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Abstract
Climate change has caused several significant risks to agro-economy in developing regions. 
Adaptations to climate change can improve farmers’ resilience in agricultural production. 
Several studies revealed that farmers’ adaptations are not based purely on farmers’ indi-
vidual competencies. This study attempts to contribute to the existing literature by explor-
ing the relationship between social capital and farmers’ climate change adaptations (CCA). 
We specified social capital into two components including social networks and training 
participation. Based on the primary data collected from 422 banana farmers in Southern 
China, poisson endogenous treatment effect model (PET) was used to estimate the effect 
of social capital on farmers’ adoption intensity of CCA and examine the determinants of 
farmers’ participation in social capital. The results reveal that social capital through both 
components significantly increased farmers’ adoption intensity of CCA, highlighting the 
importance of social capital to boost farmers’ intensity adoption of CCA in rural areas. 
Furthermore, education, political participation, land fertility, membership in farmer-based 
organizations, and income were significant incentives influencing farmers’ participation in 
social capital. Policymakers are suggested to better understand farmers’ adaptation deci-
sions under weather variability and consider social capital in promoting adaptation strate-
gies to enhance farmers’ resilience in farming activities under climate change.

Keywords  Social capital · Climate change adaptations · Adoption intensity · Training · 
Social networks · Banana farmers

1  Introduction

The recent extreme climate events around the world have reiterated the threat caused by 
climate change on agricultural production and food security that are essential for human 
being survival (IPCC, 2014). Existing study revealed that the adverse effects of climate 
change led to a global loss of 6.6% of GDP by the end of the twenty-first century (Takakura 
et  al., 2019). In addition, the temperature is predicted to increase from 1.1 to 4.1  °C by 
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the 2060s (FAO, 2010). The unpredictable variation of rainfall, the rising temperature, 
and other climate hazards, including droughts and floods, may reduce crop yields and alter 
the existing cropping patterns of farmers (Boonwichai et al., 2019). Developing countries, 
whose economies are mostly relying on agriculture, are particularly affected by climate 
change and variability (Baidu et al., 2017; Owusu, 2016). Thus, climate change could pose 
tremendous risks to the livelihoods of smallholder farmers, particularly those with low 
adoption of farming techniques and inadequate technological advancement (Gupta et al., 
2019; Omerkhil et al., 2020).

Banana is one of the leading crops in Southern China due to the favorable tropical con-
ditions. However, banana production in Southern China has been recently challenged by 
climatic events such as extreme temperatures, droughts, and typhoons. Rising temperatures 
and droughts had a severe impact on banana production, making them more susceptible 
to diseases. Therefore, these hostile conditions lead to changes in growing conditions, 
resulting in a decrease in crop productivity (Ojo & Baiyegunhi, 2021). Banana growers are 
mostly affected because they are out of accurate adaptive measures to tackle the impacts 
of climate change. The inability of smallholders to adjust to irregular climatic events leads 
to low agricultural production; consequently, these farmers feel discouraged to combat the 
effects of climate variability. Therefore, it is essential to build the smallholder farmers’ 
adaptive capacities to decrease the impacts of climate change, especially considering the 
prevailing challenges of banana productivity (Khan et al., 2020).

The factors determining farmers’ adoption of specific technologies in agricultural pro-
duction continue to attract research attention, while innovation in farming practices is not 
purely related to individual actions or competencies. The previous study argued various 
drivers of farmers’ adoption of new technologies such as benefits from technology which 
is considered as a significant factor (Wossen et al., 2015), in which economic aspects, such 
as the price of crops and resources, accessibility to credit, and the availability of labor, 
are also considered among the most relevant factors (Abdulai & Huffman, 2014). In addi-
tion to economic variables, socio-economic factors including income, gender, age, and 
education as human capital can influence smallholder farmers’ adoption of new technolo-
gies (Abdulai & Huffman, 2014; Esfandiari et al., 2020). Recent empirical work has also 
reported that farm characteristics such as land tenure stability, land fertility, farm size, 
types of crops, and livestock as proxies of physical capital significantly influence farmers’ 
choices and usage of new agricultural techniques in Ghana (Zakaria et al., 2020). However, 
social capital has not received enough attention, especially in developing countries where 
social interactions of farmers are frequent and important ways to coordinate their decision-
making, while adaptation to climate change is a dynamic social process, and is, therefore, 
influenced by farmers’ socio-economic and intrinsic characteristics (Wolf, 2011). Besides 
economic incentives, social capital has a crucial role for rural farmers in making decisions 
(Antwi-Agyei et  al., 2018; Juhola et  al., 2016). Social capital was first introduced into 
social sciences by Coleman (1988). He defined social capital as a concept that may create 
the relations between actors/people or corporates that facilitate specific actions of actors 
within the social structure. However, there is still no common consensus over the meaning 
of social capital. There are many ways to identify and measure social capital. For exam-
ple, certain studies defined social capital in the three main dimensions such as relational, 
structural, and cognitive social capital (Belay, 2020; Zainoddin et al., 2018). Other existing 
works divided social capital into bridging, linking, and bonding categories (Njuki et  al., 
2008; Teshome et al., 2016). Other scholars such as Miao et al. (2015) and Li et al. (2022) 
have specified social capital from the aspects of trust, social networks, cooperation, norms, 
and reciprocity. Also, it was acknowledged that various components of social capital may 
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have a different influence on farmers’ adoption of agricultural technologies (Wang et al., 
2021). For example, recent existing works have stated that social capital via different com-
ponents such as social networks, training, norms, and trust may enhance individual and 
collective adaptive measures (Alam et al., 2016; Aldrich et al., 2016). Hence, the present 
study followed the concept of Hunecke et al. (2017) and defined social capital as an effec-
tive method that may provide additional opportunities for farmers or groups of people to 
encourage them to work collaboratively, interact, participate in training, and invite them to 
use the potentialities from social networks. Therefore, social capital was measured into two 
components such as social networks and training.

