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Abstract

Nowadays, several global major production constraints of crop plants are identifi ed: climate change, rapid population growth, increasing demand for food, reduction 
biodiversity, increasing demand for agricultural inputs and other multiple factors simultaneously affect crop plant production and productivity. These all production 
impediments are resulted substantial yield reduction across the world. Currently, climate change is becoming a serious challenge across the world with signifi cant threats 
of food security, ecosystems, economic stability, and water resources. Climate change is also impacting the world through hampering the productivity; particularly the 
tropical regions of the world are suffering from drought and heat to develop and produce the high yielding crops during the crop life cycle. Climate change is caused 
by different agents, mainly greenhouse gas emissions from natural systems and human activities and shift in climate patterns and composition. Climate change has a 
potential to adversely affect agricultural productivity to the irreversible level and drives to hunger of millions of the global community. However, plant breeding was playing 
key roles in tackling production hindrance of crop plants through developing high yielding and resistance crop varieties against the production constraints. Plant breeding 
is the science improvement of crop plants for quantitative and qualitative traits and developing improved resistance crop technologies against biotic and abiotic stresses. 
These days, climate adaptation and mitigation strategies are developed and used to overcome the drastic effect of climate change on food security and livelihoods of 
the world communities. Climate adaptation and mitigation are the most important and an interdependent strategy that uses for complement one another in tackling the 
impact of climate change and pave the way for sustainable survival of earth’s inhabitants. Climate adaptation has direct relation with the reduction of the negative impact 
of climate change through developing resilient crop plants to climate change whereas mitigation is devise to overcome causes and reduction of the possible impacts of 
climate change. Climate change affects food security in various ways, especially through impacting on all four components of food security (availability, accessibility, 
affordability, utilization and nutritional value and food system stability), through impacting on crop production and yield, through impacting on water availability, through 
impacting on fi sheries production, through impacting on agricultural pests and through impacting on livestock production. Generally, plant breeding has profound impact 
on food production and will continue to play a vital role in the food security. Plant breeding is primarily relied on presence of substantial genetic variations to address the 
maximum genetic yield potential of the crops and exploitation of these variations through effective selection for improvement. 
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Introduction

Globally, there are several major production constraints 
identifi ed with substantial infl uence on crop plants production 
and productivity. Among them, climate change, population 
growth and improved agricultural inputs are the most 
important production constraints across the world. The world 
population growth is increasing geometrically from year to 
year while crop productivity is increasing arithmetically, hence 
the problem of feeding these huge population is becoming 
formidable due to imbalance occurred between the population 
growth and crop productivity. The problem of this imbalance is 
happened due to drastic impact of climate change and associate 
effects. The assurance of global food security is challenge due 
to drastic climate change, reducing arable land and increasing 
population growth which expected to reach 8.6 billion in 
2030 and 10 billion by 2050 [1]. Agriculture is faced for many 

challenges such as human population growth, climate change, 
malnutrition, poverty, hunger and other stressors. Overcoming 
these diffi cult challenges will be harder in the absence plant 
genetic improvement to increase agricultural productivity 
through addressing the problem of yield reduction and its links 
with pest management and climate change. Hence, agriculture 
must change to meet the rising demand of global population 
by the transition of agricultural growth to effective modern 
agricultural development [2]. 

Nowadays, the world population growth rates by passed 
the linear increment in food production. Hence, the crop 
productivity should be produced in the next coming future 
decades by 70% in order to feed human population adequately 
[3]. The rapid and unprecedented increase in human population 
requires the increasing of linear rates in annual food production 
by 37% and is tremendously decreased by the effects of climate 
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technologies, especially CRISPR/Cas9, opened new routes 
of fast and precise genome modifi cation for the betterment 
advancing the knowledge of improvement. Genome editing is 
playing signifi cant role in transmitting, insertion and deletion 
of new sequence at desired location in the target genome [14]. 
It is possible to modify the known genes that control important 
traits selectively through genome editing to manipulate the 
phenotypes. This day, several genomic edited crops are entered 
into commercial markets in many developed countries like USA 
in addition to drought and salt tolerant varieties [15]. Urgently, 
crop plant improvement with the help of potential genomic 
approaches is very decisive for the development of climate 
change resilient crops.

