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Introduction

The unprecedented growth in the human population 
over the past few decades has exposed a significant 

gap in food availability worldwide [1]. To address 
this, global indicators suggest a need for a substantial 
increase, approximately 70%, in food production by 
2050 to meet the demands of an estimated 9 billion 
people [2]. This challenge has been a major concern 
for policymakers and is highlighted in the Sustainable 
Development Goals (SDGs) for 2030, which emphasize 
the importance of addressing climate change, hunger, 
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Abstract

This research investigates the role of digital e-credit and institutional support in facilitating the 
adoption of climate-smart agriculture (CSA) practices among rural smallholders in Punjab, Pakistan. 
The study analyzes how e-credit, alongside institutional backing and farmers’ demographic attributes, 
influences the decision to embrace CSA practices and determines the extent of their adoption. Data from 
420 farmers across five Punjab districts were analyzed using Multivariate Probit and Ordered Probit 
models. The findings emphasize the importance of e-credit and institutional support, including CSA 
training, soil testing services, seed certification, and market accessibility, to encourage the adoption of 
multiple CSA practices. In addition, the study establishes a positive correlation between the adoption of 
CSA practices and factors like farmer education, experience, landholding size, and tractor availability. 
The research underscores the need for enhanced access to e-credit, improved institutional infrastructure, 
and increased educational initiatives in rural areas to support climate-resilient farming practices.

Keywords: E-credit, climate-smart agriculture, environmental sustainability, Punjab agriculture, 
institutional support in environmental practices
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and sustainability [1]. Agriculture, which provides a 
substantial portion of daily food requirements, is under 
threat due to the direct impacts of climate change [3]. 
Critical climate components such as rain and sunlight, 
essential for agriculture, are being altered by human 
activities, leading to a decline in agricultural production 
[4, 5].

In Pakistan, agriculture plays a pivotal role in 
the economy and livelihoods of its population [6].  
The sector is experiencing significant setbacks due 
to climate change, leading to annual losses of around  
3.8 billion dollars  [7]. The decline in agricultural 
production not only affects the economic structure 
of Pakistan but also has broader implications for 
food security and the provision of raw materials for 
the industrial sector [8-10]. Given the importance of 
agriculture in providing major dietary staples like cereal 
crops, fruits, and vegetables, finding effective solutions 
to mitigate climate-related issues is crucial [11, 12].

The adoption of climate-smart agriculture (CSA) 
practices offers a viable solution to these challenges 
[13, 14]. CSA practices, as introduced by the Food 
Agriculture Organization (FAO), aim to provide  
a resilient and climate-friendly approach to agricultural 
production. In Pakistan, where agriculture is 
significantly impacted by climate change, the adoption 
of CSA practices is essential for maintaining production 
levels and ensuring income stability for farmers [15, 16]. 
However, the adoption of these practices is influenced by 
various factors, including cropping strategies, farming 
characteristics, and geographical differences [17].

In response to these challenges, the government 
of Punjab, Pakistan, initiated an interest-free digital 
e-credit policy aimed at boosting agricultural production 
and alleviating poverty in rural areas, particularly among 
the smaller and economically disadvantaged farming 
community. The government is extending support 
to small-scale farmers to alleviate credit constraints 
by offering cost-free registration at Suhulat Centres 
managed by the Land Record Management Information 
System (LRMIS) in collaboration with the Punjab 
Information Technology Board (PITB). This policy was 
launched to address challenges and limitations faced 
by small-scale farmers within the previous agricultural 
credit system. This credit initiative stands out by 
providing loans to tenants, women, and sharecroppers, 
a provision that was absent in earlier credit schemes.  
Its design focuses on broadening the accessibility of 
formal and digital financial services, aligning with 
the agenda of financial inclusion. Moreover, it aims to 
reduce farmers’ reliance on high-cost, non-institutional 
credit sources.

Building on these developments, this study focuses 
on examining the impact of digital E-credit and 
institutional support on the adoption of Climate-Smart 
Agriculture (CSA) practices by rural small farmers in 
Punjab, Pakistan. It investigates how financial resources 
and institutional support, coupled with the demographic 
characteristics of farmers, influence their decision-

making and the intensity of CSA practice adoption. 
The objectives are to analyze the influence of E-credit 
and institutional support on CSA adoption, identify 
factors that intensify the adoption of these practices, and 
provide policy recommendations based on the findings. 
The novel contributions of this research lie in its 
comprehensive analysis of the roles of modern financial 
instruments like E-credit and institutional frameworks 
in promoting sustainable agriculture, filling a critical 
gap in the current understanding of CSA practice 
adoption in developing economies.

