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Abstract

:

In order to alleviate the grain supply–demand structural contradictions and ensure the realization of grain planting structure optimization goals, it is necessary to clarify the interactive relationship between multiple entities, establish a cooperation mechanism, and explore its implementation paths. To this end, a differential game model is built to compare and analyze the optimal strategies, optimal benefits, and overall system outcomes for both the government and farmers under three scenarios: the Nash non-cooperative game, the Stackelberg game, and the collaborative cooperation game. Then, key factors and their influencing mechanisms that affect the government–farmer cooperation mechanism are revealed. Finally, the csQCA model is used to explore the implementation paths for different stakeholders to ensure the sound operation of the cooperation mechanism. The results show the following: (1) The government–farmer cooperation mechanism should consist of an inner core system with the government–farmer interaction as the core and an outer system comprising the market environment, cooperation environment, and institutional environment. These two systems should coordinate with each other, respond to each other, and drive progress together. (2) The cooperation mechanism can optimize behavioral enthusiasm, resulting in individual and overall benefits for both the government and farmers. However, its scientific and orderly implementation is affected by factors such as the cost coefficient. Additionally, subsidies serve as a powerful policy tool to enhance farmers’ enthusiasm, thereby increasing the benefits for both parties and maximizing the effectiveness of the cooperation mechanism. (3) There are three implementation paths corresponding to large-scale farmers, rural elites, and small-scale farmers: being led by external policy tools, linkage guidance between decision-making environment and willing subjects, and factor allocation and environmentally driven decision-making. These findings can provide theoretical support and case reference for marginal farmland management and planting structure optimization management in underdeveloped areas.
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1. Introduction


The rational and efficient utilization of cultivated land is an important way to stabilize the supply–demand balance of grains, achieve sustainable agricultural development, and ensure national food security, which are a common concerns around the world [1,2]. However, being affected by climate change and human activities, the resource and environmental constraints have been stringent; especially with the impact of COVID-19, the Russia–Ukraine war, and international trade frictions, the supply of international grain markets has become increasingly uncertain [3]. Meanwhile, the rising economic levels and upgrading the food consumption structure of citizens have led to more diverse and complex demands for different crop types, putting significant pressure on food production management. As a major grain-producing country, China’s total grain supply and demand are basically balanced, but structural contradictions are prominent [4], which are manifested in the oversupply of maize. According to data from the National Bureau of Statistics, China’s corn imports have been steadily increasing, with corn imports exceeding the quota by 1.13 in 2020 and 2021, respectively: 11.3 million tons, 28.35 million tons [5]. At the same time, in order to meet the rigid demand for edible vegetable oil and animal feed, the external dependence on soybean imports has risen from 36.26% in 2000 to 92% in 2020. Therefore, it is necessary to further optimize the planting structure and regional layout to enhance the efficiency and sustainability of agricultural development.



In order to optimize the planting structure, the Chinese government launched the grain planting structure optimization system in 2016, exemplified by the “Sickle Bend” maize structure adjustment policy. This policy set a target to reduce the maize planting area in the “Sickle Bend” region by over 50 million acres by 2020. Additionally, the government focused on promoting a new-type planting structure that integrates planting and breeding, as well as a new-type industrial structure that integrates production and marketing, which aims at creating a grain production system that aligns with spatial–temporal layout [6]. In the new era, the planting structure optimization policies have further clarified the type, quantity, area, and farming mode of grain planting in different regions. The government has guided farmers to adjust their grain planting structure in accordance with optimization goals through subsidy policies, price policies, and demonstration guidance. However, facing new requirements of crop types and planting models, farmers may face challenges in breaking away from their original planting behaviors, so it is difficult for them to show strong enthusiasm as expected. Meanwhile, problems such as an uneconomic production model, vulnerable farmer livelihoods, inadequate allocation of agricultural production factors, and insufficient provision of socialized services for agricultural production have gradually become apparent [7], making it difficult for the Chinese government to achieve grain planting structure optimization goals. Therefore, it is of more practical significance to identify the reasons behind the failure of government guidance and policy regulation and explore effective ways to encourage farmers to adjust their planting structure to achieve national grain planting structure optimization goals.



At present, studies on ensuring the realization of grain planting structure optimization goals mainly focused on goal-setting standards for planting structure optimization [8,9], the improvement of technical methods [10], driver factor analysis [11], management strategies [10], and implementation effect evaluation [12] from the macro perspective. However, this kind of macro-level theoretical discussion not only fails to clarify the collective action logic of planting structure optimization but also has difficulties providing specific implementation paths based on the characteristics of different subjects. In essence, the decision-making process of farmers to adjust their planting structure in compliance with optimization goals is a process of reallocating factors such as land, labor, and capital to maximize the overall household utility [13]. Some studies at the micro-level have explored the impact of factor endowments and their characteristics on farmers’ behavior in adjusting their planting structure [13,14,15,16]. Firstly, in terms of land factor, on the one hand, the land is a semi-natural and semi-artificial production system, and the crop characteristics grown on land and production conditions determine the possible directions for adjusting the farmers’ planting structure [17]. On the other hand, land is a production factor; its circulation, transfer, fragmentation, and location can also prompt farmers to adjust crop planting [18]. For example, small-scale farmers who rent agricultural land tend to reduce the area planted for food crops. Secondly, in terms of the labor factor, with the increase in rural labor migration and rising labor costs, farmers tend to increase land use intensity and expand the cultivation scale of cash crops, and the increase in non-agricultural income of labor in some areas has promoted a shift toward “non-grain” behavior [19]. Thirdly, at the level of capital factor, the comparative returns and production costs of different crops constrain farmers’ capital investment, including machinery and equipment, fertilizers, and pesticides. These factors also affect the effectiveness of planting structure adjustment [20]. To sum up, a variety of complex factors can affect farmers’ perceptions of resource allocation costs and values, their assessment of risks, and their expectations of future returns. Therefore, only by fully understanding the interactive and cumulative effects of various influencing factors on farmers’ decision-making can we effectively address the conflicts and dilemmas and guide farmers toward a scientific and orderly adjustment of their planting structure.



Furthermore, farmers’ decisions to adjust the planting structure are not only based on cost–benefit considerations but also influenced by interactions with other stakeholders. The conflict and coordination among multiple subjects in the process of optimizing the planting structure are the key core that deserve more attention. The conflict between farmers and the government is the most representative. On the one hand, farmers, as the main executive body for achieving planting structure optimization goals, often find themselves in a disadvantaged position within the market due to limited market sales channels, transaction costs, and low educational levels. Information asymmetry between farmers, the government, and the market further contributes to blind and delayed decision-making regarding planting behavior. Additionally, the instability of grain prices and subsidy rates, coupled with increasing agricultural risks and labor costs, undermine farmers’ motivation to respond to the government’s goals of optimizing the planting structure. On the other hand, the government, as the main body of governance and policy formulation, plays a crucial role in guiding farmers to optimize their planting structure. To increase farmers’ enthusiasm, the Chinese government provides farmers with subsidies. However, over-reliance on agricultural subsidy policies can put huge pressure on local finances and even cause profit compression in the downstream agricultural industry chain, which can restrict the effective use of market mechanisms and exacerbate conflicts between the government and farmers [7]. Therefore, to ensure the realization of grain planting structure optimization goals, it is crucial to consider the conflicts and cooperation between the government and farmers and establish an effective cooperation mechanism. Furthermore, considering the heterogeneity of farmers, farmers with different cognitive levels lack various degrees of technical guidance, sales channel expansion, and market dynamic information acquisition means. Therefore, beyond the cooperation mechanism, diversified mechanism implementation paths that meet the demands of different farmers should also be established [21,22].



The construction of the government–farmer cooperation mechanism is essentially a process that involves the government, farmers, and village collectives, where the achievement of the system equilibrium depends on the interest balancing mechanism among multiple subjects. In this regard, game models are commonly used in research on multi-agent cooperation mechanisms [23]. For instance, the evolutionary game analysis of farmers, government, and e-commerce platforms in the context of farmers’ participation in green production sheds light on the action logic of multiple agents in the transformation of agricultural green production [24]. Dynamic game analysis has also been applied to examine farmers’ participation in agricultural non-point source pollution control mechanisms [25]. The above studies provide valuable insights into the construction of cooperation mechanisms, but they either focus on the field of grain planting or only emphasize the impact of single-period government subsidies on farmers’ planting behavior. The long-term, dynamic, and complex characteristics of grain planting structure optimization require the government to carry out continuous grain planting structure adjustments for long-term food security. As a result, continuous time variables are important factors affecting the decision-making of the government and farmers. Differential game models cannot only involve the impact of time dynamics on decision-making but can also better introduce development environment factors into the model, which is suitable for studying the government–farmer cooperation mechanism to ensure the realization of grain planting structure optimization goals.