Conventional plant breeding is working for the satisfaction 
of people in both quantitative and qualitative traits, however it 
should be integrated with different biotechnological techniques 
to advance crop genetic improvement and hastening the 
breeding cycle to satisfy the peoples demand to advanced level. 
Molecular breeding is defi ned as the improvements of genetic 
materials with help of molecular biotechnologies, particularly 
molecular markers in combination with genomics and linkage 
mapping [15]. Plant breeding is dealing with biological traits 
which can be transmitted from generation to another for further 
improvement against climate changes that adversely affecting 
crop plants. Generally, plant breeding primarily depends 
on presence of substantial genetic variation to address the 
maximum genetic yield potential of the crops and exploitation 
of this variation through effective selection for improvement. 
The availability of genetic variation is the key prerequisite to 
successful plant breeding. Plant breeding is focusing on the 
creation of genetic variation and applying appropriate selection 
procedures for improvement of quantitative and qualitative 
characteristics.

Climate change is the global phenomenon which is 
characterized by the changes of climate composition or 
elements (temperature, precipitation, and wind) that are 
especially caused by human activities [16]. It is caused 
due to change in each and every component of climate that 
includes: atmosphere, hydrosphere, biosphere, cry sphere 
and lithosphere or due to the complex interaction of all these 
components [17]. There are two major causes of climate 
changes. The fi rst and most important cause is natural causes 
which deals with changes in solar activity, volcanic eruption, 
sea water temperature, ice cap distribution, westerly waves 
and atmospheric waves whereas artifi cial cause includes 
deforestation, carbon dioxide emission from industry and 
agricultural production activities, acid rain and the destruction 
of the ozone layer by Freon gas and greenhouse gases [18]. 
Greenhouse gases caused global warming which increases the 
Earth’s temperature and started from the time of the industrial 
revolution. Greenhouse gas effect mainly include carbon dioxide 
(CO2), methane (CH4), nitrous oxide (N2O), hydro-fl uorocarbon 
(HFCs), per fl uorocarbon (PFCs) and sulfur hexafl uoride (SF6). 

Agricultural production is encountering different 
challenges, particularly in semi-arid regions of the world. 
The major challenges of agricultural production are increasing 

change and crop production variation [4]. Simultaneously, 
climate change is signifi cantly affecting climate composition 
in increasing temperature, changing rainfall pattern, ozone 
depletion and increasing CO2 level which hampered agricultural 
productivity [5]. Rapid economic growth is bringing signifi cant 
income growth that accelerates economic transition toward 
consumption of different agricultural products [6]. Agriculture 
should produce almost 60-100% more food in 2050 than 
the current production [7]. Hence, the goal of achieving in 
producing enough food to meet the increasing demand for 
ensuring food security must be tackled despite climate change 
that associated with increase in temperature, water scarcity 
and land, which are predicted to have substantial impacts on 
the production of suffi cient food. 

Plant breeders successfully increased in food production 
for the last few centuries through different breeding strategies 
and procedures. However, agricultural productivity is reduced 
due to monoculture practices, which has signifi cant reduction 
in genetic diversity and become serious problem in producing 
adequate agricultural food [8]. The integration of conventional 
plant breeding with advanced agronomic practices had played 
a pivotal role in achieving tremendous genetic gains of crop 
yields between 1960 and 2015. The combined utilization of 
improved varieties with irrigation, mechanized agricultural 
tools and excessive use of synthetic fertilizers to the fi rst green 
revolution to increase productivity. However, the yield boosting 
as result of green revolution are decreasing for different major 
food crops due to various problems [9]. The present trend of 
annual yield increment for major crops of between 0.9 and 
1.6% is not suffi cient to meet requirements in the near future 
[10]. Therefore, meet the global food demand, the yield should 
be increased by 2.4% annual yield gain [10]. 

