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Behavioural Nudges in Agricultural Extension: A Systematic Review of Strategies and Frameworks to Influence Farmers Decision Making
Abstract 
Nudge theory, which has its roots in behavioral economics, has become well-known as a strategy for influencing choices without limiting personal freedom. Conventional methods of agricultural extension have mostly depended on the distribution of knowledge and financial incentives, presuming that farmers are logical decision-makers. However, empirical data shows that social norms, risk perceptions, cognitive biases, and contextual limitations frequently impact farmers' decisions, reducing the efficacy of conventional extension tactics.
The goal of this study is to thoroughly examine the techniques, implementations, and theoretical underpinnings of nudge-based interventions in agricultural extension. Using predetermined inclusion and exclusion criteria, a systematic review technique was implemented, utilizing material from significant academic databases. In order to categorize nudge theories and investigate their empirical applicability in influencing farmers' behavior, pertinent researches were examined. The analysis highlights important nudge tactics that have demonstrated promise in boosting adoption of technology, encouraging sustainable agriculture practices, and improving adherence to environmental rules. These tactics include framing, default options, reminders, social comparison, and commitment mechanisms. According to empirical research, farmers' decision-making may be positively impacted by interventions such SMS reminders, social norm messages, and incentive-based nudges. However, these therapies' efficacy varies depending on the context and is frequently constrained when used alone. The study comes to the conclusion that policy interventions can be more successful when behavioral insights are incorporated into agricultural extension programs. It emphasizes the necessity of nudge-based strategies that are context-specific, scalable, and supported by empirical evidence in order to promote sustainable agricultural development.
Keywords: Farmer’s Behaviour, Nudging, Strategies, Agricultural Extension, Conceptual Framework and Applications of Nudge.

Introduction
	Behaviour is considered as the tendency of individuals or farmers to act and choose a particular course of action over others that they perceive as desirable. Legal tools, financial incentives, advice, and voluntary group actions are some of the institutional mechanisms that can be used to affect farmer behaviour (Wondolleck & Yaffee, 2000). Due to the growing cost of litigation, financial penalties, and government subsidies, agricultural extension literature increasingly acknowledges the necessity of farmers taking voluntary action to safeguard resources (Sabatier et al., 2005). Additionally, behaviour change that results in voluntary action is said to last over time since it is more likely to get ingrained in societal standards (Ayer, 1997). Nudging is a concept introduced by Richard H. Thaler and Cass R. Sunstein (2008), defined as a subtle change in choice architecture that influences people’s decisions without restricting their freedom of choice. This strategy raises the adoption rate of desired behaviours while lowering decision-making costs and promotes socially advantageous choices. It is based on behavioural economics and acknowledges bounded rationality, limited willpower, and self-interest, while also recognising that social factors and cognitive biases such as loss aversion, overconfidence, and inertia often influence decision making. Nudging, in contrast to coercive interventions, functions within libertarian paternalism by gently directing decisions without limiting freedom or changing objective results (Thaler, 2018). According to Čop and Njavro (2024), the most popular nudging tactics in agricultural economics are social comparison, social norms, and information. Zhang et al. (2022) suggested six nudge tactics that combine incentive and cognitive techniques to protect land. In order to strike a balance between market forces and government action, Wu et al. (2021) recommended incorporating nudges into land use planning in agriculture. Nevertheless, research on nudging interventions in agriculture is still dispersed across disciplines, and little synthesis has been done on how they might affect agricultural extension. Extension systems can create behaviourally informed interventions that increase farmers' adoption of sustainable agriculture practices and technology by having a better understanding of nudging tactics. Therefore, the purpose of this work is to analyse nudge theory and related tactics in a methodical manner and investigate their possible applications in agricultural extension.