Recently, the role of social capital of farmers in agricultural production has been dis-
cussed in many studies (Belay et  al., 2019; Hao et  al., 2020; Hunecke et  al., 2017), and 
social capital is recognized as an important predictor of farmers’ adoption of agricultural 
practices and innovations (Belay, 2020; Castillo et al., 2021; Yaméogo et al., 2018), par-
ticularly in the developing countries. For example, Alam et al. (2016) unveiled the posi-
tive impacts of social capital on farmers’ adoption of early maturing varieties and crop 
diversification. Moreover, social capital was used as an effective tool that may enhance 
the adoption rate of improved technologies and management including land fertility tech-
niques, soil and water conservation practices, and collective irrigation (Wossen et  al., 
2015). Furthermore, recent empirical work has unfolded the positive link between social 
capital and agricultural techniques in terms of different behaviors ranging from changes 
in fertilizer applications and product types to changes in marking approaches (Zhou et al., 
2018). Likewise, the existing literature has pointed out how various alternative dimensions 
of social capital may influence farmers to take up crop management and post-harvest tech-
niques (Belay & Fekadu, 2021). It was estimated that social capital through participation 
in training programs and social support positively influenced farmer’s adoption of modern 
agricultural techniques in Kenya (Cofré-Bravo et al., 2019). Indeed, training acts as a social 
capital that connects farmers and enables them to engage strongly in their farming prac-
tices with their instructors and peers and can influence farmers’ attitudes and behaviors 
through social norms established by agricultural cooperatives and helps them to simulta-
neously avoid maladaptation (Antwi-Agyei et  al., 2018; Juhola et  al., 2016). This would 
increase economic efficiency because it decreases costs and enhances adequate informa-
tion, resulting in solving social problems (Priyanath & Lakshika, 2020). Further, social 
capital may increase farmers’ adoption of CCA through capacity-building training partici-
pation (Zakaria et al., 2020). In fact, through social networks, social capital can diffuse for-
mal or informal knowledge and skills among farmers and increase social interactions. For 
example, farmers who use social networks change their attitudes toward adaptations to cli-
mate change and increase their knowledge of the adaptive measures to mitigate the poten-
tial risks and chocks caused by weather variability (Saptutyningsih et al., 2020). As opined 
by Karanja Ng’ang’a et al. (2016), farmers’ participation in social capital through social 
networks and training may enable farmers to change their farming practices and improve 
their livelihood by adopting new farming methods.

However, social capital does not inevitably have positive outcomes or serve as an insurance 
mechanism against negative risks and shocks. It may be inappropriate if there is a general lack 
of knowledge and resources to come up with efficient solutions. For example, previous empiri-
cal work in Ethiopia has unveiled that social capital could also hamper the adoption of CCA in 
rural areas (Paul et al., 2016). The credible explanation is related to the fact that many farmers 
who depend on community members are unlikely to try new agricultural technologies as indi-
vidual households in Ethiopia. As stated by MacGillivray (2018), social capital through social 
networks may act as hindering factor to climate adaptations. This is attributed to the fact that 
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strong social networks may act as channels for misperception, resulting in distorting farmers’ 
decision-making and decreasing the incentives to adopt agricultural techniques (Zhou et al., 
2018). Similarly, the existing literature has revealed that excessive social capital may lead to 
closed networks that limit access to extensive information; consequently, the farmers decrease 
the adoption rate of new technologies (Hunecke et al., 2017). It is also estimated that social 
capital may not be sufficient to prevail over the transaction costs of collective action (Paul 
et al., 2016). This was called the dark side of social capital, where the strong social institu-
tions may provide negative outputs or overwhelm formal legal institutions as in the case of the 
mafia (Forkmann et al., 2022). Additionally, Kassie et al. (2015) unfolded that social capital 
via social networks may decrease the adoption rate of land management practices in Northern 
Ethiopia. This was because social networks may create a free rider challenge; therefore, farm-
ers lose their incentives to acquire new ideas and information (Hunecke et al., 2017).

Thus, the present work contributes to existing studies in three ways. First, though the pre-
vious empirical works assessed the association between social capital and smallholder farm-
er’s adoption of agricultural innovations, they usually focused on one innovative technology 
(Cofré-Bravo et al., 2019). The present study considers a group of adaptive measures to cli-
mate change and focuses more on how social capital affects farmers’ intensity of CCA. Gen-
erally, farmers can adopt multiple adaptations in their agricultural practices, and the combi-
nation of these techniques can have a more robust impact on crop yields than a single one. 
For example, farm income could be increased by combining multiple agricultural technolo-
gies (Biru et al., 2020; Tambo & Mockshell, 2018). Moreover, the current work considers two 
components of social capital including social networks and agricultural training, because the 
existing evidence unfolded that the use of a single social capital component does not clearly 
explain the influence of various social capital components (Belay, 2020). Hence, the main 
objective of this work was to examine whether social capital influences smallholder farmers’ 
adoption intensity of CCA in developing areas. Second, we explore the significant factors that 
influence farmer’s decisions to participate in social capital through training and social net-
works. The stakeholders and agricultural extension workers need such information to develop 
policies to ensure that many farmers have accessibility to social capital to make the delivery 
of extension services faster and more cost-effective. Farmers may mobilize themselves into 
groups to increase their knowledge and skills, enabling them to diminish the harmful impacts 
of climate change, thereby improving their livelihoods. Third, the estimation of the impacts of 
social capital on adoption intensity of CCA may be biased using the simple regression model, 
because farmer’s decision is self-selection instead of random selection. This study used Pois-
son endogenous treatment effect model (PET) which could address farmers’ self-selection bias 
by taking into account the unobserved and observed factors to estimate the effects of farmers’ 
social capital on the adoption intensity of CCA (count outcome). In doing so, the estimated 
results are robust and reliable (Danso-Abbeam et al., 2021).

The remainder of this work is arranged as follows. The following section describes the 
study area and data collection, while the estimation strategies are given in section three. The 
results and discussions are well explained in sections four and five, respectively. Finally, the 
conclusion and policy implications were presented in the last section.
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2 � Study area and data collection

This work was conducted in Southern China, specifically in Hainan Province. This part lies 
between longitudes 108° 37 and 111° 03’ east longitude and latitude 18° 10’ and 20°10’ north 
latitude with an area of 34,000 km2 (Domrös & Peng, 2012). The climate of Hainan Island 
is tropical, with monsoons predominant in April and October, north-easterly winds (Novem-
ber–March) in winter, and south-westerly winds typhoons (May–September) in summer. The 
mean rainfall is 1624 mm, and the mean temperature is ranged between 23 °C and 26 °C. In 
Hainan, the dry and rainy seasons are different. The dry season is warm and windy, and the 
rainy season is hot and humid.

