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ABSTRACT 

Background Climate-smart agriculture is the set of agricultural practices 
which can help the human being to reshape and align agricultural system 
towards sustainability. Under the changing earth’s climate, vulnerability scale 
of the agriculture system and natural resources has been dramatically 
increased. Changing patterns of rainfall, temperature and water stress across 
the globe have been making a hostile climate for living things. Drastic impacts 
have been observed across the world, but developing countries of Asia and 
Africa are most vulnerable. In South Asia, Pakistan is not only included in the 
list of most susceptible countries but also exposed to Malthusian trap. That's 
why, there is a dire need to improve and to reshape the intensive agriculture 
system into sustainable form.  
Findings Understanding the possible threats and preparing the ground for 
climate-smart agriculture are the promising strategies to ensure food security, 
public health, and green economy. Moreover, the Government and farming 
community need to initiate climate-resilient and sustainable practices into the 
conventional agricultural system. Laser land levelling, crop insurance, water-
smart technologies, soil health practices, nutrients use efficiency and many 
others are the most useful techniques to ensure the sustainability of 
agricultural system.  
Conclusion For achieving sustainable development goal in the country and 
sustaining food security, researchers and policymakers need to priorities 
climate-smart agriculture practices by subsidizing the farmers, providing tax 
exemption on agricultural inputs and machinery, and adoption of the latest 
technologies. 

 

 

INTRODUCTION   
 
Increasing greenhouse gases concentration in the 
atmosphere has been triggering greenhouse effect and 
subsequently disturbing the human livelihood, 
environmental quality and agricultural sustainability 
(Hameed et al. 2016). The anthropogenic release of 
these gases is the leading cause of global climate 
change (Hussain et al. 2020). The intergovernmental 
panel on climate change projected that rise in global 
surface mean temperature has been increased byb1°C 
(Midgley 2018; Stocker et al. 2013) which increased 
the drought severity in many parts of the world (Kocsis 
et al. 2020). It is shifting the earth’s balanced climate 
into hostile. Anthropogenic interventions and 

unsustainable practices are influencing the earth’s 
living population negatively. Changing rainfall 
patterns, rising temperature, melting glaciers are those 
prominent implications which human being has been 
facing for the last two decades. Similarly, many 
countries are facing heat waves, water shortage, and 
floods driven by climate change (Ge et al. 2019). 
Specifically, changing atmospheric circulation and 
shifting rainfall patterns are the most prominent 
impacts of global climate change (Liu and You 2020)  

Increasing population pressure, urbanization and 
industrialization as well as the climate change and 
water shortage are the most critical factors for the 
sustainability of environment and agricultural system. 
Currently, around 820 million people have been facing
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the challenge of food insecurity, and this number may 
increase to 10 billion by the end of 2050 (Willett et al. 
2019). The growing population has been exacerbating 
the food demand and supply across the world, and it is 
estimated that food production must be doubled to 
feed the hungry population by 2050 (Searchinger et al. 
2019). Asia and Africa are the most vulnerable regions 
(Aggarwal et al. 2014). Globally, there are more than 
570 million agricultural farms which are small and 
family-operated. It shows that small farms (less than 
2 ha) has been operating about 12% and family farms 
about 75% of the world’s agricultural land. These 
smallholder agricultural farms are the major source of 
food (Lowder et al. 2016). Furthermore, they are 
providing income to most of the world’s poverty-
stricken people along the urban and rural areas (Funk 
et al. 2020). It has been reported that agricultural 
system should be improved in accordance with recent 
climate changes to ensure world food security. 
Transformation of agriculture system into a 
sustainable mode requires integrated approach in the 
form of mitigation and adaptation, and it should be 
taken as global development target in the form of 
climate smart agriculture. 

In Pakistan, agriculture has been a high-priority 
sector since the independence. It not only provides raw 
material to industries but also acts as a key source for 
poverty alleviation. It adds about 18.9% in GDP, 
42.3% employment (GOP 2018). However, 
agriculture growth rate has been affecting by different 
biotic and abiotic stress factors. All these factors have 
been influencing crop prices, production as well as 
commodity demand and supply. Maintaining food 
security is an emerging challenge across the country. 
Purposeful transformation is required in the 
agriculture sector to encounter the growing challenges 
of climate change and food security. It is the right time 
to assess the possible impact of climate change and to 
develop an effective strategy to halt these changes 
(Figure 1-2). 

