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Climate change due to human activities is a reality and a growing threat to global food security. The trend of increasing temperature and decreasing rainfall in Iran shows climate warming, the result of climate change in Iran. Climate-smart agriculture (CSA) is an approach to developing new agricultural practices that support food security against climate change. The purpose of this study was to design a behavioral model for using CSA technologies in three phases: cognitive, motivational, and volitional, using the theories of planned behavior, self-determination, and social cognition. This research is the first to combine behavioral models to understand the application of CSA technologies. The research method in this study was quantitative and non-experimental. The statistical population included 800 wheat farmers from the city of Nazarabad in the Alborz province of Iran. A sample size of 260 people was determined using the Cochran formula. Appropriate stratified sampling was selected as the sampling method. Wheat farmers were then randomly selected in each village through proportional assignment. The research data was collected through a cross-sectional survey and a questionnaire. The models and hypotheses were tested using structural equation modeling. The statistical results confirmed the theoretical model and 15 research hypotheses. Additionally, the estimated field model explained about 62% of the variance in the behavior of using CSA technologies. Therefore, cognition, motivation, and volition effectively shape the behavior of using CSA technologies. In the cognitive phase, environmental concerns have the greatest impact on attitude toward the behavior of using CSA technologies (β = 0.714). In the motivational phase, personal norms have the most impact on the intention to use CSA technologies (β = 0.643). Finally, in the volitional phase, the intention to use CSA technologies has the highest impact on the behavior of using CSA technologies (β = 0.386). The increase in the guaranteed purchase price of wheat and paying soft and long-term loans by the policymakers will lead to an increase in the intention of wheat farmers to use CSA technologies.
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Introduction

The main challenge of the worldwide agricultural sector in 2050, considering the increase in population to about 10 billion people, will be the food supply (Venkatramanan and Shah, 2019). Therefore, food production will need to increase by 60% compared to the current world production (Jariwala et al., 2022). According to the Sixth IPCC Assessment Report, during the 21st century, the world climate will be warmer by 1.5°C under different greenhouse gas emissions scenarios compared to 1850–1900 (Pörtner et al., 2022). In addition, the amount of rainfall will also decrease (Ghalibaf et al., 2023). Climate change is defined as long-term changes in average temperature and rainfall patterns and other climatic factors due to natural changes or human activities in the world (Pickson et al., 2022). Climate change is a reality (Bozoglu et al., 2022) and a growing threat to global food security (Ghobadi Aliabadi et al., 2022). Climate change costs the world more than 1.2 trillion US$ and therefore destroys 1.6% of the global GDP annually (Kumar et al., 2017). The reasons for climate change and its effects are shown in Figure 1. By 2050, Iran will experience a 20% to 25% reduction in average precipitation, an increase of 2.6°C in temperature, and intense and prolonged droughts and floods (Goli et al., 2020). An investigation of fluctuations in precipitation indices (250 mm annual average) and temperature (18°C annual average) shows that climate change has warmed Iran (Ardakani et al., 2019). The average yearly temperature in Iran for each decade during the last 50 years, from 1970 to 2020, shows an increasing trend with a rate of about 0.4°C. During this period, the country’s average temperature showed an increase of about 2°C compared to the period before 1970. This increase is almost twice the average global temperature of about 1°C. Rainfall changes in Alborz province during the 2019–2021 crop year compared to the long term showed a decrease of 20.9%. The average temperature of the province has also been above normal (Iran Meteorological Organization, 2022). Nazarabad city of Alborz province is located in an arid and semi-arid climate with an average annual rainfall of 238 mm and an average annual temperature of 14.2°C (Mirkhani et al., 2020), which is the main research area.
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FIGURE 1
 The reasons for climate change and its effects. Source: Pachauri et al. (2014), Belay et al. (2017), Lipper et al. (2017), Hasan et al. (2018), Ardakani et al. (2019), Abbas (2022), Kadkhodazadeh et al. (2022), Olubukola et al. (2022), and Pörtner et al. (2022).


The wheat crop area worldwide is more than 220 million ha, with 5.7 million ha in Iran. Studies show that changes in climatic factors such as temperature will affect wheat yield (Eyni-Nargeseh et al., 2020). The agricultural sector in Iran produces about 18% of the GDP, 25% of non-oil exports, 20% of employment, and 85% of the total food supply, therefore it plays a very significant role in economic growth. Moreover, about 27% of Iran’s people live in rural areas, and their primary income source is agriculture (Jamshidi et al., 2020). The crop area of irrigated and rainfed wheat in Iran is 1,931,766 and 3,932,788 ha, its production is 8,173,673 and 5,541,585 tons, and its yield is 4,231 and 1,409 kg per ha, respectively. In Alborz province, the crop area of irrigated and rainfed wheat is 10,978 and 110 ha, its production is 63,675 and 100 tons, and its yield is 5,800 and 909.1 kg per ha, respectively. In Nazarabad city, the wheat crop area is 6,070 ha, its production is 30,263 tons, and its yield is 4985.7 kg per ha (Ministry of Iran Agriculture Jihad, 2022).