Objectives of this study
1. To critically review on nudge theories and classify them in relation to agricultural extension
2. To elaborate on conceptual framework of nudge concepts to agricultural extension
3. To review on extensive empirical studies on nudge theories in terms of agricultural studies
4. To identify research gaps and future perspectives 
Methodology

In order to compile the body of knowledge regarding nudge-based treatments in agriculture and related fields, this study uses a systematic review methodology.
A thorough search of the literature was carried out using important scholarly databases like: 
Scopus, The Web of Science, Google Scholar, Abstracts of AGRIS and CAB, Keyword combinations including "nudge theory," "behavioral economics," "agricultural extension," "farmer behavior," "decision-making," and "technology adoption" were used to find pertinent studies.
Review on Nudge Theories
I.  Cognitive nudge theories
1. Dual process theory
It is based two systems that influence the behaviour of an individual. (Anderson et al., 2004; Evans & Stanovich 2013).  It is generally believed that System 1 is a process, or group of processes, that is quicker, less introspective, and more intuitive. It is generally believed that System 2 is a more contemplative and slower process. Conventional therapies concentrate on System 2. Although interventionists have long recognized System 1's impact, they have a tendency to view System 1 as primarily responsible for bad conduct (Hofmann et al., 2018). Interventionists can use System 1 processes to improve desirable behavior by applying nudge theory (Marteau et al., 2011; Marteau et al., 2012). Instead than depending on intentional thinking, nudging tactics primarily work by focusing on System 1 processes and gently influencing behavior through cues, defaults, framing, and environmental signals. Policymakers can direct people toward desired choices without limiting their freedom of choice by modifying the decision environment (Kahneman, 2011).


2. Choice Architecture Theory

The structure and layout of the environment in which people make decisions are referred to as choice architecture. According to the theory, people's decisions are greatly influenced by how options are presented. Policymakers, extension specialists, and institutional designers are examples of choice architects who can organize decision environments to promote better results. This could be organizing options, offering default choices, streamlining information, or presenting options in a way that emphasizes desired results. Within choice architecture, nudges serve as instruments that direct people toward positive behaviors while maintaining their agency. Nudges are useful because people frequently rely on contextual cues and cognitive shortcuts when making judgments, particularly when there is uncertainty or insufficient information (Thaler & Sunstein, 2008).
3. Prospect Theory
It offers a behavioral explanation for how people assess possible profits and losses in risky and uncertain situations. Based on this theory, individuals do not assess outcomes based on absolute values but rather relative to a reference point. Loss aversion, which contends that losses are viewed as having a greater psychological impact than comparable benefits, is a fundamental component of prospect theory. As a result, people are more driven to prevent losses than to seek profits. The value function, which is usually concave for gains and convex for losses and indicates declining sensitivity as the quantity of gains or losses increases, is another crucial component. Because loss-framed messages are typically more compelling, behavioral interventions in the context of nudging frequently frame information in terms of prospective losses rather than rewards to urge behavior change (Kahneman & Tversky, 1979).
II. Behavioral Nudge Theories
1. Social Norms Theory
It suggests that people's opinions of what other members of their social group are doing or endorsing have a significant impact on their behavior. These norms can be broadly divided into two categories: injunctive norms, which represent opinions on socially acceptable behaviors, and descriptive norms, which relate to opinions about how most people behave. People frequently follow these rules in order to be accepted by others, preserve their sense of group identification, or stay out of trouble. Social comparison messages are often used in nudging tactics to emphasize beneficial behaviors that the majority of peers exhibit. People may be inspired to adopt similar behaviors if they are informed about how common a behavior is in a community or social network. This technique is frequently employed in behavioral interventions pertaining to agricultural practices, health behaviors, and environmental conservation (Cialdini, Kallgren, & Reno, 1991).
2. Commitment and Consistency Theory
According to the commitment and consistency concept, people have a psychological need to fulfill their prior commitments. People are more likely to act in ways consistent with their publicly declared beliefs or intentions in order to preserve their social credibility and self-image. Commitment tools like pledges, goal-setting, or written agreements are commonly used in nudging treatments to reinforce desirable behaviors. Because they foster social accountability and raise the perceived cost of straying from the stated behavior, public commitments are especially successful (Cialdini, 2009).
3. Self Control Theory
According to self-control theory, people frequently find it difficult to balance short-term actions with long-term objectives because of internal conflicts between present satisfaction and potential rewards. Commitment devices are tools that assist people in limiting their options in the future to be consistent with long-term goals. To improve behavioral consistency, nudging techniques often include commitment mechanisms like goal-setting tools, public vows, or reminders. These strategies assist people in overcoming procrastination and sustaining long-term commitment to advantageous behaviors (Thaler & Shefrin, 1981).

