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Abstract: Optimizing the supply chain of agricultural products is an important way to revitalize the rural economy.
The perishable products are agricultural products with special properties and great potential. Game theory is an
effective research tool for maximizing revenue management in competition and cooperation. Therefore, this study
reviews the literature on the pricing and procurement of perishable products in the past three years under the game
theory. Firstly, this study summarizes the common game models of supply chain through the review of multi-
objective models. Secondly, it summarizes the literature on pricing and purchasing, and explores the strategies of
product management, benefit maximization and supply chain coordination. Finally, based on some cutting-edge
results, this study proposes promising research directions in the future. This study is helpful to summarize the
application of game theory in supply chain management, help rural agricultural products to achieve maximum
benefit, and solve the problem of supply and demand optimization.
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1. Introduction

In order to optimize the supply and demand of rural agricultural products, supply chain game has become a
research hotpot. Continuously optimizing the supply chain of rural agricultural products is one of the important
ways to revitalize the rural economy. However, most of the agricultural products are perishable products. It has
some unique characteristics, including short shelf life, perishable and so on. Specially, the gap between the
nutritional value and market price of perishable products before and after processing is large. It leads to some
serious problems in all aspects of the agricultural product supply chain. Perishable products have a great impact
on the rural economy, the phenomenon of product supply chain is the most prominent. This paper mainly studies
such products.

The theme of competition and cooperation among parties in the supply chain is increasing. Game theory is
widely used as a tool to analyze competition and cooperation among enterprises. The application of supply and
demand game in supply chain is mainly divided into cooperative and non-cooperative game. Due to human nature,
all parties pursue the maximization of personal interests. We can find that non-cooperative games under
decentralized decision-making in the market are most cases. In recent years, with the concern of maximizing the
overall interests, cooperative game has also been valued by researchers.

Agricultural supply chain is facing a major challenge of supply and demand optimization of perishable products.
This study mainly uses game theory to study the supply chain management of perishable products, in order to
guide the parties to maximize the benefits and overall coordination of the supply chain. This paper studies the
model of multi-objective, multi-agent and multi-stage benefit maximization of agricultural products supply and
demand. This study aims to assist rural agricultural products to solve the problem of supply and demand
optimization, and improve the value of rural revitalization of new agriculture.

In the development of retail industry, effective pricing mechanism and purchasing strategy is the key. This paper
mainly uses game theory to study retailer’ s purchasing strategy and pricing mechanism for perishable products.
Text structure is as follows: In addition to the introduction, the second chapter summarizes the supply chain based
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on multi-objective model commonly used game theory and applicable game areas. The third chapter expounds the
literature review of new retail, strategic procurement and pricing mechanism under game theory. Finally, according
to some cutting-edge achievements of supply chain management of agricultural products, the future development
direction is proposed.

2. Multi-Objective Game

The conflicting parties not only consider only one goal when making decisions, but also the goals preferred by
each decision maker are different for their own development needs. But ultimately they must maximize their own
interests. Under some game models, the overall optimal balance of the supply chain can be obtained, creating
greater benefits than the sum of individual interests. This chapter selects the key factors in the supply chain to
conduct game research on the multi-objective model. It will summarize the game matching model that enables all
parties and the whole to maximize the benefits of the target. The summary content is shown in Table 1.

Differential game theory is a new idea to solve the problem of coordinated control. Li [1] builds a differential
game model between a manufacturer and a retailer where credit support, government subsidies, and internal csr
cost subsidies can all be used to strengthen corporate social responsibility management. Cheng and Ding [2] in
order to achieve supply chain sustainability, a differential game between two supply chains was established. It
found that corporate social responsibility is an effective tool, and centralized decision-making can maximize this
utility.