Moreover, China is the second-largest country with high productivity of banana crops after 
India. Hainan is one of the main growing banana areas in China because it has a suitable area 
for growing banana crops since it is located in humid tropical climates; however, in recent 
years, the harvested area has dramatically shrunk and climate-related events such as typhoons, 
temperature rises, and droughts frequently occur; consequently, there is a remarkable decrease 
in banana productivity in the Hainan region (FAO, 2018). According to China’s National 
Banana Industry Technology System (CNBITS), banana production was estimated at 1.53, 
1.20, and 1.08 million tons in 2015, 2018, and 2020, respectively. Besides global warming, 
rising temperatures and droughts have caused severe impacts on banana production, making 
them more susceptible to diseases such as Panama disease and black Sigatoka. These factors 
can result in the loss of mass production during the harvest season, further discouraging farm-
ers from growing bananas. As a result, diseases and climate-related stress pose an absolute 
challenge to farmers, given their poor adaptability and endless vulnerabilities. In this con-
text, adaptation strategies are urgently needed, as climate change and variability can threaten 
banana yields, consequently undermining the sustainability of the banana industry in China.

This study uses the cross-sectional data collected from a field survey of banana growers in 
the Hainan Province of China from March to April 2021. We applied multi-stage sampling to 
choose the household farmers. First, Hainan Province was chosen because it is one of the main 
provinces where banana crops are mainly grown by smallholder farmers. In addition, banana 
crops are chosen because they are commonly produced in the Hainan Province. Second, four 
counties including Lingao, Chengmai, Ledong, and Changjiang were selected because they 
are leading banana-producing counties in Hainan Province. Third, we randomly selected three 
townships regarding the banana farm sizes, and two to five villages were chosen in each town. 
Then, 15–25 households were randomly selected in each village. Finally, we obtained 422 
valid respondents of banana farmers. Samples were gathered through face-to-face interviews 
based on a structured questionnaire. Farmers were instructed about the aim of the study before 
the beginning of the questionnaire survey. They were aware that these samples would be only 
utilized for academic research purposes. For this reason, we promised that the privacy of 
farmers could not be infringed, and all sample was gathered and utilized based on their willful 
involvement. The sample distribution of the respondents is given in Table 1.

3 � Estimation strategies

The present study followed the economic theory of household farmers engaged primar-
ily in banana production while they can also allocate their time to participate in social 
capital. Therefore, the time allocation framework applied in this study was taken from the 
recent work of Danso-Abbeam and Baiyegunhi (2017). The concept of this framework is 
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delivered from that farmers may enhance their utilities to a maximal extent by allocating 
their time into three major activities such as farming works, leisure, and farmers’ partici-
pation in social capital (i.e., participation in agricultural training and social networks). 
Therefore, the household time constraint is expressed as T = Tn + Tf + L ; where L and Tf  
represent leisure, and the time allocated to farming works, respectively, and Tn denotes 
participation in social capital into their two components (i.e., participation in social net-
works and training). In contrast, some farmers may not have access to social capital; conse-
quently, the negative constraint was imposed on social capital such that Tn ≥ 0.

In such observational studies, treatment choices are usually influenced by socio-eco-
nomic characteristics because the subject factors of the treated group are not the same as 
those of the control group. Hence, to estimate the impacts of treatment on the outcome 
variable, one must consider the systematic differences between the two categories (con-
trol and treatment groups). Actually, farmer households may voluntarily decide to partici-
pate in social capital based on their demographic characteristics and productive resources, 
resulting in biased estimates. In such a case, the participation of farmers in social capital 
is not randomly assigned. Moreover, if farmer households are not randomly assigned to 
treatment, the decision of farmers to participate in social capital can be affected by unob-
served and observed heterogeneities; consequently, the outcome variable of interest is also 
affected.

Moreover, another important econometric issue in impact assessment is the problem 
of missing data for counterfactual conditions. There are missing data because the out-
come variables are only observable in one state at a time, but also the counterfactuals of 
each group cannot be noticed (Wooldridge, 2003). Several scholars relied on two major 
econometric frameworks including the propensity score approach and instrumental vari-
ables (IV) to address the problem of counterfactuals and the confounding variables (Danso-
Abbeam & Baiyegunhi, 2019; Kassie et al., 2011). However, propensity score approaches 
such as regression adjustment, inverse probability weighting, and propensity score match-
ing only consider the observed heterogeneities, whereas the IV method accounts for both 
unobserved and observed heterogeneities. Based on the various challenges above, the pre-
sent study has employed Poisson regression with endogenous treatment model within the 
framework of IV. This model uses the count outcomes with the Poisson distribution of the 
error terms to analyze the impacts of social capital on the adoption intensity of adaptations 
to climate change.

Typically, participating in social capital is not an exogenous choice. Hence, it is con-
sidered as the endogenous binary treatment variable Tk and is influenced by farmers’ 
socio-economic and intrinsic characteristics. In fact, Tk is endogenous when the treat-
ment assignment is not random; consequently, some unobserved factors that affect Tk 
can also influence the outcome equation Wk . Since the adoption of adaptations to cli-
mate change is the count values Wk = 0, 1, 2, 3,… ..,wn ; and the farmers can decide to 

Table 1   Sample distribution of 
the respondents

Counties Respondents Percentage (%)

Chengmai 100 23.60
Lingao 101 24.0
Changjiang 105 24.9
Ledong 116 27.5
Total 422 100
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adopt some of them or not; hence, Qk is defined as the second dummy, and it indicates 
the sample selection rule. This represents the farmer households who did not adopt any 
agricultural practices. In such a case,Qk is missing for a certain proportion of the data, 
and the selection rule is defined when Qk = 1 if the outcome variable ( Wk ) is observed, 
while Qk = 0 when the outcome variable ( Wk ) is missing.

Following Miranda (2004), this study uses Poisson endogenous treatment effect 
model (PET) to solve the sample selection and endogeneity issues. This model takes 
into account the case where Qk as a selection dummy is assigned the value 0 when the 
farmer did not adopt any adaptive measures ( Wk is missing), and Qk is assigned the 
value 1, if when the farmer has adopted some adaptive measures ( Wk is observed).

Hence, endogenous treatment and the selection dummies are expressed according to 
the continuous latent variables as follows:

With Tk = 1(T∗
k
> 0);Qk = 1(Q∗

k
> 0).