III. Policy Design and Behavioral Intention Frameworks
1. Framing theory
According to framing theory, how information is presented has a big impact on how people understand and react to it. Depending on how the information is presented—in terms of possibilities or risks, gains or losses, or positive or negative outcomes—different behavioral reactions may result. Framing is often used in behavioral interventions to impact decision-making by highlighting specific parts of a problem. Loss-framed communications frequently elicit higher behavioral reactions than gain-framed messages, according to research, especially when risk or preventative behavior is involved. According to Tversky and Kahneman (1981), framing is a crucial method by which nudges affect perceptions and behavioral consequences

.
2. Behavioral Policy Theory
In order to create policies that more accurately represent human behavior as opposed to what is predicted by conventional rational models; behavioral public policy incorporates knowledge from the social sciences, psychology, and behavioral economics. This strategy places a strong emphasis on using behavioral tools—like nudges, defaults, reminders, and simplification—to change public behavior while maintaining individual freedom of choice. Behavioral public policy acknowledges that real decision-makers are impacted by biases, social factors, and cognitive limits, whereas many policy mistakes result from assuming totally rational individuals. As a result, nudging has emerged as a crucial behavioral public policy tactic to increase policy efficacy in fields including agriculture, environmental management, and health (Sunstein, 2014).
3. Default Effects Theory
The default effect describes people's propensity to accept predetermined options rather than actively selecting alternatives. Because people frequently display inertia, cognitive laziness, or the belief that the default is the best course of action, defaults are especially potent. Furthermore, altering the default might necessitate more work or information processing, which people would avoid. Default settings, such as automatic registration in savings programs, organ donation systems, or environmentally friendly options, are often used by behavioral interventions to encourage positive choices. Policymakers can greatly boost adoption rates without limiting alternative options by designing decision environments to make favorable behaviors the default (Johnson & Goldstein, 2003).
4. Present Bias and Hyperbolic Discounting Theory
The propensity for people to place a disproportionate importance on immediate gains over future benefits is known as present bias. The idea of hyperbolic discounting, in which people apply a higher discount rate to events that occur soon than those that occur later, helps to explain this behavior. People may therefore put off worthwhile activities that have short-term expenses but long-term advantages. By providing instant rewards, reminders, or commitment tools that match short-term incentives with long-term objectives, nudging techniques combat present bias. Policymakers can assist people in overcoming procrastination and enhancing long-term decision-making by reorganizing incentives or decision timing (Laibson, 1997).
Conceptual Framework to Agricultural Extension
Cognitive constraints, information overload, risk perceptions, and social variables frequently impede behavioral change in agriculture. Conventional extension strategies, which assume that farmers only make decisions based on economic optimization, mostly focus on information sharing and logical persuasion. However, insights from behavioral science and behavioral economics indicate that social circumstances, biases, and heuristics often impact decision-making. An alternate strategy is offered by Richard H. Thaler and Cass R. Sunstein's idea of nudging, which modifies the decision environment incrementally to promote desired behavioral outcomes while maintaining freedom of choice. Nudges function within agricultural extension systems through the creation of choice architecture, in which farmers' decision-making context is structured by extension agents, institutions, and policy frameworks. 