The impact of climate change on agricultural fields, along with the increasing world population, threatens to respond to the growing need for food. Climate-Smart Agriculture (CSA) is an approach to developing new agricultural practices that supports food security against climate change (Waaswa et al., 2022). CSA is a function of the environment and reduces the effects of climate change and causes carbon sequestration in the soil (Amadu, 2022). CSA is not a specific agricultural technology but identifies suitable farming methods for each specific location (Palombi and Sessa, 2013). Any method or technology that includes at least one of these goals is considered CSA (Khatri-Chhetri et al., 2016). CSA interventions is broad and includes water, soil, energy, genetic resources, livestock, forestry, fisheries management, and climate-smart crop production (Mashi et al., 2022). It introduces different methods of climate-smart crop production that have been adapted to climate change and local conditions (Brüssow et al., 2017), which is the subject of this study, as shown in Figure 2. Climate change has dramatically reduced production in many countries of the world (Datta et al., 2022). Due to the occurrence of climate change in Iran, it is necessary to use climate-smart crop production methods to achieve CSA goals.
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FIGURE 2
 Climate change effects on wheat fields, and adaptation strategies has been designed by authors (Caruana et al., 2000; Palombi and Sessa, 2013; Hasan et al., 2018; Akbari et al., 2019; Gardezi et al., 2022; Gauthier et al., 2022; Naz et al., 2022; Pickson et al., 2022; Taimour et al., 2022; Wu et al., 2022).


Over the past 20 years, the theory of planned behavior (TPB; Ajzen, 1991) and before that the theory of reasoned action (TRA; Ajzen and Fishbein, 1980) have been some of the most important and widely models used by researchers to understand and predict the relationship between attitude, intention and behavior (Small and Maseyk, 2022). TRA and TPB are social psychology models that show the beliefs and attitudes of farmers and have been used to understand and correctly predict their behavior (Asadollahpour et al., 2016). Many studies have used different applications of TRA and TPB in various structures to predict relationships between intention and behavior (Akbari et al., 2019). In addition, researchers have widely used TPB to explain the factors influencing environmental protection behaviors (Gansser and Reich, 2022), such as water conservation (Valizadeh et al., 2018), air pollution control (Xu et al., 2020), soil conservation (Tama et al., 2021), energy saving and carbon reduction (Chen, 2016), recycling (Strydom, 2018), and organic food purchase (Ahmed et al., 2021). For this reason, TPB was selected as the basis for designing the behavioral pattern of the use of CSA technologies. To develop the model, we used social cognition theory (Bandura, 1991) and self-determination theory (Deci and Ryan, 2000). The application of social cognition theory has been very useful for various researchers in investigating human behavior and the learning process (Hartley, 2022). Self-determination theory is a leading theory in human behavior motivation and is widely used in several domains (Gauthier et al., 2022). We also used two components, value for money (Caruana et al., 2000) and personal norms (Harland et al., 1999), in three phases: cognitive, motivational, and volitional. The purpose of this study was to design a behavioral pattern of using CSA technologies with emphasis on the three phases: cognitive, motivational, and volitional. The main research question is: What factors affect the wheat farmers’ behavior in using CSA technologies? Therefore, it is essential to study the farmers’ behavior in using CSA methods.

The general design of this research, which includes the effects of climate change on wheat fields, strategies to adapt to it, CSA goals, Climate-smart crop production methods, and behavioral theories of the subject of study to change the behavior of wheat farmers, is shown in Figure 3. In some cases, the intention of wheat farmers to use CSA technologies does not lead to the behavior of using these technologies. In other words, intention does not always lead to behavior and wheat farmers do something else. For example, the intention to use pressurized irrigation systems (drip and sprinkler irrigation) does not always lead to the behavior of using these technologies. The reason for this issue is the high cost of establishing the equipment of these technologies. This issue is explained in the voluntary phase of the research.
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FIGURE 3
 Some different methods of sustainable crop production based on CSA. Source: Palombi and Sessa (2013), Makate et al. (2018), Partey et al. (2018), Tiamiyu et al. (2018), Descheemaeker et al. (2020), and Bazzana et al. (2022).




Materials and methods


Study area

Due to its critical position, Alborz Province is considered a crossroads of the north and west of Iran. It is limited to the Mazandaran province on the north, Tehran province on the east, Markazi province on the south, and Qazvin province on the west. The arid and semi-arid climate makes up half of the province’s total area. This province consists of six cities (Eshtehard, Savojbalagh, Taleghan, Fardis, Karaj, and Nazarabad). Its population is about 2,712,400 people (Iran Statistical Center Website, 2022). The main research site is Nazarabad city, with an area of 587 km2 and a population of 152,437 people located in two central regions (including Nazarabad city and three rural districts of Ahmadabad, Jamaleddin and Najmabad) and Tankaman regions (including Tankaman city, southern Tankaman, and northern Tankaman rural districts) with 53 villages (Alborz Agricultural Jihad Organization, 2022), see Figure 4.
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FIGURE 4
 Geographical location of the study area (Yousefi Khanghah et al., 2020).


In Iran, the government’s policy is self-sufficiency in wheat production according to global conditions. Wheat is a global strategic crop and self-sufficiency in its production is vital for Iran (Najafi Alamdarlo et al., 2019). Therefore, supporting wheat farmers is very important for the government. Researchers’ interviews with wheat farmers in the Nazarabad city of Alborz province on climate change show the main reasons for their concern about decreasing wheat yields are: reduction and strong fluctuations in rainfall, temperature increase, drought, groundwater decrement, and dry winds. Furthermore, the largest crop area of wheat and barley belongs to Nazarabad city. The authors posit that due to these conditions, it is necessary to use CSA methods to achieve CSA goals. On the other hand, the expected behavior changes of wheat farmers toward using CSA technologies to combat climate change and adapt to these conditions has not yet happened. For these reasons, the statistical population of this research was selected from the wheat farmers of Nazarabad city, Alborz province.