Hence, the development of superior varieties with climate 
change resilient crops is necessarily important for increasing 
productivity with parallel to increasing human population. 
In the rapid increment of world population, the agricultural 
productivity should be increased to overcome food security 
problems. Therefore, conventional crop plant improvement 
should be integrated with marker assisted breeding procedures 
to address the serious challenges of the world through 
enhancing crop genetic improvements [11]. To achieve fast 
and agricultural advancement in terms of production and 
productivity in the short period of time, the integration of 
marker assisted plant breeding is very crucial in the future 
world. It is diffi cult to overcome the global challenges of climate 
change in the absence of integration of biotechnology into plant 
improvement to enhance crop yields through addressing yield 
reduction and associated problems [12]. Advanced breeding 
strategies is very important in improving crop productivity and 
combating poverty, hunger and enhancing the living standards 
of the people through increasing yields of different crops [13].

Nowadays, genomic research is playing a pivotal role 
in crop improvement, particularly in identifying genetic 
variability and desirable traits as well as characterization of 
different crop genetic materials for abiotic and biotic stress 
resistance. Currently, the development of genome editing 
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population growth, economic fl uctuation, water scarcity 
or drought and climate change [19]. All these production 
constraints are directly affecting yield stability and resulting 
in world food insecurity [20]. Genetic diversity has paramount 
role in the perpetuation of a species through offering 
adaptation mechanisms to biotic and a biotic environmental 
stresses and enables change in the genetic composition to cope 
with changes in the environment [21]. Plant genetic diversity 
is very critical in the continuation of agricultural development 
with significant improvement in different morphological and 
agronomical characteristics. Agriculture and climate change 
have strong correlation, which implies climate change has 
the adverse effect on the agricultural production of the world. 
The objective of the paper was to understand the role of plant 
breeding in tackling the formidable and catastrophic problems 
of climate change on agriculture productivity.

Climate change and agriculture

Agriculture and climate has strong correlation and 
interdependent to each other. Agriculture is affected with adverse 
effects of climate change either directly or directly [22]. Climate 
fl uctuation and variability have very signifi cant adverse effects 
on food self-suffi ciency and security. The impact of climate 
change is potentially threatening crop production, but also 
offering opportunities for signifi cant improvement. Ensuring 
the food security is a mission of global agricultural and forestry 
systems which is anticipated to develop high yielding crops to 
meet the increasing demand of human population in the future 
[23]. Agricultural productivity is signifi cantly alleviated due to 
climate change during the past few decades. In many tropical 
and mid-latitude countries, the climate modeling studies 
suggested that climate change will adversely affect food crop 
yield potential [24]. Therefore, increasing in climate change is 
going to decrease the quantity and quality of food crops and 
forage [25]. The rising of extreme weather condition will likely 
continues in increasing price and yield volatility which affects 
the livelihoods and putting food security at risk in the future 
[26]. The increasing world demand for agricultural products 
like food, fuel and fi ber will continues to increase because of 
climate change, growth in human population, changes in food 
habit and the need for alternative energy sources while there is 
no more or less additional arable land available for agricultural 
expansion. Therefore, agriculture must produce and improve 
the crop plants to increase yields on the same amount of land 
through adapting more climates resilient crops. 

Climate smart agriculture

Climate-smart agriculture is described as the 
transformation and reorientation of agricultural development 
under the new realities of climate change [27]. Climate-smart 
agriculture is also about sustainable and increasing agricultural 
productivity, developing climate resilient crops, alleviates 
greenhouse gas (mitigation) and improves achievement of 
national food security and development goals. There are three 
major interdependent climate smart agriculture components 
that used for achieving the principal goal of climate smart 
agriculture [27]. These components of climate-smart 
agriculture are tackling the bottlenecks of climate change that 

hampered the growing demand for agricultural production 
especially food, fuel and fi ber [28]. Climate-smart agriculture 
is playing signifi cant role in providing the optimum services 
like economic development, food security, combating poverty, 
poverty reduction, climate change adapted crops and improving 
agricultural productivity.