In addition, in the process of optimizing the planting structure, the implementation paths of the government–farmer cooperation mechanism are also multi-factor and multi-configuration. However, current scholars mostly employed econometric methods and panel data to explore the impact of certain factors at the macro or intermediate level on the changes of farmers’ planting behavior [26,27]. They fail to capture the joint effects and interactions of different factors across multiple subjects. To address this limitation, csQCA (Comparative Configurational Analysis) offers a systematic approach to examining the causes of events, the interactive relationships, and possible relationship combinations between internally generated factors. It can deepen the understanding of the complex causal relationships resulting from the optimization goals of planting structure and is useful for proposing targeted governance paths. The application of the csQCA model opens up new possibilities for this study.



To achieve these objectives, we attempt to use the differential game models to analyze the government–farmer cooperation mechanism to ensure the realization of grain planting structure optimization goals. Under three game scenarios—the Nash non-cooperative game, the Stackelberg game, and the collaborative cooperation game—we investigate the optimal strategies and incomes of the government and farmers, as well as the overall income of the system. Further, we explore the key factors and mechanisms that affect farmers’ planting structure adjustment, pay attention to the government’s cost subsidies to farmers, and find a government–farmer cooperation plan that achieves overall Pareto optimality. Additionally, taking the main grain-producing areas in Northeast China as an example, with farmers serving as the basic executive subjects of agricultural planting, the csQCA model is used to explore the complex impact mechanism of the joint action and interaction of various influencing factors on the government–farmer cooperation mechanism. Through this analysis, we will propose specific implementation paths for different types of farmers.



The rest of this paper is organized as follows. Section 2 explains the connotation of the government–farmer cooperation mechanism to ensure the realization of grain planting structure optimization goals. The establishment process of the cooperation mechanism is in Section 3. Section 4 analyzes the specific path for the implementation of the cooperation mechanism. Section 5 discusses and analyzes the above model results and finally draws conclusions in Section 6.




2. The Theoretical Framework of Government–Farmer Cooperation Mechanism


In the process of optimizing the planting structure, the stakeholders mainly involve the local government, farmers, and village collectives. Among them, the village collective is both an agent of the government and a representative of farmers’ interests and takes the responsibility to distribute interests and safeguard farmers’ rights and interests [28]. Therefore, the realization of grain planting structure optimization goals is essentially the result of the interaction between farmers and the government, and the strengthening of the cooperation mechanism between them is a key concern.



2.1. The Connotation of Government–Farmer Cooperation Mechanism


The government–farmer cooperation mechanism to ensure the realization of grain planting structure optimization goals means that the government establishes a cooperative relationship with farmers by providing subsidies for adjusting planting structure, providing agricultural production services, and building demonstration projects, thereby motivating and constraining farmers’ planting behavior, and further adjusting cooperation based on farmers’ feedback and planting structure optimization progress to ensure that the optimization goals are completed scientifically and in an orderly manner and produce certain social, economic and ecological benefits. Meanwhile, the risk cost and benefit distribution are the basis for decision-making, and finding the value of adjusting the planting structure is the key to promoting cooperation between the government and farmers.



We divide the government–farmer cooperation mechanism into two parts: the inner core system with government–farmer interaction and the outer system composed of various influencing factors, including the market environment, cooperation environment, and institutional environment. The internal system and external system coordinate and respond to each other to jointly drive progress and form a cooperation mechanism (See Figure 1).




2.2. The Inner Core System of Government–Farmer Cooperation Mechanism


To realize the grain planting structure optimization goals, the government needs to refine the specific planting plans according to regional agricultural production practices and give farmers clear planting guidance. Further, to encourage farmers to actively cooperate, the government generally adopts a series of incentive policies with agricultural subsidies as the core tool by designing reasonable subsidy standards, models, and details. Meanwhile, to ensure smooth cooperation with farmers, strong regulatory policies and reasonable benefit distribution mechanisms are also key tasks of the government. In this process, ensuring the realization of grain planting structure optimization goals is the political responsibility and value demand of local governments, and further, the social stability and ecological benefits brought about by the rational utilization and protection of cultivated land are the growth points of the government’s enthusiasm. However, when faced with the dual pressures of economic development and promotion assessment, the government maybe change the agricultural production order at will and blindly induces farmers to adjust crops without considering the reasonable long-term utilization of cultivated land, which is not in line with the original intention of optimizing the planting structure [29,30]. In addition, over-reliance on agricultural subsidies puts the government under tremendous pressure from higher-level government supervision and management.



Grain planting can be considered as the farmers’ profit-driven market behavior. Any changes in planting patterns and crop types inevitably affect the allocation of labor, land, and capital to rural households. Although farmers with general rationality could allocate various factors based on maximizing utility, their willingness, ability, and cognition need to be improved through a cooperative mechanism and effective professional management guidance due to farmers’ poor bargaining ability and information asymmetry. In addition, farmers’ endowments are heterogeneous. Different farmers have different channels for obtaining information, market game capabilities, and means of resisting agricultural risks, which require different methods and content of guidance. It is necessary to scientifically and orderly arrange their participation in the planting structure optimization based on their characteristics and attributes and explore different implementation paths of cooperation mechanisms.




2.3. The Outer System of Government–Farmer Cooperation Mechanism


The realization of grain planting structure optimization goals requires the subjects to face an external decision-making environment with continuity and uncertainty. The external environment includes the market environment, institutional environment, and cooperation environment. The institutional environment interacts with the market environment and cooperation environment, resulting in the exchange of information flow, material flow, and value flow, which affects the adaptability of each subject and the development direction of the cultivated land utilization management system.



First, the market environment mainly includes the grain price market, factor market, financial market, and so on. Changes in the grain price market and factor market are the main external manifestations that induce the urgency of optimizing the planting structure. And the agricultural factor market is a transaction network system in which land, labor, capital, and other factors are interconnected. Second, the institutional environment includes formal institutions such as land systems and administrative management, as well as informal institutions such as cultural values. Third, the cooperative behavior of farmers and the government can be directly or indirectly affected by village collectives and other production service entities. Government financial expenditures and policy preferences can promote increases in human resources, institutional costs, time costs, and information costs in government. Therefore, the cooperation environment includes a management environment with multi-party participation and a trust foundation formed by agricultural technology training and demonstration projects.





3. The Government–Farmer Cooperation Mechanism to Ensure the Realization of Grain Planting Structure Optimization Goals


Referring to existing research [31,32,33,34,35], this paper intends to use the differential game to simulate the government–farmer cooperation mechanism in the process of optimizing and adjusting the planting structure. Consider a cooperation chain consisting of a government and a farmer. The government guides farmers to adjust the planting structure by providing subsidies and reducing farmers’ production costs to realize planting structure optimization goals, while farmers maximize their own benefits by deciding their degree of participation in the project. The three scenarios of the Nash non-cooperative game, the Stackelberg game, and the collaborative cooperation game are constructed respectively to analyze the optimal strategies, optimal benefits, and overall benefits of the system and further to reveal the key influencing factors so as to build a government–farmer cooperation mechanism.



3.1. Models


3.1.1. Assumptions


	(1)

	
Assume that    S g  ( t )   is the degree of government’s (represented by  g ) efforts or behavioral motivation to guide and regulate farmers’ planting and promote information sharing with farmers, which, in reality, includes the promotion of socialized agricultural services, subsidies to producers, the organization of farmland flow, the expansion of information and communication channels for farmers, the dissemination of information and instructions on agricultural policy, innovation orientation in the food subdivision, cultivation and management models, optimizing the detailed planning, and optimizing the detailed design of agricultural subsidy policies to regulate farmers’ behavior.    S p  ( t )   measures the farmers’ (represented by  p ) enthusiasm for accepting government guidance and regulation and expressing their feedback on planting behavior. Then, the cost paid C by government  g  and farmer  p  can be expressed as follows:


   C g ( t ) =  1 2   μ g   S g    ( t )  2      C p ( t ) =  1 2   μ p   S p    ( t )  2    



(1)




where    u g    and    μ p    represent government’s and farmers’ cost coefficients of promoting self-participation in cooperation respectively, they are both convex functions of    S g  ( t )   and    S p  ( t )   respectively. Therefore, the more efforts the government and farmers make to promote cooperation, the greater the cost.




