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Current cotton production systems are most vulnerable to climate extremes in the 
world but particularly in Sindh, Pakistan. There is a drier need to assess the climate 
vulnerability and develop climate-resilient production technologies and adaptation 
plan to combat the climate extremes. A study was conducted in three districts of 
Sindh province (Ghotki, Sukkur, and Khairpur). Both primary and secondary data of 
cotton growers (small, medium and large land holding) and different relevant 
departments of cotton was collected. Three data collection tools were used in this 
study. Primary data was collected directly from farmers by conducting Focus Group 
Discussions (FGDs) by engaging local cotton growers. Key informant interviews 
(KIIs) guide was used for the consultation with officials in government and other 
cotton related departments. Survey of cotton growers/farmers were conducted in 
these three districts by selecting farmers randomly. HCPL has conducted 13 FGDs 
with the beneficiary’s farmers (men and women). Out of the total, seven FGDs were 
conducted with male farmers and six FGDs were held with female farmers in three 
studied districts. In each FGDs 10 to 12 farmers participated actively in the 
discussion and data collection. In total 130 farmers consulted through FGDs in the 
studied region. Results showed that, the current cotton production system is 
vulnerable to climate change and climate resilient site-specific production 
technologies are required by adopting good management practices. Due to 
competing crops and unavailability of resources, cotton crop area has been shifted 
to other crops like sugarcane, so climate adaptation plan is required to reduce the 
cost of production. Increasing area under sugarcane crop also has negative effect on 
cotton crop due to high humid climatic conditions and leads to more insect pest 
infestation. Currently, cotton is being sown after wheat during the month of May, 
while sub optimum and substandard input like seed, fertilizer, and management 
practices being used. Farmers are also lacking in climate knowledge, and while there 
is no weather agro-advisory system available for farmers related to climate 
extremes conditions (drought, heat, and floods). Financial incentive system is also 
required for cotton crop just like other crops in the region. Good quality seed and 
input at lower rates are unavailable in this region. There is knowledge gap existed 
and farmer’s field school are required to develop the capacity building of the farmers 
to adopt climate resilient production technology. Cotton crop is sensitive to weather 
while climate forecast is also missing at gross root level, there is need to strength 
the system to deliver the information to the cotton growers to manage the cotton 
accordingly. There also need to strength the coordination and productive linkages 
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with research institutes and academia that are working for the production 
enhancement of cotton crop. Climate resilient production technology transfer is also 
required to mitigate the negative effects of climate change. There is need to 
strengthen the marketing system of cotton for effective functioning of the key cotton 
value chain actors. 
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INTRODUCTION

Cotton is an important cash crop, contributing mainly to 

the economy of the country. Globally, Pakistan is 5th 

largest producer while the export and textile product has 

a share of almost 60% generally in overall export of the 

country (GOP, 2021). In Pakistan, 26% of farmers grow 

cotton and nearly 15% area is devoted to this crop in two 

provinces of Pakistan Punjab and Sindh. Export of cotton 

and textile products have a share of around 60 percent in 

overall exports of the country. It contributes around 0.6% 

in GDP and 2.4% of the value addition in agriculture. 

Cotton production and yield is decreasing since the last 

decade and sustainable cotton production is under threat 

due to climate variability and climate extremes 

conditions happening in the country (Ahmad et al., 2022; 

Arshad et al., 2021). There are also other factors of course 

present that have also affected the area and production of 

cotton crop in the country, one important factor is the 

competing crops and supply of inputs during cotton crop 

seasons. During 2021-22, the cropped area declined to 

1,937 thousand hectares (6.8 percent) against last year’s 

2,079 thousand hectares (GOP, 2021). While cotton bales 

production was also reduced by 22.8% in 2020-21 as 

compared with the last year (2019-20). Although, cotton 

production is estimated to increase and the target was 

fixed early in the year (2022) but later due to happening 

of climate extremes (heatwaves, and heavy rainfall), risk 

and vulnerability in cotton production existed and are 

threats to a reduction in production and yield in the 

country and particularly in Sindh province. The climatic 

conditions are suitable for cotton crop in Sindh province 

as generally cotton is grown in places that are hot and 

have low humidity. While rainfall is also low in this 

region, it is also favorable for cotton. 

Climate change is a major threat to cotton production in 

Pakistan. As the climate of South Asia is changing as a 

whole the climate of Pakistan has also changed over the 

past several decades with significant impacts on the 

environment, crops, and humans (McDermid et al., 2015; 

Habib-ur-Rahman et al., 2022a). Furthermore, increased 

heat spells, drought and extreme weather events in some 

parts of the country impacted other activities either 

natural or anthropogenic. The increasing global 

temperature is destroying agriculture productivity and 

increasing food insecurities (Ahmad et al., 2021). Recent 

heat waves and then climate extremes conditions 

especially the flood in 2022 are clear evidence of 

changing climate. Pakistan ranked 5th in the climate 

affected countries effected by extreme weather over 

1999-2018 caused by climate change (Rahman et al. 

2018; Waqar et al., 2022). While due to recent examples 

of climate change, it is clear that it is most vulnerable to 

climatic changes. While, previously it has been reported 

many times by Intergovernmental Panel on Climate 

Change (IPCC) that climate change and especially the 

climate extremes can substantially distort agriculture 

productivity, especially in developing economies (IPCC, 

2022). 

