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Abstract 
 
Climate-resilient agriculture is increasingly important for protecting smallholder livelihoods and food systems from 
climate variability, yet adoption remains uneven because technical availability does not automatically produce 
behavioral change. This study examines how training, information access, and institutional support shape farmers’ 
perceived usefulness, subjective norms, and perceived behavioral control, and how these mechanisms influence 
adoption. A quantitative cross-sectional survey generated 200 usable farmer responses. We analyzed seven latent 
constructs measured with 34 items using Partial Least Squares Structural Equation Modeling (PLS-SEM). The model 
explained 65.5% of the variance in adoption. Training significantly strengthened perceived usefulness, subjective 
norms, and perceived behavioral control, while institutional support positively affected all three mechanisms. 
Information access improved perceived usefulness and subjective norms but did not significantly strengthen 
perceived behavioral control. Perceived behavioral control was the strongest direct predictor of adoption, followed 
by perceived usefulness and subjective norms. The findings show that adopting climate-resilient agriculture requires 
not only information but also practical capability, institutional resources, perceived benefits, and social 
reinforcement. 
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INTRODUCTION 

Climate change is intensifying uncertainty in agricultural production through changing 

rainfall patterns, temperature variability, drought, flooding, soil degradation, and pest pressures. 

These conditions are particularly important for smallholder farmers whose livelihoods depend on 

climate-sensitive production systems.  

Climate-resilient and climate-smart agricultural practices, including crop diversification, soil 

and water conservation, improved nutrient management, climate-resilient varieties, mulching, and 

efficient irrigation, are therefore increasingly promoted to strengthen adaptive capacity while 

maintaining productivity and resource efficiency (Musafiri et al., 2022; Kifle et al., 2022; Shrestha 

et al., 2024). However, the availability of appropriate practices does not guarantee that farmers will 

adopt or continue using them. 

Adoption is better understood as a behavioral process shaped by both farmers’ evaluations 

and the conditions that enable implementation. Previous studies show that farmers may adopt, 

discontinue, re-adopt, or intensify sustainable practices depending on perceived benefits, self-

efficacy, social communication, farm resources, experience, and institutional conditions (Han & 

Niles, 2023).  

Behavioral research also indicates that perceived usefulness, subjective norm, and perceived 

behavioral control are central to farmers’ decisions. Farmers are more likely to adopt an innovation 
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when they see it as beneficial, believe important people support its use, and feel capable of 

implementing it under real farming conditions (Yang et al., 2022; Shrestha et al., 2024). 

External enabling factors can strengthen these behavioral evaluations. Training can increase 

technical competence and confidence and provide opportunities for practical learning. Access to 

information can reduce uncertainty and help farmers understand the agronomic and economic 

consequences of climate-resilient practices.  

Institutional support can provide extension assistance, inputs, subsidies, farmer 

organizations, technical guidance, and other resources that lower barriers to implementation. 

Evidence from several agricultural contexts shows that training, extension, climate information, 

communication networks, and institutional arrangements can influence both awareness and 

adoption (Asule et al., 2024; Alidu et al., 2022; Tanti et al., 2022; Bahinipati et al., 2024). 

However, researchers often examine these streams separately. Studies of agricultural 

adoption frequently focus on socio-economic characteristics, access to extension, farm resources, 

or institutional support as direct predictors.  

In contrast, behavioral studies concentrate on cognition, social influence, perceived control, 

or intention. This separation offers limited explanation of how support systems translate into 

farmers’ internal readiness to adopt. This gap matters in Indonesia, where climate-resilient 

agricultural transformation occurs under heterogeneous economic, educational, institutional, and 

agroecological conditions. 

Accordingly, this study integrates training, information access, and institutional support as 

enabling conditions with perceived usefulness, subjective norm, and perceived behavioral control 

as behavioral mechanisms leading to adoption. The study contributes by explaining the support–

behavior–adoption pathway rather than treating external resources and behavioral factors as 

isolated determinants. It also provides context-specific evidence from Indonesian farmers. It offers 

practical insight into whether greater adoption requires more information alone or a combination 

of knowledge, resources, social reinforcement, and implementation capability.  

 

LITERATURE REVIEW 

Behavioral Perspective on Climate-Resilient Farming Adoption 

The adoption of climate-resilient agriculture can be viewed through two connected layers. 

The first consists of Training (TR), Information Access (IA), and Institutional Support (IS) as 

external enabling conditions. The second comprises Perceived Usefulness (PU), Subjective Norm 

(SN), and Perceived Behavioral Control (PBC) as proximal behavioral mechanisms.  

This structure reflects evidence that no single conventional adoption theory fully captures 

technological attributes, social influence, psychological processes, and contextual constraints in 

lower- and middle-income agricultural settings (Karbo et al., 2024). Meta-analytic evidence 

identifies perceived usefulness and other socio-psychological factors as important determinants of 

sustainable agricultural adoption (Swart et al., 2023). 