	(2)

	
Assume that   D ( t )   is the realization degree of planting structure optimization goals. Consultation and cooperation between the government and farmers are more conducive to the goal of optimizing the planting structure. Therefore, we use stochastic differential equations to express the change over time of the realization degree of planting structure optimization goals under government–farmer cooperation:


  D ( t ) =   dD ( t )   d t   = α  S g  ( t ) + β  S p  ( t ) − δ D ( t )  



(2)




where   D ( 0 ) =  D 0  > 0   is the initial state for achieving the required level of planting structure optimization.  α  and  β  represent the impact of the efforts of the government and farmers on achieving the goal of optimizing the planting structure, respectively. Δ means that as the cooperation mechanism progresses, the growth rate of the total effect generated by the optimization of planting structure will weaken after reaching a certain level, that is, the diminishing marginal effects.




	(3)

	
The total benefit achieved by the system can be described as the total benefit of realizing grain planting structure optimization goals, which includes economic benefits and social and environmental impacts.


  π ( t ) = ε  S g  ( t ) + γ  S p  ( t ) + η D ( t )  



(3)




where  ε  and  γ  are the influence degrees of the efforts of each party on the overall benefit of the system, which can be known as the marginal effect coefficient. H is the improvement coefficient of the overall benefit of the system from the realization of the planting structure optimization goals.




	(4)

	
Assume that the benefits generated by farmers and government after participating in the cooperative system are only distributed between the two parties, which are  λ  and   1 − λ  . The former refers to the policy support farmers can receive due to adjusting the grain planting structure, as well as the increased income, improved ecological benefits of cultivated land, and the realization of the social security value. The latter refers to the long-term benefits brought about by promoting the rational utilization and protection of cultivated land.




	(5)

	
Assume that for farmers who actively participate in planting structure optimization, the government will take the initiative to bear part of the cost   ω ( t )  . Based on this, the objectives function of the government and the farmers Fg and Fp are as follows.


   F g  =    ∫ 0 ∞    e  − ρ t        ( 1 − λ ) ( ε  S g  ( t ) + γ  S p  ( t ) + η D ( t ) ) −  1 2   μ g   S g    ( t )  2  − ω ( t )  1 2   μ p   S p    ( t )  2    d t  



(4)






   F p  =    ∫ 0 ∞    e  − ρ t        λ ( ε  S g  ( t ) + γ  S p  ( t ) + η D ( t ) ) −  1 2  ( 1 − ω ( t ) )  μ p   S p    ( t )  2    d t  



(5)




where    F g    and    F p    respectively represent the objective functions for optimizing the planting structure implemented by the government and farmers, and  ρ  of both parties is the same discount rate and set as a positive number,   ω ( t )   is a “subsidy factor” with a value of 0–1.







The    S g  ( t )  ,    S p  ( t )  , and   ω ( t )   by the government for farmers included in the above equation are the control variables,   D ( t )   is the state variable. Considering the difficulty of solving dynamic parameters, it is assumed that the above parameters are constants greater than 0 and are not related to time t [36]. Meanwhile, from the perspective of the game process between the government and farmers, the control variables and state variables can be considered independent of time.




3.1.2. Scenario Design


	(1)

	
Nash non-cooperative game







We assume no additional subsidies from the government, and each party decides its own participation strategy independently. In this section, the principle of dynamic programming is used to analyze the operation process of this non-cooperative mechanism, and the Nash equilibrium strategy is solved. The objective function of each party is as follows.


   F g  =    ∫ 0 ∞    e  − ρ t        ( 1 − λ ) ( ε  S g  + γ  S p  + η D ) −  1 2   μ g    S g  2    d t  



(6)






   F p  =    ∫ 0 ∞    e  − ρ t        λ ( ε  S g  + γ  S p  + η D ) −  1 2   μ p    S p  2    d t  



(7)







Assume that    U g  ( D )   and    U p  ( D )   are optimal benefit functions for the government and farmers (continuous bounded differentiable). They satisfy the Hamilton-Jacobi-Bellman equation for all   D ≥ 0  .


   ρ  U g  ( D ) =   max    S g  ≥ 0     ( 1 − λ ) ( ε  S g  + γ  S p  + η D )   −  1 2   μ g    S g  2  +  U g  ′ ( D ) ( ∂  S g  + β  S p  − δ D  )     ρ  U p  ( D ) =   max    S p  ≥ 0     λ ( ε  S g  + γ  S p  + η D )   −  1 2   μ p    S p  2  +  U p  ′ ( D ) ( ∂  S g  + β  S p  − δ D  )    



(8)







Solve the first-order partial derivatives of    S g    and    S p    for the right-hand parts of Equation (8), and we can obtain the following:


    S g  =   ( 1 − λ ) ε + ∂  U g  ′ ( D )    μ g      ,    S p  =   λ γ + β  U p  ′ ( D )    μ p      



(9)







By substituting Equation (9) into Equation (8), we can obtain the following:


   ρ  U g  ( D ) =   ( 1 − λ ) η − δ  U g  ′ ( D )   D +       ( 1 − λ ) + ∂  U g  ′ ( D )    2    2  μ g    +     ( 1 − λ ) γ + β  U g  ′ ( D )     λ γ + β  U p  ′ ( D )      μ p       ρ  U p  ( D ) =   λ η − δ U  ′ p  ( D )   D +     ( 1 − λ ) ε + ∂ U  ′ p  ( D )     λ ε + U  ′ p  ( D )      μ g    +       λ γ + β U  ′ p  ( D )    2    2  μ p      



(10)







Equation (10) indicates that the solution of the HJB equation should be a one-variable linear function containing D.



Assuming that    U g  ( D ) =  a 1  k +  a 2    and    U p  ( D ) =  b 1  k +  b 2   , we find that    U g  ′ ( D ) =  a 1    and    U p  ′ ( D ) =  b 1   . By substituting the relevant variables and D = 0 into the HJB equation, the following equation can be solved.


     a 1  =   ( 1 − λ ) η   ρ + η     ,    a 2  =     ( 1 − λ )  2      ε ( ρ + η ) + ∂ η    2    2 ρ  μ g    ( ρ + δ )  2    +   λ ( 1 − λ )     γ ( ρ + δ ) + β η    2    ρ  μ p    ( ρ + δ )  2          b 1  =   λ η   ρ + δ     ,    b 2  =   λ ( 1 − λ )     ε ( ρ + δ ) + ∂ η    2    ρ  μ g    ( ρ + δ )  2    +    λ 2      γ ( ρ + δ ) + β η    2    2 ρ  μ p    ( ρ + δ )  2       



(11)







Further, we obtain     S g  ∗    and     S p  ∗    as follows:


     S g  ∗  =   ( 1 − λ )   ε ( ρ + δ ) + ∂ η     μ g ( ρ + δ )     ,   S p  ∗  =   λ   γ ( ρ + δ ) + β η      μ p  ( ρ + δ )     



(12)







And     U g  ∗  ( D )   and     U p  ∗  ( D )   are as follows:


     U g  ∗  ( D ) =   ( 1 − λ ) η   ρ + δ   D +     ( 1 − λ )  2      ε ( ρ + δ ) + ∂ η    2    2 ρ  μ g    ( ρ + δ )  2    +   λ ( 1 − λ )     γ ( ρ + δ ) + β η    2    ρ  μ p    ( ρ + δ )  2         U g  ∗  ( D ) =   λ η   ρ + δ   D +   λ ( 1 − λ )     ε ( ρ + δ ) + ∂ η    2    ρ  μ g    ( ρ + δ )  2    +    λ 2      γ ( ρ + δ ) + β η    2    2 ρ  μ p    ( ρ + δ )  2      



(13)







Accordingly, we can obtain the optimal benefit function of the system generated by the implementation of the government and farmers’ participation in the management mechanism.


   U ∗  ( D ) =   U g  ∗  ( D ) +   U p  ∗  ( D ) =  η  ρ + δ   D +     ( 1 − λ )  2      ε ( ρ + δ ) + ∂ η    2    2 ρ  μ g    ( ρ + δ )  2    +   λ ( 2 − λ )     γ ( ρ + δ ) + β η    2    2 ρ  μ p    ( ρ + δ )  2     



(14)







	(2)

	
Stackelberg game







To encourage farmers to participate in this process, the government always first bears part of the economic and institutional costs of establishing a management mechanism, thus forming a Stackelberg game with the government as the leader and farmers as followers. Specifically, the government first determines the subsidies for farmers and improves farmers’ policy awareness, value awareness, and risk prevention capabilities through policy publicity, promotion demonstrations, and social services. Then, farmers decide whether to follow the government’s call to adjust their planting structure to maximize their own benefits.