Therefore, the outcome equation which follows the Poisson distribution is specified:

where Gk represents the vector of covariates used to estimate the count data, and Zk repre-
sents the covariates for binary treatment. The error terms such as μ k and εk are related to 
treatment and outcome equations, respectively, and are the bivariate normal distribution 
with zero 0 and the covariate matrix; hence, they are specified as follows:

where Gk and Zk are the exogenous covariates; therefore, the latter is not correlated to 
error terms. The conditional on εk and μ k is normal with mean εkρ/σ and the variance 
(1-ρ2) . Furthermore, the PET model can estimate the average treatment effect on the treated 
(ATT). The latter is defined as the mean difference between the potential outcomes of the 
treated group and its counterfactual context (Cishahayo et al., 2022; Ma & Wang, 2020; 
Paudel et al., 2019; Teklewold et al., 2013). Employing the estimates of the PET estimator, 
ATT is expressed as given below:

where, hence,E(.) denotes the expectation operator, W1k represents the potential outcome 
for farmers who have active participation in social capital, and W0k indicates the potential 
outcomes of farmers in the counterfactual context.

Finally, this study has also employed augmented probability weighting regression 
adjustment (AIPW) and a doubly robust estimator to test the robustness of the estimated 
findings (Austin, 2011).

(1)T∗
k
= z�

k�
+ �k

(2)Q∗
k
= G�

K
� + �Tk + �k

(3)Wk =

{

0 if Q = 0
[

�Wk exp (−�)
]

∕Wk! if Q = 1

}

(4)Hence,E(Wk∕Gk, Tk,�k) = exp
(

Gk� + �Tk + �k
)

(5)
[

σ2 σρ

σρ 1

]

(6)ATT = E
(

W1k −W0k∕Tk = 1
)

= E[E{W1k −W0k∕(Zk,Gk),Tk = 1}∕Tk = 1]
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4 � Results

4.1 � Descriptive statistics of sample farmers

This section describes the core variables related to respondents. Farmers who participated 
in the social capital through training and social networks were 27% and 52%, respectively 
(Table  2). The high proportion of household farmers who participated in social capital 
could be related to the spillover effect. The active participation of household farmer’s social 
capital may positively influence the intensity adoption of CCA and decrease the related 
chocks and damages caused by climatic events. The sample data were mainly dominated by 
male smallholder farmers (72%). The average farmers’ age was estimated at 47 years old. It 
means that the majority of farmers were still young and productive. This could significantly 
affect farmers’ uptake of adaptations to climate change as reported by Danso-Abbeam et al. 
(2021) that young smallholder farmers have a high propensity to adopt the new techniques 
as compared to old farmers. Moreover, most of the farmers (94%) have attained primary 
school. This implies that the respondents with access to social capital were mostly literate, 
resulting in the increase in farmers’ likelihood to adopt CCA. The average farm size was 
14.74 mu. That is, most of the farmers operate their agricultural activities on landholdings 
of less than one hectare; hence, they are more like smallholder farmers.

Furthermore, the average log income was recorded at 4.59 Yuan. Banana income may 
positively influence farmers’ CCA because they are earning more benefits from banana 
production and are mainly engaged in agriculture. Moreover, 55% of respondents are mem-
bers of FBOs in the study area. FBOs are an essential channel to connect farmers to out-
put and input and link them to essential resources such as farmer field schools and other 
extension service. Approximately 45% of the farmers practiced irrigation. Irrigation offers 
important opportunities for farmers to enhance crops yields. It was reported that the farm-
ers who adopted the irrigation method have high potentialities to improve 5.39–6.8% of 
rice yields in China (Zhuang et al., 2019). During the past 5 years, about 91% and 84% of 
the sampled farmers perceived climate change and droughts in their locality. This high per-
ception of climate change and the frequency of droughts as threats to agricultural produc-
tion can enhance the adoption of CCA because smallholder farmers have a high awareness 
of the risks and shocks caused by climatic events.

4.2 � Farmers’ adaptation strategies to climate change

Farmer households are inclined to use and adopt some adaptation measures to tackle the 
effects caused by weather variability and its related risks and damages (Abid et al., 2020). 
The adaptation measures include crop diversification, adjusting planting dates, drought-tol-
erant varieties, zero/minimum tillage, fallow, afforestation, soil improvement technology, 
and others. Therefore, farmers usually adopt the various adaptation measures according to 
their capabilities and needs, and CCA varies from farmer to farmer.

Several adaptation measures were considered by banana farmers, and the adoption 
intensity is ranged from 1 to 10 (Table 3). The value 1 is attributed to the respondent who 
adopted one adaptation strategy, while 0 indicates the farmers who did not adopt any adap-
tation. Therefore, due to the marginal disparities between the two categories (participants 
and non-participants in social capital), the pooled results were used in the discussion. 
Hence, among multiple CCA used by the banana farmers, crop diversification was mostly 
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adopted among the respondents (76.30%) to reduce the impact of weather variability and 
its relevant damages. Our findings were in congruence with the study by Esfandiari et al. 
(2020) which revealed crop diversification as the most adopted strategy among farmers in 
Iran. The second most practiced CCA was adjusting planting date (51.1%), which again 
confirms the study of Zakaria et al. (2020) who reported that planting date adjustment is 
also one of the important adaptation strategies. In the study area, farmers realized that the 
variability of precipitation and temperature may be adapted by changing planting and har-
vesting dates.

Moreover, the disease and pest-resistant varieties were adopted by 50.1% of the farmers, 
while drought-tolerant and early maturing varieties were adopted by 40.9% and 42.4% of 
farmers, respectively. Early maturing varieties were used because of the irregular rainfall. 
Hence, these varieties shorten the planting season and are mostly used to reduce the total 
crop loss. Furthermore, the use of drought-tolerant crops and resistant to disease and pest 
varieties (hybrids) whose traits were improved for characteristics including drought resist-
ance, high yields, pest and disease resistance, and quality improvement strategies domi-
nate. The seeds with these properties are beneficial and valuable for farmers due to irregu-
lar precipitation and temperatures. Our results are also in line with those of Taruvinga et al. 
(2016) in South Africa, which reported that rain-dependent farmers use drought-resistant 
crop varieties to avoid a decrease in yield productivity. Additionally, higher temperatures 
and irregular precipitation introduce crop diseases and pests into the environment that 
have adverse effects on plant growth. Finally, afforestation and zero/minimum tillage were 
adopted by 35% and 28.9% of the respondents, respectively. It is evident that the increase 
in temperature can lead to poor soil retention and decreased land fertility (Biesbroek et al., 
2013). In China, farmers also believed that the rising temperature makes the soil dry and 
kills some essential microorganisms in the soil. Hence, farmers adopted minimum tillage 
such as mulching and crop residues to decrease the soil moisture loss to wind and sunshine.