The rest of the paper is organized as follows:  
The subsequent section provides a Literature Review, 
exploring current research on Climate-Smart 
Agriculture. The Materials and Methods section 
provides details about the research methodology and 
data analysis. The Results section then presents the 
study’s findings, followed by a Discussion section that 
analyzes these results concerning digital E-credit and 
institutional support. The paper concludes with a section 
summarizing the conclusions and their implications for 
future research.

Literature Review

Climate change poses a significant threat to 
agricultural sustainability, with drastic changes leading 
to widespread crop destruction and adversely impacting 
agricultural communities worldwide [7, 18]. In Pakistan, 
these challenges are particularly pronounced, given 
the country’s dependence on agriculture for economic 
stability and food security [6]. The sector has been 
experiencing a decline in productivity due to various 
issues exacerbated by climate change, such as soil 
degradation, water stress, and nutritional deficiencies 
[19, 20]. This decline not only affects the livelihoods 
of farmers but also has broader implications for the 
country’s economic structure and food supply [9, 12].

In response to these challenges, climate-smart 
agriculture (CSA) practices have been promoted as 
effective solutions [13, 14]. These practices, adapted to 
the specific context of Pakistani agriculture, include 
strategies like farmyard manure, crop rotation, deep 
plowing, zero tillage, and integrated weed management 
[21]. Each practice is designed to address specific 
climate-related challenges, aiming to enhance soil 
productivity and overall agricultural resilience [22-
24]. Despite the potential benefits of CSA practices, 
their adoption varies among farmers, influenced by a 
range of factors including cropping strategies, farming 
characteristics, and geographical location [17].

A critical barrier to the widespread adoption of 
CSA practices is the lack of financial and institutional 
support [25-27]. Financial resources, particularly access 
to credit, are essential for farmers to adopt and sustain 
these practices [28]. In Pakistan, where a significant 
proportion of farmers are small-scale, access to financial 
capital is often limited [5, 29]. This limitation is further 
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exacerbated by procedural complexities and accessibility 
barriers associated with traditional credit facilities [30]. 
The potential role of modern credit facilities, such as 
e-credit, in facilitating the adoption of CSA practices 
remains largely unexplored in the literature.

Existing research underscores the importance of 
CSA practices in enhancing agricultural productivity 
and farmer income [21, 31-37]. Studies have shown 
positive outcomes, including increased crop production 
and efficiency, as a result of adopting CSA practices 
[38-40]. However, there is a need to further understand 
the factors influencing farmers’ decisions to adopt these 
practices and the constraints they face. The literature 
provides insights into various socio-economic, land, 
and institutional drivers of CSA practice adoption 
[13, 41-49]. Nonetheless, the impact of modern credit 
facilities like e-credit on CSA adoption and the factors 
that intensify the adoption of these practices, especially 
in the context of Punjab, Pakistan, have not been 
adequately addressed [50, 51].

This study seeks to fill these gaps by analyzing 
the impact of socio-economic, land, and institutional 
characteristics, along with the availability of e-credit 
facilities, on the decision to adopt multiple CSA practices. 
It aims to identify the factors that intensify the adoption 
of CSA practices and to offer policy recommendations 
based on these findings. The exploration of e-credit and 
institutional support in the context of CSA adoption in 
Pakistan’s agricultural sector, which faces imminent 
threats from climate change, constitutes a substantial 
contribution to the existing body of scientific literature.

Materials and Methods 

Study Area and Data Collection

This study primarily focused on the factors affecting 
the adoption decision of climate-smart agriculture 
practices in the most important agricultural region 
Punjab, Pakistan. This region is a significant agriculture 
producer, providing around 57 percent of the country’s 
agriculture production [52]. This research specifically 
examines the rice-wheat (RW) system in Punjab,  
a critical component of Pakistan’s food security and 
a major contributor to the country’s rice production. 
Encompassing about 2.1 million hectares, this system 
represents approximately three-fifths of Punjab’s total 
agricultural area. Farmers in this region are more 
exposed to climate-related problems due to swift 
changes in climate patterns over the last few years [53]. 
Therefore, it is necessary to identify the major factors 
that influence the decision to adopt the CSA practices.  
If it is not explored in time, there is a likely possibility 
that farmers in the Punjab region could lose 
approximately 40% of farm production.  However, this 
study has opened up a way forward to include novel 
factors such as e-credit facilities and institutional 
structure in CSA practice’s decision process from  

the Punjab perspective. Fig. 1 represents the map of the 
study area.

Data was collected using a questionnaire that 
included both quantitative and qualitative tools, and 
for the data collection process, a multistage random 
sampling technique was employed (See Fig. 2). Field 
surveys were conducted through face-to-face interviews 
with farmers, carried out by trained enumerators 
familiar with the local language and field conditions. 
In the first stage of the sample selection process, five 
districts from the Punjab region - Gujrat, Sialkot, 
Sheikhupura, Lahore, and Gujranwala - were selected for 
their significant role in the rice-wheat cropping system. 
In the second stage, one Tehsil was randomly chosen 
from each district. This was followed by selecting three 
union councils within each Tehsil, and from these, 
four villages per union council were identified. The 
final step involved selecting seven farmers from each 
village, culminating in intensive interviews with a total 
of 420 farmers. These interviews focused on gathering 
information about their socio-economic indicators, land 
characteristics, access to institutional support, and, 
crucially, the use of e-credit facilities.