Table 1. Multi state goal game model of supply chain

Reference

SC Structure

Research Field

Research Method

CSR
credit support

. . ' . .
Li[l] IM+1R government subsidy Differential game
the internal CSR
Cheng and Ding [2] 28C CSR pricing leferentlalgfgnele Dynamic
government subsidy
Zhang and Yu [3] 1G+IM+IR low-carbon closed-loop Differential game
supply chain
Salcedo-Diaz et al. [4] 3E carbon trading pricing Cooperative game
. carbon trading
+IR+ .
Xing et al. [5] IM+1R+2TR closed-loop supply chain Stackelberg game
Xia et al. [6] M carbon trading pricing sales Non-cooperative game
volume
Ghosh et al. [7] IM+nR prepayment pricing product Stackelberg game
green level
green preference
+ . .
Wang and Hou [§] H\zds é S optimal price Berstiifllzle(lillj:;rgo%amzme
market stability Poly &
. 1S+1M+1R fairness .
Liu et al. [9] profit distribution Cooperative game
demand interruption service
Zhai et al. [10] IM+1R level Stackelberg game
pricing
Caoetal. [11] IM+1R payment m?thod Stackelberg game
Jjoint pricing
Complete information
seasonal sharing platform game
Sun etal. [12] IR+1P+2M pricing replenishment Incomplete information
game
risk avoidance
Wu et al. [13] 1S+1IM Optimal order quantity Stackelberg game
trade credit
. green degree pricing
Lietal. [14] 2M+1R profit coordination Stackelberg game
complementary products .
He et al. [15] 3S punishment strategy Dynamic game
Cui et al. [16] 1G+IFI+1E+1C green finance Evolutionary game

government regulation

S=supplier; M=manufacturer; R=retailer; SC=supply chain; G=government; P=Platforms; C=consumer; E=enterprises; FI=financial

institution; TR=third-party recycler.
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Carbon emissions have been widely concerned by the international community in recent years. In order to
optimize the low-carbon behavior of enterprises and maximize environmental benefits, researchers analyzed
models such as cooperative game [4], Stackelberg game [5], and non-cooperative game [6]. Zhang and Yu
[3] studied the impact of government subsidies on parties in a low-carbon closed-loop supply chain from a long-
term dynamic perspective.

Ghosh et al. [7] provided a model to optimize the manufacturer's wholesale price, the retailer's retail price and
the product's green level under the manufacturer's advance payment policy. Wang and Hou [8] built a Stackelberg
game between suppliers and manufacturers and a Bertrand duopoly game between two heterogeneous supply
chains. The model shows that the centralized strategy is conducive to profit maximization and supply chain
stability, and consumer green preference affects market equilibrium and adjustment.

Liu et al. [9] proposed a multi-method cooperative game model to theoretically solve the problem of supply
chain coordination on fairness and seek reasonable profit distribution. Zhai et al. [10] studied the impact of
decentralized and centralized decision-making on supply chain service level and pricing procurement when
demand is interrupted. Cao et al. [11] studied the profit functions of prepayments, normal payments, and deferred
payments by establishing a manufacturer’s Stackelberg game. It found that the optimal payment scheme is not
uniquely certain, but generally favors deferred payments. Sun et al. [12] explored the optimal pricing and
replenishment strategies for sharing platforms based on the off-season and peak-season of products, and analyzed
the impact of season on decision-making. Wu et al. [13] research shows that for risk-averse retailers, suppliers can
obtain supply chain utility by managing trade credit and loss sharing.

The green degree of products will attract environmentally friendly customers and also affect the cost of
enterprises. With the participation of pricing, market potential and other parameters, Li et al. [14] studies the
change rule of green degree and profit level, and obtains the reasonable coordination mechanism of supply chain.
Repetitive interaction among suppliers of complementary products in the supply chain to maintain cooperation
and penalties can effectively reduce commitment deviation [15]. Green finance emphasizes the importance of
industrial environmental protection, effective allocation of resources to achieve sustainable environmental
development. Cui et al. [16] let the main participants of the supply chain participate in an evolutionary game model
to study the equilibrium strategy and influence mechanism between the subjects.

Differential game studies the model of environment, state and participant behavior in continuous space. Multiple
participants continue to game, trying to obtain the optimal strategy over time and achieve Nash equilibrium. The
main purpose of using such game models is to learn how to acquire the ability to adapt to a continuously variable
environment.

The Stackelberg game belongs to the complete information dynamic game, which studies the game process
between participants in an unequal competitive relationship but with complete information. There are always the
dominant party (leader) and the weak party (follower) in the game. The leader makes the decision first, the follower
makes the action subsequently, and then commits to the strategy they choose. It is the most commonly used model
in supply chain management because its main idea is to follow the strategy to ensure the maximization of their
own interests.