Additionally, the mean comparisons in Table  3 also showed that most of the adapta-
tion measures were adopted by the participants in social capital compared to their coun-
terparts. However, crop diversification and changing planting dates were mostly adopted 

Table 3   Adoption levels of main adaptation strategies to climate change

Participants represent farmers who have access to social capital, whereas the non-participants indicate those 
who do not have access to social capital

Agricultural adaptation practices Pooled Participants Non-participants Diff
Mean Mean Mean

No adaptations 0.0189 0.022 0.012 0.01
Crop diversification 0.763 0.745 0.792 -0.047
Adjusting planting dates 0.511 0.471 0.578 -0.107**

Disease and pest-resistant varieties 0.501 0.524 0.440 0.084**

Fallow 0.483 0.498 0.459 0.039
Early maturing varieties 0.424 0.429 0.415 0.014
Drought-tolerant varieties 0.409 0.460 0.327 0.133***

Afforestation 0.350 0.361 0.333 0.028
Zero/minimum tillage 0.289 0.330 0.220 0.11***

Soil improvement technology 0.315 0.418 0.144 0.274***

Intercropping 0.246 0.254 0.232 0.022
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by farmers who do not have access to social capital. It is estimated that these adaptation 
measures are considered as the conventional measures which did not require extra knowl-
edge; hence, they are mainly adopted by the non-participants. Our findings were supported 
by Mwongera et al. (2017), who argued that smallholder farmers who have limited insti-
tutional access and less participation in the different agricultural training have less knowl-
edge about the new adaptive measures, resulting in the adoption of traditional practices.

4.3 � Adoption intensity of CCA​

This section describes the adoption intensity of CCA among farmers in the study area 
(Table 4). Our results indicated that more than 98% of respondents took action to tackle the 
impacts of climate change. For example, farmer households that did not adopt any adap-
tation measure were about 1.89%, while 21.80% of the farmers adopted three adaptation 
practices. Furthermore, the majority of farmers (73%) have taken three to six adaptation 
actions to decrease the risks and shocks associated with climate events.

Furthermore, the mean adoption intensity of CCA is 4.37 with a standard deviation of 
1.71. That is, the average farmer had employed about four CCA to increase agricultural 
productivity under weather variability. The adoption of several adaptation measures was 
expected because some of them complete each other in their effectiveness (Zakaria et al., 
2020). Furthermore, the mean comparison also indicated that the farmer households with 
active participation in social capital have high likelihoods to adopt and use multiple adap-
tation techniques as compared to the non-participants (Table 4).

4.4 � Effects of social capital on farmers’ adoption intensity of CCA​

The outputs from the PET model are shown in Tables 5 and 6. The P-values related to 
Wald Chi2 indicate that the models are well-fitted and are positively significant at the 
1% level. The Wald independence test values ( � = 0) (67.19, p > 0.0000) and (124.80, 
p > 0.0000) indicate a denial of the null hypothesis of no correlations between social 

Table 4   Adoption intensity of 
CCA​

Farmers may select various adaptation choices; N = 422 farmers

Adoption 
intensity

Pooled sample Participants Non-participants

Frequency % Frequency % Frequency %

0 8 1.89 6 2.28 2 1.25
1 17 4.02 6 2.28 11 6.92
2 40 9.47 20 7.60 20 12.58
3 92 21.80 54 20.53 38 23.89
4 81 19.80 47 17.87 34 21.38
5 70 16.58 52 19.77 18 11.32
6 61 14.45 41 15.59 20 12.57
7 36 8.53 24 9.12 12 7.54
8 11 2.60 7 2.66 4 2.51
9 4 0.98 4 1.52 0 0
10 2 0.47 2 0.76 0 0
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capital in the two components (social networks and agricultural training) and the error 
term. Moreover, the significance of rho (�) also means that the unobservable factors of 
the farming household that affects farmer’s decisions to engage in social capital also 
influence the adaptations to climate change. Therefore, the use of PET is appropriate to 
solve the endogeneity problem.

Table 5   Estimated effect of social capital through training participation on farmers’ adoption intensity of 
CCA​

* , **, and *** indicate 10, 5, and 1 percent statistical significance levels, respectively

Variables Training Adoption intensity of 
CCA​

Coefficient S.E Coefficient S.E

Social capital
Training – 0.1568*** 0.045
Socio-economic characteristics
Age 0.0209 0.011 − 0.0059* 0.0033
Gender 0.117 0.181 0.074 0.055
Education 0.767* 0.422 0.1001 0.102
Farming experience − 0.0115 0.009 0.00031 0.0029
Household size − 0.006 0.044 0.0148 0.013
Labor − 0.0331 0.070 − 0.012 0.018
Household asset
Farm size 0.003 0.003 − 0.00017 0.0008
Land ownership − 0.255 0.199 0. 255*** 0.068
Land fertility 0.169 0.146 0.276 0.041
Irrigation status − 0.189** 0.142 0.0299 0.04
Dist. to banana field − 0.028* 0.022 − 0.0066* 0.005
Market variables
Ln income − 0.102 0.168 0.024 0.047
Institutional variables
Member of FBOs 0.352** 0.145 0.0357 0.041
Political participation 0.332** 0.179 − 0.047 0.0547
Agricultural credit 0.116 0.143 − 0.0067 0.041
Climate variables
Climate change perception 0.129 0.210 0.117** 0.063
Drought frequency 0.095 0.256 0.236*** 0.613
Typhoon frequency − 0.35 0.177 0.059 0.045
Flood frequency − 0.234 0.147 0.064 0.0415
Constant − 1.787** 1.04 1.177*** 0.299
Rho (ρ) – − 1.403*** 0.17
Sigma (σ) – − 6.146*** 1.39
Log-likelihood − 227.83 − 1087.75
Wald Chi-square – 71.07, Prob > Chi 2 = 0.000
Wald test of independent 

equations ( � = 0)