Pakistan is among the top 10 countries who are suffering 

from the negative impacts of changing climatic conditions 

and there is clear recent evidence as heat waves in March, 

April, and May 2022 then early Monsoon started in June 

and intense erratic rainfall in July, and August 2022 

throughout the country leads to floods and affect the 

agriculture but particularly the cotton crop in Sindh 

(personal observations with data). Crops are more 

sensitive to climate change as rise in temperature, 

extreme rainfall events, increase in humidity and 

difference between day and night temperatures. Due to 

climate extremes plants are more susceptible to disease 

and insect pest attack, lodging and death of plants 

ultimately to yield loss (Mollaee et al., 2019; Rahman et 

al., 2019; Majeed et al., 2021). Due to drastic climatic 

changes and climate extremes conditions, cotton 

production is under threat. Cotton production is 

predicted to decline by 20-30% in upcoming years due to 

changes in climatic conditions  (Wajid et al., 2014; 
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Rahman et al., 2018). Recently, in 2021-22, the cotton 

cropped area has declined by 6.8% as compared with last 

year as of course this cropped area has also been 

substituted with the other crops due to challenges and 

issues in cotton production while other crops generated 

better economic returns (GOP, 2021). While, other than 

area, cotton production and yield are also dwindling in 

recent last years due to climatic changes particularly heat 

waves and drought stress (Morton, 2007; Manzoor et al., 

2022). While water shortage during cotton crop season is 

also a threat, as high temperature and heat waves cause 

high evapotranspiration that can leads to water stress 

and affect the cotton growth, development and ultimately 

the yield and also affect the fiber quality (Haim et al., 

2008; Habib-ur-Rahman et al., 2022b). Variations in 

precipitation from mean value and particularly the 

intense and erratic rainfall negatively impacts cotton 

productivity. The increases in temperature and shift in 

the rainfall cycle affect cotton growth development and 

threat for cotton production and quality in studied region 

(Saddique et al., 2021; Ahmad et al., 2021; Iqbal et al., 

2021). The optimum temperature required for cotton 

growth and developed range between 28 °C to 37 °C but 

in studied region the overall average seasonal 

temperature is around 37 ˚C during cotton growing 

season that is higher than the optimum temperature 

ranges required by good growth and development 

(Filippi et al., 2021; Rahman et al., 2020). Optimum 

temperature required by cotton plant for good 

physiological process is 25-33 °C that can produce 

maximum biomass and yield. While although cotton plant 

can survive up to 43°C for shorter period without having 

any significant losses in growths and yield, it means plant 

can survive and tolerate some stress periods but actually 

heat waves that continue more than 7 days and actually 

in Pakistan where climate resilient genotypes are lacking 

then it looks difficult that plant even can tolerate the short 

drought or heat stress period. It is evident from previous 

studies that the high temperature, heat and drought 

conditions are the major constraints in cotton production 

in Pakistan (Wajid et al., 2014; Rahman et al., 2018). 

Climate change could also affect irrigation water 

availability, which would reduce the crop yields, especially 

for food crops. Although studies are present but in 

scattered form available for the impact of climate change 

on cotton crop. While details are lacking particularly the 

impact of climate extremes (drought, heat and floods) on 

fiber crops (Wei et al., 2020; Imran et al., 2018). Due to the 

high temperatures in Pakistan, the average cotton fiber 

length and the cotton boll weight both are low. Pakistan's 

cotton crop is grown in conditions ranging from arid to 

semiarid under irrigated conditions, with high 

temperatures and low rain most of the time. The vertical 

tap root system of cotton plants makes them somewhat 

resistant to high temperatures and water stress. But the 

crop is sensitive to the amount of water available at 

flowering and boll formation phases (Hussain et al., 2020). 

The crop is also more likely to be attacked by pests when 

the temperature and humidity both are high. The marginal 

effect of rain is negative for cotton sowing but good for 

vegetative stage when the crop needs a lot of water. Heavy 

and erratic rains have also negative effects on boll-forming 

and picking stages (Mollaee et al., 2019). Heavy and erratic 

rains are dangerous for cotton production as standing 

water in cotton crop more than 48 hours leads to 

suffocation and plant deaths if water stand prolonged. High 

temperature than the optimum also has negative impacts 

on plant growth, development and boll production. If the 

temperature went up by 10 °C during vegetative growth 

stages and flowering-fruiting stage, the yield would go 

down by 24.14 and 8%, respectively. During the flowering 

and fruit forming stages, when the temperature rise by 10 

°C, the cotton yield may decrease by 31% due to flower and 

boll shedding. However, further warming during the 

reproductive phases, and fruit formation affects the crop 

because it is already very hot during these months. 

Climate change and climate extremes conditions have a 

negative impact on livelihood of the cotton growers as 

heat waves, drought and unavailability of quality inputs 

affects the cotton production and yield which ultimately 

affects their livelihood. Many studies in recent past 

related to cotton and socioeconomic conditions have 

been conducted related to cotton and livelihood of the 

cotton farmers (Siddiqu et al., 2021; Ahmad et al., 2021; 

Ghaffar et al., 2020) but the individual and scattered 

factors were studied. Sustainable and climate smart 

cotton production is required to meet the country 

demands, where climate resilient production technology 

is required to save the cotton from climate extremes. 