Adaptation has capacity to bring social, 
ecological and economic adjustment in the system. It 
will help farmers and government to build effective 
strategies against climatic changes (Burnham and Ma 
2017). Infect, adaptation is a well-developed 
procedure of natural evolution, and it is strongly 
influenced by anthropogenic activities. Furthermore, 
there are various studies which have been focusing on 
climate change and positive impacts of adaptations on 
socio-economic benefits (King et al. 2019). Many 
farm level practical experiments concluded that 
adoption of climate smart agriculture techniques can 
bring improvement in crop yield, enhance input use 
efficiency, decrease greenhouse gas emission, and 
increase the net income of the farmers (Sapkota et al. 
2014; Khatri-Chhetri et al. 2016). It is necessary to 

amend the agriculture system at farm level to increase 
food production, sustain productive capacity, handle 
food demand, and meet sustainable development 
targets (Keating et al. 2014). It is a time to take action 
by bringing specific adaptations in agricultural system. 
The main objective of the present review article is to 
highlight the importance of climate smart agriculture 
under changing climatic conditions and identify the 
key strategies and factors for adaptation under climate 
smart agriculture to ensure food security, human 
health, and agricultural productivity. 
 

Complications in the agricultural system of Pakistan  

High population growth of Pakistan is the major cause 
of squeezing resources which are weakening the 
agriculture economy. (Chaudhry 2017), and per capita 
water availability in the country. Surface water has 
been declining from 5260 m3 per capita in 1951 to 
1032 m3 per capita in 2013 (WAPDA 2013). Two 
major crops (wheat, rice) have been growing on 2.1 
million ha area in the country. Lack of crop variation 
and mismanagement of crop prices are the two main 
problems. Punjab province which is contributing 60% 
on the basis of area of crop production has been facing 
the challenge of water scarcity (Bhatt et al. 2016). 
Pakistan’s economy has been heavily relying on 
wheat, cotton and rice which contribute 2%, 1% and 
0.6% in GDP, respectively (GOP 2018). 
 

Nexus among climate, water and food  

The close link among water, climate and food 
availability has been made the country more 
vulnerable. Rivers are receiving 70% water from 
glacier melting and 30% from monsoons rainfall. 
Rivers are providing seasonal base water supply which 
has been varying from 100 MAF to 150 MAF during 
dry and rainy season, respectively. However, about 
40% of available water is wasting during application 
and operational phases (Hussain et al. 2011). Rainfed 
areas are also facing water deficiency due to uneven 
distribution of rainfall with respect to space and time. 
 

Arable land salient feature 

It is estimated that out of 79.60 Mha, 46 Mha (57.7%) 
land is considered a potential area for agriculture and 
forestry growth, while 25.72 Mha is annual average 
cultivated area (Hasan 2007). According to Baig et al. 
(2013), about 19.27 Mha are irrigated, 4.13 Mha are 
irrigated by groundwater and 8.16 Mha by canal, 7.96 
Mha by both the canal and groundwater, 0.27 Mha by 
wastewater, and 3.2 Mha are rain fed. Wheat-rice 
system is highly nutrients exhaustive cropping pattern. 
It is estimated that it can remove 650 kg ha-1 of 
nitrogen (N), phosphorus (P) and potassium (K), while 
0.5-1.0 kg ha-1 zinc (Zn), 2-3 kg ha-1 iron (Fe) and 3-
3.5 kg ha-1 manganese (Mn). It can affect long-term   
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Figure 1 Implementation mechanism for climate smart agriculture 
 
crop productivity, while farmers have been applying 
fertilizers each year to enhance crop production yet 
they are unable to get maximum output (Akhtar et al. 
2009; Kanwal et al. 2017). There are many factors 
such as insect pest, low soil fertility, weed infestation 
and the rising threat of climate change are a major 
barrier for crop production. In Punjab and Sindh soils, 
micro-and macro-nutrients are depleting quickly by 
the intensive cropping pattern in the form of wheat-
rice (Kanwal et al. 2017). Furthermore, 4.5 Mha area 
are affected by salinity, and the crop losses due to 
salinity is estimated 25% (Qureshi 2011). 
 