Assume that both government and farmers have optimal benefit functions    U g  ( D )   and    U p  ( D )  , which are continuous, bounded, and differentiable and satisfy the HJB equation for all   K ≥ 0  . The HJB equation is obtained by stepwise regression:


  ρ  U p  ( D ) =   max    S p  ≥ 0     λ ( ε  S g  + γ  S p  + η D )   −  1 2   μ p  ( 1 − ω )   S p  2  −  U p  ′ ( D ) ( ∂  S g  + β  S p  − δ D  )   



(15)







As above, the condition for maximizing the HJB equation is solved. That is, the following holds:    S p  =   λ γ + β  U p  ′ ( D )   ( 1 − ω )  μ p     .



In this scenario, the government reflects rationally on its optimal strategy and pro poses a subsidy factor to maximize its own benefits. Therefore, we obtain the HJB equation for optimal control.


  ρ  U g  ( D ) =   max    S g  ≥ 0     ( 1 − λ ) ( ε  S g  + γ  S p  + η D )   −  1 2   μ g    S g  2  −   ω  μ p   2   U p    ( D )  2  +  U g  ′ ( D ) ( ∂  S g  + β  S p  − δ D  )   



(16)







Sp is substituted into the government’s HJB equation. Sg and ω at the right end of the equation are each evaluated for one-step derivation, with both derivations zero.


    S g  =   ( 1 − λ ) ε + ∂  U g  ′ ( D )    μ g      ,   ω =   γ ( 2 − 3 λ ) + β ( 2  U g  ′ ( D ) −  U p  ′ ( D ) )   γ ( 2 − λ ) + β ( 2  U g  ′ ( D ) +  U p  ′ ( D ) )     



(17)







Then, Sp and Equation (17) are substituted into the government–farmer HJB equation, which yields the following equation.


      ρ  U g  ( D ) =   ( 1 − λ ) η − δ  U g  ′ ( D )   D +       ( 1 − λ ) ε + ∂  U g  ′ ( D )    2    2  μ g    +       ( 2 − λ ) γ + β ( 2 U ′ g ( D ) +  U p  ′ ( D ) )    2    8  μ p         ρ  U p  ( D ) =   λ η − δ  U p  ′ ( D )   D +     ( 1 − λ ) ε + ∂  U g  ′ ( D )     λ ε + ∂  U p  ′ ( D )      μ g    +                      λ γ + β U  ′ p  ( D )     ( 2 − λ ) γ + β ( 2  U g  ′ ( D ) +  U p  ′ ( D )     4  μ p        



(18)







As above, we still assume that    U g  ( D ) =  a 1  k +  a 2    and    U p  ( D ) =  b 1  k +  b 2   . So    U g  ′ ( D ) =  a 1    and    U p  ′ ( D ) =  b 1   . The relevant variables, as well as D = 0, are substituted into the HJB equation again. The following could be found:


    a 1  =   ( 1 − λ ) η   ρ + δ     ,    a 2  =     ( 1 − λ )  2      ε ( ρ + δ ) + ∂ η    2    2 ρ μ g   ( ρ + δ )  2    +     ( 2 − λ )  2      γ ( ρ + δ ) + β η    2    8 ρ  μ p    ( ρ + δ )  2        b 1  =   λ η   ρ + δ     ,    b 2  =   λ ( 1 − λ )     ε ( ρ + δ ) + α η    2    ρ  μ g    ( ρ + δ )  2    +   λ ( 2 − λ )     γ ( ρ + δ ) + β η    2    4 ρ  μ p    ( ρ + δ )  2      



(19)







Furthermore, the relevant variables are substituted into    S g   ,    S p   , and  ω . The optimal effort strategy and optimal subsidy factor for the government and farmers are as follows.


       S g   ∗ ∗   =   ( 1 − λ )   ε ( ρ + δ ) + ∂ η      μ g  ( ρ + δ )     ,     S p   ∗ ∗   =   ( 2 − λ )   γ ( ρ + δ ) + β η     2  μ p  ( ρ + δ )          ω  ∗ ∗   =       2 − 3 λ   2 − λ   ,           0 ≺ λ ≺  2 3      0 ,               2 3  ≤ λ ≺ 1         



(20)







Since   0 ≺ ω ≤ 1   and   0 ≺ λ ≺ 1  , we find that   0 ≺ λ ≺  2 3   . This results in the optimal benefit for both parties, which are as follows:


     U g   ∗ ∗   ( D ) =   ( 1 − λ ) η   ρ + δ   D +     ( 1 − λ )  2      ε ( ρ + δ ) + ∂ η    2    2 ρ  μ g    ( ρ + δ )  2    +     ( 2 − λ )  2      γ ( ρ + δ ) + β η    2    8 ρ  μ p    ( ρ + δ )  2         U p   ∗ ∗   ( D ) =   λ η   ρ + δ   D +   λ ( 1 − λ )     ε ( ρ + δ ) + ∂ η    2    ρ  μ g    ( ρ + δ )  2    +   ( 2 − λ ) λ     γ ( ρ + δ ) + β η    2    4 ρ  μ p    ( ρ + δ )  2      



(21)







Furthermore, optimal benefits can be obtained by optimizing the planting structure by employing the management mechanism:


   U  ∗ ∗   ( D ) =  η  ρ + δ   D +     ( 1 − λ )  2      ε ( ρ + δ ) + ∂ η    2    2 ρ  μ g    ( ρ + δ )  2    +   ( 4 −  λ 2  )     γ ( ρ + δ ) + β η    2    8 ρ  μ p    ( ρ + δ )  2     



(22)







	(3)

	
Collaborative cooperation game







In this scenario, the farmers and government work together in a cooperative alliance. The government improves grassroots governance and promotes agricultural supply-side reform through a series of management systems. Farmers can improve their farmland management and management levels by optimizing the planting structure, optimizing the allocation of household factors, and improving their competitiveness. At this point, the government needs to bear part of the cost of planting restructuring for the farmers. As an intra-system problem, the “subsidy factor”  ω  can be taken as a random number from 0 to 1, and the objective function is as follows.


  F =  F g  +  F p  =    ∫ 0 ∞    e  − ρ t     ( ε  S g  + γ  S p  + D η ) −    μ g   2    S g  2  −    μ p   2    S p  2       d t  



(23)







In order to obtain the collaborative equilibrium state under this scenario, the optimal benefit function   U ( D )   of the government and farmers jointly participating in the management mechanism to implement the planting structure optimization is assumed and continuously bounded differentiable for   K ≥ 0   satisfying the HJB equation.


  ρ U ( D ) =   max    S g  ≥ 0 ;  S p  ≥ 0     ( ε  S g  + γ  S p  +   D η ) −    μ g   2    S g  2  −    μ p   2    S p  2  + U ′ ( D ) ( α  S g  + β  S p  − δ D  )   



(24)







We find the one-step derivation of the right-hand side Ug and Sp of Equation (24), make the result equal to 0, and obtain the following.


   U g  =   ε + ∂ U ′ ( D )    μ g     



(25)







Equation (25) is substituted into Equation (24), and we find that its solution is already a quadratic equation. We suppose that   U ( D ) =  m 1  D +  m 2    and   U ′ ( D ) =  m 1   , and substitute them into the HJB equation, resulting in Equation (24).


  ρ (  m 1  D +  m 2  ) = ( η −  m 1  δ ) D +     ( ε + ∂  m 1  )  2    2  μ g    +       γ + β  m 2     2    2  μ p     



(26)







  K = 0   is substituted into Equation (24) to obtain the following.


    m 1  =  η  ρ + δ     ,    m 2  =       ε ( ρ + δ ) + α η    2    2 ρ  μ g    ( ρ + δ )  2    +       γ ( ρ + δ ) + β η    2    2 ρ  μ p    ( ρ + δ )  2      



(27)







U′(D) is substituted to solve for the degree of motivation of government and farm household behavior.


     S g   ∗ ∗ ∗   =   ε ( ρ + δ ) + ∂ η    μ g  ( ρ + δ )     ,     S p   ∗ ∗ ∗   =   γ ( ρ + δ ) + β η    μ p  ( ρ + δ )     



(28)







Meanwhile, the optimal system benefits can be obtained as follows.


   U  ∗ ∗ ∗   ( D ) =  η  ρ + δ   D +       ε ( ρ + δ ) + ∂ η    2    2 ρ  μ g    ( ρ + δ )  2    +       γ ( ρ + δ ) + β η    2    2 ρ  μ p    ( ρ + δ )  2     



(29)







Distributing the optimal benefits of the system according to the allocation ratio of   1 − λ   and  λ  yields the following:     U g   ∗ ∗ ∗   ( D ) = ( 1 − λ )  U  ∗ ∗ ∗   ( D )  ;     U p   ∗ ∗ ∗   ( D ) = λ  U  ∗ ∗ ∗   ( D )  .





3.2. Comparison of Equilibrium Results under Different Scenarios


By comparing the optimal strategies of the government and farmers in three game scenarios, we can obtain the following proposition.