Although, cotton crop requires high temperature for its 

growth and development to complete its heat units but 

each development stage is also temperature sensitive, 

higher temperature above normal for a particular range 

affects the growth and yield. Resource use optimization is 

also quite important for cotton crop especially under 

changing climate scenarios, balanced use of resources 
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(land, water, fertilizer and labor), and good decision 

making can lead to climate smart production system. The 

objectives of current study were to assess the climate 

vulnerability of cotton crop and cotton farmers’ 

livelihood under changing climatic conditions especially 

related to changes in weather, rainfall patterns and 

humidity in the project districts (Ghotki, Sukkur & 

Khairpur) in Sindh-Pakistan. 

MATERIAL AND METHODS 

Study region and data collection tools 

The study region has the arid climatic conditions where 

generally high summer temperature exceeds the 50 °C. 

Historic climate trends showed the heatwaves and drought 

conditions prevailed in this region. The production of 

cotton is severely damaged and affected by climate 

extremes while the study region is most vulnerable due to 

climate change, so this region was selected to assess the 

climate vulnerability and develop adaptation strategies for 

sustainable cotton production.  Soils texture are sandy 

loam to sandy clay loam in district Khairpur and 

surrounding districts (Shar et al., 2018). Study region 

consisted of mixed cropping zone, where cotton, and rice 

are cultivated during summer (Kharif season) while wheat, 

fodders, and vegetables are also grown in winter seasons. 

Sugarcane is also competing crop with cotton due to 

influence of sugar industry and incentive from sugar 

industry. Both primary and secondary data of cotton 

growers and different departments were collected. Three 

types of data collection tools were used in this study. 

Primary data were collected directly from farmers by 

conducting Focus Group Discussions (FGDs) by engaging 

local cotton growers after taking their consent by well 

developing and well-structured questionnaire. For 

secondary data collection, Key informant interviews (KIIs) 

guide was used for the consultation with officials in 

government and other related departments. Survey of 

cotton growers/farmers were conducted in these three 

districts by selecting farmers randomly. While detailed 

survey was designed for data collection related to crops, 

crop management and cultural practices and technologies 

being used at farmer’s field. 

Sampling for focus group discussion (FGDs) 

HCPL has conducted 13 FGDs with the beneficiaries (men 

and women) farmers. Out of the total, seven FGDs were 

conducted with male farmers and six FGDs were held 

with women farmers from the three districts. In each 

FGDs 10 to 12 farmers participated actively in the 

discussion. In total 130 farmers consulted through FGDs. 

The location and participants of the FGDs were selected 

randomly in consultation with WWF team. However, to 

ensure the representation, the FGDs were conducted in 

each tehsil of the target districts. For FGDs those farmers 

were preferred who had knowledge on the impact of 

climate change on cotton crop. District-wise break-up of 

the FDGs is presented below in Table 1. 

Sampling for key informant interview (KIIs) 

A total of 6 KIIs were conducted which include the official 

from district agriculture extension departments, 

Management of WWF and BCI. Details is mentioned in 

Table 2. 

 

Table 1. The number of FGDs selected by famers and in different studied districts. 

 Small Farmers Medium Farmer Large Farmers 
Total 

 Men Women Men Women Men Women 

Sukkur 1 2 - - 1  4 

Ghotki 1 2 1 - - - 4 

Khairpur 1 2 1 - 1  5 

Total 3 6 2 - 2 - 13 

 

Table 2. The list of KIIs in selected in different studied districts. 

District Departments KII Project Team KII Total KII 

Ghotki  Cotton Research Station 1 Project team of WWF  1 2 

Sukkur Agriculture department 1 SRSO Team Member 1 2 

Khairpur Pesticide company/Cotton 

Ginning Factory 
1 

 
  

Total 6 
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Survey tools and training of data collection team 

HCPL also conducted a short survey with the 

respondents of each focus group discussion to have 

better perspective of the vulnerabilities in the region. 

This quantitative information helped to run cotton 

vulnerability model analysis and prove them 

scientifically. HCPL also held one day training for data 

collection team at WWF office Sukkur. During the 

training, the data collection team provided skills on data 

collection methods, data collection techniques and 

ethics of data collection. After the training a mock focus 

group discussion and interview was also conducted 

adopting roleplaying approach. 

 

RESULTS AND DISCUSSION 

Observed climatic changes in hotspots regions 

Cotton cropped area in 2021-22, declined by 6.8% as 

compared with last year as of course this cropped area 

has been substituted with the other crops due to 

challenges and issues in cotton production while other 

crops generating better economic returns. While, other 

than area, cotton production and yield are also 

dwindling in recent last years due to climatic changes 

particularly the heat waves and drought stress. While 

water shortage during cotton crop seasons also a threat 

due to climate change were high temperature and heat 

waves causes high evapotranspiration that can leads to 

water stress and deficiently affect the cotton growth, 

development and ultimately the yield and also affect the 

fiber yield. The increases in temperature and shift in the 

rainfall cycle affected cotton growth development and 

threaten for cotton production and quality in studied 

region. The optimum temperature required for cotton 

growth and developed range between 28 °C to 37 °C but 

in studied region the overall average seasonal 

temperature is around 37 °C during cotton growing 

season that is higher than the optimum temperature 

ranges required by good growth and development. 

Optimum temperature required by cotton plant for good 

physiological process is 25-33 °C than can produce 

maximum biomass and yield. While although cotton 

plant can survive up to 43°C for shorter period without 

having any significant losses in growth and yield. 