Hydrological system of Pakistan 

In Pakistan, there is a largest contiguous irrigation 
system consisting of 03 major reservoirs (Chashma, 
Tarbela and Mangle), 23 barrages, 12 inter-river-link 
canals, 45 canal commands and spread over 60,800 
km, supply water to 140,000 watercourses which are 

supporting the whole irrigation system. However, due 
to lack of proper upgradation, it is unable to meet the 
demand of the farmers (GOP 2018). It has been 
reported that capacity of water storage houses is 
decreasing at rate of 0.2 MAF year-1 (Chaudhry 2017). 
The country depends on canal, rainwater and 
underground water to meet the agricultural, industrial 
and drinking water requirements, but the present 
supply of canal water is not enough to meet the 
irrigation water demand of different crops. 
Therefore, farmers are using underground water to 
fulfil the crop water requirements, and Punjab’s tube 
wells installation has been increased from 10,000 in 
1960 to 1,000,000 in 2011. Consequently, ground 
water resources in the country are depleting very 
rapidly (PIAPIP 2015). Pakistan is mainly situated in 
arid and semi-arid region, and have 328 mm rainfall in 
southern part and 2,000 mm in northern part (GOP 
2012). The whole of Sindh, major parts of Punjab, most 
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Figure 2 Climate smart village strategies 
 
of Baluchistan and central part of Northern region are 
receiving 250 mm average annual rainfall (Salma et al. 
2012).  
 

Food security issue in Pakistan 

Both climate change and food security are major 
concerns for human survival. Wheat is a staple food of 
the country. Per capita wheat consumption is highest 
among the rest of the world. To feed the growing 
population, the country needs to enhance wheat 
production at least 4% annually, but global warming 
has great damaging effect on wheat productivity. It has 
been observed that flowering, maturation stages are 
mainly damaged by high temperature. Drastic impacts 
are usually appeared in term of premature fruit, early 
ripening, less grain weight, poor grain quality and 
yield deterioration (Wahid et al. 2007). Moreover, it 
has been estimated that about 47% population is food 
insecure, malnourished, while uneven food 
distribution is a widely spread phenomenon (Kirby et 
al. 2017).  

Adaptation and mitigation strategies in agriculture 

The main objective of climate smart agriculture is to 
create resilience in the community by promoting 
sustainable crop production and increasing the income 
of farmer. It reduces greenhouse gas emissions from 
the agriculture sector and maintained the issue of food 
security (Aggarwal et al. 2014). Adaptation is a 
complex and multi-scale procedure. It can be 
performed in various ways such as use plant growth 
regulators (PGRs), bio-stimulants, arbuscular 
mycorrhizal fungi (AMF) and rhizobacteria, 
nanotechnology and grafting. Climate smart 
agriculture is a vital tool to reduce the climate change 
impact on agriculture. It can play a crucial role in the 
policy-making to minimize the drastic effects of 
climate change (Funk et al. 2020; Vera et al. 2020).  
 

Implementing climate-smart agriculture 

Implementation of climate smart agriculture is a 
challenging task for both government and farmers 
because stakeholders can reject or accept the given 
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proposal (Nordström et al. 2012). Uncertainty and 
complexity may crop up from a multitude of criteria 
and selection of climate smart agriculture practices at 
specific location (Greene et al. 2011). Reliable data 
sets are required to assess and estimate areas fit for 
climate smart agriculture practices, including 
biophysical, economic and social determinates on 
agriculture uncertainty. The trends to adopt climate 
smart agriculture and their severe risks in agriculture 
are low, especially in those countries which are more 
susceptible to climate change (Palanisami et al. 2015).  
 