Evolutionary game combines game theory with dynamic evolution. Different from dynamic game, evolutionary
game pays more attention to the overall dynamic equilibrium.

Non-cooperative game mainly studies how people make decisions to maximize their benefits in the situation of
mutual influence of interests. The most commonly used non-cooperative static game, which does not have strong
constraints and does not have a significant decision-making order, is a one-time simultaneous choice behavior. No
matter how other players change their strategies, their strategies are optimal for themselves. Non-cooperative game
pursues the maximization of personal interests, which conforms to the view of rational people. It is also the main
problem of modern game theory research and application.

Cooperative game theory requires participants to play games within the scope of the agreement, that is, to restrict
the behavior of all parties. Such a game model is conducive to the overall optimization. Scale economy and risk
reduction are the two main motives of the alliance.

3. Literature Review

This work involves four literature streams: new retail, pricing mechanism, strategic procurement. This section
helps to clarify the supply chain's strategy for the two main operational aspects of pricing and procurement of
perishable products.
3.1 New Retail

With the development of digital technology, traditional retail has gradually transformed. As an emerging retail

model, the definition of new retail is as follows: by leveraging big data and artificial intelligence on the Internet,
innovate every behavior in the process of selling goods and services to consumers.
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After summarizing and summarizing the relevant literature on new retail, the current new retail model can be
divided into the following three types: 1. Commodity and logistics channel integration while combining online
and offline and logistics. 2. Provide a wider range of experiential consumption services to achieve consumption
scenarios. 3. Create a’ new retail’ platform that includes internal employees of retail enterprises and upstream and
downstream partners, to create an omni-channel industrial ecological chain.

For new retail future innovation development path, mainly to break the boundaries of retail, channel
comprehensive and retail gapless and borderless. Such as Jingdong cloud storage, shorten the time consumers
receive products. Capture consumer demand and provide a more complete shopping experience, such as’ one land
claim’. Relying on the Internet of Things technology to promote all aspects of cost reduction and increase
efficiency.

Retail model change is the inevitable trend of consumer demand in the new era, but there are still some problems
when the new retail and market integration. The market is gradually dominated by consumers, and consumption
dynamics are difficult to grasp. The perishable product supply chain has problems such as high operating costs,
difficult omni-channel integration, and poor user experience. The integration of new retail and market development
has a long way to go.

3.2 Pricing Mechanism

Customer preferences have a special place in the supply and marketing system, and behavior-based price
discrimination [17] and purchase records significantly affect distribution strategies. Consumers' requirements for
the functional attributes and environmental attributes of green products are behavioral preferences [18]. When
consumers prefer product freshness rather than price, the optimal pricing changes with inventory [19]. Zhang et
al. [20] considered the two-stage pricing strategy of dual-channel supply chain when the public has a preference
for green. The model shows that green preference can better improve supply chain performance by adopting
contract strategy under centralized decision-making.

With perishable products entering a state of diminishing marginal benefit in terms of nutrition and price from
harvest, industrial supply chain management faces major challenges. He et al. [21] focus on the best decisions and
profits of enterprises under the dual sensitivity of consumers to carbon emissions and delivery time. Leng et al.
[22] introduced the concept of marginal time cost in a game model to analyze supply chain strategies for perishable
products. Real-time IoT sensor technology helps solve pricing issues during food loss. The quality of green
products can be monitored by sensors, and real-time data can be used to optimize the dynamic pricing of goods
based on customer quality and price requirements [23].

However, product freshness does not only follow time changes, its quality is also defined by other attributes,
such as temperature, humidity, light and other environmental conditions [24]. Lejarza and Baldea [25] proposed a
mixed integer programming model, which simplifies the definition of product freshness. Xu et al. [26] developed
a real-time quality analysis framework to dynamically optimize route, pricing, inventory and other decisions.
Incorporating environmental factors into product freshness research helps the market understand the product
degradation process more accurately and slows degradation. Dynamic environmental control reduces quality losses
and total costs, assisting production and sales planning.