While recent heat waves in 2022 badly damaged the 

cotton crop germination and early growth developed 

stages in all these three studied regions where 

temperature exceeds than 45 °C in April and then in May 

when plant was at early development stages (Figure 1 

and Figure 2). The germination percentage of cotton 

crop is decreased due to higher temperature and results 

in poor stand establishment. Heat waves and drought 

negatively impact the cotton productivity as high 

temperature reduce the growth and boll weight as 

cotton grown under semi-arid to arid regions. Studied 

region lies under arid climate where generally drought 

and high temperature prevails, as it is clearly evident 

from Figure 1 and Figure 2 that there were heat waves 

occurred in April and May 2022 and then cloud cover 

prevails more than two months and rainfall occurred 

where cotton crop also required optimum solar 

radiation and day length to produce optimum growth 

and development and then finally the cotton yield 

(Figure 2). The higher temperature in the months of 

April and May 2021; also affected the cotton crop to 

much extent because the temperatures frequently 

raised above 46 °C between May and August. Last ten 

years data has a similar pattern of temperature while 

only year 2022 had totally different patterns of high and 

minimum temperature so that affect cotton crop badly 

at early growth phases and then reduced solar radiation 

and high humidity leads to high badly impact on cotton 

growth and yield this year (Fig.2. C). About one third of 

the cotton crop was destroyed due to the heat waves in 

lower Sindh, while extreme heat waves resulted in 

stressed plants, stunted crop development, and caused 

plant mortality, which resulted in reduced cotton crop 

yield and quality. 
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Figure 1. Daily historic climate data (maximum and minimum temperature) (2010 to 2021) during cotton growing 

seasons (April to November) in three studied districts (Ghotki, Khairpur and Sukkur). 

 
Figure 2. Temperature trends and patterns (maximum and minimum temperature) (2020 to 2022, A, B and C) during 

cotton growing seasons (April to November) in three studied districts (Ghotki, Khairpur and Sukkur). Deviation among 

temperature trends is clear by comparing the 2020 and 2021 with 2022 that generally badly affect the cotton growth, 

development and yield during 2022. 

 

As cotton is also sensitive to water availability as 

temperatures, during 2022 cotton growing season had 

high erratic and intense rainfall, that leads to sever affect 

and damages to cotton crop this year (2022). It is clearly 

evident from the Fig. 3 that generally the rainfall intensity 

is not more than a 35 mm per day in whole decade but this 

year during cotton growing season it was quite high that 

leads to floods and then river floods destroyed the cotton 

crop in majority areas while studied region were badly 

affected due to high rainfall. Generally, floods in province 

Sindh also destroyed the cotton crop, as Sindh witnessed 

442.8mm (726 percent high) of rainfall during the year 

2022. The floods destroyed 4.9 million hectares of 

cropland in Sindh. It is evident from rainfall data that Sindh 

received more than 3 times its usual rainfall in August, 

making it the wettest August since 1961. This extreme, 

erratic and intense rainfall affected 18,000 square 

kilometers of cropland, including about 45% of the cotton 

crop (NDMA, 2022). The area affected by floods represents 

about 35 percent of the total area planted to cereals, 

sugarcane and cotton during the 2022 “Kharif” season. 

These extremes high rainfall spells completely devastated 

almost 88% of the total expected cotton crop production 

(3.5 million bales). 
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Figure 3. Daily historic climate data of rainfall during cotton growing seasons (April to November) in three studied 

districts (Ghotki, Khairpur and Sukkur). 

 

Cotton cultivation at farmer field and challenges in 

studied districts 

Land holding, cotton cultivated area and sowing time in 

studied region: There are different possible reasons for 

low yield of cotton crop in these studied districts, as farmers 

are not currently adopted the good management practices 

from cotton sowing to picking. Although, climate is also 

among main factors affected the cotton crop, but optimized 

cotton production technology has also important role to 

mitigate the negative effects of climate change. Generally, it 

is evident from the data of these three districts that farmers 

are lacking with optimized production technology and 

climate resilient genotypes. Generally speaking, overall 

total land holding is also low, although on an average land 

holding is 19 acres in Khairpur district (Figure 4A) but it is 

low in other two districts. It is also an important factor to 

optimize the technology and management factors as 

generally lower land holding due to that the farmers are 

unable to invest on technology because of poor resources.). 

Although, on an average sowing time is second decade of 

May 2022, but overall time range from April to end of May 

in studied districts (Figure 4B). It is good to sow cotton crop 

as early as possible just after wheat crop as its base 

temperature required for optimum sowing time is 12 °C 

that is available in the month of February, but the challenge 

is that the same time wheat crop generally stand in the field 

and harvest of wheat starts in end of March so field 

preparation and other management practices also take time 

to sow the cotton crop. 

Other possible reason in reduction of cotton area is the 

competing crops (sugarcane, maize and rice), although data 

collected from farmers showed that majority of the farmers 

cultivated cotton in 2022, but the competing crops like the 

sugarcane is also among important factor as industry is 

present in this region  and better marginal returns and 

support price is also available for sugarcane that may be the 

possible reason in cotton area reduction, as cotton crop is 

most sensitive to climate than the other crops (Figure 5). 