The research method in this study is quantitative and non-experimental, and research data were collected through a cross-sectional survey and questionnaire (Creswell, 2009). The statistical population of this study includes 800 wheat farmers from Nazarabad city in the Alborz province of Iran (Iran Statistical Center Website, 2022). Appropriate Stratified sampling was selected as the sampling method. The research area was first divided into four classes (north, south, west and east). Villages were then randomly selected in each class. The 260 participant sample size was determined using the Cochran formula as follows (Cochran, 1963; Nanjundeswaraswamy and Divakar, 2021)
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n: statistical sample size.

N: the size of the statistical population.

d: allowed error equal to 0.05.

Z: standard normal probability, at the 95% confidence level is equal to 1.96.

p: The estimated proportion of an attribute that is present in the population.

q: The estimated proportion of an attribute that is not present in the population.

(p and q are assumed equal to 0.5).

Therefore,

[image: image]

n = 260.

Finally, wheat farmers were randomly selected in each village through proportional assignment. After a literature review, a list of CSA methods consistent with the examples provided by Palombi and Sessa (2013), Descheemaeker et al. (2020), and Qureshi et al. (2022) was prepared, and the following research items were determined.

(1) Irrigation management: The principal strategy is to adapt to climate change (Senyolo et al., 2018). Climate change will intensify the need for water and increase droughts (Nazari et al., 2018). While the amount of water consumption in Iran’s agricultural sector is high approximately 92% of available water (Momvandi et al., 2018), the use of sprinklers and drip irrigation could increase water use efficiency by about 50% to 70% and 80% to 90%, respectively (Nikolaou et al., 2020). (2) Conservation agriculture: Through biological processes, this method reduces greenhouse gases emission, increases soil carbon absorption (Descheemaeker et al., 2020), and boosts productivity and resilience to climate risks (Michler et al., 2019). (3) Integrated pests and diseases management: Climate change causes temperature fluctuations, changes in rainfall patterns, and water shortages. It also complicates controlling and combating pests and diseases (Grace et al., 2019). Therefore, it is necessary to use this method to reduce the damage of pests and diseases, and protect the environment by diminishing pesticide use resulting in less pollution of water, soil, and air. (4) Integrated weed management: These methods are necessary because Changes in climatic factors cause an increase in weeds (Bajwa et al., 2019) and the spread of new weed species in different regions (Grace et al., 2019). (5) Farm management: This method, such as crop diversification and the use of appropriate amounts of inorganic and organic fertilizers (Thornton et al., 2018), increases farm productivity, income, and adaptation to the effects of climate change (Brüssow et al., 2017). (6) Using improved seed varieties: This method, such as using high-yield seeds, increases the field income and adaptation to the effects of climate change (Aryal et al., 2018). A researcher-made questionnaire consisting of 15 sections was prepared to measure research variables in three phases (cognitive, motivational, and volitional). The variables, the number of items, and their resources (Sections 1–14) of the questionnaire are as follows:

The cognitive phase includes the following variables: Environmental beliefs with seven items (Dunlap and Van Liere, 1978; Straughan and Roberts, 1999), Environmental concerns with five items (Dunlap and Van Liere, 1978; Kilbourne and Pickett, 2008), Perceived value for money with five items (Caruana et al., 2000), Outcome expectancy with six items.

The motivational phase includes the following variables: Attitude with six items, Subjective norms with five items (Ajzen, 2002), Perceived behavioral control with five items (Venkatesh et al., 2003), Intention with six items (Ajzen, 2002), Personal norms with five items (Harland et al., 1999), High self-determination motivations with four items (Mullan and Markland, 1997), Low self-determination motivations with four items (Wilson et al., 2002).

The volitional phase includes the following variables: Action planning with four items (Scholz et al., 2008), Coping planning with four items (Scholz et al., 2008), and behavior with six items (Ajzen, 2002). The final dependent variable is behavior, and the intermediate dependent variables are intention and attitude toward behavior. All other variables are independent. Section 15 of the questionnaire measures wheat farmers’ individual and professional characteristics. All items were measured using a Likert 7-point scale (ranging from fully disagree = 1 to fully agree = 7).

The viewpoints of the supervisor, advisor, and experts were used to determine the validity of the questionnaire and the necessary corrections were made. Then, to determine the reliability of the questionnaire, a pilot test was conducted in an area outside the main research site (Hashtgerd city); these results were not applied in the final evaluation. The overall Cronbach’s alpha coefficient of the questionnaire is 0.904, with the lowest alpha coefficient of latent variables being related to the behavior of using CSA technologies (0.712) and the highest related to outcome expectancy (0.888). Cronbach’s alpha coefficient for other latent variables is as follows: Environmental beliefs = 0.776, Environmental concerns = 0.729, Perceived value for money = 0.752, Attitude = 0.786, Perceived behavioral control = 0.716, Intention = 0.762, Personal norms = 0.880, High self-determination motivations = 0.828, Low self-determination motivations = 0.880. Action planning = 0.751, Coping planning = 0.797. These results confirmed the reliability of the questionnaire. The research method is shown in Figure 5.
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FIGURE 5
 Research method.