Their respective optimal benefits and the optimal benefits of the system as a whole are as follows:


     S g   ∗ ∗   −   S g   ∗ ∗   = 0   ,   S g   ∗ ∗ ∗   −   S g   ∗ ∗   =   λ   ε ( ρ + δ ) + ∂ η      μ g  ( ρ + δ )   ≻ 0  ;     S p   ∗ ∗   −   S p  ∗  =   ( 2 − λ )   γ ( ρ + δ ) + β η     2  μ p  ( ρ + δ )   ⋅   2 − 3 λ   2 − λ   =   S p   ∗ ∗   ⋅  ω  ∗ ∗   ≻ 0      S p   ∗ ∗ ∗   −   S p   ∗ ∗   =   λ   γ ( ρ + δ ) + β η      μ p  ( ρ + δ )   ≻ 0   



(30)







Proposition 1.

When the income distribution coefficient between the government and farmers is 0~2/3, the effort level of farmers to participate in planting structure optimization in the Steinberg game scenario is higher than that in the Nash non-cooperative game scenario, and the improvement intensity is equal to the government’s cost-sharing ratio for farmers, which indicates that as an incentive tool, subsidies can greatly improve farmers’ enthusiasm without dampening the government’s efforts. In the case of the collaborative cooperation game, the level of effort of the government and farmers reaches the maximum.





Proposition 2.

When the income distribution coefficient between the government and farmers is 0~2/3, the optimal returns of both parties are higher than those in the Nash non-cooperative game scenario, which shows that the government–farmer cooperation mechanism under the Stackelberg game is higher than that in the Nash non-cooperative game scenario.


      U g   ∗ ∗   ( D ) −   U g  ∗  ( D ) =     ( 3 λ − 2 )  2      γ ( ρ + δ ) + β η    2    8 ρ  μ p    ( ρ + δ )  2    ≻ 0 ,      U p   ∗ ∗   ( D ) −   U p  ∗  ( D ) =   λ ( 2 − 3 λ )     γ ( ρ + δ ) + β η    2    4 ρ  μ p    ( ρ + δ )  2    ≻ 0    



(31)









Proposition 3.

In the Stackelberg game scenario, the respective benefits of the government and farmers are increased, while in terms of optimal system benefits, the Cooperative game has the best system benefits, followed by the Stackelberg game, and finally, the Nash game. In other words, if the government and farmers’ benefit allocation scheme is reasonable and feasible, satisfying the feasibility and reasonable demands of both parties, the optimal benefits of each party in the Cooperative game scenario are higher than those of other games, and the Pareto optimum can be achieved.


     U  ∗ ∗   ( D ) −  U ∗  ( D ) =   ( 3 λ − 2 ) ( λ − 2 )     γ ( ρ + δ ) + β η    2    8 ρ  μ p    ( ρ + δ )  2    ≻ 0 ,     U  ∗ ∗ ∗   ( D ) −  U  ∗ ∗   ( D ) =    λ 2      ε ( ρ + δ ) + ∂ η    2    2 ρ  μ g    ( ρ + δ )  2    +    λ 2      γ ( ρ + δ ) + β η    2    8 ρ  μ p    ( ρ + δ )  2    ≻ 0    



(32)









Proposition 4.

In order to coordinate the behavior of the government and farmers in the cooperation mechanism for optimizing the planting structure and to achieve optimal benefits and the optimal system income distribution coefficient, we ordered    θ 1  =     ε ( ρ + δ ) + ∂ η    2    and    θ 2  =     γ ( ρ + δ ) + β η    2   . And according to the size relationship of optimal strategies of the local government and farmers in different scenarios, we saw something as follows:


        ( 1 − λ )  θ 1    2 ρ  μ g    ( ρ + δ )  2    +   ( 1 − λ )  θ 2    2 ρ  μ p    ( ρ + δ )  2    −       ( 1 − λ )  2   θ 1    2 ρ  μ g    ( ρ + δ )  2    +     ( 2 − λ )  2   θ 2    8 ρ  μ p    ( ρ + δ )  2      ≥ 0       λ  θ 1    2 ρ  μ g    ( ρ + δ )  2    +   λ  θ 2    2 ρ  μ p    ( ρ + δ )  2    −     λ ( 1 − λ )  θ 1    ρ  μ g    ( ρ + δ )  2    +   λ ( 2 − λ )  θ 2    4 ρ  μ p    ( ρ + δ )  2      ≥ 0      



(33)









If the respective benefits of subjects were optimal, the overall benefit of the system also was optimal. It was known from Formula (28) that     2  θ 1   μ p    4  θ 1   μ p  +  θ 2   μ g    ≤ λ ≤   4  θ 1   μ p    4  θ 1   μ p  +  θ 2   μ g     , when   0 ≺ λ ≺  2 3    was combined,     2  θ 1   μ p    4  θ 1   μ p  +  θ 2   μ g    ≺  1 2   .



Then, there were the following two situations for the benefit distribution:




	(1)

	
If     4  θ 1   μ p    4  θ 1   μ p  +  θ 2   μ g    ≥  2 3   ,     2  θ 1   μ p    4  θ 1   μ p  +  θ 2   μ g    ≤ λ ≺  2 3   .




	(2)

	
If     4  θ 1   μ p    4  θ 1   μ p  +  θ 2   μ g    ≺  2 3   ,    2  θ 1   μ p    4  θ 1   μ p  +  θ 2   μ g    ≤ λ ≤   4  θ 1   μ p    4  θ 1   μ p  +  θ 2   μ g     .











4. The Implementation Path of Government–Farmer Cooperation Mechanism to Ensure the Realization of Grain Planting Structure Optimization Goals


Farmers are the core executors of planting structure optimization goals; their decision-making behaviors are affected by internal value and risk perceptions and the external environment. Therefore, beyond the cooperation mechanism, it is necessary to explore its specific implemented paths. The csQCA method, with the principle of analyzing the causal complexity of multi-factor concurrency by calibrating the attribution standards of different condition variables and outcome variables, is a powerful tool for exploring implemented paths [37]. Generally speaking, the main steps of csQCA are case selection, variable measurement, variable calibration, necessary condition analysis, and influencing factor configuration analysis.



4.1. Models


The results of the differential game revealed the key influencing factors of the government–farmer cooperation mechanism. First of all, willingness to cooperate is the crucial prerequisite, but the efforts that rural households can exert are mainly limited by their abilities and cognition to allocate agricultural production factors. Meanwhile, the costs and expected benefits are the main factors affecting decision-making. The government shares planting costs for farmers in the form of subsidies, which can effectively coordinate the interest-related issues with farmers and is an effective policy tool. In addition, internal and external decision-making environments such as rural household endowments and institutional settings can also play a vital role in achieving government–farmer cooperation. To this end, we propose an influencing factor configuration analysis model of the cooperation mechanism realization path from four aspects: subject willingness, factor allocation, policy tool, and decision-making environment (See Figure 2).



In terms of subject willingness in the practices of agricultural production, the policy tools or management strategies that can be applied in underdeveloped areas to encourage farmers to adjust their planting structure are relatively limited. Generally, most measures are taken to increase producer subsidies for a certain crop and reduce subsidies for competing crops. To expand this impact further, policies are often tilted toward large-scale operations. Therefore, non-spontaneous land transfer reflects the willingness of farmers to participate in the planting structure optimization to a certain extent, and it is generally believed that farmers’ planting structure adjustment needs to last 2–3 years [38]. To this end, we choose to participate in land transfer for two consecutive years or to sign a formal contract as the indicator of the subject’s willingness, which cannot only reflect the farmer’s contract spirit [39] but also reflect the stability of the farmer’s willingness to operate with the government. In addition, participation in agricultural technology training related to planting structure adjustment reflects farmers’ positive attitudes, which can also be analyzed as indicators of the subject’s willingness.



In terms of factor allocation, achieving grain planting structure optimization goals requires farmers to adjust factor allocation structure, and its quality and level can reflect the realization level of optimization goals to a certain extent. For the labor-intensive planting industry in underdeveloped areas, labor and land are the most important production factors for farmers’ livelihood decision-making. Therefore, two observation variables are set in this paper: household labor allocation change and land management scale.



In terms of policy tools, subsidies, as a behavioral regulation mechanism, can effectively regulate farmers’ behavior. As the differential game results, even in the case of non-cooperative games, as long as the government provides certain subsidies, it can also play a role in guiding farmers to optimize the planting structure. In addition, it is also effective in supporting farmers’ participation in rural cooperatives and building demonstration projects. For example, Northeastern China has achieved good results by guiding farmers to join agricultural cooperatives or sublease land to agricultural cooperatives. Therefore, Producer subsidy policy and model policy can serve as effective expressions of policy tools.