Land preparation, and sowing methods of cotton crop: 

Traditionally land is prepared by ploughing, planking and 

rotavating. As majority of the farmers are lacking for 

technology and even do not have the tractor and other 

implements required for cotton crop management (Figure 

6). There are three sowing methods (drill, dibbling and 

choppa) are adopted in all of the studied regions (Figure 7), 

although sowing methods are good ones for cotton sowing, 

but the cotton crop stand another important parameter 

where generally farmers are not taking care, as optimum 

plant population can harvest the solar radiation and lead to 

good yield that totally depends on the good seed 

availability of genotypes. Although some good genotypes 

are available, but farmers do not have access to good 

quality seed that lead to poor crop stand and low yield. 
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Figure 4. Average land holding (Acres) of farmers in these districts (A). Sowing time of cotton crop in studied districts 

(10-20 May) (B). 

 

   
Figure 5. Number of farmers growing different crops during 2022 kharif season (Cotton, rice, fodder and sugarcane) in 

studied districts. 

 

   
Figure 6. Tillage implements used (number of times in land preparation) for land preparation for cotton sowing. 
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Figure 7. Cotton sowing techniques of drill, dibbling and choppa (in percentage) at farmer’s field in studied districts. 

 

Fertilizer and irrigation for cotton crop: The data of 

fertilizer particularly nitrogen application showed that 

lower nitrogen was applied by the farmers in district 

Ghotki while high nitrogen application was applied in 

Sukhur district while lower DAP fertilizer was applied in 

all studied district due to high price (Figure 8). Actually, 

it is phosphorous and potash fertilizer that are required 

optimum to tackle the heat and drought stress while 

irregular application of nitrogen promotes the higher 

biomass growth and lower yield. Balanced application of 

fertilizer particularly phosphorous and potash required 

to tackle and mitigate the impact of drought and heat 

stress. While number of irrigations was also applied 

lower (6-7) due to high rainfall and lower temperature 

due to cloud covers in majority of month during monsoon 

rainfall spells (Figure 9). 

 

  
Figure 8. Fertilizer application rate per acre in selected hotspots districts. 

 

 
Figure 9. Irrigation application at farmer’s field in three selected districts. 
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Seed Cotton Yield at farmers filed in three districts: 

As, it is the survey data collected from farmers and there 

are different types of farmers involved while results 

showed that high seed cotton yield per acre is recorded in 

Sukhur district than others while lowest seed cotton yield 

recorded for Khairpur (Figure 10). Difference might be due 

to different input use, sowing time, and production 

technology adoption. While there were no significant 

differences were found for temperatures trends and heat 

waves in 2022 among three districts but rainfall was found 

different, it might also be due to variation among rainfall 

and management practices made at farmer’s field. 

 

 
Figure 10. Average seed cotton yield (in mounds) at farmers field in three studied districts. 

 

Vegetation index NDVI and variation among districts: 

Normalized difference vegetation index (NDVI) is an 

important vegetation indictor of growth and biomass and 

indirectly for the estimation of seed cotton yield. NDVI 

was estimated from Sentinel-2 satellite imagery having 

10 m spatial resolution, showed the difference in values 

among these three districts. The vales ranged from 0.10 

to 0.37 during cotton growing seasons and it varied 

among districts due to many possible factors as different 

management practices and fertilizer were used so the 

variations are existed (Figure 11). Although generally 

these values are lower than the values achieve for high 

yield, while the yield at farmers field is also found low. 
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Figure 11 (a/2). NDVI values in three studied districts based on Sentinel-2 satellite images (20 m resolution) *Different 
color represents the values of NDVI in study region. 
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Figure 11 (a/2). NDVI values in three studied districts based on Sentinel-2 satellite images (20 m resolution) *Different 

color represents the values of NDVI in study region. 

 

Causes of low yield and challenges at farmers’ field: 

Climate variability and climate extremes conditions 

particularly the drought, heat waves and unavailability of 

climate forecast information as majority of the farmers 

point out this reason. While, unavailability of quality and 

certified seed of cotton genotypes are also mentioned by 

majority of the farmers. Area under cotton crop was also 

reduced due to competition among crops and shifting of 

cultivated areas to different crops during Kharif season. 

While, major of the farmers also claim the unavailability 

of technology and optimum production technology. High 

price of phosphorous fertilizer leads to lower application 

than recommended and ultimately lead to low yield. 

Qualitative Data Findings 

The same findings bring to light valuable knowledge that 

respondents possess. The gathered responses and word 

cloud generated by NVivo suggested that small farmers 

are lacking knowledge about climate change, and they are 

following traditional cropping patterns. All key informant 

interviews were tape-recorded and transcribed. Data 

analysis was guided by content analysis, a qualitative 

technique used to determine the presence of certain 

concepts in texts (Nasir et al., 2019). The text was read 

line by line to determine recurring themes, checking them 

against the data collected from key informant interviews. 

The qualitative data analysis was done using NVivo 

software. NVivo is a robust qualitative tool that facilitates 

to identify themes by analyzing the content in form of 

creating and managing codes better on computer package 

then manually (F. C. Zamawe, 2015). Content analysis is a 

powerful tool to compress large amount of data into key 

thematic words based on rules of coding (Saleem et al., 

2021). Content analysis was used to evaluate messaging 

in social process.  A word cloud is a powerful tool used to 

highlight the most frequently used words in a study. The 

word cloud generated by NVivo in figure 1 outlines the 

terms most emphasized upon by the respondents i-e 

crops, climate, water, production, cotton, etc. 