Based on the literature review, the theoretical model of this research was presented in three phases, cognitive, motivational, and volitional, as follows:



Cognitive phase

In this phase, the wheat farmers were studied from a cognitive viewpoint. Cognitive psychology encompasses psychological processes such as perception, thinking, knowledge representation, memory, problem-solving, and human information processing (Shuell, 1986). Cognitive models consider human action as intentional behavior, and individuals examine the characteristics of their behavior and beliefs by examining the value of behavior before intending to perform the behavior (Hagger and Chatzisarantis, 2014). Most views on attitude research focus on understanding the relationship between cognitive structures (i.e., belief), affect, and attitude (Bodur et al., 2000; Perry et al., 2022). Attitude resulting from a cognitive structure of beliefs is called behavioral belief (Gadenne et al., 2011; Hagger et al., 2022). General beliefs talk about the relationship between humans and environment; specific beliefs about environmental problems are the subject of this study. Environmental beliefs include people’s knowledge of environmental issues (Rosenthal, 2022). The results of the research conducted by Kilbourne and Pickett (2008) with the title: How materialism affects environmental beliefs, concern, and environmentally responsible behavior, showed that when beliefs about environmental problems occur, concerns will arise afterward. The results of studies conducted by Arbuckle et al. (2013) showed that farmers who believe climate change results from human activities are concerned about the effects and perform adaptive activities. Farmers who believe that nature is the cause of climate change had less concern and adaption, and there was very little likelihood of adaptive activities. The farmers who include climate change in their beliefs, concerns, and attitudes toward adaptation are more successful than those who do not. The results of studies conducted by Kwistianus et al. (2020) with the title: Environmental Concern, Attitude, and Willingness to Pay of Green Products: Case Study in Private Universities in Surabaya, Indonesia showed that Environmental concerns significantly affect attitude and Purchase Intention. Furthermore, Purchase Intention for environmentally friendly products has a positive effect on Purchase Behavior for environmentally friendly products. The results of the research conducted by Han et al. (2022) with the title: Impact of Climate Change Beliefs on Youths’ Engagement in Energy-Conservation Behavior: The Mediating Mechanism of Environmental Concerns showed that Climate change beliefs have an important influence on formation of environmental concerns; The stronger an individual’s climate change belief, the higher environmental concern.

The social cognition theory (SCT; Bandura, 1991) and the component of value for money (Caruana et al., 2000) were used to design the cognitive phase model. Social cognition theory (SCT) describes the function of psychology in the condition of triple reciprocal causality, which is as follows: (1) Cognitive and personal factors, (2) Behavior, (3) Environmental events. These factors affect each other bilaterally (Bandura, 1991; Naz et al., 2022). The two main components of SCT are outcome expectancy and self-efficacy. Outcome expectancy is an individual’s evaluation of specific behavior that leads to determining results, and self-efficacy is the judgment of an individuals’ ability to perform a certain level of performance (Bandura, 1986; Devi et al., 2022). The results of the research of Collado and Evans (2019) with the title: Outcome expectancy: A key factor to understanding childhood exposure to nature and children’s pro-environmental behavior showed that Outcome expectancy of environmental behaviors has a significant effect on attitude toward these behaviors.

The results of studies conducted by Mehra and Ratna (2014) with the title: Attitude and behavior of consumers toward organic food: an exploratory study in India, showed that the significant influencing factors on the attitude toward organic food are: perception toward organic food, health awareness, product information, value for money, access and trust. Therefore, value for money has a significant effect on attitude toward organic food. The findings of Kungumapriya and Malarmathi (2018) also show that perceived value for money is effective on attitude toward behavior Quality of service, customer satisfaction, and product value are the three factors that many companies strive to provide. Product value definitions include the following: (1) Low price, (2) Factors requested in a product, (3) Quality obtained vs. price paid, and (4) What is obtained vs. what is paid (Caruana et al., 2000). In this study, the value for money is interpreted as the perceived value for money (PVfM). We consider it the overall wheat farmer’s assessment of the benefits vs. costs (Wylde, 2022) of using CSA technologies. The results of various researches have shown that environmental concerns are effective on attitude toward behavior (De Groot and Steg, 2007; Khaola et al., 2014; Paul et al., 2016). Beliefs about environmental problems lead to concerns about these problems, and environmental concerns lead to a positive attitude toward doing a behavior. On the other hand, outcome expectancy and perceived value for money were introduced as two cognitive factors that affect human behavior. These factors lead to the formation of attitude that further shape behavioral intention. These factors are variables that affect attitude in the cognitive phase of research and were presented in the form of the following hypotheses:


H1: Environmental beliefs significantly affect environmental concerns.

H2: Environmental concerns significantly affect attitudes toward the use of CSA technologies.

H3: The outcome expectancy of using CSA technologies significantly affects attitudes toward using these technologies.

H4: The perceived value for money of using CSA technologies significantly affects attitudes toward using these technologies.
 



Motivational phase

The motivation of wheat farmers was examined in this phase. Individuals begin, continue, and develop their behavior to the extent that they believe it will lead to desirable consequences (Deci and Ryan, 2000). Motivation is responsible for the decision to do the work, the duration of its sustainable continuation, and the effort to continue it (Chen et al., 2008; Vorobyova et al., 2022). Many theories have examined behavioral motivation variables to understand the behavior better. In this study, this issue is investigated by combining the theory of planned behavior (TPB; Ajzen, 1991) and self-determination theory (SDT; Deci and Ryan, 2000). The intention is at the center of the structure of many theories of motivation (Deci et al., 1991). The intention construct is the core of TRA (Ajzen and Fishbein, 1980) and TPB (Ajzen, 1991; Hagger et al., 2022). Intention represents an individual’s attempt to perform a behavior (Armitage and Conner, 2001), and it is a set of motivational factors affecting behavior (Ajzen, 1991). Behavior is described based on the ingredients of purpose, action, context, and time (Ajzen, 2002). The TPB assumes that three independent factors determine the behavioral intention: (1) Attitude toward the behavior: A person’s overall positive or negative evaluation of the performance of a specific behavior, (2) Subjective norms: Perceived social pressures for doing or not doing the behavior, and (3) Perceived behavioral control: An individual’s conception about the ease or difficulty of doing a behavior (Ajzen, 1991, 2002; Arkorful et al., 2022).