Although demand is random and price-dependent, dynamic pricing is not always the optimal strategy. The
optimal pricing strategy is affected by market parameters such as demand uncertainty, market size, supply chain
upstream and downstream pricing strategies. Based on this, Li and Mizuno [27] studied the dynamic and static
pricing strategies adopted by manufacturers and retailers respectively, and analyzed the optimal pricing strategy
and inventory control level under different models.

Some perishable products are difficult to plant, high nutritional value, resulting in higher market prices, higher
prices of fresh products. Therefore, in some cases price sensitivity must be an important and critical consideration.
Liu et al. [28] established a Stackelberg game dominated by manufacturers and followed by retailers. It aims to
obtain how product perishability and price-sensitive demand of such products affect procurement, pricing and
sales. Retailers as followers to determine the product sales price and order quantity, the parties must be in consumer
price sensitive demand decisions to maximize profits.

According to the demand curve, demand will decrease as prices rise. Advance payment, cash and credit payment
are common trading combinations in business transactions. Feng et al. [29] explored an inventory system under
this combination. It illustrates that the pricing and batch adjustment decisions of fresh goods when demand depends
on unit price. The retailer’s goal is to maximize the total profit by simultaneously finding its price and order cycle.

Cooperation is better than non-cooperation, but human nature tends to maximize personal interests. Therefore,
external factors are added to the government’s financial incentives and subsidies for the sale of perishable products
[27, 30]. Kang et al. [31] studied the two-stage supply chain including peasant enterprises and core enterprises. It
found that under reasonable government subsidies, the effectiveness of market resource allocation can be improved
and the overall profit of society can be increased. Meng et al. [32] studied three government subsidy scenarios and
demonstrated that governments' enthusiasm for subsidizing manufacturers can encourage green innovation in
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supply chains and improve social welfare. In order to help rural revitalization, the government must support
agricultural products through some subsidies or supervision means to help underdeveloped markets achieve new
economic growth.

Online platform setting subsidies not only help the sales of agricultural products, but also help the platform to
maximize profits [33, 34]. In the context of the new retail industry, online platforms have become a very important
sales channel. Wei et al. [35] used the Stackelberg game to study the impact of different forms of sales on the
profits of online platform manufacturers. Li et al. [36] explored different coupon exchange pricing models to guide
online platforms to choose appropriate discount strategies.

However, the continued use of subsidies is not conducive to the online market [37]. Input subsidies mean lower
commodity prices, which will reduce the sensitivity of products to the market. When agricultural prices are high
or rising, the impact of subsidies is diminishing. If the market scale expands later, the subsidy behavior may reduce
the profitability of the platform. Therefore, the online platform subsidy strategy for selling agricultural products
should be moderate.

In order to achieve supply chain channel coordination and pricing, cooperative game [38] and the
implementation of various forms of contract [39] are two main strategies. Asghari et al. [38] compared these two
types of coordination models in economic and environmental dimensions to obtain optimal pricing, environmental
responsibility, and rate-of-return decisions to select the best channel coordination strategy.

Decentralized pricing and centralized pricing are discussions on the total profit of the supply chain.
Decentralized pricing is a non-cooperative behavior of all parties in the supply chain, and centralized pricing is a
cooperative behavior. Centralized pricing is more likely to maximize the overall benefit of the supply chain.
Hosseini-Motlagh et al. [40] used evolutionary game to establish a profit surplus coordination and distribution
mechanism under the long-term operation of the supply chain. The results show that all parties tend to choose
cooperative decision-making to obtain long-term greater benefits. Supply chain fairness affects the cooperation
between member decision-making and supply chain sustainable management [22]. Cooperative game under
centralized decision-making is conducive to supply chain stability and fairness.

3.3 Strategic Procurement

In order to maximize the profit of the sales of perishable rural agricultural products, in addition to the study of
pricing, procurement strategy is another important research object.

Purchasing is mainly divided into quantity decision-making and purchasing method selection. Appropriate
purchasing strategy can increase profits and reduce risks. For the procurement method, Xin et al. [41] divided the
sales cycle into two sections, considered the single and double purchase strategies. It established a two-stage
dynamic Stackelberg game between the manufacturer and the retailer with or without the rebate mechanism. It
was found that the double purchase strategy helps to induce the manufacturer to formulate the rebate strategy and
obtain greater benefits. Kaur et al. [42] developed a flexible three-stage production and procurement model that
captures the dynamic needs of markets in order to make supply chains resilient and sustainable.