The provinces of Sindh and Punjab account for 95% of the 

total cotton cultivation. The In the focus group 

discussions and key informant interviews, we explored 

the types of vulnerabilities in the Sindh cotton production 

area of three districts. This Study focuses on 

understanding the climate change effects and 

vulnerabilities faced by the cotton farmers in Sukkur, 

Khairpur and Ghotki. The Study's findings generated 

evidence on how cotton farmers in these districts are 

affected by climate impacts, and more importantly, how 

social economic variables determine the level of 

vulnerability of different farmers, categorizing them as 
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small, medium and large farmer. 

Vulnerabilities assessment of cotton crop and factors: 

Cotton is considered a sensitive crop that is affected badly 

by sudden climate change events (flood, droughts) or 

continuous effects of climate change throughout time. 

The most significant vulnerabilities identified in key 

informant interviews and focus group discussions is 

presented in Figure 12. 

 
Figure 12. Vulnerabilities assessment of cotton crop and factors in studied region. 

 

Knowledge Capacity: The male respondents in focus 

group discussions were found to have basic knowledge 

about climate change and its impact, but female 

participants lacked the knowledge and skills. But there is 

need to understand the medium of information sources 

considering social media and mainstream media. The 

newspapers are mainly used for information sharing, and 

radio, as mainstream media was used to for 

announcements and weather warnings. Consider the 

following response from a subject expert during the 

interview. 

“The media tool that we have been using so far is the 

newspaper if you ask myself when I last read a newspaper 

in the last year I would not remember. These days people 

don't read the newspaper anymore.” 

Further another expert elaborated in probing question 

about farming pattern considering the climate change 

vulnerabilities and pointed out knowledge gap is one of 

the factors by saying. 

“We remain in touch with the people through two ways. 

First through the four-time meeting, we get together, and 

the learning groups are being visited by the facilitator 

timely. He tries to meet the maximum number of farmers 

and discuss this issue. The agenda of these meetings is 

based on the field observations. Based on these 

observations we make our agenda for the whole season”.
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Barriers in sustainable cotton production: The 

farmer’s highlighted different sorts of difficulties and 

problems that they are facing in better production of 

cotton. In the analysis we coded them as barriers in the 

NVivo software. Their problems ranging from low quality 

of seeds, heavy rain fall, changing pattern of rainfall to 

societal issues of growing on loan, pests and increasing 

prices of fertilizers.  A respondent summary this in the 

following response as: 

“Well, there are 4 or 5 issues. Seed is the first one. Besides 

that, there is the issue of pests. There are two types of pests 

in Sindh. In this region the White Fly is common. They were 

a major hurdle for us back in 2020. In the other region of 

Sindh, Sindh is divided into lower and upper Sindh based on 

the difference in climate, Pink Fly is more common. So, these 

are the two types of pests that attack cotton crops here. 

Thirdly the farmers get the pesticides on loan, so they do 

not research on the efficiency and effectiveness of 

pesticides. They buy from the company that is giving them 

on the loan. And last not the least livelihood vulnerabilities. 

“. 

Crop Pattern and Traditional Methods: In the Study we 

tried to understand the cropping pattern of cotton in the 

three districts. For a farmer, climate variability and 

extreme events are more important than climate change. 

They informed cotton is major crop in this area in Kharif 

season and in winter we have wheat crop, but also, we 

cultivate sugarcane crop and fodder crop for animals. 

During an interview the reasons of traditional methods 

are expressed as follows: 

“I believe there are two reasons for this, either the 

traditional methods have a strong hold or no hold at all. In 

either case it is not working. The reason could be that they 

are reluctant to adopt new technologies, or they have 

entirely given up on farming as a profession.”. 

Livelihood and Opportunities: The livelihood 

vulnerability needs to explore with the lenses of food 

security instead of purchasing power or societal status. 

One thing that was common among all the respondents 

was that they grow the yield on loan basis. It is important 

to understand the process. In most cases the land is also 

not their own, they are cultivating it on someone’s else 

land per annum on mutually agreed amount either in 

shape of yield or in cash. But they pay this amount after 

getting the income from the crop. They purchase the seed 

from agriculture/trusted seed centers, and they do not 

have much choice on selecting the fertilizers and 

pesticides. The pink and white pests attack the plants 

often, and the cost of the fertilizers and pesticides are 

extra burden on their pockets, so they purchase these 

from the agency on loan and pay them either in 

installment or after selling the crop that ends them to pay 

heavy mark up as well. The usual expenditure pattern is 

likely to be common like any Lower/middle class 

household in Pakistan. Other than food and clothes they 

have to spend on health issues, education of kids and 

community events (occasionally e.g., wedding). These put 

the farmer on the edge to stress level to think about the 

loss (Figure 13). A male respondent pointed out in 

discussion. 

“We almost buy everything on loan, and we back money 

after getting income from crops. In this area women cannot 

decide decision regarding crop because almost man can 

decide, even sale or buy everything man can do. Like this 

year, we did not have flood warning this year, so we were 

not prepared.”. 

 

 
 

Figure 13. Climate Vulnerability Assessment Factors for Cotton in Sukkur, Ghotki and Khairpur. 
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Adaptation to climate change: Adaptive capacity plays 

a major role in reducing climate and social vulnerabilities 

and building resilience to climate impacts. As 

documented above, access to education and resources 

(both physical and financial), livelihood diversification, 

consultations with peer groups (CSOs) and social 

networks that promotes knowledge exchange are some of 

the key attributes of adaptation. Using these as variables, 

we can develop a strategy of adaptive capacity to 

implement for better and enhanced production 

minimizing the climate vulnerabilities. Most of the 

adaptation brings by the experts in the key informant 

interviews than the focus groups discussions. 