In terms of the decision-making environment, the results of the differential game show that the costs and benefits farmers pay for optimizing their planting structure reflect their ability to resist risks and their expectations to maximize household benefits after participating in the cooperation mechanism. The non-agricultural income level of farmers can reflect their part-time work, family opportunity cost consumption, and their level of risk cost sharing, which can be regarded as the internal environment for decision-making on the optimization of planting structure. What is more, market sales prospects, especially changes in the sales methods of agricultural products, reflect the possibility of relying on Internet tools, rural financing, and so on to optimize agricultural product sales channels and improve bargaining power to increase sales revenue, which is the external decision-making condition. Therefore, we choose changes in non-agricultural income and marketing pattern changes to represent the decision-making environment.




4.2. Study Area and Data Source


4.2.1. Study Area


Keshan County in Heilongjiang Province, China, is located on the southern edge of the Lesser Khingan Mountains and the northern part of Songnen Plain (Figure 3). It has a temperate continental monsoon climate with an average annual temperature of 2.4 °C, and most of the rain falls between June and August. The deep and nutrient-rich black soil is suitable for the growth of various crops, making it dominated by traditional agriculture, with the main crops including corn, soybeans, potatoes, and rice. Hence, Keshan County becomes a key national commercial grain base. In order to further improve the agricultural and rural industrial structure and increase farmers’ income, combined with the research results on the layout optimization of cultivated land utilization in Keshan County, Heilongjiang Province, in 2018 [40], towns and villages were used as the specific implementation units for the cultivated land utilization layout adjustment, and stable rice production areas, corn and soybean rotation areas, corn advantageous areas and soybean advantageous areas were respectively established.




4.2.2. Data Source and Processing


The data required for this paper are the variables selected in the above model, and the sample selection needs to follow the case selection principle of the QCA method to ensure sufficient homogeneity of the case population and the heterogeneity and depth of the cases. China Rural Fixed Observation Point Data is a year-by-year tracking survey database at the level of rural households led by the Ministry of Agriculture and Rural Development, which is nationally representative and authoritative. This data set includes individual and household endowments, agricultural production, and the land use of farmers. Further, in order to connect the research team’s achievement on the optimization of planting structures in Keshan County, Baiquan County, and Yi’an County, Bao’an Village was selected as the research area of this paper since it is the only fixed observation point in the region. Meanwhile, Because of the path-dependent and lagging characteristics of farmers’ behavior, 50 survey samples were selected from the target area of maize reduction-soybean expansion in Keshan County as cases from 2018–2020, forming a case bank. The connotation, measurement, and descriptive statistical analysis of these indicators are shown in Table 1.



According to the survey results of China Rural Fixed Observation Point Data of 50 households screened out, and related variables were refined into 1 and 0 dichotomous variables of Boolean values. And then, the attributive degree of the result variables and condition variables was calibrated (Table 2).





4.3. Empirical Results


The consistency can reflect the extent to which the antecedent conditions are necessary conditions for the outcome, while the coverage rate can reflect how many cases can explain the necessity of the antecedent conditions [41]. When the consistency is 1, the antecedent condition is an absolutely necessary condition for the outcome. However, the data in social science often deviate from the perfect subset relationship, so we set the baseline of consistency to 0.9.



Table 3 shows the consistency and coverage of the antecedent condition necessary for three different paths. Since the consistency of the producer subsidy policy (PSP) exceeds 0.9, it becomes necessary to achieve the grain planting structure optimization goals. The coverage rates of other conditional variables are lower than 0.75, which indicates that the sufficiency of the outcome variables is still dependent on the condition variables configuration analysis.



After using fsQCA 3.0 software to perform standard analysis on the calibrated variables, three types of solutions for different paths can be obtained: complex solutions, concise solutions, and optimized solutions. We set the consistency threshold to 0.8 and conducted core–auxiliary condition analysis on the antecedent condition configurations of the three types of solutions [42]. “ ● ”, “ ● ”, “⨂” and space represent core conditions, auxiliary conditions, no condition variables and variables dispensable respectively. The condition variables in the parsimonious solution are set as core conditions, and the conditions that appear in the intermediate solution but are eliminated by the parsimonious solution are set as auxiliary conditions to obtain six configurations. In terms of the substitution relationship between NAI and ~HLF in Configurations 5 and 6, the effective configurations to achieve the grain planting structure optimization goals could be simplified to 5. Configurations 5 and 6 have the same parsimonious solution, and both follow the same core path, LMS*~PSP. Therefore, these two configurations were combined into the Configuration 5 (~HLF*LMS*~PSP/LMS*NAI*~PSP → LTC*~HLF* LMS*NAI*~MPC*~PSP*MP). Table 4 shows the configuration analysis results of the core–auxiliary conditions for realizing the government–farmer cooperation mechanism.



The results of the Configuration analysis in Table 4 show that the overall solution has a coverage and consistency of 0.8 or more, indicating that the combination of the conditional variables has a high explanatory power for the outcome variables. Increasing the consistency threshold to 0.9 resulted in a coverage of 0.862019 with a consistency of 1. The results of the combination of the conditional variables did not differ from the original combination, proving that the results of the histological analysis were robust [41,43].




4.4. Implementation Path Analysis of Government–Farmer Cooperation Mechanism


In order to better identify the differences between different paths, we further summarize the implementation paths of the government–farmer cooperation mechanism into three categories based on the logical characteristics displayed by the above five configurations.



Path 1: Led by external policy tools. This path corresponds to the Configuration 1. It is believed that productive subsidies are conducive to increasing farmers’ enthusiasm to participate in planting structure optimization, including agricultural machinery purchase subsidies and production operation subsidies [44,45,46]. Meanwhile, in this path, “subject willing + factor allocation” should be the auxiliary conditions, which indicates that strengthening multi-agent collaboration, guiding multi-agent cooperation through scientific and technological investment, agricultural technology promotion, farm protection training, and new-type farmer cultivation, optimizing the scale of the labor force and implementing scientific and orderly land transfer are all effective ways to optimize the planting structure. This path is suitable for large-scale farmers since the scale economy effect brought about by scale production under the influence of producer subsidies can resist the internal and external environment of farmers’ decision-making.



Path 2: Linkage guidance between decision-making environment and subject willingness. This path corresponds to the Configuration 2. In this path, subject participation willingness and the non-agricultural income increase in farmers are the core conditions for optimizing grain planting structure. The analysis of this configuration highlights that the subject participation and the increase in non-agricultural income are the core conditions [47], meaning their planting restructuring decisions are not only influenced by household decision-making environments but also highly correlated with external factors [48,49]. On the one hand, under the cooperation among multiple subjects, guidance measures such as agricultural extension and training, cultivated land protection training, and new farmer cultivation are conducive to optimizing farmers’ planting behavior. On the other hand, raising the non-agriculture income of farm households in impoverished areas is also an essential and sufficient condition. Some studies have demonstrated that increasing farmers’ income levels significantly impacts the expansion of soybean planting areas, yield, and income [50]. Improving the linkage guidance between non-agricultural income and agricultural production is an effective means to optimize the planting structure when there is limited room for adjustment of the planting structure [51,52]. Therefore, this path is particularly suitable for farmers or rural elites with higher levels of human capital and fewer aging problems. These farmers can serve as the leaders in optimizing the planting structure and exert the demonstration effect and scale effect of grain planting. In addition, when comparing Configuration 2 and Configuration 3, the substitution between multi-agent participation (MAP) and Household labor force (HLF) indicates that a higher degree of subject participation can relax the constraint of labor force size and the stability of labor force size is also beneficial for reducing the organizational cost brought about by multi-subject collaboration.



Path 3: Factor allocation and environmentally driven decision-making. This path corresponds to Configuration 3–5. In this path, the increase in non-agricultural income is the core condition, which aligns with the current views that increasing farmers’ income has a significant impact on the expansion of soybean planting area, yield, and income [53]. The government should comply with the adjustment mechanisms and constraints of farmers’ factor input structure and create a good decision-making environment. In situations where agricultural labor has not significantly decreased, orderly promoting land transfer, stabilizing the scale of family labor, and improving agricultural product marketing models are practical approaches to achieving an optimal land use layout. Small-scale farmers are ideally suited for this path because of the current land transfer situation, the willingness to produce food, and the availability of non-agricultural employment in the Northeast of China [54,55]. Additionally, for small-scale farmers, moderate producer subsidies and demonstration policies can play a role in guiding farmers’ behavior toward optimizing planting structures. Moreover, by comparing this path with Configuration 1, we can find that the factor allocation and decision-making environment optimization for farmers can overcome the challenges associated with higher system costs and organizational costs brought about by producer subsidies. In addition, the substitution of Non-agricultural income (NAI) and Household labor force (HLF) shows that when it is difficult to increase non-agricultural income for small-scale farmers, optimizing household labor allocation is also an alternative to ensure the realization of planting structure optimization goals.