In a dual-channel supply chain with online and offline channels, the selection of wholesale contracts and direct
transportation contracts depends on the profit sharing rate. The profit sharing rate mainly depends on the relative
size of the travel cost in transportation and the two contract costs [43]. In the case of uncertain demand, improve
the supply chain profit and the number of orders, coordinated procurement is better than decentralized procurement.
Contracting under a coordinated strategy reduces food waste and does not pose a risk to profits [44]. Assuming
that customer demand continues to arrive and there is a loss to compensate, the retailer’s optimal ordering strategy
is determined by the customer arrival rate and product life [45].

For the purchase quantity, Lee et al. [46] considers a three-echelon supply chain model in which the
manufacturer’s products are distributed to the retailer by an intermediary. The study found that procurement costs
will not affect the total order, but will affect the distribution of orders in the process. Hanh et al. [47] used the
Salop space model to study the impact of price sensitivity on pricing and order quantity under different
coordination modes. The optimal price and order quantity of the three-level supply chain are determined by Nash
game. Dye [48] conducted a multi-period evaluation of deterministic models over continuous time, examining the
joint pricing, inventory, and advertising of perishable products. They conclude that the company will choose static
pricing in an infinite time, when the optimal pricing is unique.

The diminishing marginal benefit of perishable products needs to improve the supply chain procurement process.
In the processing stage, an inventory model considering preservation technology investment can be developed to
optimize the number and timing of processing [49]. Flexible revenue sharing strategies can induce logistics
companies to take preservation actions and reduce losses during transportation [50]. At the same time, do a good
job in transportation route planning [51] and inventory location optimization [52]. Retailers need to consider
uncertain demand and distributor access intervals to determine their safety stock levels, and to consider fixed and
minimum remaining shelf life [53].

Fully increasing product freshness is key for suppliers and retailers to benefit economically. In the case of price
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sensitivity of consumers with random demand, data sharing is very important to improve product freshness [54].
It can enable suppliers to improve product freshness, thereby increasing the freshness of retailers supply point
products. Improving the awareness of supply chain preservation can also reduce the overall management cost.

Different sales models should adopt different preservation decisions. Yang and Tang [55] established a fresh
product supply chain under three modes: Retail, dual-channel and online to offline, and studied the preservation
decision of each mode. With the retailer’s preservation efforts, the online to offline model enables retailers and
consumers to achieve maximum benefits. When consumers prefer online channels, retailers can integrate online
and offline channels to maximize consumer utility.

Perishable products have the highest nutritional value and market price when they are fresh and have a short
selling cycle. Due to the uncertainty of product demand, all parties in the supply chain must prepare for sales,
reduce the risk of cost loss and product shortage, and the option contract effectively solves this problem [56]. The
option contract is a pre-ordered purchase, and the buyer and the seller reach a transferable standardized contract.
It can partially transfer the risk of supplier demand uncertainty, allowing retailers to retain multiple options through
option prices, managing costs and inventory. Option contracts are of great importance and attraction to the supply
chain of perishable products.

Option contracts can only improve performance when coordinating supply chains. If the manufacturer is
overconfident about its output and the demand is stationary and random, the option contract can coordinate the
order and production of the entire supply chain and reduce the adverse effects of overconfidence [57]. In the face
of non-stationary random demand, retailers can use the Bayesian method to update the initial demand information,
and then carry out secondary replenishment through option contracts for effective two-stage inventory
management [58].

The impact of option contracts on pricing and procurement strategies in the supply chain, as well as overall
performance, but options mainly involve fairness issues when achieving channel coordination. Under the
consideration of fairness, the higher the retailer’s attention, the more the order quantity, which will make the
pricing closer to the price of supply chain coordination. However, suppliers cannot achieve optimal pricing when
equity channels are coordinated in option contracts [59].