Conceptual Framework 

This study is based on the decision-making process 
in farm operations, considering farmers as the main 
stakeholders. These farmers encounter various risks 
during the operations of their farms. Farmers aim 

Fig. 1.  Map of the study area. 
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to devise strategies that lower costs and increase 
farm income. While they can manage factors within 
their control, certain external elements, such as 
climate change, are beyond their influence and can 
pose a risk to farm productivity and profitability. 
Therefore, climate-smart agriculture (CSA) practices, 
as established previously, could be the best strategy to 
counter farmer risk and produce sustainable production. 
CSA practices are assumed to provide high revenues 
and food security for farmers.  However, adopting 
such practices is attached to net benefits from farm 
operations. Consequently, observing net benefits is a far 
further thing, as they could be observed only if farmers 
adopt them. But the question here arises first: what are 
the basic factors that influence or constraints that stop 
farmers from the decision to adopt or not to adopt CSA 
practices? These factors are farmers’ socioeconomics 
and farm characteristics, and more importantly, the 
financial capital the farmer holds. This study employed 
the e-credit facility that some farmers have as the 
primary financial resource, in addition to their diverse 
agricultural and demographic factors. These variables 
primarily assist farmers in making rational decisions 
about how to use such CSA approaches to achieve 
sustainable crop yield and profitability.

Empirical Strategy

This study used the Multivariate Probit Model (MVP) 
to examine the impact of several socio-economic factors, 
availability of the e-credit facility, and institutional 
structure on farmers’ adoptions of climate-smart 
agriculture (CSA) practices following [54-57]. Climate-
smart agriculture practices have been established as the 
most effective technological advancements in agriculture 
to avert climate-related risks and uncertainties [58]. 
However, these practices are influenced by different 
characteristics of farmers. It could also be assumed that 
these practices are not mutually exclusive and influence 

the decision to uptake and substitute each other [59]. 
In crop cultivation, farmers face several agriculture 
constraints and climate change setbacks. Therefore, 
a set of combinations of different CSA practices are 
positively correlated (complementary) or negatively 
correlated (substitute) to each other. However, the use 
of a univariate model is not an effective way to explore 
the simultaneous and interdependent decision process; 
hence it would omit this useful economic information 
related to technological adoption [44].  This is why in 
this study we used MVP to firstly identify the impact 
of different factors on the adoption of CSA practices 
and secondly to explore the correlation between these 
practices. 

Based on the theoretical aspect of the previous 
section, it could be assumed that farmers could 
potentially adopt the CSA practices if the benefits 
from uptaking are higher. So, let’s say there are  
number of farmers taking values as  = {1, 2, 3, ..., N} 
facing a choice of adopting CSA practice  where 
 are different climate-smart agriculture practices 

like Crop residues chopping in soil, Integrated weeds 
management, Sustainable irrigation water use, and Crop 
rotation. The decision to adopt these technologies would 
be influenced by different factors . Let’s denote CSA 
practice as a latent variable  that takes binary values 
0 to 1, where 0 indicates not adopted and 1 indicates the 
adoption of CSA practices. So, mathematically we can 
express this as follows:

  (1)

Where  represents the outcome of the decision 
of CSA practice and  denotes the several socio-
economic indicators of farmers, institutional structure, 
and adoption of the e-credit facility. Meanwhile,  here 
is a coefficient representing the magnitude of the impact 
of factors on the decision to adopt the CSA practice 
to be estimated. Finally,   represents the error term. 

Fig. 2. Sampling technique.
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Where  are cutoff or threshold 
parameters that are estimated using β. Furthermore, we 
assumed that  is normally distributed with zero mean 
and unit variance. The probabilities of observing the 
outcome of dependent variables (j) are as follows:

 

Where  is the cumulative normal distribution 
function of .

Description of Variables

Table 1 represents a description of the variable 
used in the analysis; the first, half part represents the 
explanatory variables- all those factors purposively 
affect the decision to adopt CSA practices. Moreover, 
the last part represents the dependent variables. The 
mean value and standard deviation of all variables are 
represented in the extreme left column of the table. 
First, as an essential variable in this study, farmer 
willingness to accept e-credit was employed. This is a 
binary choice variable with a value ranging from 0 to 1, 
the mean value of the variable is 0.47, and the standard 
deviation is 0.50. In this context, farm size denotes 
the operational land held by the farmer in acres, with 
the mean value standing at 6.806 acres. Household 
education is measured in years for this study, and the 
mean value recorded is 7.286 years. Likewise, farmer 
manager experience is quantified by the number of years 
the household has dedicated to farming.