Adaptation: a key strategy to reduce climate risk 

Adaptation is any useful induction in natural or human 
system in response to expected or actual impacts of 
climate change aiming at moderating harmful effects 
and enhancing positive impacts (Eriksen et al. 2007). 
Therefore, the key feature to tackle the vulnerability, 
extremes events and climate variability is adaptation 
(Parry et al. 2007). In agriculture system, it is a major 
strategy which demands involving local knowledge in 
the process of decision making to minimize the drastic 
impact of climate change (Vogel and O'Brien 2006). 
Provision of climate information to the rural areas is 
the basic option to assist adaptation and handle climate 
risk. For the sustainability of agricultural system, 
climate information is an essential tool (Roncoli et al. 
2002; Ziervogel et al. 2005). Implementation of 
adaptation among poor farmer needs multiple 
resources to encourage and promote the application of 
climate information system (Vogel and O'Brien 2006). 
A case study from Ethiopia and South Africa had 
shown a significant impact of the government’s aid to 
facilitate adaptation. It was found that 24% of farmers 
received help in the form of food, likelihood of 
adaptation enhanced by 5%, help to soften the 
consumption pressure, empower them to take up 
adaptation measures in agriculture (Dercon and 
Christiaensen 2011). It was also concluded that South 
Africans’ farmers who gained 21% assistance from 
their government, 12% probability of adaptation 
increase in the form of farm support and both countries 
farmers have more capacity to adapt floods than past. 
It was also observed that adaptation capacity had 
boosted by 19% and 4% against flood (Vogel and 
O'Brien 2006). In world, the present adaptation 
shortfall in agriculture is high and hunger risk among 
people has been triggered 300 to 700 million from 
1990 to 2007. 
 

Potential Impacts of climate smart agriculture 

Pakistan’s agriculture system is lower water 
productive as compared to rest of the world. Major 
factors that are responsible for low water productivity 
in crop production are energy shortage, canal water 
deficiency and fertilizer issue, while drip irrigation is 

ranked as an efficient method and it showed 2.26 kg 
m-3 water productivity in wheat, 98% efficiency and 
40% better as compared to conventional methods 
(Bakhsh et al. 2015). Drip irrigation can sustain water-
use efficiency, boost fertilizer efficiency, and improve 
crop yield (Qureshi 2011). Bucket drip irrigation is the 
most suitable method for production of home 
vegetables such as tomato at low cost. It can save time 
and labor and boost net income (Fandika et al. 2012). 
Furrow-irrigated bed planted is the most widely used 
irrigation system because of low energy, saving water 
and material cost especially in the process of wheat 
cultivation (Hussain et al. 2020). Selection of crop 
along with management practices has strong 
influence on the amount of carbon added to the soil 
as well as release of carbon from the residues. 
However, soil organic carbon is closely associated 
with soil microbial diversity and activity 
(Komatsuzaki et al. 2020). Agro-forestry represents a 
sustainable, cost-effective addition that integrates 
production and biodiversity conservation (Santos et al. 
2019). 
 

Mechanism for the implementation of climate 

smart agriculture 
Implementation of climate smart agriculture depends 
upon diagnosis and identification of potential option in 
the agriculture system to adapt in the light of the 
current problem and local environmental conditions, 
and variety of interventions which are prevailing in the 
agricultural system (Amadu et al. 2020). Knowledge 
sharing and training on new climate smart agriculture 
practices such as climate resilient seeds, information 
and communications technology based on agro-
advisories and crop insurance are very important for 
successful implementation that can be boosted by 
involving private sector stakeholders through their 
business strategies for knowledge sharing and 
introducing climate smart agriculture innovations 
(Khatri-Chhetri et al. 2019). Relevance and adoption 
can be determined through various approaches to 
defining criteria, and it is believed that these criteria 
should be comparatively well understood and be 
selected through literature, stakeholder experiences or 
experts recommendations, while another approach is 
to observe success and failure or through conducting 
household survey about present and wished adoption 
(Howden et al. 2007; Kristjanson et al. 2009; 
Rosenstock et al. 2015; Notenbaert et al. 2017). 
 