Despite having access to knowledge, farmers may not always adopt technically superior agricultural technologies. This is explained by behavioral theories such dual-process theory, prospect theory, social norms theory, bounded rationality, heuristics, and biases. When making decisions about crop management, resource use, and technology adoption, farmers frequently rely on their intuition, peer pressure, and perceived risks. In order to promote behavior change in this situation, nudging techniques can be incorporated into extension interventions. Default options, advisory message framing, social norm messaging, commitment mechanisms, salient information signals, and timely reminders are some of these tactics. Farmers might be encouraged to embrace suggested technologies by, for example, making soil testing a normal procedure, emphasizing that most farmers in a community are implementing climate-smart practices, or offering simpler decision aids.
According to the conceptual framework, nudge-based interventions affect farmers' social and cognitive decision-making processes, which in turn affect their behavior. Extension systems can lessen decision complexity, minimize behavioral biases, and increase the adoption of sustainable agriculture practices by changing the way information is presented and choices are framed. In the end, these behavioral adjustments lead to increased livelihood stability, effective resource use, and increased farm productivity.
Additionally, incorporating behavioral insights into extension efforts is consistent with new methods like participatory extension models and Agricultural Innovation Systems, where various stakeholders work together to promote knowledge sharing and behavior modification. 
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Literature Reviews on Nudge-based Interventions 
1. SMS based reminder and information messages
In order to increase farmers' acceptance of digital agriculture services, mobile-based reminders have been employed as behavioral nudges. Farmers in Andhra Pradesh participated in a randomized controlled study to see if text message reminders may boost the uptake and usage of a mobile application for agriculture. Compared to farmers in the control group, those who received frequent SMS reminders were 11.30 per cent more likely to embrace the program and use it considerably more regularly. The intervention encouraged farmers to use digital advisory services and access agricultural information more regularly by acting as a salience and reminder nudge (Jayanth, 2022). A study on sweet potato seed systems looked at how farmers were encouraged to buy high-quality planting materials by text reminders on their phones. The results showed that farmers were more likely to repurchase high-quality seed by about 04.00 per cent when they were exposed to SMS reminders. According to the study, when paired with other enabling factors like seed access and quality assurance systems, reminder nudges may have an impact on innovation adoption (Rola-Rubzen et al., 2023).
2. Social Comparison Nudges 
These have been used to promote farming methods that are environmentally sustainable. Smallholder farmers in Vietnam participated in a lab-in-the-field study that looked at how knowledge of other farmers' organic farming investment decisions affected personal decisions. The findings demonstrated that farmers' investment in organic farming increased when they were informed about their peers' average level of organic investment, especially when they were connected by extensive communication networks. When social comparison data was given, organic land investment rose to over 76% in some network topologies (Nguyen et al., 2022). This study demonstrates how peer comparison and social norms function as behavioral cues that affect farmers' production choices.
3. Social Incentives and Recognition Nudges
To encourage the spread of agricultural innovations, behavioral nudges utilizing incentives and social recognition have also been attempted. A field study conducted in Uganda examined whether goal-setting and public acknowledgment among "model farmers" may promote knowledge exchange and the uptake of certified seed technology. In order to encourage farmers to share information within their communities, the intervention relied on behavioral concepts including reputation effects and social incentives. The study illustrated the potential and constraints of social incentive-based nudges in agricultural extension programs, despite finding conflicting results regarding knowledge diffusion
 (BenYishay et al., 2023).

4. Informational and Incentives Nudges 
The impact of informational nudges on farmers' adoption of sustainable agriculture technologies has also been investigated experimentally. For instance, informational nudges and financial incentives have been utilized in lab-in-the-field research assessing farmers' adoption of novel weeding technologies. These behavioral interventions aid researchers in comprehending how farmers react to financial incentives and information signals while deciding whether to adopt new technology (Finger et al., 2024).