In the option contract, the buyer and the seller have asymmetric rights and obligations. The buyer of the option
has the right to perform the agreement, and can also give up exercising this right as needed, which makes the
supply and demand of the product uncertain. In order to prevent supply disruptions caused by external choices, the
government can provide subsidies [60]. The government subsidies mainly depend on the size and capacity of
external prices. It is worth noting that subsidies to suppliers and manufacturers are not superior to a single subsidy
model. In general, the supply and demand sides will choose to fulfill the option contract for risk avoidance.
However, when competition intensifies, even government subsidies cannot prevent supply disruptions, so the risks
and effects of options trading should be viewed objectively and comprehensively.

4. Frontier Achievements and Future Work

In this section, we summarize the frontier research of game theory and briefly introduce some promising
directions to improve supply chain value in the future.

4.1 Shifting Research Focus

Most of the agricultural products are perishable products. In the past, the research on the pricing and
procurement of perishable products mostly focused on the supply and demand game and decision-making with
retailers as nodes. The development of digital technology has enabled technologies such as the Internet of Things
[23] to be applied to the monitoring and control of product quality at all stages. Develop pricing and inventory
strategies based on real-time data to maximize retailer benefits.

However, the most direct purpose of rural revitalization is to allow agricultural companies belonging to
manufacturers to increase revenue and maximize benefits. In order to obtain greater market benefits, agricultural
companies should not only directly involve fresh products in market competition, but also fully explore the market
of processed products [61]. Previous studies have lacked attention to the processing of minimum fresh agricultural
products.

According to the nature of perishable products and the requirements of new agricultural value enhancement,
this study believes that the following three improvements should be made. Firstly, strengthen the multi-state
research of agricultural company products, especially the supply and demand game of processed products.
Secondly, carry out new retail model innovation, shorten the supply chain length, and improve supply chain
sustainability. Thirdly, the use of agriculture 4.0 [62, 63] Conduct supply chain scientific decisions to improve
supply chain stability.
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4.2 Focus on Consumer Benefits

When focusing on consumers, the supply chain tends to make pricing and inventory decisions based on
consumer behavior. Han et al. [64] obtained optimal pricing and quality strategies for innovative enterprises
entering the market, taking into account brand goodwill and consumers' quality expectations. Consumers’
expectations for product quality and price are related to the degree of corporate information disclosure [65, 66].

In the process of product diffusion, consumer preference affects product production mode and price coordination
strategy, and cooperative game can achieve higher system performance [67]. Wang et al. [68] focused on the
impact of consumer reviews and strategic inventory on pricing strategies.

According to the description, it can be found that when studying consumer interests, previous studies mostly
focused on consumer heterogeneous behavior [69, 70] and green preferences [71-73]. This study believes that
more attention should be paid to the actual satisfaction of consumers, from product pricing, delivery time, product
quality, distribution strategy, etc., to maximize consumer benefits while maximizing supply chain benefits.

5. Conclusion

This study takes agricultural products, especially perishable products, as the research object, and game theory
as the research method. This study aims to explore the value maximization model of agricultural products supply
and demand game. Firstly, the game models of multi-objective use in supply chain are summarized, and the
commonly used game models are summarized. This result is easy for researchers to determine the appropriate
game model according to the research purpose in other fields.

Then it expounds the concept and application of new retail, and the pricing mechanism and strategic
procurement of multi-agent under game theory. The literature content and logical arrangement of pricing
mechanism consider the management of the product itself, the maximization of the interests of all parties in the
supply chain, and the overall channel coordination. Strategic procurement literature is divided into three types:
procurement method, procurement quantity and pre-procurement. This study is conducive to the use of game
theory to optimize supply chain efficiency and management of perishable products have a more comprehensive
understanding.

Finally, this study in the supply chain management of agricultural products to do cutting-edge research, found
that the market lack of research on the following elements, the following promising research directions.

Firstly, the study of maximizing the interests of retailers will be transferred to agricultural companies.
Agricultural companies participate in the market game as product processors, and strengthen the research on
maximizing the value of supply and demand game in multiple states of agricultural products. New retail model
innovation and Industry 4.0 technology applications help supply chains grow sustainably and steadily.

Secondly, the goal of supply chain management is to maximize consumer value. Previous studies have studied
the decisions of manufacturers and retailers based on consumer behavior, but the market requires consumers as
the research center to improve consumer satisfaction. These two points are areas of urgent concern for agricultural
products, to revitalize the rural economy has a huge and direct role in promoting.
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