapotranspiration is enhanced. The second reason is the
increased temperature changes the water holding capacity
of the atmosphere [62]. As a result, intensified, diverse and
long lasting phenomena like droughts are observed. Hence
it is obvious that temperature increase leads towards
drought. High temperature has a crucial role in promoting
drought due to global warming. Observations have shown
that earth’s temperature is gradually climbing up from
previous century and by the termination of twenty first
century (2080-2100) and it is predicted to be raised the
limits of 1.5 to 2°C that is greater than the previous
duration (1850-1900) [63][9][64]. This as a result increases
precipitation and atmospheric moisture is increased many
folds and this moisture holding capacity cause an increase
of 7% rise per degree increase in temperature. This
moisture level controls the amount of precipitation and
hence there would be longer dry periods [65][30][66]. Under
climate change the water content or division of soil
moisture remains nearly constant at lower and higher
altitudes. In such situations the amount of precipitation
relies on available water content on both land and oceans
[30][66].
The regions far from the seas are short of moisture to fulfil
the evaporation requirement of atmosphere and this can
lead to warmer temperatures, drying of islands and
reduced humidity as in experimental models [67][68]. It takes
more time for rehabilitation of moisture and it is crucial
for precipitation and hence cause longer spells of drought
[69]. The heat generated by global warming aggravates the
conditions and causes quicker drying [70]. It results in wide
spread, long lasting and intense spells of droughts as
compared to recent climate [71][72]. It has been reported that

in future the climate of land would be drier and areas
under it will expand if the global warming will keep on
increasing [73]. Weather patterns also determine the
stability of a climate so, if once conditions promoted the
drought then climate change aggravates the conditions by
adding heat gradually to this system [74][62].
In addition to this humidity present in the soil is also

related with increase in temperature. This is linked in a
way that if there will be no moisture in the soil then there
will be no evaporation and no cooling effect would be
there and as a result the temperature will rise due to fluxes
of heat [75][76]. This relationship of soil humidity and
temperature is called temperature soil coupling [75][62] and
this can cause the wild fire [77]. It is observed that humidity
of the soil is inter linked with temperature extremes in
local and international scale [78][79]. It is also reported there
is a direct link between heat and dry circumstances and
this can lead to drastic drought and heat stresses [80]. In
future the drought and heat can have serious impact on
climate and all this is due to climate change [81][82].
The role of temperature has discussed to high extent in
context of drought. The temperature extremes result from
climate change at bigger level and man interventions with
Natural resources and disturbance in nature. Hot and cold
temperature extremes both are lethal and cause severe and
long lasting impacts. The mortality rate is linked with high
temperatures in some areas but in temperate areas cold
temperature is a trouble.  Temperature fluctuations affect
the food production in many areas sensitive to these
changes including tropics and subtropics. In the countries
where farm mechanization and technology in agriculture
have reached to climax may get advantage of this if proper
managements are done [83]. At high to mid latitudes
production of some crops tend to enhance for small
increase in temperature from 1-3°C. conversely at lower
latitudes the minute increase in temperature can diminish
the productivity of the crops and chances of hunger or
famine may spread [84].

NO+O2=NO2 NO2+Volatile Organic
Compounds

Organic Nitrates and
Nitrites

Deposition in AtmosphereImpact on climate by N
enrichment
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FIGURE: 1.4. Causes of global warming and methods to save earth

6. Genetic and genomic strategies to tackle outcomes
of climatic variations

a. Omics-Led Breeding
The term “omics” is related to many eras of study like,
genomics, proteomics and transcriptomic. Omics helps us
to get a clear understanding of biological approaches that
are complex and based on interactions of genes,
metabolites and proteins in a genotype[12]. Omics
approaches assists in description of biological processes
related to genetic information for the amendment of crops
[85].
Many objective-based markers are developed and studied.
These markers scanned across different environments to
get unique and contrasting variations and genes related to
these functions are scanned for significant ecological traits
[86].To recognize the phenotypes in different circumstances
genetics and transcriptomic analysis can be utilized [87].
Genomics also help us with identification of molecular
processes associated with stress resistance. This helps us
to devise climate smart crops under changing climatic
conditions [88].
b. Genome Wide Association Studies (GWAS) as a

solution for Stress Resistance
To find out genetically different genotypes in different

varieties, different allelic combinations are found with the
help of genome wide association. This can also be
performed for a single trait [89].
This technique has been proved to be quite useful in
exploitation of mechanisms responsible for the tolerance
to specific crop against climate [13].
Genome wide association is primarily based on Design,
tools used for genotyping, statistical tools for elaboration
of results. It shows the linkage between traits and SNP
markers [90].  Plants have shown many successful
resistances against climate using this technology due to
broad applications against water deficit, salinity and heat
stress [91][92][93]. Chen et al. 2017 screened Sorghum for