Adult females represent the number of adult 
female members in a household. Moreover, variables 
like tube well owned, output market, seed, labor 
Shortage, soil testing lab, NGO office, quality of land, 
insurance information, motorcycle, refrigerator, cart, 
and tractor represent the availability of these facilities. 
Our dependent variables have binary values 0 to 1 
representing the adoption or not adoption of climate-
smart agriculture practices. This study has used 
integrated weeds management, crop residue chopping 
in soil, sustainable water use, and crop rotation as CSA 
practices in this analysis.

Results

Results shown in Table 2 justified the relevance of 
using a multivariate Probit model to account for the 

Thus, to simultaneously estimate the ‘n’ number of CSA 
practices following system of the equation would be 
estimated:  

  (2)

  (3)

  (4)

  (5)

Where, latent variables , ,  and  are 
underlying CSA practices namely crop residue chopping 
in soil, integrated weeds management, sustainable 
irrigation water use, and crop rotation. However, , 

, ,  are factors such as farmer e-credit 
adoption, farm size, education, manager experience, 
adult female, off-farm employment, marital status, 
tube well owned, output market, seed, labor shortage, 
soil testing lab, NGO office, quality of land, insurance 
information, motorcycle, refrigerator, cart and tractor.

Extending this perspective further, it could be 
obvious to examine the factors that influence different 
CSA practices through MVP [60]. However, from the 
above-cited framework, it could be seen that farmers 
practice a mixture of adaptation. It is worth mentioning 
here that it is important to assess the intensity of the 
adoption of CSA practices, but the question arises 
here how to measure the intensity of the adoption of 
CSA practices? To answer the question this study used 
a modeling framework of several practices adopted 
by farmers following [61-63]. In this framework,  
it is hypothesized that farmers either adopt all of CSA 
practices or none of them. Alternatively, we can say 
whether he has adopted one, two, three, or four at the 
same time. Therefore, the dependent variable will take 
discrete values in order ranging from 0, 1, 2, 3, and 4.  
As the MVP model cannot determine or analyze the 
number of CSA practices adopted by farmers, therefore, 
there is a need for other analytical tools. Poisson 
regression fits perfectly to observe such a model where 
a discrete dependent variable is used, or where the 
possibility of number adoption is being observed [64]. 
However, the Poisson model only estimates the equal or 
potential possibility of adoption of all CSA practices and 
in our case, there might be the possibility of dependence 
of one CSA practice on another [63]. As we cited above 
CSA practices might be complementary or substitute 
for each other. Therefore, the order Probit model is 
considered the best choice in such circumstances.  
The ordered Probit model can be expressed as follows:

 

Where A* is unobserved and is given as 
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unobserved correlation across the decision to adopt 
several climate-smart agriculture (CSA) practices. 
The Wald test (Wald(76)χ2 =  158.37; Prob>χ2 = 0.000) 
rejects the null hypothesis that all coefficients in the 
equation are jointly equal to zero. Results further 
showed a heterogeneous impact of several explanatory 
variables on different CSA practices. E-credit adoption 
showed a statistically positive and significant impact 
on sustainable irrigation water use, integrated weeds 
management, and crop residue chopping in soil with 
a significance level of 1%, 5%, and 10% respectively. 
However, e-credit adoption was found to have a negative 
impact on the decision to adopt crop rotation as a CSA 
practice.

Farm size indicated a positive and statistically 
significant influence on the decision to adopt sustainable 
irrigation water use, integrated weed management, and 
crop residue chopping in soil and crop rotation. Results 
showed that education has positively influenced the 
decision to adopt crop rotation. Consequently, off-farm 
employment was found to have a negative influence on 
the decision to adopt CSA practices such as crop residue 
chopping in soil and sustainable irrigation water use. 
Moreover, Off-farm employment showed a negative 
impact on the decision to adopt crop residue chopping 
in soil and sustainable irrigation water use. However, no 
impact of off-farm employment was found on integrated 
weeds management and crop rotation. 

Table 1. Description of variables and socioeconomic characteristics of household.