Favorable intervention in agriculture system of 

Pakistan 

Soil health is a very important component for 
sustaining agricultural productivity (Rinot et al. 2019). 
The country soils are containing low organic matter, 
with little organic residue incorporation practices 
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(Begum et al. 2019). High decomposition rate due to 
high temperature and low rainfall usually make it more 
vulnerable. However, increasing biological N fixation 
activities by legume crops and N fixing bacteria can 
proved an effective intervention (Sinclair and 
Nogueira 2018) Moreover, there are many other 
possible sustainable alternative ways to supplement 
artificial fertilizer and to boost soil fertility and 
sustainability. Another option is the application of 
organic fertilizers, which have capacity to decrease 
nutrient leaching in the soil (Chen et al. 2018). The 
major interventions proposed in this paper are 
introducing biotechnological approaches, nano-
technology and water conservation through climate 
smart agriculture practices are discussed below. 
 

Advanced agricultural approaches to cope climate 

change 

Introducing climate-smart agricultural practices in the 
country is of dire need to curtail the drastic effects of 
climate change on crop’s adaptation through selection 
of tolerant cultivars or biotechnological approaches 
using the candidate genes from transgenic plants for 
improved cultivars development. These techniques 
might play a key role in development of climate smart 
cultivars. Introducing the traits in new cultivars that 
would not only enhance resilience but also sustain 
productivity under changing climate (Singh et al. 
2017). The rapid evolution in sequencing and marker 
technologies have led to numerous genetic mapping 
studies and resulted in identification of many abiotic 
stresses related major and minor quantitative trait loci 
(QTLs). The QTLs can be introgressed using the 
molecular marker assisted-selection (MAS) 
techniques for development of climate resilient 
cultivars (Choudhary et al. 2019). For example, 
Kumari et al. (2020) reported that focusing the 
Galactinol synthase genes, CAP2, proteomic 
approaches, stay green traits and TNA seq data would 
be helpful in inducing heat stress resilience in 
chickpea. 

Widespread trends of decreased yield have been 
observed in many crops including wheat, rice and 
maize, despite increasing the N and P applications 
which could make the future food security unassured 
(Ray et al. 2012). Nowadays, researchers suggest 
introducing the symbiotic associations between crops 
and AMF to improve the nutrient assimilation and 
growth of plants. Roots of vascular plants and 
biotrophic AM fungi where host plant offers some 
fixed carbon to symbiont fungi and in return fungi help 
the plants with improved N and P acquisition, as well 
as micronutrient and water from the soil (Thirkell et 
al. 2020). On other hand, symbiosis may also help to 
improve soil structure and reduce land degradation by 
decreasing erosion, maintain microbial biodiversity by 

facilitating intercropping and conservation 
agricultural practices and also improve water and 
nutrient holding capacity that would ultimately result 
in improved productivity and assured food security 
(Thirkell et al. 2017). AMF symbiosis with crops 
triggers the plant’s ability to compete with weeds, 
reducing the herbicide application which is of great 
importance for sustainable and organic farming 
(Cameron 2010; Gabriel et al. 2013).  

For enhanced productivity, resistance and 
adaptability to unfavorable conditions, grafting 
technique will be an excellent option to induce 
resilience and tolerance against biotic and abiotic 
stresses in horticultural and fruit tree species, which 
would help to achieve sustainability in agriculture 
under climate change scenarios (Opazo et al. 2020) 
Therefore, many researchers have highlighted the 
significance of rootstocks as a main factor for 2nd 
agricultural revolution in Pakistan. The appropriate 
rootstocks can help to induce resistance against pest 
and disease attack, temperature stress and water 
scarcity. The key issues for vegetable growers in 
Pakistan such as pathogens including nematodes 
attack, extreme temperatures, drought, salinity and 
flooding stresses can be mitigated by introducing 
rootstock  (Nawaz et al. 2017; Nawaz et al. 2018)  For 
example, Nawaz et al (2018) evaluated the grafting 
effect of watermelon Zaojia 8424 on 10 wild 
watermelon species for N use efficiency (NUE) and 
reported 104% and 175% improved NUE for species 
ZXG-1558 and ZXG-516, respectively even at low N 
supply (0.2 mM). Additionally, grafting also improved 
plant growth, photosynthetic efficiency, stomatal 
conductance, intercellular CO2 concentration as well 
as transpiration rate. Similarly, Allario et al. (2013) 
grafted drought tolerant Rangpur lime (Citrus 
limonia Osbeck) with Valencia Delta sweet orange 

(Citrus sinensis L.) and reported modified genes 
expressions of Rangpur lime citrus that improved the 
root adaptation to water deficiency.   
 