5. Fertilizers Purchase Nudge 
Smallholder maize farmers in Kenya participated in one of the most significant research on behavioral nudges in agriculture. The study looked at why, despite fertilizer's profitability, farmers underuse it. When farmers had cash on hand, researchers implemented a behavioral intervention that provided free fertilizer delivery and tiny, time-limited discounts just after harvest. Farmers' current prejudice and procrastinating tendencies were addressed by this intervention. Farmers who received this behavioral incentive were far more likely to buy fertilizer than those who did not receive the intervention, according to the results of the randomized controlled experiment. According to the study, modest behavioral cues may be just as successful in boosting fertilizer uptake as significant fertilizer subsidies (Duflo, Kremer, & Robinson, 2011).

6. Nudging regarding Water Protection Regulations
Behavioral nudges have also been used to study farmers' environmental compliance. A German study investigated whether behavioral cues could enhance farmers' adherence to fertilizer application-related water protection rules. Two different kinds of nudges were tested in the experiment: information campaigns emphasizing the harm nitrogen pollution does to the environment and human health. Farmers are reminded by social comparison that the majority of farmers in the area adhere to environmental rules.
The findings showed that while both kinds of nudges enhanced farmers' compliance behavior, social comparison nudges had a greater impact on decision-making. This study demonstrates how behavioral messaging can support environmentally conscious farming practices in addition to regulatory laws (Schubert et al., 2018).
7. Collective Bonus Nudge
The impact of collective bonus incentives in agri-environmental schemes was the subject of another behavioral intervention designed to boost farmers' involvement in environmental programs. According to the study, participation rates rose when farmers were told they would receive an extra payout if a specific number of farmers took part in the program. By changing farmers' expectations about other people's behavior and bolstering pro-environmental social norms, this strategy produced a collective action push. Consequently, the intervention enhanced the adoption of eco-friendly farming methods, including conservation and less usage of pesticides (Hanley et al., 2016).