changing climate. The traits like leaf firing, Blotch and
heat tolerance at vegetative phase. Association between
the resistance against climate and SNPs was determined
using genome wide association [94].
c. Genetic Engineering and stress tolerance
Genetic engineering is one of the applied branches of
Biotechnology that has played a significant role in the
field of developing the plants against biotic and abiotic
stresses and using them for human welfare. Different sort
of data can be retrieved from the genomes and then
changing these genomes through different techniques,
genetic engineering acts as a strong tool to do that. In
living organisms there are specified transcription factors
which respond to special type of external stress.
Transcription factors are particular proteins that can help
in reduction the effect of stresses by reducing the signal
streaming of a specific stress. Genetic engineering helps us
to find these stress sensitive transcription factors in the
genome. This strategy is reported to be successful in
developing resistance in plants against stresses. These
(Tfs) have the potential to vary the phenotypic expression
of genes[14]. Different plants having resistance against
different stresses have been developed through genetic
engineering and they have shown a promising adaptation
to climatic stresses[95][96][97]. Numerous transcription
factors (TFs) are important as plant-specific TFs which
includes AP2/ERFBP group[96]. This family of
AP2/ERFBP TFs is concerned with different growth
mechanisms and functions in influencing biotic and abiotic
stresses [98].
d.Genome Editing Strategies
Genome editing (GE) is a tool used to change the plant
genetics through sequence-specific nucleases. It is used for
the improvement of crops to fulfill the food security and
modified plant that can face the climate change[99].
Conventional plant breeding method used for the
discovery of gene which linked with traits and GE used for
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the best line for yield [100]. Plant genetics diversity
decreases due to wide growth area of important crops
which increase the susceptibility for abiotic and biotic
stresses [101][102]. GE is commonly used for the transfer of
gene in other plant genome to increase resistant for
stresses as compare to conventional breeding due to time
consuming [103]. GE plays important role in the
modification of plant for resistance and high yield [104].  In
GE, site specific endonucleases are utilizing i.e. zinc-
finger nucleases, effector nucleases and CRISPR-Cas9
[105]. CRISPR/Cas9 is most commonly used for GE as
compare to ZENs and TALENs due to the cheap, fast,
precise and specific editing [106].
e. CRISPR/Cas9 System for Crop Advancement
An important system used for the improvement of crops
for genetic resistance against abiotic stresses is
CRISPR/Cas9 [15]. Immense potential is present in this
system for developing climate resilient crops [106]. It is
based on the utilization of internal defense mechanism of
the prokaryotes. It is activated against RNA type 2 which
is usually viral RNA hence these microorganisms tackle
the attacking viruses [13][107][108]. The editing in the genome
has been made easier and advanced with the help of
CRISPR/Cas9. It produces gene mutants and silence the
single nucleotides in whole system [109]. This tool is getting
popular and widely accepted as at one side it is easy and
eco-friendly and at the same time ensuring the genome
edition and hence very useful in developing climate smart
crops that can tolerate adversities of climate [110].
Shen et al. 2017 shared a success story about the silencing
of Osann3 gene in Japonica rice by this system and as a
result resistance against cold stress was developed [111]. In
this way cold tolerance can be induced in transgenic rice
due to potential of OsANN3 gene. Similarly, the resistance
against herbicides is developed by a knocking down a
special gene PmCDA1 using CRISPR/Cas9 [112].
7. Agroforestry: A Climate Smart Agriculture
Agroforestry is a planning system involving rational land-
use that tries to find some balance in the growing of food
crops and forests. Agroforestry have a well-known
buffering and resilience effects on rapidly changing
climate of ours. Agroforestry is the amalgamation of trees
into farming systems. It has potential to reduce the effects
of drought, to fix up degraded soil and prevent
desertification. Agroforestry- A Climate Smart
Agriculture, have buffering effect on changing climate
because of permanent tree cover. Under the influence of
changing climate, agroforestry besides acting as a buffer it
can help to increase food production, provide different
sources of nutrition, nutrient recycling and conservation,
source of income and income diversification when crop
yields are low [11]. Under the current scenario of global
warming agroforestry plays a vital role in mitigation of
climate change by absorbing greenhouse gases (GHG)
through a carbon sequestration process [2]. With climate
change expected to lead to unpredictable seasons in the
future, placing even greater pressure on agricultural
systems, food production and food prices, agroforestry is a
viable option to help buffer farmers against the impacts
[113].

8. CONCLUSION
It concluded that climate change directly links with
agriculture and linkage more powerful in developing
countries due to the more dependence on agriculture.
Climate change is a major issue in developing counties
because of inadequate adaptive ability and less modern
technology. Industrial countries are the main sources of
main gases of greenhouse agricultural and mechanical
activities alter the climate by the eruption of these gases.
Climate change also increases the drought and heat stress
for agriculture. Developing countries should need to
decrease the greenhouse gases by different ways to
minimum the effect of climate. Different strategies like
Agroforestry, omics, Genome wide association studies and
CRISPR/Cas9 used for the study of climate smart breeding
of plants and can use for the biotic and abiotic stresses.
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