The results of the research conducted by Asrari et al. (2022) with the title: Modeling resilience behavior against climate change with food security approach showed that variables of attitude toward the behavior, subjective norms and perceived behavioral control have a positive and significant effect on behavioral intention. Furthermore, the results of the research Wang and Li (2022) with the title: Consumers’ intention to bring a reusable bag for shopping in China: Extending the theory of planned behavior it shows the same results. The results of studies conducted by Close et al. (2018) with the title: Using the theory of planned behavior to explain intention to eat a healthful diet among Southeastern United States office workers showed that variables of attitude toward the behavior, subjective norms and perceived behavioral control have a positive and significant effect on behavioral intention.

To increase the model’s predictive power, the component of personal norms (PN) was added to the model. Personal norms are a person’s belief about their moral commitment to perform a particular behavior (Harland et al., 1999). Personal norms are a feeling of commitment toward a behavior that affects the individual’s behavioral intention (Godin et al., 2008). The results of the research conducted by Roos and Hahn (2019) with the title: Understanding Collaborative Consumption: An Extension of the Theory of Planned Behavior with Value-Based Personal Norms showed that personal norms have a significant effect on intention. Furthermore, the results of the research of Yaghoubi et al. (2019) with the title: Iranian agriculture advisors’ perception and intention toward biofuel: Green way toward energy security, rural development and climate change mitigation it shows the same results. The results of the research conducted by Park and Ha (2014) also show that personal norms have a significant effect on behavioral intention. The findings of various researchers show that behavioral intention has a significant effect on behavior (De Leeuw et al., 2015; Hagger et al., 2017; Brown et al., 2018; Kungumapriya and Malarmathi, 2018; Strong et al., 2018; Sun et al., 2018).

According to TPB, with the component of personal norms added to the model, the following five hypotheses were tested in this study:


H5: Attitude toward using CSA technologies significantly affects the intention to use these technologies.

H6: Subjective norms about using CSA technologies significantly affect the intention to use these technologies.

H7: Perceived behavioral control about using CSA technologies significantly affects the intention to use these technologies.

H8: Personal norms regarding the behavior of using CSA technologies significantly affect the intention of using these technologies.

H9: Intention about the behavior of using CSA technologies significantly affects the behavior of using these technologies.
 

SDT was first proposed by Deci and Ryan (1991). According to this theory, different types of motivation are as follows: Intrinsic motivation, extrinsic motivation, and amotivation (Pelletier et al., 1998; Good et al., 2022). SDT states that autonomous motivation includes behaviors with volition and choice, and controlled motivation is the behaviors created by external forces (Deci and Ryan, 2008; Ojo, 2022). The main focus of the theory is the vast difference between autonomous and controlled forms of motivation (Hagger and Protogerou, 2020). Therefore, examining the effects of these two components on behavioral intentions provides a helpful perspective for developing appropriate methods for behavioral stimulation intentions. The results of studies conducted by Rahi and Ghani. (2019) with the title: Integration of expectation confirmation theory and self-determination theory in internet banking continuance intention showed that high self-determination motivations and low self-determination motivations have a significant effect on intention. The results of various researches show that high self-determination motivations has a significant effect on behavioral intention (Rump et al., 2017; Williams et al., 2019; Abdullatif and Velázquez-Iturbide, 2020). The results of the findings of Wang et al. (2019) also show that low self-determination motivations has a significant effect on behavioral intention. In this study, we combined TPB and SDT to predict the behavior more accurately (Deci and Ryan, 1991). According to SDT, this study tests the following two hypotheses:


H10: High self-determination motivations in using CSA technologies significantly affect the intention to use these methods.

H11: Low self-determination motivations in using CSA technologies significantly affect the intention to use these methods.
 



Volitional phase

In this phase, wheat farmers are tested in terms of volition because they do not always behave according to their intentions. Different factors facilitate or threaten the translation of intention to action (Scholz and Lippke, 2008). After the formation of intention, people enter the volitional phase in which the intention changes into the action. While behavior can be best predicted with the help of intention, this component alone is insufficient to predict behavioral change and does not account for large amounts of unexplained behavioral variance. This phenomenon is called the intention-behavior gap (Scholz et al., 2008). Planning plays a considerable role in bridging the gap between intention and behavior for implementing health behaviors (Ziegelmann et al., 2006; Xu et al., 2022). Planning is the understanding of the mental simulation of behavior to facilitate the conditions for attainment behavior and an economical and effective method to achieve the goal. A predetermined behavior will be performed through planning (Scholz et al., 2008). There are two types of planning: action planning and coping planning. Action planning determines the when, where, and how to act, and coping planning predicts dangerous situations and the mental simulation of obstacles and readiness for successful adaptation (Sniehotta et al., 2005; Xu et al., 2022). The findings of various researchers show that behavioral intention has a significant effect on action planning and coping planning (Hagger et al., 2017; Brown et al., 2018; Strong et al., 2018; Lin et al., 2020). The results of various researches show that action planning and coping planning have a significant effect on behavior (Strong et al., 2018; Lin et al., 2020). These concepts are examined during the volitional phase of the study according to the following four hypotheses:


H12: The intention to use CSA technologies has a significant effect on action planning.