Variables Description of variables Mean Standard 
deviation

Independent Variables

Farmer e-credit adoption Dummy, 1 if the household availed E-credit facility, 0 otherwise 0.476 0.500

Farm size Continuous, Operational land holding of households in acres 6.806 2.342

Education Continuous, Education of households in years 7.286 3.171

Manager experience Continuous, Household experience in farming over the years 26.062 9.773

Adult female Continuous, Number of adult females in the house 1.621 0.678

Off Farm Employment Dummy, 1 if the household is involved in an off-farm employment activity, 0 
otherwise 0.243 0.429

Marital status Dummy, 1 if the respondent is married,  0 otherwise 0.112 0.316

Tube well owned Dummy, 1 if the household has tube well ownership, 0 otherwise 0.433 0.496

Output market Dummy, 1 if the household has easy access to the output market, 0 otherwise 0.581 0.494

Seed Dummy,1 if the household has easy access to certified seed, 0 otherwise 0.576 0.495

Labor Shortage Dummy, 1 if the household has experienced an agriculture labor shortage, 0 
otherwise 0.612 0.488

Soil testing lab Dummy, 1 if the household has easy access to the Government soil testing 
laboratory, 0 otherwise 0.879 0.327

NGO office Dummy, 1 if the household has easy access to the NGO office, 0 otherwise 0.019 0.137

Quality of land Dummy, 1 if the household has good quality agricultural land, 0 otherwise 0.640 0.480

Insurance information Dummy, 1 if the household has crop insurance information, 0 otherwise 0.636 0.482

Motorcycle Dummy, 1 if the house owned a motorcycle, 0 otherwise 0.288 0.453

Refrigerator Dummy, 1 if the household has owned a refrigerator, 0 otherwise 0.386 0.487

Cart Dummy, 1 if the household has owned an agricultural cart, 0 otherwise 0.340 0.474

Tractor Dummy, 1 if the household  owned a tractor, 0 otherwise 0.014 0.119

Dependent Variables

Integrated weeds 
management Dummy, 1 if the household adopted Integrated weeds management, 0 otherwise 0.574 0.495

Crop residues chopping 
in soil Dummy, 1 if the household adopted Crop residues chopping in soil, 0 otherwise 0.517 0.500

Sustainable water use Dummy, 1 if the household adopted Sustainable irrigation  water use, 0 otherwise 0.545 0.499

Crop rotation Dummy, 1 if the household adopted Crop rotation, 0 otherwise 0.514 0.500
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Results indicated that certified seed availability 
has statistically positively related to the adoption of 
sustainable irrigation water use, integrated weeds 
management, and crop residue chopping in soil and crop 
rotation. Moreover, results revealed that the availability 
of awareness on CSA practices has increased the 
likelihood of adoption of sustainable irrigation water 
use, integrated weeds management, and crop rotation. 
Finally, the results of the study indicated a positive and 
significant influence of the availability of tractors on 
sustainable irrigation water use.

Table 3 presents the results of the pair-wise correlation 
coefficient of different CSA practices, which indicated 
that crop residues chopping in soil and integrated weed 
management are found as complementary to each 
other with 1 percent of level significance. The result 
further indicated that sustainable irrigation water use 

The findings also demonstrated that the availability 
of the output market has positively influenced the choice 
to adopt sustainable irrigation water usage. (1% level 
of significance), integrated weeds management (1% 
level of significance), crop residues chopping in soil 
(5% level of significance), and crop rotation (5% level 
of significance). Results showed that the availability 
of soil testing labs influenced farmers’ decision to 
adopt integrated weed management at a 1 % level of 
significance. Comparatively, it has negatively influenced 
the decision to adopt crop rotation. The marital status 
of the farmer was found to be a positive driver of the 
decision to adopt sustainable irrigation water use. 
In contrast to it, there was a significant and negative 
impact of marital status on crop rotation. Moreover, a 
significant positive impact of education was found on 
the decision to adopt crop rotation. 

Table 2. Multivariate probit estimation of farmer attributes on adoption of different sustainable technologies.

Variables Integrated weeds 
management

Crop residues 
chopping in soil

Sustainable irrigation 
water use Crop rotation

Farmer e-credit adoption 0.410**
(0.199)

0.305*
(0.185)

0.734***
(0.184)

-0.719***
(0.205)

Farm size 0.113***
(0.036)

0.063**
(0.032)

0.091***
(0.033)

0.081**
(0.036)

Education -0.015
(0.024)

-0.011
(0.022)

-0.007
(0.022)

0.050**
(0.024)

Manager experience -0.004
(0.008)

-0.003
(0.008)

-0.001
(0.008)

0.002
(0.008)

Adult female 0.077
(0.099)

0.170*
(0.096)

0.089
(0.096)

-0.010
(0.100)

Off Farm Employment -0.241
(0.155)

-0.413***
(0.149)

-0.311**
(0.146)

0.249
(0.162)

Marital status 0.319
(0.222)

0.302
(0.203)

0.450**
(0.209)

-0.549**
(0.228)

Tube well owned -0.220*
(0.133)

-0.294**
(0.125)

-0.362***
(0.126)

-0.044
(0.131)

Output market 0.644***
(0.241)

0.504**
(0.226)

0.747***
(0.224)

0.529**
(0.243)

Seed 0.479**
(0.241)

0.524**
(0.226)