Knowledge and climate resilient seed varieties: The 

respondents are not educated in terms of literacy and 

knowledge exposure to “Concepts of Climate Change and 

Adaptation”. They are getting information in bits and 

pieces through social media, word of mouth and rumors 

in different period of time. This makes them confuse and 

more vulnerable. An agriculture expert suggested: 

“There is need to demonstrate to the farmers the results of 

adopting new technologies. Like a decrease in cost, or 

increase in production, or better production.” 

The farmers are now aware of the qualities of the seed, 

and they demand the efficient seeds from the centers but 

again their knowledge is based either on past experience 

or community experience. They did not have any 

assessment of seed according to soil quality (department 

has done it but farmers are not aware of the seeds). 

“There is a whole process behind that. We haven’t yet tested 

all the available varieties; we should test them first and we 

must have a check if we are following the basic practices.” 

During an interview in Sukkur, it is brought to the 

discussion to make the agriculture governance better so 

that a local and small farmer can have better knowledge 

and better understanding of the seed. 

Efficient Use of Water and Biodiversity: Farmers to use 

water in a way that is environmentally sustainable, 

economically beneficial, and socially equitable. This 

water stewardship approach can improve crop yields, 

strengthen resilience to climate change, minimize 

negative impacts on water quality and enable fair water 

access for all users in a catchment area. We also support 

farmers to adopt cotton varieties that are best adapted to 

the region’s current and forecasted climatic conditions 

and soil characteristics (Better Cotton Policy). There is 

mix response from the participants that their yield has 

affected by drought and flood as well. According to the 

respondents of focus group discussion in Ghotki. 

“Cotton crop requires a proper amount of water for its 

proper growth and maximum production. Situations like 

that of drought reduce the production of cotton crops. Due 

to drought strictly reduces the development of plants, such 

as affecting plant height, leaf dry weight, and stem dry 

weight etc.”. 

On the other hand, some participants in Khairpur 

explained that their yield has been damaged by flood. 

Farmers in conserving and enhancing biodiversity on 

their land and in adopting practices that minimize the 

negative impact on habitats in and around their farm, 

whilst simultaneously promoting sustainable land-use 

practices and protecting High Conservation Value (HCV) 

areas (Better Cotton Policy).  

Short to medium term adaptation plan for climate change 

mitigation and adaptation for sustainable cotton 

production has also been proposed, details can be found 

in Supplementary Table 1. 

 

Summary, Recommendations and Way Forward 

Based in the findings of sample-based survey and 

qualitative study through focused group discussions and 

key informants’ interviews, following are the key 

recommendations and way forward: 

1. Effects of climate change on agriculture in general 

and on cotton crop in particular are evident from the 

current study. Based on the findings of the study 

WWF need to devise a comprehensive strategy for 

cotton focused climate smart and climate resilient 

agriculture practices in the target districts. The 

strategy must focus on climate resilient agriculture 

practices with minimum/consumptive use of 

chemical fertilizers and pesticides along with 

promotion of good agriculture practices. The strategy 

implementation with farmers will reduce the 

negative impacts of climate change on cotton crop. 

2. Due to the climate change effects the area of cotton 

crop is reducing and farmers are shifting to the 

alternate crops like sugarcane as the sugar industry 

is growing in the area. The WWF need to focus on this 

shift in cropping pattern and must promote the 

climate resilient agriculture with preferred focus on 

cotton productivity enhancement and conduct the 

cost benefit analysis of cotton crop to communicate 

the cotton crop benefits to farmers. 

3. Increasing sugarcane cultivation in the target areas is 

also affecting the sugarcane environment as 
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sugarcane is hydrophilic crop and increases the 

humidity level in the surrounding and it also 

negatively affects the cotton crop in the neighboring 

areas as hydrophilic conditions attract more pests 

like whitefly that seriously damages the cotton 

production. 

4. Availability of short-to-long term weather and 

climate information for cotton producer is required 

to provide, in order to decide about the sowing time 

and efficient crop management 

5. WWF need to focus on strong financial incentive 

system for the cotton crop like financial incentive 

system is in place for sugarcane farmers by the 

sugarcane industry to reduce the shift of cropping 

pattern.  

6. There is also needed to initiate the farmer’s trainings 

and capacity building plan on good agriculture 

practices to enhance the cotton production in the 

area and enhance return for the farmers from cotton 

crop. Good agriculture practices (climate smart and 

resilient cotton production techniques) will reduce 

the crop losses and enhance farmers return 

especially better management of white fly and pink 

bollworm that are serious concern in the cotton 

production. 

7. Need to have better coordination and productive 

linkages with research institutes and academia that 

are working for the production enhancement of 

cotton crop. The research and academia findings 

related to climate smart and resilient cotton 

production must be communicated to the farmers 

and supported for the adaptation. 