5. Discussion


The challenges faced by farmers and the government in realizing grain planting structure optimization goals can be viewed from two aspects. Firstly, from the perspective of farmers, according to the externality theory and agricultural production practices, optimizing planting structure is beneficial for promoting rational utilization and protection of cultivated land. However, this benefit cannot significantly increase farmers’ short-term income, and the imbalance between cost internalization and benefit externalization can hinder the realization of grain planting structure optimization goals and diminish farmers’ enthusiasm for adjusting their planting behaviors [56]. Secondly, from the perspective of government, the performance appraisal systems that primarily prioritize economic development tend to encourage unreasonable competitive behavior in which local governments pay too much attention to grain production while neglecting the rational utilization and protection of cultivated land. This, in turn, hinders non-grain governance and land protection efforts as the government lacks motivation in policy implementation and administrative supervision [57]. Therefore, to ensure the realization of grain planting structure optimization goals, it is difficult to rely solely on the farmers’ own willingness to limit the methods and levels of agricultural inputs, given the level of agricultural development and farmers’ cognition. It is necessary to regulate farmers’ production by restricting the basic policy benefits and reduce negative externalities in the process of production. Meanwhile, constraining the agricultural production process is inseparable from the implementation of government policies and the adjustment of management strategies, thereby establishing a government–farmer cooperation mechanism where both parties coordinate, respond to each other, and drive progress together.



Regarding the connotation of the government–farmer cooperation mechanism, previous research has predominantly focused on some fields, including rural grassroots governance [58], farmland green protection [59], and agricultural industry development [60]. These studies have explored the allocation of rights, responsibilities, and interests among farmers, the government, and other stakeholders, aiming to depict the logic of their interaction. However, achieving the goals of optimizing planting structure is not limited to the adjustment of farmers’ planting structure on a single plot of land but occurs at any time within the framework of the interrelation and joint interaction of regional natural, economic, and social subsystems spurred by human activities. To this end, we divided the intricate system of government–farmer cooperation mechanism into two components: an inner system with the “man-land” composite system as the core and an outer system composed of natural, economic, and social subsystems. The inner core and outer fringe systems, along with their constituent factors, as well as the coordination and mutual responsiveness between the internal and external systems, collectively drive the achievement of the goals. This theoretical framework serves as a foundation for constructing an effective government–farmer cooperation mechanism.



The related literature is rich in discussion on cultivated land utilization and management in conjunction with optimization of planting structure. Among them, the majority of these studies focused on examining the influence of climate and market changes, farmers’ endowments and personal preferences, and tenure stability on planting behaviors [61,62]. Despite this body of research, there is a lack of systematic integration of various complex influencing factors to provide specific recommendations that can be practically implemented. What is more, existing research has shown that achieving the optimization goals and improving the cultivated land utilization management mechanism requires analysis of multi-stakeholder interactions, internal and external decision-making environments, and natural resource endowments [40]. Although some have explored the two perspectives of individual behavior and group behavior interaction, there is a need to further analyze how to pay more attention to the behavioral characteristics of individuals and groups in the context of collective action., and analyze the specific implementation path of management plans.



To this end, on the basis of clarifying the connotation of the government–farmer cooperation mechanism, we designed interactive scenarios between farmers and the government, analyzed the influencing intensity and pathways through which various factors influence the mechanism, and revealed the practical pathways of government–farmer cooperation mechanism under differentiation and heterogeneity of farmers and environments. Similar to existing research, we also affirmed the key role of policy factors in promoting the optimization of grain planting structure and further take into account the lag in information collection, risk-averse personality, and lag in the decision-making behavior of farmers in economically underdeveloped areas [63]. In addition, although there has been extensive research on farmers’ differentiation and heterogeneity, this impact is not singular, and the adjustment of planting structure itself embodies the differentiation characteristics and heterogeneity of farmers. Therefore, the government should focus on adaptive management strategies during policy implementation and conduct path analysis for small farmers, elites, and large-scale operators. Moreover, our findings reinforced the impact of non-agricultural income, policy factors, and farmland transfer on planting structure adjustment decisions in previous studies [64], which further clarified the necessity of differentiated paths for policy implementation.



These findings have some policy implications.



Firstly, the government should place importance on monitoring cultivated land use activities to ensure the scientific goal of optimizing the planting structure. Regular monitoring of actual cultivated land use through remote sensing is essential, particularly in areas where there is a high likelihood of marginal cultivated land conversion. A balanced and collaborative analysis of the relationship between food security and regional development is also allowed, with specific attention given to replanning marginal cultivated land in less developed areas. Starting from the one-to-one correspondence between crop planting and cultivated land use, establish systematic methods and standards for planting structure optimization, dynamically take into account the production objectives, environmental factors, management techniques, and multi-subject interest coordination of cultivated land use, determine the suitability range and acceptable change interval of planting optimization, and form a development idea of gradual promotion and dynamic feedback.



Secondly, the government should actively explore and integrate socialized service providers in agricultural production and scientifically guide farmers to carry out production factor allocation. Meanwhile, the government should also provide guidance to farmers on the scientific and organized cultivation of food, thereby establishing an agricultural service chain that systematically guides them in adopting scientific planting methods, fine cultivation management practices, and advanced cultivation technologies. Additionally, the government should prioritize the demonstration planting of new varieties of target crops and the implementation of dense planting techniques to ensure high yields and quality during the planting stage. To promote sustainable crop planting, comprehensive efforts should be made to combine and implement agricultural production technologies such as water-saving irrigation and ecological agriculture. It is important to research, develop, and promote efficient, convenient, and environmentally friendly pesticides and herbicides with minimal losses. Moreover, increasing the application of organic and ecological fertilizers as alternatives to conventional fertilizers is crucial. The optimization of cultivated land use and management practices, tailored to regional resource advantages and market conditions, should be pursued. This entails determining the appropriate scale of operations based on local circumstances, as well as strengthening the overall allocation and systematic development of all elements involved in cultivated land use. These actions will contribute to the true promotion of “grain storage through technology”.



Thirdly, the government should optimize the management system of policy subsidies. On the one hand, it is necessary to coordinate the policies for cultivated land protection and subsidies for grain producers by introducing a dual evaluation system that considers the actual situation of cultivated land protection. This system should also include a stronger emphasis by local governments on achieving the goal of optimizing the planting structure. In addition, it is important to explore the implementation of a regional transfer payment system for subsidies. On the other hand, the grain planting subsidy policy should be directed toward supporting the transformation toward large-scale operations. This can be accomplished by differentiating the yield characteristics and quality traits of grain crops, thereby enhancing the role of agricultural subsidy policies in promoting further advancements in grain production. Furthermore, efforts should be made to promote the dissemination and popularization of different varieties of crops and guide farmers in selecting and applying new varieties. Other policy incentives, such as narrowing the profit gap between grain planting and cash crop cultivation, restraining the expansion of non-grain crops, and increasing farmers’ willingness to participate in the optimization of planting structure, can also be implemented.



Fourthly, farmers’ property income should be increased. By considering the regional characteristics of resources, innovative models of agricultural development benefits such as village collectives and farmers’ share cooperation, joint savings, and equal shares should be implemented. These models can effectively guide industrial and commercial capital investment while reducing the demand for labor costs and human capital during the process of optimizing grain production and planting structure. This will contribute to improving the livelihood capital conditions of rural farmers. Furthermore, efforts should be made to identify the complex social issues in impoverished areas and support the transfer of the rural labor force. By leveraging agricultural economic development and structural adjustments to drive employment growth, a stable labor supply can be ensured. This will help optimize the scale and quality of agricultural practitioners.




6. Conclusions


Optimizing the planting structure is a crucial measure to address the structural imbalance between national grain supply and demand. However, simply focusing on improving planting technologies or implementing management strategies is insufficient for effectively guiding farmers. In particular, by relying solely on the effect of policy subsidies, it is difficult to find a focus in the actual work to promote the goal realization of optimizing the planting structure. To address this challenge, we examined optimal strategies, benefits, and overall system benefits for both the government and farmers within three different scenarios: the Nash non-cooperative game, the Stackelberg game, and the collaborative cooperation game. We developed a cooperative mechanism to ensure the achievement of goals related to optimizing the planting structure. Additionally, by conducting a case study on the behavior of farmers at the village level, we employed the csQCA method to explore various pathways that ensure the smooth functioning of the cooperative mechanism. This approach aligns with the principle of upholding the central role of farmers and promoting coordination among social, economic, and natural environments and farmers’ livelihoods.