0.576***
(0.222)

0.455*
(0.244)

Labor Shortage 0.150
(0.135)

0.098 
(0.128)

0.065
(0.131)

0.144
(0.134)

Soil testing lab 0.379**
(0.192)

0.063
(0.178)

0.320*
(0.183)

-0.440*
(0.204)

NGO office -0.960*
(0.573)

-0.348
(0.413)

-0.622
(0.859)

0.567
(0.491)

Quality of land -0.006
(0.153)

-0.232
(0.145)

-0.299**
(0.150)

0.117
(0.157)

Insurance information 0.148
(0.139)

0.013
(0.132)

0.030
(0.134)

-0.310*
(0.138)

Motorcycle 0.135
(0.166)

-0.048
(0.153)

0.075
(0.150)

-0.242
(0.170)

Awareness of CSA practices 0.330**
(0.158)

0.079
(0.146)

0.343**
(0.151)

0.311*
(0.159)
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is complementary with integrated weeds management 
and crop residues chopping in soil with a higher level 
of significance. Moreover, crop rotation has shown 
insignificant correlation but found as a substitute for 
integrated weeds management, crop residue chopping in 
soil, and sustainable irrigation water use.

Table 4 represents the result of the order Probit 
model, which was used to determine the impact of 
different socioeconomics and land characteristics on the 
intensity of adopting CSA practices. Results of the study 
indicated the significant value of LR chi2 as 90.88 and 
pseudo R2 value as 0.068. This implies that the model 
is perfectly fit and all the threshold parameters are 
significant implying the natural ordering of dependent 
variables. Although the results of the coefficient of order 
Probit estimation are hard to interpret, this study used 
the marginal effect to interpret the impact of different 
farmer characteristics on the adoption intensity of CSA 
practices. 

The study’s results revealed that farmers’ adoption 
of the e-credit facility significantly and positively 
increased the intensity of adopting CSA practices. In 
addition, the findings indicated that farmers utilizing 
e-credit were inclined to adopt more than one CSA 
practice, with the probability value of -13.16%, -10.08%, 
1.06%,  10.08%, and 12.10% of none, 1, 2, 3, and 4 CSA 

practices adoption, respectively. Similarly, farm size 
has a statistically significant influence on the adoption 
intensity of CSA practices. The number of adult females 
in the household also indicated a positive influence 
on adopting 3 and 4 CSA practices and a negative but 
statistically significant influence on none and 1 CSA 
practices. 

The marital status of farmers, which has been taken 
here as a dummy variable, has intensified the adoption 
of CSA practices. Results indicated that married 
men are likely to adopt more than one CSA practice. 
Furthermore, the soil testing lab has also a statistically 
significant impact on adoption intensity. Results further 
revealed that the availability of a tractor also increases 
the intensity of adoption, Table 4 showed a highly 
significant and negative value of the probability of no 
adoption of any CSA practices and a significant and 
positive value of more than 1 CSA practice for those 
farmers who own a tractor. 

Results further revealed that the education of 
farmers intensified the probability of adoption of CSA 
practices. Table 4 indicated the probability values of 
adoption of none, 1, 3, and 4 CSA practices as - 0.09, 
-0.8, 0.8, and 0.8, respectively, against the education of 
farmers. Finally, farm manager experience in farming 
has increased the adoption of more than 1 CSA practice; 

Cart -0.266*
(0.137)

-0.047
(0.129)

-0.202
(0.128)

-0.056
(0.139)

Tractor -0.622
(0.601)

-0.859
(0.607)

1.392***
(0.529)

-0.996
(0.658)

Constant 0.490
(0.451)

0.426
(0.425)

0.376
(0.419)

-0.107
(0.469)

Number of observations 420

Log Likelihood value -731.37

Wald χ2(76)   158.37***

Prob>χ2 0.0000

*** p<0.01, ** p<0.05, * p<0.10.

Table 2. Continued.

Table 3. Correlation coefficients between sustainable agricultural technologies.

Technologies Correlation coefficient Standard error

Crop residues chopping in soil and Integrated weeds management 0.909*** 0.020

Sustainable irrigation water use and Integrated weeds management 0.980*** 0.007

Crop rotation and Integrated weeds management -0.043 0.077

Sustainable irrigation water use and Crop residues chopping in soil 0.952*** 0.015

Crop rotation and  Crop residues chopping in soil -0.030 0.075

Crop rotation and Sustainable irrigation water use -0.010 0.074

Likelihood ratio test of rho21 = rho31 = rho41 = rho32 = rho42 = rho43 = 0:  chi2 (6) = 62.0691
Prob>χ2 = 0.0000
*** p<0.01, ** p<0.05, * p<0.10.
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it is shown in the table that units increase in the farmer 
experience increase the intensity of adoption as follows; 
0.3 %, 0.2 %, 0.3% and 0.3% of none, 1, 3, 4 CSA 
practices adopted respectively.  However, no significance 
has been found in the 2 CSA practices’ adoption in time.