Three themes of climate smart agriculture are identifi ed 
the current gaps particularly in knowledge, climate related 
problems and interdisciplinary research and science-based 
actions: (1) farm and food systems, (2) landscape and regional 
issues and (3) institutional and policy aspects. The fi rst 
two components describes crop physiology and genetics, 
mitigation and adaptation for livestock and agriculture, 
barriers to adoption of CSA practices, climate risk management 
and energy and biofuels (theme-1); and modeling adaptation 
and uncertainty, achieving multifunctionality, food and fi shery 
systems, forest biodiversity and ecosystem services, rural 
migration from climate change and metrics (theme-2). The 
third describes in designing research that bridges disciplines, 
integrating stakeholder input to directly link science, action and 
governance. Climate-smart agriculture has developed to a set 
of strategies to meet the agricultural challenges by increasing 
resilience to weather extremes, adapting to climate change 
and decreasing agriculture’s greenhouse gas emissions that 
contribute to global warming [29]. Climate-smart agriculture 
is continuously supporting the transition for agricultural 
systems ranging from smallholders to transnational coalitions 
[30] Figure 1. 

Productivity

The goal of climate smart agriculture is continuously 
boosting agricultural productivity and enhancing incomes from 
livestock, crops and fi sh without harming the environment. 
Climate smart agriculture stands for enhancing nutritional 
and food security. Improving productivity is a key issues 
related to raising productivity for sustainable intensifi cation 
of agriculture. Food production is the largest cause of global 
environmental change being responsible for up to 30% of global 
greenhouse gas emission and 70% of freshwater use [31]. 

Figure 1: Major components of climate smart agriculture.
Source: Seminar on Climate Change and Risk Management, 2018
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Adapting to climate change

Climate change adaptation is the resilience of climate change 
through reducing the vulnerabilities in biological and social 
aspect. Adaptation strategy is primarily developed to overcome 
the climate change effects especially in drought-prone areas 
[32]. Climate change adaptation is playing very critical role in 
reduction of global warming and vulnerabilities in the social 
and biological system. Adaptation to climate fl uctuation is 
very critical issues in the food security discourse. Adaptability 
is essentially relying on the availability of genetic variability 
within and between crop species. The largest genetic variation 
of crop species offer the greater opportunities for improvement 
to adapt to environmental conditions. Agriculture productivity 
and growth are mainly susceptible to different problems 
especially climate change, extreme weather conditions and 
changing patterns of precipitations. Extreme temperature 
at critical growth stages can cause grain sterility and yield 
reduction [33]. Adaptation is the key factor in prevention of 
risks in agriculture related with climate change and helps in 
mitigating the negative impact of climate change. Adaptation 
strategies is playing very critical pivotal role through offering 
opportunity to tackle climate change challenges and sustain 
the improvement program [34]. Adaptation is also about the 
development of early maturing, drought and heat tolerant 
under climate change to sustain productivity. The new cultivars 
would increase the production per unit area under moisture 
stress and extreme temperatures [35].

Developing new varieties is the key options for adaptation 
of agriculture to climate change. The adaptation of agriculture 
to climate change needs more complementary strategies 
to develop new superior technologies to make agriculture 
resilient to climate change within the current footprint [27]. 
Conventional plant breeding is depending on phenotypic 
selection whereas genomics research is very important 
in developing the right adapted genotypes for the right 
environments without environmental impacts that complicates 
conventional breeding [14]. Advances in tools for analysis of 
plant performance are also supporting the development of 
optimal agronomic practices [14]. Genetic diversity is defi ned 
as the availability of genetic variation which is heritable traits 
in a population of given species. For the development of climate 
resilient cultivars, the existence of genetic diversity in the form 
of wild species, related species, breeding stocks and mutant 
lines are the source of desirable alleles which assist plant 
breeders to adapt to new climates. The availability of genetic 
diversity directly related with presence of desired alleles and 
helps to develop in breeding climate resilient varieties. 

To ensure the sustainability of food security and crop 
production is becoming serious and threatens due to severity of 
drought stress and global climate changes. The incorporation of 
the adapted natural genetic variations into breeding programs 
can enrich the current genetic diversity of stress tolerance and 
improve yield under stress [33]. In ensuring food and nutritional 
security, genetic diversity is contributing very amble quantity. 
Knowledge of genetic diversity of the genetic material is very 
critical in crop improvement. Effective selection is highly 
important in any crop improvement where the suffi cient 

genetic variation is available for different characters. Crop 
genetic diversity has tremendous role in mitigating the impact 
of climate change and devising adaptation strategies of crop 
diversity to the severe climate change is not the only important 
to offer basic demand to human being but also plays a major 
role in ensuring its quality Table 1.