H13: The intention to use CSA technologies has a significant effect on coping planning.

H14: Action planning for the use of CSA technologies has a significant effect on the behavior of using CSA technologies.

H15: Coping planning for the use of CSA technologies has a significant effect on the behavior of using CSA technologies. Finally, the theoretical model was designed according to Figure 6.

[image: Figure 6]

FIGURE 6
 Theoretical model of behavior to use CSA technologies.

 



Data analysis

Descriptive and inferential statistics were used to answer the research questions and achieve the research objectives. The mean, median, and mode were used in the descriptive statistics, and structural equation modeling was used in the inferential statistics. The statistical data analysis was done using SPSS version 26 and Amos version 24. Structural equation modeling (SEM) is a multivariate technique that is often used to test hypothetical models in behavioral sciences. A review of the literature shows its increase popularity as a research tool (Cheung and Chan, 2005). SEM allows complex phenomena to be statistically modeled and tested. Therefore, SEM technologies are the best method to confirm or reject mathematical models in a quantitative method (Schumacker and Lomax, 2004). SEM is a combination of factor analysis and path analysis. The purpose of SEM, similar to factor analysis, is to provide a summary of the relationships between variables. SEM is also similar to path analysis in that researchers can test hypothesized relationships between constructs. In SEM, researchers must evaluate multiple test statistics and a number of appropriate indicators to determine whether the model accurately determines the relationship between constructs and observable variables (Weston and Gore, 2006). In general, any SEM analysis includes the stages of model design, data collection, model estimation, model evaluation, and possibly model modification (Lei and Wu, 2007). The features of structural equation modeling are as follows: (1) Simultaneous response to a large number of statistical hypothesis tests. (2) Answering research questions and hypotheses without estimating latent variables. (3) Confirming, correcting or rejecting the presented theoretical model based on the literature review (Payendeh Najafabadi and Omidi Najafabadi, 2013).




Results


Demographic characteristics of wheat farmers

All participants were male wheat farmers with a mean age of 49.85 and Standard deviation 11.98. The mean experience of wheat farmers was 32.29, with a standard deviation 9.97. The mean monthly income of wheat farmers was 53692307.69 rials with a standard deviation 72350114.63. The mean household size of the wheat farmers was 4.37 with a standard deviation 0.99. The mean wheat crop area was about 14.20 hectares with a standard deviation 12.59. The mean yield per hectare of wheat farmers was 4.72 with a standard deviation 0.82 (Table 1).



TABLE 1 Results of descriptive statistics of the research.
[image: Table1]



Hypotheses testing

Path analysis shows that environmental beliefs significantly increased the environmental concerns of wheat farmers (β = 0.70, p < 0.001). In addition, environmental concerns (β = 0.71, p < 0.001), outcome expectancy (β = 0.64, p < 0.001), and perceived value for money (β = 0.64, p < 0.001) also significantly increased the attitude of the wheat farmers to use CSA technologies. Therefore, hypotheses H1, H2, H3, and H4 are confirmed. In addition, attitude toward the use of CSA technologies (β = 0.44, p < 0.001), subjective norms (β = 0.55, p < 0.001), perceived behavioral control (β = 0.33, p < 0.001), personal norms (β = 0.64, p < 0.001), high self-determination motivations (β = 0.63, p < 0.001), and low self-determination motivations (β = −0.19, p < 0.01) significantly affect the intention to use CSA technologies. Therefore, hypotheses H5, H6, H7, H8, H10, H11, were confirmed. The results also show that intention (β = 0.15, p < 0.05) significantly increases action planning; therefore, H12 is approved. Moreover, intention (β = 0.39, p < 0.001) significantly increases coping planning, so H13 is also confirmed. Finally, action planning (β = 0.17, p < 0.05), coping planning (β = 0.28, p < 0.001), and intention (β = 0.38, p < 0.001) significantly influence the behavior of using CSA technologies. Therefore, hypotheses H9, H14, and H15 are also confirmed (see Table 2; Figure 7).



TABLE 2 Regression weight and significance test of paths.
[image: Table2]
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FIGURE 7
 The final model of behavior to using CSA technologies (p < 0/001***, p < 0/01**, p < 0/05*).




Structural model test

According to the theoretical framework designed to test the behavioral pattern, 14 variables were first entered into the equation, and then a model was designed. Next, the measurement model was examined using the Maximum-Likelihood method. Finally, the model fit was evaluated using indicators (p-value cmin, X2 / DF, RMSEA, P-close, NFI, CFI, GFI, RMR). According to the appropriate criteria of these indicators, a good model fit was provided (Table 3; Payendeh Najafabadi and Omidi Najafabadi, 2013). The findings show that the estimated field model explains about 62% of the variance in the behavior of using CSA technologies. Also, a significant relationship was observed between the research variables. Therefore, cognition, motivation and volition effectively shape the behavior of using CSA technologies. In the cognitive phase, environmental concerns have the greatest impact on attitude toward the behavior of using CSA technologies (β = 0.714). In the motivational phase, personal norms have the most impact on the intention to use CSA technologies (β = 0.643). Finally, in the volitional phase, the intention to use CSA technologies has the highest impact on the behavior of using CSA technologies (β = 0.386). The most important factors affecting the behavior of using CSA technologies include the intention to use CSA technologies, coping planning, and action planning with path coefficients of 0.378, 0.276, and 0.166, respectively. Also, attitude, subjective norms, perceived behavioral control, personal norms, high self-determination motivations and low self-determination, respectively, with path coefficients (0.437, 0.549, 0.334, 0.643, 0.626, and −0.195) have an effect on the intention to use CSA technologies (Figure 8).