Role of nanotechnology in climate smart 

agriculture 

Nanotechnology application in agriculture may help to 
increase the yield through pest and nutrient 
management by reducing the amount of spread 
chemicals and minimizing nutrient losses during 
fertilization process. The main ambition of 
nanotechnology includes specific applications to 
replace bulk fertilizers and pesticides with 
nanotechnology, thus to increase the productivity 
without contaminating the soils and waters (Hossain et 
al. 2020). For example, Liu and Lal (2014) accessed 
the effects of phosphate nano-fertilizer on soybean 
(Glycine max L.) growth rate and seed yield, and 
reported 32% and 20% increase in growth and seed 
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yield, respectively compared to conventional 
phosphate fertilization. The efficacy depends on 
mode of penetration and movement of nano-
materials which may lead to changed nutritional 
value of crops (Kashyap et al. 2020). To overcome the 
climate stresses, improve the growth and to minimize 
poverty and hunger, it is important to induce 
nanotechnology in agriculture sector. But before 
inclusion, properties of nanomaterials such as dose, 
exposure time, structure and surface chemistry as well 
as immune response and retention time must be 
accessed (Prasad et al. 2017) 
 

Water conservation through adaptation 

Application of no-tillage practices is now widely 
recognized as a sustainable soil management tool 
(Zhang et al. 2011). About 90% of the country has 
semiarid and arid region while, 50% fit for developing 
rain-fed agricultural practices. Enhancing the capacity 
of the farmer through on-farm rainwater collection in 
semi-arid areas, building micro-field rain harvesting 
techniques, furrows and ridges farming, and mulching 
are all those techniques which are being applied in 
northwest China. All these techniques are being 
widely adopted by the small farmers in the country 
(Table 1). It has same condition as semiarid region in 
Pakistan. These adoptions can shift the low yield crops 
(wheat, maize and rice) into high yield crops, and can 
improve water use efficiency in dry land (Si et al. 
2017). Farmers can improve yield of wheat-rice 
cropping system by using more organic fertilizer (Moe 
et al. 2020) and selecting short time varieties. Climate 
change adaptation or adjustment is possible by 
introducing heat and drought tolerant crop varieties, 
adjusting planting dates and crop inputs (Abid et al. 
2016). Precise applications of water in agriculture and 
provision of a decision support system at the farmer 
level to maximize input utilization is another best 
possible intervention (Awais et al. 2017). Bio-
fortification is the alternative solution to meet the 
growing problem of malnutrition and micronutrients 
deficiency (Kaur et al. 2020). To check the feasibility 
of adaptation on a specific region, modelling 
techniques can be used for evaluation (Hochman et al. 
2017). Application of information and communication 
technologies (Willett et al. 2019) in agriculture sector 
can play crucial role to spread information on farm 
level including meteorological updates, innovations 
and sustainable interventions with latest advances 
(Rathore et al. 2016). There must be a proper strategy 
to tackle climate risk assessment in agriculture sector. 
The main target of water smart interventions is to 
boost efficiency and productivity in agriculture, 
rainwater harvesting, aquifer recharge, local and 
national scale water management, laser land levelling, 
water conservations, on form water saving and drip 

irrigations are feasible options (Aggarwal et al. 2014). 
Implementation of zero tillage or minimum tillage has 
multiple benefits including soil organic matter 
conservation and improved mineralization. Zero 
tillage has capacity to improve soil microbes, enzymes 
activity and phosphorus availability (Redel et al. 
2011). It plays a crucial role to enhance soil bulk 
density (Singh et al. 2011), soil porosity, water stable 
aggregation, hydraulic conductivity and water 
infiltration. Rainwater harvesting is the cleanest 
drinking source which used across the world. Laser 
land levelling can bring improvement in crops yield, 
and it helps to decrease weed intensities (Sharma and 
Behera 2020). Moreover, it helps improve irrigation 
water use efficiency up to 25%.  