Training helps farmers understand how an agricultural innovation works, assess its 

relevance, and gain the knowledge needed to implement it. Demonstrations and participatory 

learning can make benefits such as improved productivity, reduced risk, soil conservation, and 

resource efficiency more visible.  

Training also has a social dimension because farmers interact with extension officers, 

facilitators, and peers, which can strengthen shared expectations regarding appropriate farming 

practices. Finally, training can improve perceived control by reducing uncertainty and increasing 

practical competence. Evidence from agricultural training and participatory workshops supports 

these cognitive, normative, and capability-building effects (Martey et al., 2021; Mgendi et al., 2022; 

Alif et al., 2024). 
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H1: Training positively affects farmers' perceived usefulness of climate-resilient agricultural 

practices. 

H2: Training positively affects farmers' subjective norms regarding climate-resilient agricultural 

practices. 

H3: Training positively affects farmers' perceived behavioral control over climate-resilient 

agricultural practices. 

 

Information access allows farmers to obtain timely and understandable knowledge from 

extension officers, fellow farmers, farmer groups, traditional media, digital media, and other 

sources. Such information can reduce uncertainty about the advantages and consequences of 

climate-resilient practices and make it easier to evaluate practical benefits.  

Interpersonal information also communicates what trusted farmers and agricultural 

authorities consider desirable, thereby strengthening social influence. In addition, technical 

information may improve confidence by explaining inputs, procedures, and solutions to 

implementation problems, although information alone may not remove resource constraints. 

Farmer-to-farmer extension and interpersonal communication have been shown to support the 

diffusion of sustainable agricultural practices (Li et al., 2024; Abe et al., 2025). 

 

H4: Information access positively affects farmers' perceived usefulness of climate-resilient 

agricultural practices. 

H5: Information access positively affects farmers' subjective norms regarding climate-resilient 

agricultural practices. 

H6: Information access positively affects farmers' perceived behavioral control over climate-

resilient agricultural practices. 

 

Institutional support includes extension services, agricultural programs, subsidies, input 

assistance, farmer organizations, demonstrations, technical guidance, and related formal support. 

These mechanisms can make the benefits of climate-resilient practices more visible, reinforce their 

legitimacy, and reduce constraints that limit farmers’ confidence in implementation.  

Institutional involvement is especially important for smallholders who may recognize an 

innovation's value but lack finance, inputs, technical assistance, or supporting infrastructure. Prior 

studies show that extension, incentives, institutional arrangements, and communication systems 

can facilitate the adoption of climate-smart and sustainable agricultural practices (Tanti et al., 2022; 

Swami & Parthasarathy, 2024; Bahinipati et al., 2024). 

H7: Institutional support positively affects farmers' perceived usefulness of climate-resilient 

agricultural practices. 

H8: Institutional support positively affects farmers' subjective norms regarding climate-resilient 

agricultural practices. 

H9: Institutional support positively affects farmers' perceived behavioral control regarding 

climate-resilient agricultural practices. 

 

Perceived usefulness reflects whether farmers believe climate-resilient practices can 

improve productivity, reduce production risk, conserve resources, improve soil fertility, or 

strengthen long-term farm sustainability. When these advantages are clear, adoption becomes 

more attractive than continuing established routines. Subjective norm reflects perceived 

encouragement from family members, neighboring farmers, farmer organizations, extension 

officers, and local leaders.  

Social support can legitimize unfamiliar practices, though its importance varies by context. 
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Perceived behavioral control concerns whether farmers believe they possess sufficient knowledge, 

skills, time, input, equipment, and resources to implement a practice successfully. Previous studies 

consistently identify perceived usefulness and PBC as strong behavioral determinants, while 

findings on subjective norm vary by context (Li et al., 2021; Phung & Dao, 2024; Swart et al., 2023). 

 

H10: Perceived usefulness positively affects farmers' adoption of climate-resilient agricultural 

practices. 

H11: Subjective norm positively affects farmers' adoption of climate-resilient agricultural practices. 

H12: Perceived behavioral control positively affects farmers' adoption of climate-resilient 

agricultural practices. 

 

RESEARCH METHOD 

This study employed a quantitative cross-sectional survey to examine the behavioral 

determinants of farmers’ adoption of climate-resilient agricultural practices. Although the broader 

project used a mixed-method approach, this article focuses on the quantitative component. We 

collected data directly from farmers using a structured questionnaire, yielding 200 usable 

responses. Respondents represented diverse demographic and farming characteristics, including 

gender, age, education, land ownership, commodities, household income, training experience, and 

access to agricultural information. 