8. WFF need to work on improved technology transfer 

for climate smart and climate resilient agriculture 

techniques to farmers to tackle the climate change 

issues on cotton crop and enhance cotton production 

in the target districts. Farmers need to make 

adjustment in cropping time with changing climate 

conditions that need to be addressed through 

networking with research institutes and through 

farmer’s capacity building programs. 
9. There is need to strengthen the marketing system of 

cotton for effective functioning of the key cotton 

value chain actors which is not functional at its best 

in the target area as farmers are bound in credit 

system with middlemen and they have to sell their 

cotton produce to middlemen at lesser prices than 

the market price. The key value chain actors are not 

very positive to change their practices and not 

providing the financial incentives to the farmers. This 

will need to be addressed through better engagement 

with high end value chain actors such as ginners, to 

create a more favorable market environment which 

provides real incentives for climate resilient cotton 

production. 
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Supplementary Table 1. Adaptation plan for climate change mitigation and adaptation for sustainable cotton production. 

Adaptation plan for future Baseline 

values/data 

Year 1 Year 2 Year 3 

Agro-advisory and 

weather forecast and 

weather station  

15% farmers are 

getting climate 

information  

Strength and increase the 

climate advisory services 

and improve till 25% of the 

farmers  

Strength and increase the climate 

advisory services and improve till 

45% of the farmers 

Strength and increase the 

climate advisory services and 

improve till 55% of the 

farmers 

Early sowing and 

harvesting of wheat crop 

End October early 

November 

Mid October (depends on 

current weather conditions) 

Early October to Mid-October 

(depends on current weather 

conditions) 

Early October (depends on 

current weather conditions) 

Early sowing of seasonal 

cotton after wheat crop 

May 10-20 Mid to End of April  Early to Mid-April Early to Mid-April 

Availability of irrigation 

water  

Late availability of 

irrigation water  

Timely availability of irrigation water during Rabi and Kharif season will lead to timely sowing of 

wheat and cotton  

 

Early cotton sowing by 

modification in crop 

rotation and cropping 

schemes  

 

May Sowing  

Cotton-Wheat  

Early to Mid-April 

Introduction of oil-based 

crop to adjust the early 

cotton sowing  

e.g., Cotton-

Barely/Oat/Early wheat 

verities  

Early to Mid-March 

Canola/Raya – Cotton 

Fodder – Cotton  

Seasonal and early seasonal 

vegetables (Onion) – Cotton  

Mid-February to Mid-March 

Fodder (Berseem –Cotton), 

Canola/Raya – Cotton 

Onion – Cotton 

Winter vegetables – Cotton  

 

Competitor Crops  

 

and  

 

Crop Zoning  

Sugarcane/Maize 

Need to develop 

crop zoning 

(considering 

climate, soil, crops, 

industry and social 

factors) 

Reduce the area of 

competitor crops (10%) by 

developing policy or give 

incentive to farmers to sow 

oil seed crops.  

Develop the crop zoning to 

improve the cotton area  

Reduce the area of competitor 

crops (20%) by developing policy 

or give incentive to farmers to 

sow oil seed crops. 

Develop the crop zoning to 

improve the cotton area 

Reduce the area of competitor 

crops (30%) by developing 

policy or give incentive to 

farmers to sow oil seed crops. 

Develop the crop zoning to 

improve the cotton area 

Reduce Tillage practices  Conventional tillage 

(2-5)  

Reduce tillage (2-4) Reduce tillage (1-3)  Reduce tillage (1-2) and 

minimum or zero tillage while 

deep ploughing after 2-3 years  

Provision of quality seed 

and inputs (fertilizer)  

Currently, there are 

not such system to 

provide the quality 

seed and inputs  

Subsidies on input like seed, 

fertilizer and machinery  

Subsidies on input like seed, 

fertilizer and machinery 

Subsidies on input like seed, 

fertilizer and machinery 
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Balanced and optimum use 

of Fertilizer  

Below optimum 

fertilizer being used  

Optimum and balanced use 

of fertilizer (kg ha-1) 

160-80-70 (N-P-K) 

Optimum and balanced use of 

fertilizer (kg ha-1) 

150-90-80 (N-P-K) 

Optimum and balanced use of 

fertilizer (kg ha-1) 

140-100-90 (N-P-K) 

Capacity Building and 

Technology Transfer of 

site-specific production 

technology 

Farmers are lacking 

for provision of 

climate resilient 

technologies  

Provision of technology and demonstration of plots having state of the art technologies to improve 

resource use efficiency, Model farms for cotton crop, Cooperative farming may also provide the 

solution for adoption of technology, Training of cotton growers/dealers about production 

technology of cotton varieties, spraying techniques and installation 

 

Site specific cultivars  

Mixed cultivation of 

cultivars and 

varsities at farmers 

field  

Farmers training and seed 

system (value chain) need to 

improve the supply the good 

quality seed and need to 

provide area specific 

cultivation in one district 

Farmers training and seed system 

(value chain) need to improve the 

supply the good quality seed and 

need to provide area specific 

cultivation in two districts 

Farmers training and seed 

system (value chain) need to 

improve the supply the good 

quality seed and need to 

provide area specific 

cultivation in three district 

Research and development  Current system is 

lacking  

Need to strength the research and development of good cotton seed  

Marketing system and 

support price  

Current system is 

lacking  

Need to strength and 

regularize the marketing 

system and cotton support 

price in one district 

Need to strength and regularize 

the marketing system and cotton 

support price in two districts 

Need to strength and 

regularize the marketing 

system and cotton support 

price in three districts 

Clean picking It is lacking in 

current market 

system  

Price can be adjusted with respect to quality  
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