TABLE 3 Fit indices of the behavior model of the using CSA technologies.
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FIGURE 8
 Structural equation modeling for standardized coefficients estimation.





Discussion and conclusion


Cognitive phase

The proposed field model explains about 64% of the total attitude variance. Environmental concerns have the greatest impact on attitude (β = 0.714). The results show that the studied cognitive factors led wheat farmers to a positive attitude toward using CSA technologies. The findings of this research are consistent with previous research and confirm that environmental beliefs have a significant effect on environmental concerns (H1) (Kilbourne and Pickett, 2008; Han et al., 2022). Researchers’ interviews with wheat farmers in the research area show that wheat farmers’ knowledge and information regarding environmental problems such as water, soil, and air pollution have increased. The reason for this is the extensive use of agricultural inputs such as chemical fertilizers, pesticides, and herbicides to increase wheat yield. They believed that in recent years the air temperature has increased, and the amount of rainfall has also decreased. Therefore, they have understood climate change. This awareness has led them to be concerned about the environment. Furthermore, environmental concerns have had a significant effect on their attitude toward the behavior of using CSA technologies (H2) (Kwistianus et al., 2020; Wang and Li, 2022). Continuous and abundant use of chemical materials and damage to the environment, the risk of reducing agricultural productivity in the future, and decreased water and soil resources have caused concern to wheat farmers. The concern of wheat farmers about environmental problems has caused wheat farmers to develop a positive attitude toward the use of CSA technologies.

The outcome expectancy of using CSA technologies significantly affects the attitude toward using these technologies (H3) (Collado and Evans, 2019). Regarding the Outcome Expectancy of using CSA technologies, Wheat farmers have understood that using CSA technologies such as pressurized irrigation systems (drip and sprinkler irrigation) leads to a reduction in water consumption, a decrease in the cost and time of irrigation, and an increase in water use efficiency. This issue increases the quantity and quality of production, income, and food security. Moreover, it provides adaptation and builds resilience against drought, and by reducing fuel consumption for water extraction, it also effectively reduces greenhouse gases emission. This issue has led to wheat farmers’ positive attitude toward using CSA technologies to protect the environment. Therefore, outcome expectancy of using CSA technologies has led to a positive attitude toward using CSA technologies. Perceived value for money concerning the use of CSA technologies significantly affects the attitude toward using this technology (H4) (Mehra and Ratna, 2014; Hassan et al., 2022). Regarding the perceived value for money, Wheat farmers have found that the use of CSA technologies is valuable due to their high cost compared to environmentally friendly benefits, and this issue has created a positive attitude toward the use of these technologies. For example, although the cost of buying and building drip and sprinkler irrigation equipment for wheat fields is high, it is valuable compared to the environmentally friendly benefits obtained. It is suggested that information centers should be formed in the management of agricultural jihad in the studies areas. In these centers, the knowledge and awareness of wheat farmers regarding climate change and the benefits of using CSA technologies should be increased. This issue has increased the environmental beliefs and concerns of the wheat farmers and causes the effects of climate change to decrease. Moreover, as knowledge increases and is shared among wheat farmers regarding climate change, the outcome expectancy of using CSA technologies and the perceived value for money will also increase, and thus, the attitude toward the use of these technologies will be enhanced.



Motivational phase

In the motivational phase, the proposed field model explains about 75% of the total variance of the intention to use CSA technologies and Personal norms have the most impact on the intention (β = 0.643). The findings of this research are consistent with previous researches and confirm that attitude toward using CSA technologies has a significant effect on the intention to use CSA technologies (H5) (Zhang et al., 2020). Wheat farmers have perceived that using CSA technologies to protect the environment and prevent the effects of climate change is beneficial, valuable, and necessary. Therefore, their evaluation of the use of these technologies is positive, and the intention to use these methods has increased. Subjective norms significantly affect the intention to use CSA technologies (H6) (Luc, 2020). The subjective norms of wheat farmers are influenced by other farmers, friends, family members, and agricultural extension agents. The opinions of these people motivate farmers to use CSA technologies. In other words, social pressures lead to the farmers’ intention to use these technologies against the effects of climate change.

Perceived behavioral control has a significant effect on the intention to use CSA technologies (H7) (Moon, 2021). Regarding perceived behavioral control, Wheat farmers believe that they have the necessary resources and equipment to apply CSA technology to a certain extent to reduce the effects of climate change. In other words, they have the ability to use these technologies to some extent. Therefore, perceived behavioral control leads to the intention to use these technologies. For example, wheat farmers have the necessary knowledge and ability to apply farm management.