The model comprised seven latent constructs: Training (TR), Information Access (IA), 

Institutional Support (IS), Perceived Usefulness (PU), Subjective Norm (SN), Perceived Behavioral 

Control (PBC), and Adoption (ADOP). We measured 34 items on a five-point Likert scale from 1 

(strongly disagree) to 5 (strongly agree). Data were analyzed using PLS-SEM. We assessed 

measurement quality using indicator reliability, internal consistency, convergent validity, 

discriminant validity, and collinearity. We evaluated the structural model using path coefficients, 

R², Q²predict, model fit, and bootstrapping, with statistical significance set at p < 0.05. 

 

FINDINGS AND DISCUSSION 

Respondent Characteristics 

The study obtained 200 usable responses. Male respondents accounted for 58.5% and female 

respondents for 41.5%. Most participants were relatively senior farmers: 35.1% were aged 60 

years or older, and 28.7% were aged 50–59 years. Educational attainment was generally modest, 

with 64.9% having completed primary school. About 57.4% cultivated their own land, and 56.4% 

grew vegetables.  

Only 28.7% had attended agricultural training during the previous two years, and 38.3% 

belonged to a farmer group. More than half obtained agricultural information from neighboring 

farmers. Although only 44.7% explicitly reported knowing the term climate-resilient agricultural 

practices, 89.4% had implemented at least one relevant practice. This suggests that climate-

resilient activities may already be embedded in routine farming even when farmers do not formally 

identify them using climate-resilience terminology. 

 

Measurement Model Assessment 

The measurement model met the required quality criteria. Indicator loadings were generally 

above 0.84, Cronbach’s alpha ranged from 0.910 to 0.937, composite reliability ranged from 0.937 

to 0.952, and AVE values ranged from 0.755 to 0.799. All HTMT values were below 0.85, while 

indicator VIF values remained below 5.0. These results indicate satisfactory indicator reliability, 

internal consistency, convergent validity, discriminant validity, and acceptable collinearity. 

Because these statistics are sufficiently reported in the text, the detailed validity and reliability table 
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is omitted to keep the paper concise. 

 

Model Fit and Explanatory Power 

The estimated model demonstrated acceptable fit and meaningful explanatory power. The 

SRMR was 0.062, and the NFI was 0.982. The model explained 65.5% of the variance in Adoption, 

while its antecedents explained 40.4% of Perceived Usefulness, 38.8% of Subjective Norm, and 

40.3% of Perceived Behavioral Control. All Q²predict values for endogenous indicators were 

positive; values for Adoption ranged from 0.240 to 0.345. These results indicate that the model 

possesses useful explanatory and predictive relevance. 

 

Table 1. Coefficient of Determination 

Construct R² Adjusted R² 

Adoption 0.655 0.649 

Perceived Behavioral Control 0.403 0.394 

Perceived Usefulness 0.404 0.395 

Subjective Norm 0.388 0.379 
 Source: PLS-SEM results from the study  

 

Structural Model and Hypothesis Testing 

We used bootstrapping to test the proposed relationships at the 5% significance level. Eleven 

of the twelve hypotheses were supported; only Information Access → Perceived Behavioral Control 

was not statistically significant. 

 

Table 2. Hypothesis Testing Results 

Hypothesis/relationship β (O) 
Mean 

(M) 
SD t p 

H6: Information Access → Perceived 

Behavioural Control 

0.099 0.099 0.056 1.781 0.075 

H4: Information Access → Perceived 

Usefulness 

0.281 0.282 0.056 5.039 <.001 

H5: Information Access → Subjective Norm 0.315 0.316 0.055 5.702 <.001 

H9: Institutional Support → Perceived 

Behavioural Control 

0.412 0.414 0.057 7.256 <.001 

H7: Institutional Support → Perceived 

Usefulness 

0.292 0.293 0.060 4.894 <.001 

H8: Institutional Support → Subjective Norm 0.261 0.262 0.058 4.476 <.001 

H12: Perceived Behavioural Control → 

Adoption 

0.440 0.439 0.057 7.660 <.001 

H10: Perceived Usefulness → Adoption 0.345 0.345 0.043 8.044 <.001 

H11: Subjective Norm → Adoption 0.199 0.200 0.058 3.435 0.001 

H3: Training → Perceived Behavioural 

Control 

0.454 0.454 0.052 8.677 <.001 

H1: Training → Perceived Usefulness 0.444 0.443 0.045 9.772 <.001 

H2: Training → Subjective Norm 0.420 0.419 0.051 8.204 <.001 
Source: PLS-SEM results from the study; O = original sample; M = sample mean; SD = standard deviation. 
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Figure 1. Research model 

 

Bootstrapping showed that eleven of the twelve proposed relationships were statistically 

significant. H1–H5 and H7–H12 were supported, whereas H6 was not supported. Training exerted 

strong positive effects on Perceived Behavioral Control (β = 0.454), Perceived Usefulness (β = 

0.444), and Subjective Norm (β = 0.420). This pattern shows that training is more than a channel 

for transferring technical knowledge. It also strengthens farmers’ confidence, clarifies the practical 

value of climate-resilient practices, and reinforces social encouragement toward adoption. 