Discussion

This study critically examines the factors influencing 
Punjab farmers’ adoption of sustainable practices in 
response to climate risks. Central to these findings is 
the role of e-credit facilities, which have emerged as  
a significant determinant in encouraging farmers to 
adopt a range of Climate-Smart Agriculture (CSA) 
practices. This highlights the importance of financial 

capital in upgrading farm operations, where farmers 
with easier access to capital, especially through e-credit, 
are more likely to engage in sustainable practices. These 
results align with studies such as those by [29, 65, 66], 
which also underscore the positive impact of traditional 
credit facilities on sustainable farming. Moreover, 
this study sheds light on the environmental impact of 
e-credit in agriculture, demonstrating its potential to 
promote environmentally sustainable practices, thus 
contributing to the reduction of the agricultural sector’s 
ecological footprint. 

Results further revealed the positive influence of 
farm size on the adoption of multiple CSA practices and 
their intensity. Larger farms adopting CSA practices 
can significantly contribute to regional environmental 
sustainability through reduced use of chemical 

Table 4. Ordered probit estimation of factors affecting the intensity of adoption of CSA practices.

Variable Coefficient
(Std. Err)

Marginal Effects

Prob  
(Y = 0│X)

Prob  
(Y = 1│X)

Prob  
(Y = 2│X)

Prob  
(Y = 3│X)

Prob  
(Y = 4│X)

Farmer e-credit adoption 0.642***  (-0.164) -0.136*** -0.108*** 0.016* 0.108*** 0.121***

Farm size 0.068**  (-0.028) -0.014** -0.012** -0.002 0.012** 0.013**

Adult female 0.245*** (0.0825) -.0528** -0.042** 0.007 0.043*** 0.045**

Off Farm Employment -0.145 (0.129) 0.0326 0.024 -0.006 -0.026 -0.025

Marital status 0.486*** (0.179) -0.083*** -0.092** -0.010 0.074** 0.111**

Tube well owned 0.0794 (0.106) -0.016 -0.014 0.002 0.014 0.015

Output market -0.228 (0.1901) -0.048** -0.040** -0.006*** 0.039** 0.043***

Seed 0.219  (1912) -0.048 -0.037 0.007 0.038 0.039

Labour Shortage -0.0182  (0.107) 0.003 0.003 -0.001 -0.003 -0.003

Soil testing lab 0.371** (0.160) -0.092** -0.054** 0.024 0.066** 0.057**

NGO office 0.0872  (0.377) -0.017 -0.016 0.002 0.015 0.017

Quality of land 0.0693  (0.126) -0.015 -0.012 0.002 0.012 0.013

Insurance information 0.0707  (0.111) -0.015 -0.012 0.002 0.012 0.013

Motorcycle -0.0116  (0.135) 0.002 0.002 0.000 -0.002 -0.002

Awareness of CSA 
practices 0.066**  (0.126) -0.014** -0.011** 0.002 0.012*** 0.012***

Cart -0.223 (0.111) 0.050 0.037 -0.009 -0.039* -0.039**

Tractor 0.846* (0.466) -0.109*** -0.158** -0.059 0.092*** 0.236

Education 0.0445** (0.019) -0.009** -0.008** 0.001 0.008** 0.008**

Manager experience 0.0143** (0.006) -0.003** -0.002** 0.000 0.003** 0.003**

/cut1 0.233 (0.379)

/cut2 1.103 (0.379)

/cut3 1.811 (0.383)

/cut4 2.594 (0.392)

Number of observations  = 420,  LR chi2(19) = 90.88***,   Pseudo R2 = 0.0684, Log likelihood  = 618.792
*** p<0.01, ** p<0.05, * p<0.10.
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fertilizers and pesticides and increased biodiversity. 
The reason could be found in the mechanism of land 
holding; a farmer with more land is likely to focus on 
his land productivity so they often alter techniques to 
produce agricultural products. CSA practices attract 
large landholders because farmers with large land 
have large capital to invest in such modern production 
techniques, it is as similar to found of [67]. Off-farm 
work was shown to have a negative impact on the choice 
to embrace numerous CSA practices and so has no 
likely effect on the number of CSA practices adopted. 
This means that farmers with off-farm employment are 
less likely to be interested in farm operations because 
they have less time after work; conversely, they have 
a secondary source of money therefore they are less 
concerned with farm profitability, which is exacerbated 
by the fact that they have a secondary source of revenue 
[43].