– 67.19, Prob > Chi2 = 0.000

Observation 422
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The estimated results of factors influencing farmers’ participation in social capital are 
reported in column 2 of Tables  5 and 6, respectively. Hence, it is estimated that social 
capital is an effective tool to disseminate new farming technologies for farmers; therefore, 
it is essential to understand the factors that may influence farmers to take part in social 

Table 6   Estimated effect of social capital through the social network on farmers’ adoption intensity of CCA​

* , **, and *** indicate 10, 5, and 1 percent statistical significance levels, respectively

Variables Social networks Adoption intensity of 
CCA​

Coefficient S.E Coefficient S.E

Social capital
Social networks – 0.106** 0.044
Socio-economic characteristics
Age 0.013 0.010 − 0.005* 0.003
Gender 0.191 0.168 0.065 0.054
Education 1.718*** 0.528 0.084 0.103
Farming experience − 0.012 0.009 0.00007 0.002
Political participation 0.152 0.182 − 0.033 0. 056
Household size 0.045 0.042 0.0128 0.013
Labor − 0.063 0.066 − 0.012 0.018
Household asset
Farm size 0.0043 0.004 − 0.00011 0.0007
Land ownership − 0.130 0.20 0.244*** 0.069
Land fertility 0.332** 0.140 0.025 0.042
Irrigation status − 0.386** 0.136 0.032 0.041
Dist. to banana field 0.025 0.026 − 0.0078* 0.005
Market variables
Ln income 0.341* 0.170 0.118 0.044
Institutional variables
Member of FBOs 0.217** 0.137 0.043 0.042
Political participation 0.115 0.182 − 0.034 0.056
Agricultural credit 0.13 0.14 − 0.005 0.04
Climate variables
Climate change perception 0.160 0.194 0.120** 0.062
Drought frequency − 0.266 0.249 0.224*** 0.063
Typhoon frequency 0.166 0.177 0.038 0.046
Flood frequency 0.052 0.14 0.0528 0.041
Constant − 3.96*** 1.109 1.228*** 0.296
Rho (ρ) – − 1.48*** 0.132
Sigma (σ) – − 5.091*** 0.583
Wald Chi2 – 63.08, Prob > Chi2 = 0.0000
Wald test of independent 

equations (� = 0)

– 124.8, Prob > Chi2 = 0.0000

Log-likelihood − 250.82 − 1117.487
Observation 422
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capital so that these factors may guide policymakers to invest in social capital. As shown 
in column 2 of Tables 5 and 6, we depicted the factors that may influence farmer house-
holds to take part in the social capital via agricultural training and social network. The 
estimated result revealed that membership in FBOs is significantly and positively associ-
ated with farmers’ participation in social capital through social networks and training at 5% 
level of significance. This enhances the active participation in social capital via social net-
works and trainings compared to their counterparts. Additionally, the findings of this study 
indicated that education had a positive and statistically significant relationship with social 
capital via both components at 5% level of significance. This means that farmers’ education 
may enhance their involvement in social capital. Furthermore, as compared to their coun-
terparts, farmers’ income and land fertility significantly and positively influenced their par-
ticipation in social capital via social networks at 10% and 5% levels of significance, respec-
tively (column 2 of Table 6). Additionally, participation in the political party had a positive 
effect and was statistically significant on farmers’ involvement in social capital through 
training at 5% level of significance as shown by its positive sign (column 2 in Table 5). 
That is, farmers who are willing to take part in a political party are likely to engage in 
social capital compared to their counterparts. Lastly, distance from farmers’ residence to 
banana lands had a positive influence and was statistically significant on farmers’ partici-
pation in social capital through training (column 2 in Table  5). However, the irrigation 
status is significantly and negatively associated with farmers’ social capital through social 
networks and trainings at 5% level of significance as indicated by its negative sign, suggest-
ing that the availability of water for irrigation decreases farmers’ propensity to engage in 
the social capital compared to their counterparts since those farmers may easily tackle the 
climate change impacts.

The estimated effects of social capital on farmers’ intensity adoption of CCA were 
reported in column 4 of Tables 5 and 6, respectively. The results show that social capital 
had positively and significantly affected farmer’s adoption intensity of CCA through both 
components, including participation in social networks and training at 5% and 1% levels 
of significance, respectively. This implies that farmers who are actively involved in social 
capital through social networks or agricultural training were more likely to take up more 
adaptive measures against climate change in banana cultivation. Furthermore, farmers’ 
perception of climate change and drought frequency significantly and positively increases 
their adoption intensity of CCA at 5% and 1% levels, respectively, compared to their coun-
terparts. The households with land ownership had a positive and statistically significant 
on the adoption intensity of CCA at 1% level, suggesting that the farmers who own their 
farms are significantly more likely to adopt many CCA so that they may decrease the nega-
tive events of climatic changes. However, distance from farmers’ residences to the banana 
field and respondents’ age negatively influenced the adoption intensity of CCA of farmers 
at 10% level of significance. This indicates that the longer distance from households’ resi-
dence decreases farmers’ intensity of CCA, while the older farmers are less likely to take 
up multiple adaptive measures to tackle the climate change impacts than the younger.

4.5 � Robustness check

The main objective of this work was to examine the causal effects of social capital on the 
adoption intensity of CCA. Descriptive statistics were employed to compare the mean aver-
age of adaptive techniques used by the participants and non-participants in social capital 
(Table 3). It showed that farmer households who are engaged in social capital have a high 
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adoption of adaptive measures than non-participants. However, the differences in aver-
age adaptive techniques between the two groups may be misleading since the comparison 
failed to take into account the potential difference in subject characteristics between them. 
The PET model used in this study considers the endogeneity problem but the direct coef-
ficient from the model cannot be taken as ATT. To solve this issue, we calculate the effects 
of social capital on farmers’ adoption intensity of CCA using ATT and employ AIPW to 
test the robustness of the estimated results. As shown in Table 7, the conditional treatment 
effects which estimated ATT of farmer’s participation in social capital through both com-
ponents (i.e., participation in training and social network) on adoption intensity of CCA 
are approximately 4.076 and 4.071, respectively, and statistically significant at 1% level. 
This implies that farmers engaged in social capital adopted about four more CCA than their 
counterparts.

Consistent with the findings from the PET model, AIPW shows considerable gains in 
the increase in adoption intensity of CCA that result from participation in social capital. 
The AIPW test indicates that the ATT results were approximately 4.067 and 4.057 for 
social capital through participation in agricultural training and social networks, respec-
tively, suggesting that the participants in social capital adopted four more adaptation strate-
gies than non-participants. The results from the two methods confirm that farmer house-
holds with active participation in social capital could positively enhance the use of multiple 
adaptive techniques to decrease the adverse impacts of climate change.