Information Access positively influenced Perceived Usefulness (β = 0.281) and Subjective 

Norm (β = 0.315), but it was not significantly related to Perceived Behavioral Control (β = 0.099; p 

= 0.075). Thus, access to information can improve understanding and social awareness without 

necessarily making farmers feel capable of implementation. Information alone does not 

automatically provide the skills, inputs, finance, equipment, or direct assistance needed to turn 

knowledge into action. 

Institutional Support significantly influenced all three behavioral mechanisms. It had its 

strongest effect on Perceived Behavioral Control (β = 0.412), followed by Perceived Usefulness (β 

= 0.292) and Subjective Norm (β = 0.261). Among the direct determinants of Adoption, Perceived 

Behavioral Control was the strongest predictor (β = 0.440), followed by Perceived Usefulness (β = 

0.345) and Subjective Norm (β = 0.199). The findings therefore support a clear support–behavior–

adoption pathway: training and institutional support strengthen behavioral readiness, information 

mainly strengthens perceived benefits and social norms, and adoption is most likely when farmers 

feel practically capable of implementation. 

 

Discussion 

The findings confirm that climate-resilient agricultural adoption emerges from the 

interaction between external support and farmers’ behavioral evaluations. Training, information 
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access, and institutional support matter because they shape whether farmers see a practice as 

useful, socially supported, and feasible. This supports the broader argument that technological 

availability alone cannot explain agricultural innovation. Farmers need reasons to value the 

practice, encouragement from relevant actors, and confidence that they can implement it under 

their actual farming conditions. 

Training was consistently influential across all three behavioral mechanisms. This result is 

consistent with research showing that training and participatory learning strengthen knowledge, 

practical competence, and willingness to implement sustainable practices (Martey et al., 2021; 

Mgendi et al., 2022; Alif et al., 2024). For extension programs, this implies that training should 

combine explanation with demonstrations, practice, peer learning, and problem-solving. Such 

approaches can simultaneously increase perceived benefits, social legitimacy, and confidence. 

The non-significant relationship between Information Access and Perceived Behavioral 

Control is especially important. Information can tell farmers what to do and why it matters, but it 

may not resolve implementation barriers. This finding is consistent with the distinction between 

knowing and being able to act. Information services should therefore be integrated with 

demonstrations, technical assistance, access to inputs, farmer networks, and other resources. 

Institutional support plays this enabling role by reducing constraints and providing both practical 

assistance and legitimacy for new practices (Tanti et al., 2022; Bahinipati et al., 2024). 

Perceived Behavioral Control was the strongest direct predictor of adoption, indicating that 

capability is central to behavioral change. Farmers are more likely to implement climate-resilient 

practices when they believe they have sufficient skills, time, inputs, equipment, and resources. 

Perceived Usefulness also strongly encouraged adoption, confirming that farmers need to recognize 

concrete benefits such as productivity, risk reduction, resource efficiency, or improved farm 

sustainability.  

Subjective Norm remained significant but weaker, suggesting that social encouragement can 

reinforce adoption but is unlikely to substitute for tangible benefits and practical capacity. Overall, 

the results indicate that programs should move beyond information dissemination toward an 

integrated approach that strengthens farmers’ competence, resources, perceived benefits, and 

supportive social environment.  

 

CONCLUSIONS  

This study demonstrates that climate-resilient agricultural adoption depends on both 

enabling conditions and behavioral mechanisms. Training and institutional support consistently 

strengthen perceived usefulness, subjective norms, and perceived behavioral control, whereas 

information access primarily improves perceived usefulness and subjective norms. Information 

alone is therefore insufficient to strengthen farmers’ confidence in implementation. Perceived 

behavioral control is the strongest direct determinant of adoption, followed by perceived 

usefulness and subjective norms. 

For policy and extension practice, training should be practice-oriented and include 

demonstrations, farmer-to-farmer learning, mentoring, and direct assistance with practices such as 

mulching, organic fertilizer, crop rotation, soil conservation, and efficient water management. 

Institutional support should improve access to inputs, extension services, technical assistance, 

appropriate incentives, and farmer organizations. Future studies should include more diverse 

regions and commodity groups and may examine climate-risk perception, financial capability, 

digital agricultural information, and adoption continuity over time. Longitudinal research would 

help distinguish initial adoption from sustained, intensified, or discontinued use.  
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