Mitigation strategies to climate change

Mitigation is defi ned as designation to intervention 
and reduces the drastic effects of climate change through 
decreasing the level of greenhouse gases which include carbon 
dioxide, nitrous oxide and methane released to the atmosphere. 
Breeding methods is contributing pivotal role to decrease the 
emissions of greenhouse gases like methane and nitrous oxide 
from different sources of soil and grazing animals and has a 
potential to directly capture carbon from the plants and soils. 
The genetic improvement of crops is playing the signifi cant 
role in the enhancement of agricultural productivity. 
Genetics materials has been using in product quality and 
yield enhancement as well as mitigate climate change 
and decreasing the environmental impacts of agricultural 
productivity. Wherever and whenever possible, climate smart 
agriculture helps to decrease and remove greenhouse gas 
emissions. Mitigation strategies about avoiding deforestation 
from agriculture and increasing the potential to absorb CO2 
from the atmosphere [41].

Impact of climate change on food security

Food security is defi ned as that all people at all times, have 
physical, social and economic access to suffi cient, safe and 
nutritious food that meets their food preferences and dietary 
needs for an active and healthy life [42]. Food security depends 
on availability of food, access to food, and utilization of food 
[43]. The common defi nition of food security rests on three 
pillars: food availability, food access, food utilization and their 
stability [44]. Indicators used to measure food availability 
include crop production and food production indices, livestock 
ownership indices and national food balance sheets [45]. 
Access to food is the set of alternative commodity bundles that 
a person can command in society by using the totality of rights 
and opportunities that he or she faces [46].

Table 1: Climate change adaptations for the major food security crop plants.

Crop (s) 
name

Adaptation References

Wheat
Use of heat tolerant cultivars
Adjustment of planting dates

Optimum plant population
Ahmad I, et al. [33]

Rice
System of rice intensifi cation with alternate 

wetting and draying
Direct planting

Weerakoon WMW, et 
al. [36]

Maize
Raised bed planting

Early maturing cultivars
Precision nutrient management

CIAT, et al. [37]

Cotton
Heat and drought tolerant cultivars
Increase in plant population by 18%

Rahman MH, et al. 
[38]

Sugarcane
Ratoon management

Pit planting
Singh J, et al. [39]

Chickpea
Integrated weed control

Agro-forestry (Wind barrier)
Improved crop varieties (early maturity)

Ratnam M, et al. [40]
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Food accessibility is defi ned as the existence of resources 
which includes legal, political, economic and social that an 
individual requires access food. Food utilization is using food 
suffi ciently in through adequate diet, clean water, sanitation 
and healthcare to reach a state of nutritional well-being 
where all physiological needs are met. Food utilization is 
“the nutritional value of the diet, including its composition 
and methods of preparation; the social values of foods, which 
dictate what kinds of food should be served and eaten at 
different times of the year and on different occasions; and the 
quality and safety of the food supply, which can cause loss of 
nutrients in the food and the spread of food borne diseases 
if not of a suffi cient standard [47]. Food stability is all about 
a population, household or individual must have access to 
adequate food at all times. The concept of stability therefore 
refers to the availability, access and utilization dimensions of 
food security. 

All dimensions of food security are thus closely intertwined 
with agriculture production which is both source of food 
and source of income for rural households. Food security 
vulnerability to climate change refers to the propensity of the 
food system to be unable to deliver food security outcomes 
under climate change and food security vulnerabilities to 
climate change encompass the environmental, economic and 
social dimensions [48]. As a result of the cascading impacts 
and specifi c vulnerabilities to food security description, 
climate change impacts four dimensions of food security 
like availability, access, utilization and stability directly and 
indirectly [49]. All dimensions of food security are affected 
by climate change and food security depends not only on the 
direct impact of climate change on food production, but also 
on human development, economic growth, trade fl ows, and 
food aid policy [50]. Climate change has major implications on 
food security and livelihoods [51]. Climate change affects food 
security, water availability and productivity levels in Africa 
[52]. Climate change is expected to affect all of the components 
that infl uence food security: availability, access, stability and 
utilization Figure 2.