5 � Discussion

5.1 � Impact of social capital on farmers’ adoption intensity of CCA​

Our findings provide an elaborated perspective to understand the causal effect of social 
capital via two components on farmers’ adoption intensity of CCA. Sustainable agriculture 
can be achieved when farmers have adopted practices to neutralize climate change impacts 
in agricultural production (Kassie et al., 2015; Manda et al., 2016; Teklewold et al., 2013). 
However, many farmers from developing areas are less educated; consequently, they are 
mainly relying on the knowledge/skills and information obtained from their social networks 
to make decisions in farming activities (Cishahayo et al., 2022; Shikuku, 2019; Tripathi & 
Mishra, 2017). Thus, this current study primarily sought to investigate the link between 
farmers’ social capital and the adoption intensity of CCA in the case of banana cultivation. 
Our findings indicated that social capital through both components (i.e., social networks 

Table 7   Average treatment effect 
of social capital on adoption 
intensity of CCA​

* , **, and *** indicate 10, 5, and 1 percent statistical significance lev-
els, respectively

Treatment effects Social networks Training

Coefficient S.E Coefficient S.E

Poisson regression with endogenous treatment effect
ATT​ 4.076*** 0.174 4.071*** 0.128
Augmented inverse probability weighted regression adjustment 

(AIPW)
ATT​ 4.057*** 0.190 4.067*** 0.125
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and agricultural training) had positively and significantly influenced farmer’s adoption 
intensity of CCA. It means that farmer households who have access to social capital have 
high probabilities to increase their knowledge regarding the adoption intensity of CCA 
in farming production. Our results were supported by the work of Saptutyningsih et  al. 
(2020), who unveiled that participation in the social capital may play a considerable role 
in the adaptation process against climatic changes in Indonesia. Similarly, social capital 
can improve farmers’ livelihoods by changing agricultural practices especially when farm-
ers need to adopt new farming methods and agricultural innovations (Cofré-Bravo et al., 
2019). As opined by Zeweld et al. (2017), farmers who have access to social capital may 
change their attitudes and behaviors regarding the adoption of new agricultural techniques. 
Furthermore, we checked the robustness of our findings using AIPW. Hence, the estimates 
from the two estimation methods are consistent and unveiled that participants in social cap-
ital via social networks and training may adopt four more adaptations than non-participants 
(Table  7). What the current study findings suggest and add up to the existing literature 
is that farmers with active participation in social capital can enhance farmer’s propensity 
to adopt many adaptive measures compared to non-participants. The use of social capital 
can enhance farmers’ knowledge/skills related to agricultural production; hence, they are 
inclined to take more CCA. Our findings emphasize the positive role of social capital in 
helping farmers gain confidence and experience in CCA adoption strategies.

In terms of control variables, the frequency of drought and climate change perception 
had a significant association with farmer households’ adoption intensity of CCA. That is, 
the increase in adaptation was mostly influenced by the increase in the high perception of 
climate change and droughts. Therefore, farmers who believe that weather variability has 
a negative effect on their crops have a high propensity to adopt many adaptive techniques 
to combat the adverse impacts of climate change (Aryal et al., 2020; Esham & Garforth, 
2013; Kibue et al., 2016). However, smallholder farmers who denied the climate change 
damages and exhibited wishful thinking have a low probability to enhance their adapta-
tion techniques (Le Dang et al., 2014). In addition, farmers who experienced droughts in 
the past 5 years have taken several adaptive techniques to mitigate the impacts of climate 
change. This is in accordance with Danso-Abbeam et al. (2021) in Ghana. Moreover, it is 
expected farmers’ age significantly influences the adoption intensity of CCA in that the 
farmers with advanced ages are more experienced in agricultural activities compared to 
the younger farmers. In contrast, our findings indicated that farmers’ age was negatively 
signed and had a significant impact on the intensity adoption of adaptations to climate 
change. It means that adaptation strategies decrease with farmers’ age. It is related to the 
fact that the old farmers have a high-risk aversion; consequently, they are unlikely to adopt 
multiple adaptive measures, while the younger farmers have a high probability of taking 
risks related to new agricultural innovations. Our findings were supported by Ahmad et al. 
(2021), who argued that older farmers are averse to the adoption of CCA because they are 
accustomed to their traditional practices, and are reluctant to change their farming behav-
ior; consequently, they hesitate to apply modern agricultural techniques.

Furthermore, the result on land ownership was positive and statistically significant on 
smallholder farmer’s adoption intensity of CCA. It implied that as the farmers had their 
lands, they have a high likelihood of adopting various adaptive techniques. Indeed, it is 
easy for farmers to decide on adaptive measures when the farmers own the land. Our find-
ings were supported by Ehiakpor et al. (2021) in Ghana, who revealed that farmers who 
grew maize on their farms have a high probability to practice various adaptations to cli-
mate change, including crop rotation and changing planting dates. Similarly, Ahmad et al. 
(2021) also reported that the farmers who grow crops on their farmlands are more likely to 
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adopt crop diversification and drought-tolerant crop varieties. However, the study revealed 
a negative association between the distance from farmers’ residence to the banana land and 
the intensity of CCA uptake (column 4 in Table 6). It implies that the farmers who traveled 
long distances to reach their banana plots had significantly low adoption intensity of CCA. 
Thus, longer distances to banana plots may reduce farmers’ adoption of CCA intensity in 
many ways. In particular, the longer distances decrease farmers’ contact hours with their 
farming activities. Consequently, the cumulative effects of inadequate access to banana 
plantations reduce the uptake of CCA and reduce agricultural productivity. This supports 
the work by Ehiakpor et  al. (2021) in Ghana, who pointed out that smallholder farmers 
from long distances to their maize plots are unlikely to take action against climate change, 
including crop residue retention and crop rotation.