Personal norms regarding the behavior of using CSA technologies significantly affect the behavioral intention of using these technologies (H8) (Roos and Hahn, 2019). Regarding personal norms, wheat farmers were committed to implementing CSA technologies. Despite many problems, they desired to make more regular efforts to implement these methods. This feeling of responsibility leads to the intention to implement these technologies. The use of appropriate amounts of chemical fertilizers, pesticides, and herbicides to prevent environmental pollution and the emission of greenhouse gases is a result of a personal commitment. High self-determination motivation about using CSA technologies has a significant effect on the intention of using these methods (H10) (Rahi and Ghani, 2019). Regarding the high self-determination motivation, a feeling of interest and satisfaction toward using CSA technologies has created an internal motivation in the wheat farmers. Low self-determination motivations significantly and negatively affect the intention of using these methods (H11) (Wang et al., 2019). Considering that most of the wheat farmers use conventional agriculture, the lack of suitable external rewards has reduced their intention to use CSA technologies, and this issue has led to a significant and negative effect of this motivations on intention. For example, non-payment of free loans for the implementation of pressurized irrigation systems in wheat fields leads to a decrease in the intention to use these technologies.

Intention to use CSA technologies has a significant effect on the behavior of using CSA technologies (H9) (Kwistianus et al., 2020). When wheat farmers intend to use methods such as conservation agriculture, the behavior of using these methods is also realized. In this phase, it is suggested that agricultural extension agents of agricultural jihad management in the research region should teach wheat farmers about climate change and CSA methods in short-term training courses to increase their knowledge and awareness in this regard. This will help wheat farmers find a more positive attitude toward using CSA technologies. Therefore, the intention to use CSA technologies increases in them.

It is suggested that the management of the agricultural jihad in the research region should organize social gatherings at specific time intervals and provide the necessary explanations for the wheat farmers concerning climate change and CSA technologies. In this way, the wheat farmers will gradually form subjective norms regarding the use of CSA technologies, creating an intention to use these technologies. In addition, this management should increase the number of agricultural extension agents for CSA technologies extension. This will increase the wheat farmer’s ability to combat the effects of climate change and increase their behavioral control. Therefore, the intention to use agricultural technologies among wheat farmers enhances.

Using itinerant extension agents and training wheat farmers about the effects of climate change on wheat fields and how to use CSA methods will lead to the creation of personal norms. This work should have very good results, especially in the communities of wheat farmers. The increment of personal norms for the use of CSA technologies increases the intention to use these technologies. The increase in the guaranteed purchase price of wheat and paying soft and long-term loans by the policymakers will lead to an increase in the intention of wheat farmers to use CSA technologies. The intention to use these technologies will cause the behavior of wheat farmers to use CSA technologies in the research area. Regional experimental farms should be established by the management of the agricultural jihad in the research area. In these farms, the use of CSA technologies will increase the high self-determination motivation of wheat farmers, increasing their intention to use CSA technology. The government should also consider the necessary incentives to increase the use of CSA technologies in wheat fields. These incentives, such as increasing the subsidized sale of agricultural inputs (chemical fertilizers, pesticides, and herbicides) will enhance the low self-determination motivation for using CSA technologies in wheat farmers. Stopping the import of wheat by the government also increases this motivation. With the enhancement of this motivation, the intention to use CSA technology will also increase among wheat farmers.



Volitional phase

In this phase, the effective factors between the intention and behavior gap were investigated. The intention has the highest impact on the behavior of using CSA technologies (β = 0.386). The findings of this research are consistent with previous research and confirm that the intention to use CSA technologies has a significant effect on the action planning of using these technologies (H12) (Potthoff et al., 2017). When the wheat farmers intend to use the CSA technologies, this intention leads to action planning for the use of these technologies. For example, the intention to use integrated pests and disease management leads to action planning for using these methods. The intention to use CSA technologies has a significant effect on coping planning using these technologies (H13) (Strong et al., 2018). For example, the intention of wheat farmers to use integrated weed management has led to coping planning for the use of these methods. Action planning for using CSA technologies significantly affects the behavior of using CSA technologies (H14) (Brown et al., 2018). Action planning of wheat farmers has led to the behavior of using agricultural technologies. For example, when wheat farmers have planned to use high-yielding seeds, they determine the time and place of purchase and make this purchase. Coping planning for the use of CSA technologies has a significant effect on the behavior of using CSA technologies (H15) (Lin et al., 2020). Coping planning of wheat farmers has also led to the behavior of using CSA technologies. For example, when wheat farmers have decided to implement sprinkler irrigation in their fields, they have done Coping planning in this regard. In addition, they have planned to solve possible problems and obstacles in its implementation. Therefore, the wheat farmers have used coping planning to resolve the impediments and used opportunities to implement sprinkler irrigation.

In this phase, it is suggested that the management of agricultural jihad in the research area should increase the knowledge of wheat farmers about the benefits of implementing CSA technologies through the creation of social networks. This will increase their intention to implement these technologies. Increasing the wheat farmers’ intention to use CSA technologies will enhance the action and coping planning for using CSA technologies. The Agricultural Jihad Ministry and the private market sector should also provide the equipment required for CSA technologies so that wheat farmers can take the necessary action planning to use these technologies. Action planning for the use of CSA technologies by wheat farmers leads to the behavior of using CSA technologies. Training cards about how to use CSA technologies should be provided by the Agricultural Jihad Management in the research area, delivering to wheat farmers along with agricultural inputs in agricultural service centers. In this way, wheat farmers will receive the necessary knowledge on the problems and obstacles of implementing these technologies. As a result, suitable conditions are provided for coping planning. Coping planning for the use of CSA technologies by wheat farmers leads to the behavior of using these technologies.
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