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The main objective of this research was to investigate the scalability of aerobic rice
cultivation in Golestan Province and to identify the factors influencing it. This applied
research was conducted using a survey strategy. The data collection tool and measurement
of variables was a researcher-developed questionnaire consisting of nine sections, which was
designed based on a theoretical framework integrating the theories of conservation
motivation and social exchange to enhance the upscaling of aerobic rice cultivation. The face
and content validity of the questionnaire items was confirmed based on the consensus of a
group of experts, and its reliability was validated through the calculation of Cronbach’s alpha
coefficients for the main scales of the study, which ranged from 0.722 to 0.844. The statistical
population of the study included rice farmers in seven counties of Golestan Province who
were engaged in aerobic rice cultivation and had experience in scaling up this initiative on
their farms (N = 355). To determine the sample size for the study, the Krejcie and Morgan
table was used (n = 172). The statistical analysis of this research was conducted using SPSS
26, utilizing multiple logistic regression analysis. According to the regression analysis
results, perceptions of vulnerability to climate change (water scarcity) (B = 1.293),
perceptions of self-efficacy (B = 1.839), perceptions of costs (B = —1.261), perceptions of
value (B = 6.578), perceptions of rewards (B = 1.657), and perceptions of expectations (B =
0.633) significantly affected the scalability of aerobic rice cultivation. Additionally, among
the demographic and agricultural variables, rice cultivation experience (B = 0.214), yield (B
=0.823), and access to extension services (B = 5.044) were found to have significant effects
on the scalability of aerobic rice cultivation. Therefore, it can be concluded that the
scalability of aerobic rice cultivation is influenced by a set of cognitive constructs related to
protective behavior, social exchange, and, of course, demographic and agricultural variables.
In other words, although rice farmers have adopted aerobic rice cultivation in response to
protective approaches under conditions of water scarcity and drought, this action, from the
perspective of social exchange, necessitates interaction with other stakeholders and actors,
including farmers and local authorities, as well as the provision of expected incentives and
support.

1. Introduction

Water scarcity has become a major constraint on sustainable agricultural development in Iran, driven by climate
change, population growth, and increasing competition for water resources. Golestan Province, historically one of
Iran’s main rice-producing regions, has experienced persistent droughts and increasing restrictions on rice cultivation.
Nevertheless, the relatively high economic returns from rice production continue to encourage farmers to cultivate
this crop. Under these conditions, aerobic rice cultivation has emerged as a promising climate adaptation approach
that can improve water-use efficiency while sustaining production. Despite growing interest in aerobic rice cultivation,
limited empirical evidence exists regarding the factors influencing its scalability. This research addresses this gap by
examining the determinants of aerobic rice scalability in Golestan Province through an integrated framework
combining Protection Motivation Theory (PMT) and Social Exchange Theory (SET). The framework incorporates
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cognitive factors, social exchange mechanisms, and selected farm and demographic characteristics to explain farmers’
decisions to expand, maintain, or reduce aerobic rice cultivation.

2. Methodology

This applied research employed a cross-sectional survey of 172 rice farmers selected through proportional stratified
sampling from a population of 311 aerobic rice growers across seven counties of Golestan Province. Data were
collected using a structured questionnaire covering demographic characteristics, farm conditions, and PMT and SET
constructs. Face and content validity were confirmed through expert review, while Cronbach’s alpha coefficients
(0.722-0.844) indicated satisfactory reliability. The dependent variable, the scalability of aerobic rice cultivation, was
classified into three categories: increasing, stable, and decreasing. Data were analyzed using Chi-square tests, one-
way ANOVA, Friedman’s ranking test, and multinomial logistic regression in SPSS 26. Diagnostic tests confirmed
that the assumptions of the regression model were satisfied.

3. Results

Across the previous five cropping seasons, both the total rice area and the area under aerobic cultivation declined,
reflecting increasing water constraints. Overall, 40.1% of farmers reduced aerobic rice cultivation, 33.7% maintained
stable cultivation levels, and only 26.2% expanded cultivation. Friedman’s ranking test identified perceived
expectations, perceived value, and perceived rewards as the highest-ranked determinants of scalability. The
multinomial logistic regression model demonstrated strong explanatory power (Nagelkerke R?z = 0.849), with an
overall prediction accuracy of 82.6%. Compared with farmers experiencing declining scalability, those expanding
aerobic rice cultivation reported significantly higher levels of perceived vulnerability, self-efficacy, perceived value,
perceived rewards, and perceived expectations. Farming experience, higher rice yield, and access to extension services
also positively influenced scalability, whereas perceived response costs significantly reduced the likelihood of
expansion. Among all explanatory variables, perceived value emerged as the strongest predictor, followed by
extension services and self-efficacy. Similar relationships were observed among farmers maintaining stable
cultivation, confirming the consistency of these determinants across different scalability trajectories.

4. Discussion

The findings indicate that the scalability of aerobic rice cultivation is shaped by the interaction of cognitive,
institutional, and production-related factors rather than by environmental pressures alone. Consistent with Protection
Motivation Theory, perceived vulnerability encouraged adaptive responses to water scarcity; however, self-efficacy
exerted a stronger influence, suggesting that confidence in implementing the technology is more important than risk
perception alone. From the perspective of Social Exchange Theory, perceived value emerged as the most influential
determinant of scalability, indicating that farmers expand aerobic rice cultivation when they perceive clear economic,
environmental, and social benefits. The positive effects of perceived rewards and expectations further emphasize the
importance of institutional support and incentive mechanisms. In addition, farming experience, higher yields, and
effective extension services strengthened farmers’ confidence and reduced uncertainty, thereby facilitating technology
diffusion. These findings reveal that successful upscaling of aerobic rice cultivation depends on strengthening farmers’
adaptive capacity, enhancing perceived value, and improving institutional support rather than relying solely on
awareness of water scarcity. The integrated application of PMT and SET provides a comprehensive explanation of the
behavioral and contextual mechanisms underlying the scalability of climate-smart agricultural innovations.

5. Conclusion

The scalability of aerobic rice cultivation in Golestan Province is jointly influenced by protection motivation, social
exchange mechanisms, and farm characteristics. While water scarcity provides the initial motivation for adopting
climate-smart practices, sustained expansion depends primarily on farmers’ perceived value of the technology, self-
efficacy, and access to effective extension and institutional support. The findings suggest several policy implications.
Extension programs should emphasize the tangible economic and environmental benefits of aerobic rice cultivation
while strengthening farmers’ technical skills through demonstration farms, participatory training, and farmer-to-
farmer learning. Complementary measures—including reliable input supplies, irrigation infrastructure, crop
insurance, and targeted incentive schemes—are also essential to promote the long-term scalability of aerobic rice
cultivation. The research is limited by its cross-sectional design and its focus on current adopters of aerobic rice
cultivation. Future research should employ longitudinal and mixed-method approaches, compare different
agroecological regions, and investigate additional behavioral and institutional factors affecting the large-scale
diffusion of climate-smart agricultural innovations.
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