5.2 � Determinants of farmers’ participation in social capital

Among the determinants of farmers’ social capital, the FBOs were found to have statisti-
cally and positively affected farmers’ probability to participate in social capital. It indicates 
that smallholder farmers who took part in the farming groups are likely to participate in 
social capital compared to non-participants. According to Zakaria et al. (2020), the FBOs 
may be used as an instrument to encourage the adoption intensity of adaptations to climate 
events through training in Ghana. Additionally, FBOs may encourage farmers to participate 
in social capital. Similarly, Ehiakpor et al. (2021) reported that farmers engaged in farming 
groups have a high opportunity to teach one another modern methods to mitigate climate 
change impacts. Moreover, participation in political activities had a positive impact on 
farmers’ access to social capital through training. It implies that the leaders may identify 
the common issues and alert them in the political meetings at the village level; they may 
also advocate farmers to take part in social capital so that they may improve their skills 
and knowledge, which will help them to solve these common issues. Cooperation between 
farmers is very important as it enhances collection actions, which helps them to increase 
the adaptive capacity of farm households (Abid et al., 2016). Our results agreed with Bies-
broek and Candel (2020), who reported that political participation enhances farmers’ likeli-
hood to make changes in agricultural practices.

Furthermore, households with certain education attainment have a high tendency to take 
part in social capital through social networks, as indicated by positive and significant estimates 
of educational variable (column 2 in Table 6). It is quite understandable given the importance 
of education in increasing farmers’ knowledge/skills required to adopt new technologies, 
including adaptations to climate change. It can also be an instrument to equip with better skills 
and develop a positive attitude to use better adaptive measures to climate change. Our results 
were consistent with those of Challa and Tilahun (2014). In addition, the study reveals that 
farmers who perceived the low land fertility in the banana plot have a high probability to get 
involved in social capital via social networks, as indicated by the significant estimate (column 
2 of Table 6). Thus, they are willing to participate in social capital and interact with other 
farmers to seek information on how they could restore land fertility for increasing farm pro-
ductivity. Ehiakpor et al. (2021) reported similar results in Ghana. High income from banana 
crops had a positive association with farmers’ participation in social capital through training 
(column 2 of Table 6). It implies that income has a vital role in determining a farmer’s resil-
ience. High banana income encourages farmers to participate in social capital and easily adopt 
more adaptive measures, including crop diversification and adjusting the farming calendar 
(Duffy et al., 2021). The increase in farm income enhances farmers’ likelihood to invest in 
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farming activities for high expected profitability via the adoption of CCA. Our findings are 
similar to the previous evidence of Esfandiari et al. (2020).

However, the distance to banana lands had a negative relationship with social capital 
through training. It implies that farmers who traveled long distances to reach their banana 
lands had a low probability to participate in social capital; consequently, they are unlikely to 
adopt many adaptation measures. Our findings were in congruence with Ehiakpor et al. (2021) 
in Ghana which revealed that the longer distance between farmers’ residence and maize plots 
decreases the likelihood of participation in the social capital through climate change capacity-
building training; consequently, they are unlikely to decrease the impacts of climatic events. 
Finally, irrigation status has adversely affected participation in social capital through training 
and social networks. Forty-five percent of farmers had access to irrigation on banana planta-
tions in the study area. That is, farmers who efficiently operate the irrigation have a low likeli-
hood to take part in the social capital through participation in agricultural training and social 
network; consequently, they are less likely to use adaptive measures. Our results are in the 
same line with Zakaria et al. (2020), who acknowledged that easy access to irrigation for year-
round production decreases farmers’ likelihood to actively seek information on CCA.

6 � Conclusion

The dissemination of adaptive strategies to smallholder farmers is a crucial strategy to 
decrease the adverse effects of climate change and promote sustainable farming practices in 
developing countries. This study aims to investigate the effect of social capital on farmer’s 
adoption intensity of CCA and specify the determinants of farmer’s active participation in 
social capital. Hence, the present study can provide three main findings. First, we find that 
social capital (participation in training and social network) exerts a positive and significant 
impact on farmers’ adoption intensity of CCA. Specifically, our estimates unveiled that social 
capital significantly increased farmer’s propensity to use more than four climate change tech-
niques than farmers who did not participate in social capital. The present work highlights 
the importance of social capital on farmers’ adaptive response to climate change in agricul-
tural production in developing areas. Second, other variables such as land ownership, climate 
change perception, and drought frequency were significant incentives for improving farmers’ 
adoption of CCA strategies. This study also revealed that crops diversification, disease and 
pest-resistant varieties, and planting date adjustments are the most used strategies to adapt to 
climate change in Southern China, particularly for small-scale farms. Third, participation in 
social capital is heterogeneous among farmers. Specifically, farmers’ participation in social 
capital was positively influenced by land fertility and banana income. Moreover, political par-
ticipation, FBOs, and education have an essential role in determining farmers’ participation in 
social capital. Membership in farming groups or political parties increases the accessibility to 
social capital and enhances farmers’ adoption of CCA strategies in rural areas.

7 � Recommendations and future work

Given the current high vulnerability among farmers in developing areas, the following pol-
icy implications are imperative to enhance farmers’ resilience against climatic changes in 
farming practices. First, extension agencies could take advantage of farmer’s active partici-
pation in social capital to develop new farming technologies in developing regions, where 
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social capital is embedded in the rural communities. Additionally, policymakers and NGOs 
could facilitate the extension agencies to spread information regarding new technologies 
via social capital as well as investment in social capital participation. For example, that 
investment could be used to provide the training and making a demonstration of innova-
tions to help farmers from developing regions. Second, the exchange mechanism and regu-
lar communication could be established between smallholder farmers and public extension 
agencies using social capital to provide a good understanding of the adoption intensity of 
CCA. Social capital is an effective way to diffuse the new agricultural techniques for farm-
ers who are even illiterates. NGOs and policymakers could also motivate the trained and 
educated farmers to promote the dissemination of innovations to farmers through social 
capital. Third, incentive measures for farmers should be designed to encourage the adop-
tion of CCA and sustain food security.

In spite of the significance of the study findings, there may be underlying limitations. 
First, we have considered two components of social capital. In contrast, future studies may 
consider other social capital components, such as trust and other ways of skill diffusion. 
It is expected that farmers’ trust and learning from other farmers and agricultural techni-
cians are expected to improve their skills and lead to active management of agricultural 
practices. Second, the analysis focuses more on smallholder farmers in developing regions, 
and hence, the findings should be applied to large-scale farms with caution. This is because 
there exist inherently different needs for social capital across different groups of farm-
ers. Third, the present study has employed cross-sectional data, while the effectiveness of 
farmer households’ social capital on the intensity of climate change adoption strategies can 
be observable after a certain period. Therefore, future research would be carried out using 
panel datasets.
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