Currently, water use in agriculture is 92% 
whereas remaining 8% is used in industrial and 
domestic sectors. The socioeconomic development 
and exponential increase in population would put a 
huge burden on water resources in coming years as 
sectoral water demand would increase. So, there is a 
dire need to introduce climate smart interventions for 
future food and water security. Introducing adaptation 
in wheat and rice production only can save a huge 
amount of water in Pakistan as wheat and rice 
production has 24 and 55% less water use efficiency 
compared to world average (Hussain et al. 2003). 
Therefore, climate smart agricultural practices could 
offer a huge relaxation in water demand. 

For employing the transdisciplinary technologies 
with respect to cultivar development, plant growth and 
insuring food security, adaptation and mitigation are 
key techniques in context of heat stress, climate 
change and implementing climate smart practices. 
Therefore, for targeted development of climate stress 
resilient varieties, there is a pressing need of 

collaboration among soil scientists, geneticists, 
agronomists and biotechnologists under prevailing 
climatic conditions. Improvements in wide-ranged 
databanks and international collaborations are also of 
dire need for policy making, regulations and 
manipulations. 
 

CONCLUSIONS 

 
Climate change has gone ahead to manifest its 
catastrophic impacts on agriculture across the world 
but the vulnerability index of the arid and semiarid 
region is very high. The overall water stress is 
intensifying in Pakistan. It is threatening to the food 
chain and food security. Induction of basic adaptive 
measures is mandatory to maintain the food security 
and agriculture system.  Climate change adaption and 
planning are pre-emptive strategies against climate 
change.  These strategies need to implement and their 
experience can insure the sustainability. Induction of
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Table 1 Status of small-scale climate-smart practices in Pakistan 

Sr. No. Location Adapted strategy Reference 
1 RodKohi (KPK) Rain water is harvested from hill torrent and used for 

agriculture. In mountainous areas of Pakistan, local 
community use rain water harvesting for agriculture and 
domestic purpose by using diversion and mini dam system. 

Zia and Hasnain 
(2000) 

2 Pishin 
(Baluchistan) 

Rain water is utilized for agriculture, and hills are uniform 
character by using embankment and development of small 
catchment areas. 

Zia and Hasnain 
(2000) 

3 Saroona, 
Batgram (KPK) 

Top roof rain water harvesting was executed to provide relief 
after the earth quick in 2005. 

Ahmed et al. 
(2011) 

4 Chitra Topi, 
Bagh (AJK) 

Top roof rain water harvesting was executed to provide relief 
after the earth quick in 2005. 

Ahmed et al. 
(2011) 

5 Punjab Laser land leveling is being widely used to rehabilitate farm 
level irrigation, minimize water losses and ensure reliability, 
adequacy and effectiveness in agriculture at farm level. 

Jat et al. (2006) 

6 Pakistan  Small scale water management, improved livestock and crop 
varieties, integrated pest management, and renewable energy 
technologies for the agricultural sector are among the most 
adopted strategies. 

Jat et al. (2006)  

7 Pakistan Conservation agriculture and minimum or no-till practices are 
used in Pakistan. In Punjab and Sindh provinces, no till rice-
wheat systems are adopting by the farmers. 

World Bank 
(2017) 

8 Sindh Integrated pest management strategies are considered to be 
highly climate smart agriculture in the context of sugarcane 
production in Sindh 

World Bank 
(2017) 

9 Punjab Better use of energy in agricultural project in Punjab province, 
solar powered high-efficiency irrigation systems (HEIS) have 
been applying for drip irrigation. 

GOP (2015) 

 
proper guidelines to assess and implement social, 
economic and biophysical condition of the targeted 
area is useful. Prioritization of climate smart 
agriculture is largely dependent upon farmers. Their 
willingness is pre-requisite to start climate smart 
agriculture on local level. It also depends on cost and 
benefits ratio of climate smart practices and level of 
their understanding. Farmer’s preference towards risk 
mitigation strategies (agro-advisories, crop insurance 
and rainwater harvesting) will help them to adapt more 
advanced and research based strategies.   
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