8. Reduction of Over-adoption of fertilizers
Excessive nitrogen fertilizer use is a major contributor to water pollution. Behavioural research has shown that farmers often apply fertilizer beyond economically optimal levels due to risk perceptions and uncertainty about crop yields. Studies suggest that nudging strategies such as providing information about optimal fertilizer levels, highlighting profit-maximizing application rates, and demonstrating environmental consequences can encourage farmers to reduce excessive fertilizer use. Behavioural interventions based on production economics and decision psychology therefore have potential to reduce nitrogen pollution while maintaining farm profitability (Finger et al., 2023).
9. Nudging for Conservation
The potential of behavioral nudges to support conservation techniques like agro-environmental management or ecosystem protection has also been investigated in recent experimental studies. According to certain research, behavioral nudges by themselves might not always result in significant behavioral changes among farmers, particularly when adoption entails significant financial risk or investment expenses. For instance, nudges like behavioral cues and informational prompts did not significantly improve conservation actions, according to an experimental study on farmers' conservation behavior. These results imply that in order to achieve significant behavioral change in agricultural systems, nudges might need to be paired with financial incentives, extension services, and institutional support (Correa, Gsottbauer, & Nordén, 2025).
Research gaps and Future Perspectives
Although the use of behavioral insights and nudging techniques in agricultural extension is becoming more popular, there are still a number of conceptual, methodological, and practical gaps in the literature that need to be filled. To increase the efficacy of behavioral interventions in encouraging the use of agricultural technology and sustainable farming methods, these gaps must be filled.
1. Insufficient Empirical Data in Agricultural Settings
           Nudge theory has been used extensively in industries including health, finance, and environmental policy, but it is still not generally used in agricultural extension. The evidence base is too little to draw broad conclusions regarding the efficacy of nudges in agricultural systems, and many studies are still experimental or pilot-based. There is a need for more thorough empirical validation across a range of farming situations because some experiments have demonstrated favorable outcomes in technology adoption, while others indicate insignificant or even negative effects of behavioral interventions.
Future directions for research
           Large-scale randomized controlled trials and longitudinal studies should be carried out in the future to evaluate the long-term efficacy of nudges in influencing farmers' behavior, adoption of technology, and farm productivity.
2. Inadequate Knowledge of the Behavioral Biases of Farmers
           Many extension programs prioritize information sharing above a thorough grasp of the behavioral and psychological aspects that affect farmers' choices. Adoption decisions are heavily influenced by behavioral biases such risk aversion, present bias, status quo bias, and loss aversion. Nevertheless, there is currently a lack of research on these behavioral factors in agriculture.
Future directions for research
           Future studies should look at choice heuristics and context-specific behavioral barriers that affect farmers' adoption behavior. The best nudge treatments for various agricultural communities may be found by incorporating behavioral diagnostics into the design of extension programs.
3. Insufficient Context-Specific Nudge Interventions
           Majority of agricultural behavioral treatments have been carried out in particular areas or in well regulated experimental settings. However, local socioeconomic, cultural, institutional, and agro-ecological aspects impact farmers' decision-making. As a result, nudges that are effective in one situation could not yield the same results in another.
Future directions for research
           Context-specific behavioral intervention frameworks that are adapted to regional farming systems, cultural norms, and institutional settings should be created by researchers. Finding scalable behavioral methods would be aided by comparative research across farming systems and geographical areas.
4. Inadequate Agricultural Extension System Integration
          Instead than being included into the current agricultural extension systems, nudge-based interventions are frequently explored as independent experimental interventions. However, research institutions, extension agencies, private sector players, and farmer organizations must work together to provide effective extension services.
Future directions for research
           Future research should examine the institutionalization of behavioral insights in agricultural extension systems, including the use of nudges in advisory services, demonstration projects, and agricultural policy interventions, as well as the training of extension personnel in behavioral science.
5. Inadequate Utilization of Digital Nudging Tools
          There are new prospects for behavioral nudges due to the quick growth of ICT-based extension platforms like digital farmer platforms, agriculture applications, and mobile advisory services. However, there is still a dearth of study on digital nudging in agriculture, especially in underdeveloped nations.
Future directions for research
          The potential of digital behavioral interventions, such as SMS reminders, Smartphone applications, social media campaigns, and artificial intelligence-based advice services, to affect farmers' technology adoption and decision-making should be investigated in future studies.
6. Inadequate Knowledge of Gender and Social Factors
           Men, women, and young people are among the many actors who frequently participate in farm household decision-making. However, a lot of behavioral treatments concentrate on specific farmers without taking social networks, gender roles, and household dynamics into account when making agricultural decisions. When developing extension programs, research on farmer decision-making emphasizes how crucial it is to comprehend the behavioral variations between male and female farmers.

Future directions for research
          Future research should look at how social networks, farmer groups, and community standards affect behavioral reactions to nudges and include gender-sensitive behavioral techniques.
7. Policy and Ethical Issues
          Important ethical concerns about autonomy, transparency, and decision-making manipulation are brought up by behavioral therapies. There hasn't been enough research done on the moral ramifications of adopting nudges in agricultural extension.
Future directions for research
          When nudges are used to affect decision-making, future research should look at the ethical aspects of behavioral interventions, such as farmers' awareness, consent, and faith in extension systems.

Conclusion
The importance of behavioral insights in enhancing conventional agricultural extension methods is highlighted by taking into account the psychological and social factors that influence farmers' behavior. By making decisions easier, making information more salient, and bolstering favorable societal norms that support desired agricultural practices, nudging techniques increase the efficacy of extension programs. Behavioral techniques, however, ought to work in tandem with current policy tools including institutional support, rules, and incentives. Sustainable land-use practices can be promoted and farmer engagement increased by incorporating behavioral techniques into extension advising systems. Therefore, while developing agricultural initiatives, policymakers and extension organizations should use behaviorally informed tactics. To create context-specific behavioral treatments, researchers, legislators, and extension specialists must work together more closely. In the end, agricultural policies that are behaviorally informed can support more sustainable, adaptable, and participatory rural development.
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