Conclusion

Climate change is affecting millions of people across 
the world, especially the most vulnerable by increasing 
the frequency and virulence of the extreme meteorological 
phenomena that cause crop yield reduction and population 
displacement. The main challenges from climate change to 

agriculture and food production are the increased frequency 
and severity of abiotic stresses, and higher infestation of 
insects and diseases. Climate resilience is the ability of the 
plant or crop to survive and recover from the effects of climate 
change. Breeding climate-smart varieties responds not only to 
climatic requirements but also to the preferences of producers 
and end consumers. Climate-smart varieties allow producers 
to have very good harvests in an unfavorable environment 
marked by climate variability. Hence, the development of 
climate change resilient crops is necessary to tackle the real 
challenges of climate change and meet the challenge of feeding 
the growing world’s population. The food production must be 
increased despite the projected decrease in arable land and 
unpredictable environmental conditions. As we know, land is 
shrinking but world population is increasing in a rapid phase, 
therefore modern agricultural practice is struggling to meet the 
level of primary productivity required to feed approximately 10 
billion people by 2050.

Plant Breeding has always played a pivotal role in 
human history from revolutionizing agriculture to feed the 
ever-growing population. The key role of plant breeding 
in agriculture is to develop a genetically superior genotype 
or variety, which is suitable for a specifi c as well as general 
cultivation of particular environment towards higher 
production. Recent developments in genomics in combination 
with high-throughput and precision phenotyping facilitate 
the identifi cation of genes controlling critical agronomic 
traits. The discovery of these genes can now be paired with 
genome editing techniques to rapidly develop climate change 
resilient crops including plants with better biotic and abiotic 
stress tolerance and enhanced nutritional value. The progress 
in precise phenotyping and genotyping offers tremendous 
opportunities to develop crop varieties that are suit for better 
changing the climatic conditions, which ameliorate in boosting 
the plant breeding activities for developing climate resilient 
varieties or cultivars. Hence, development of climate resilient 
varieties utilizing smart breeding tools to ensures the food 
security in adverse climatic conditions. Ultimately, plant 
breeders may be able to design and then construct the required 
genotype by selecting the best allele for each locus to deliver 
performance in the target environment.

Future food production will rely on the continued 
development of new crop varieties including novel crops 
and new types of plant-based foods. Crop species that are 
currently underutilized will need research attention to be 
able to contribute to climate adaptation. This may require 
the domestication of new species and the more extensive use 
of crop wild relatives capturing much more of the available 
plant biodiversity. Strategies for the capture of novel variation 
may include the use of techniques such as gene editing to 
directly introduce novel alleles found in wild plants into 
domesticated crop varieties. This would allow the rapid 
and defi nitive evaluation of the genetic contribution of the 
introduced allele relative to the earlier much less effective and 
effi cient approaches of extensive backcrossing. 

Generally, the changes in the rainfall patterns, temperature, 
CO2 level and greenhouse gases resulting in the frequency and 
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severity of extreme events such as fl ooding, drought, hail, 
and hurricanes etc. are major hindrance in achieving the food 
security for ever increasing population. In the face of ongoing 
and projected climate change, including higher temperatures 
and more erratic climate events across extensive regions 
over the globe, breeding of crop plants with enhanced yield 
potential and improved resilience to such environments is 
crucial for global food security. Improved plant varieties that 
can withstand diseases and pests with effi cient use of fewer 
resources, exhibiting stable yields amidst stressful climate 
in near future could only help to achieve the goal of climate 
resilient agriculture. In order to be able to make contribution 
in climatic resilience, research attention is indispensable for 
currently underutilized crop species. The world population 
is increasing alarmingly, but productivity is reduced because 
of several production challenges. Hence, conventional 
plant breeding method alone cannot address the serious 
challenges that world facing. Therefore, in order to overcome 
the food security problems, conventional plant breeding 
should be assisted and integrated with various biotechnology 
developments to hasten the crop genetic improvements. To 
ensure the rapid and advanced agricultural development within 
short period of time, the incorporation of molecular marker in 
plant breeding very relevant in the future world. 
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