Awareness of CSA practices tends to influence the 
intensity of CSA practices adopted and multiple CSA 
practices positively as the more a person is aware of 
CSA practices more he tends to adopt the CSA practices. 
Rural areas are less exposed to new information and 
updates therefore if they have such awareness they 
tend to adopt more, relatively similar found by [65]. 
Moreover, farmer easy access to the output market also 
extend the intensity of adoption as well as influence 
the adoption of multiple adoption practices positively; 
it generally increases the cost of growing crops if the 
output market is inaccessible or far from the approach of 
farmers, but if farmer has easy access to output market 
they could invest more interest in their farm operation 
to produce more so they could get good profits [68]. 
Results indicated that access to certified seed has a 
positive impact on multiple CSA practices; this positive 
association was assumed because Farmer trusted in the 
high-quality certified seed to produce efficiently with 
modern techniques. The soil testing lab, however, has 
demonstrated a positive impact on the intensity of CSA 
adoption. This could be attributed to the reliability of 
soil for crop production and the increased awareness of 
soil type and deficiencies. However, the farmers having 
access to soil labs tend to adopt modern practices as 
they are aware of their land quality and its tolerance. 
Certified seed, soil testing labs, and awareness of 
CSA practices are related to institutional support; this 
implies that if farmers have more of this institutional 
support they tend to adopt more modern and sustainable 
agriculture practices. These results are consistent with 
prior research [69]. 

Results of the study indicated that education has 
a positive influence on adoption intensity as well as 
multiple CSA practices adopted, which seems plausible. 
The reason behind this is the composure a farmer gets 
in his decision process after getting an education. They 
are more likely to make rational decisions and stay 
updated on methods to enhance their farm operations, 
consistent with previous findings [66]. Similarly, farmers 
possessing more years of experience were observed 

to engage in a greater number of CSA practices and 
positively influence the adoption of multiple CSA 
strategies. The accumulation of farming experience 
enables these farmers to better understand and recognize 
the benefits of CSA practices, thereby facilitating more 
informed decisions and effective implementation based 
on their enhanced agricultural expertise.

Conclusions

This study systematically assessed the determinants 
influencing the adoption of various climate change 
adaptation practices and the factors driving the intensity 
of CSA practice adoption in Punjab, Pakistan. Utilizing 
cross-sectional data collected from five districts in 
Punjab through multistage random sampling, the study 
unveiled key insights. It identified e-credit facilities, 
educational level, farming experience, awareness of CSA 
practices, usage of certified seeds, and access to soil 
testing labs as critical determinants in farmers’ decision-
making processes. Notably, several CSA practices were 
found to be complementary, underscoring the benefits of 
adopting multiple practices simultaneously for enhanced 
farm productivity, especially in an economy heavily 
reliant on agriculture.

The study’s findings underscore that a farmer’s 
financial and social capital significantly influence 
their decision-making capabilities. Farmers endowed 
with greater capital resources are more inclined to 
make informed, rational decisions regarding their 
farm operations. CSA practices are increasingly 
recognized as sustainable and resilient approaches 
in the face of climatic uncertainties. Yet, farmers’ 
adoption decisions are closely tied to their available 
social and financial resources. This study deduces that 
farmers with access to e-credit facilities are better 
positioned to adopt CSA practices. E-credit not only 
facilitates individual practice adoption but also enables 
the integration of complementary CSA practices 
for augmented agricultural output. Furthermore, 
institutional support mechanisms—such as certified 
seed availability, structured awareness programs, and 
soil testing facilities—greatly enhance the likelihood 
of adopting multiple CSA practices, thereby boosting 
farm productivity. Additionally, the study highlights the 
pivotal role of farmers’ social structures, particularly 
education and farming experience, in rationalizing 
and optimizing farm operations through the strategic 
selection of CSA practices.

Extending beyond the immediate findings, these 
insights open avenues for future research, particularly 
in examining the long-term impacts of integrated CSA 
practices on environmental sustainability and farm 
resilience. Future studies could explore the dynamics 
of E-credit adoption across different agricultural 
contexts and its broader economic implications. In 
addition, further research is necessary to understand 
how educational programs and institutional support can 
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be effectively scaled to enhance CSA practice adoption 
and their contribution to environmental conservation 
and sustainable farming. In light of these findings, the 
study proposes comprehensive policy recommendations 
for the agricultural sector. Firstly, it advocates for the 
expansion of e-credit facilities to rural households, 
enabling the adoption of multiple CSA practices and 
promoting sustainable, resilient agricultural practices. 
Secondly, the importance of institutional support in 
agricultural productivity enhancement necessitates 
policy initiatives aimed at transforming and upgrading 
the rural institutional framework. Finally, the study calls 
for a thorough review of the social structure of rural 
communities, with a particular focus on educational 
and technical training aspects. Enhancing educational 
opportunities is crucial for enabling farmers to make 
timely, rational decisions in their farm operations, 
thereby necessitating government focus on the 
educational advancement of the rural populace. 
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