The game analysis results demonstrate that several key factors influence the establishment of the cooperative mechanism. These factors include the costs for farmers to adjust their planting structure and government management, the participation willingness of farmers and government, and the impact of the efforts or passive participation of the government and farmers on the cooperation mechanism. Of particular importance is the focus on the costs borne by farmers when adjusting their planting structure. If the government can share a portion of these costs in the early stages, it will enhance farmers’ motivation to participate in the project. This, in turn, will lead to increased optimal benefits and system benefits for both parties. In addition, compared to a non-cooperative relationship, a controller–worker relationship between the government and farmers may not alter the government’s efforts significantly. However, it can significantly enhance farmers’ efforts to adjust the planting structure. The magnitude of improvement is directly proportional to the government’s subsidy ratio to farmers’ costs, which shows that the government’s optimal subsidy is beneficial in reducing system costs. Furthermore, government–farmer cooperation surpasses non-cooperative relationships in terms of participation efforts from both parties and overall system benefits. This cooperative approach achieves strict Pareto optimality for the system. Therefore, prioritizing the establishment of collaborative cooperation is crucial for ensuring the realization of goals related to optimizing the planting structure.



Furthermore, in economically underdeveloped grain-producing areas, there are three distinct paths for different types of farmers to adapt to the optimization of planting structures. These paths include the following: being led by external policy tools, linkage guidance between the decision-making environment and willing subject, factor allocation, and environmentally driven decision-making. Among them, the producer subsidy-led type is well-suited for large-scale operating farmers who possess extensive planting areas. Subsidies can significantly reduce their production operation costs, mitigate market risks, and alleviate financial risks. The decision-making environment and subject cooperation linkage type are more suitable for farmers with a high level of household human capital, minimal aging issues, or those who are considered rural elites. These farmers can serve as effective demonstration models, and the non-agricultural income generated from this type of cooperation can also enhance their families’ livelihoods. The factor allocation and environmentally driven decision-making type is suitable for small-scale farmers. In this study case, the cultivated land of small-scale farmers is loosely distributed but large in quantity. Farmers often have the right to use marginal cultivated land. Promoting land transfer, rational use of basic conditions such as relatively high institutional costs for cultivated land, and a stable family labor force can effectively reduce the organizational cost problems caused by the coordination of multiple entities.



This study still has several limitations that could be addressed and improved upon in future research. First of all, we only explored the static relationship between the configuration of various influencing factors and farmers’ participation in planting structure optimization, but its dynamic and continuous process is also worth exploring. We can use the time series QCA method to deeply explore the complex impact of the evolution of different condition configurations on farmers’ participation in planting structure optimization. Secondly, since the data collected by the questionnaire have the advantage of being structured, they also have the disadvantage of not yielding a more in-depth analysis and detailed display of the cases. In the future, one could use grounded theory or combine it with public case libraries to collect and analyze data.
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Figure 1. Conceptual framework of government–farmer cooperation mechanism. 
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Figure 2. Influencing factor configuration analysis model of government–farmer cooperation mechanism realization path. 
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Figure 3. Study area. 






Figure 3. Study area.



[image: Land 13 00358 g003]







 





Table 1. The connotation, measurement, and descriptive statistics of variables.
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Condition

Variable

	
Measurement Items

	
Index Definition and Assignment

	
Mean

	
S.D.






	
Subject

willing (SW)

	
Multi-agent participation

(MAP)

	
Participation in agricultural training, agricultural vocational education, farmers’ cooperative organizations, and service scale operation: none = 1, one = 2, two = 3, all included = 4

	
0.12

	
0.44




	
Land transfer contract (LTC)

	
Land transfer out for two consecutive years or more = 1, land transfer in for 2 consecutive years or more = 2, self-farming or land transfer in or not or less than 1 year = 3

	
1.36

	
0.63




	
Factor

allocation (FA)

	
Household labor force (HLF)

	
Stable increase in household labor = 1, stable decrease in household labor = 2, stable constant household labor = 3, either increase or decrease in household labor = 4

	
3.24

	
0.89




	
Land management scale (LMS)

	
Maximum operation scale (contracted land scale + transferred in land − transferred out land); (0, 2] = 1, (2, 5] = 2, (5, 10] = 3, over 10 = 4

	
1.68

	
1.20




	
Decision-making environment (DE)

	
Non-agricultural income (NAI)

	
Change in non-agricultural income; stable increase = 1, stable decrease = 2, stable no change = 3, or increase or decrease = 4

	
1.86

	
1.31




	
Marketing pattern changes (MPC)

	
Largest proportion of sales that have shifted from land negotiation to booking contract sales or company + farmers form; (0, 0.25] = 1, (0.25, 0.5] = 2, (0.5, 0.75] = 3, (0.75, 1] = 4

	
2.12

	
0.80




	
Policy tool

(PT)

	
Producer subsidy policy (PSP)

	
Whether there is a production subsidy policy such as subsidies for the purchase of agricultural machinery and the subsidies for production chain operation to guide soybean cultivation; yes = 1, no = 0

	
0.90

	
0.30




	
Model policy (MP)

	
Is a demonstration project to guide the optimization of planting structure; yes = 1, no = 0

	
0.18

	
0.39











 





Table 2. Definition of condition variable and its binary encoding.
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Variable Type

	
Variable Name

	
Define Variables and Code




	
Coded as 1

	
Coded as 0






	
Outcome

variable

	
Realize the optimization of planting structure (RO)

	
Consistent with the goals

	
Other




	
Condition variable

	
Subject willing (SW)

	
Multi-agent participation (MAP)

	
Intervention by other subjects

	
Less help from other subjects




	
Land transfer contract (LTC)

	
Two or more consecutive years of land transfer out or in

	
Self-cultivated or transferred land in and out for less than one year




	
Factor

allocation

(FA)

	
Household labor force (HLF)

	
Stable family workforce scale

	
Decrease or increase in household labor force




	
Land management scale (LMS)

	
Maximum land operation scale < 1/3 hectare

	
Maximum land operation scale ≥ 1/3 hectare




	
Decision-making environment (DE)

	
Non-agricultural income (NAI)

	
Steady increase in non-agriculture income

	
Other




	
Marketing pattern changes (MPC)

	
Over half of the agricultural products are sold under pre-order contracts or as company–farmer sales.

	
Land is maintained primarily for the purposes of negotiating sales.




	
Policy tool (PT)

	
Producer subsidy policy (PSP)

	
Subsidies are available to assist with optimizing the planting structure

	
Subsidies without guided planting structure optimization




	
Model policy (MP)

	
Demonstration projects for guided planting structure optimization

	
No planting structure optimization demonstration project











 





Table 3. Analysis of the necessity of condition variables.
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	Condition Variable
	Consistency
	Coverage





	Multi-agent participation (MAP)
	0.413793
	0.631579



	Land transfer contract (LTC)
	0.862069
	0.543478



	Household labor force (HLF)
	0.413793
	0.705882



	Land management scale (LMS)
	0.586207
	0.531250



	Non-agricultural income (NAI)
	0.620690
	0.580645



	Marketing pattern changes (MPC)
	0.379310
	0.578947



	Producer subsidy policy (PSP)
	0.931035
	0.600000



	Model policy (MP)
	0.137931
	0.444444










 





Table 4. Configuration analysis results.






Table 4. Configuration analysis results.





	
Condition Variable

	
Configuration 1

	
Configuration 2

	
Configuration 3

	
Configuration 4

	
Configuration 5






	
Subject

willing

(SW)

	
Multi-agent participation

(MAP)

	
⨂

	
  ●  

	
⨂

	
  ●  

	




	
Land transfer contract

(LTC)

	
  ●  

	
  ●  

	
  ●  

	
⨂

	
  ●  




	
Factor

allocation

(FA)

	
Household labor force

(HLF)

	
  ●  

	
⨂

	
  ●  

	

	
⨂




	
Land management scale

(LMS)

	
⨂

	

	

	
  ●  

	
  ●  




	
Decision-making environment

(DE)

	
Non-agricultural income

(NAI)

	
⨂

	
  ●  

	
  ●  

	
  ●  

	
  ●  




	
Marketing pattern changes

(MPC)

	

	
⨂

	
⨂

	
  ●  

	
⨂




	
Policy tool

(PT)

	
Producer subsidy policy

(PSP)

	
  ●  

	
  ●  

	
  ●  

	
  ●  

	
⨂




	
Model policy

(MP)

	
⨂

	
⨂

	
⨂

	
⨂

	
  ●  




	
Consistency

	
1

	
1

	
1

	
1

	
1




	
Raw coverage

	
0.206897

	
0.241379

	
0.206897

	
0.172414

	
0.068965




	