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The leadership of agricultural enterprises in guiding farmers to participate in

pre-production quality and safety control not only helps promote high-quality

agricultural development and drives the industrialization process of agriculture,

but also provides important support for achieving the goal of building a

strong agricultural nation. The re-search employs a grounded theory approach

to conduct a multi-case study, following the general logic of “Motivations-

Behaviors-Outcomes.” Relevant data from case companies were extracted,

analyzed, and coded to construct a theoretical interpretation, revealing the

intrinsic mechanisms of agricultural leading enterprises in pre-production

quality and safety control and identifying key influencing factors. Additionally,

using fuzzy-set qualitative comparative analysis, the study explores how

five enterprise control behaviors—village-enterprise cooperation, integration

of primary, secondary, and tertiary industries, agricultural mechanization,

agricultural digitalization, and agricultural technology promotion—collaborate

to guide farmers’ involvement in pre-production quality and safety control

from a configurational perspective. The results indicate that agricultural leading

enterprises guide farmers’ participation in pre-production quality and safety

control through organizational linkage mechanisms and new quality productive

forces elements linkage mechanism, and based on this, six configurational

paths are summarized, leading to the identification of three constructs: Industry

Integration-driven, Digital Intelligence-driven, and Land Trusteeship-driven. This

paper focuses on agricultural leading enterprises and farmers in the Yangtze

River Delta region of China. The study does not limit itself to exploring the

independent influence of enterprise-led actions in guiding farmers’ participation

in pre-production quality and safety control, but rather investigates howmultiple

factors work together to lead farmers’ participation under various interacting

elements.
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agricultural leading enterprises, farmers, agricultural product quality, grounded theory,
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1 Introduction

China has proposed accelerating the construction of a

new development pattern and achieving the strategic goal of

modernizing with high-quality development, with a particular

emphasis on the priority development of agriculture and rural

areas. High-quality agricultural development is not only the core

path to promoting rural re-vitalization and building a strong

agricultural nation but also an inevitable choice for realizing the

goal of Chinese-style modernization. In this process, China has

introduced the concept of “New quality productivity,” aiming

to guide economic transformation and upgrading, promote the

cultivation of strategic emerging industries and future industries,

and foster the formation of new forms of productivity with new

attributes, functions, and characteristics (Ma Juan, 2024; Zhou and

Xu, 2023; Xu et al., 2023).

New quality productivity is essentially a form of productivity

driven by innovation, distinct from traditional economic growth

models. It emphasizes technological progress, optimized resource

allocation, and highly efficient production methods. Specifically,

new quality productivity is jointly fostered by technological

breakthroughs, innovative al-location of production factors, and

deep transformation and upgrading of industrial chains. The

core feature of this concept is the optimized combination of

labor, labor materials, and labor objects, which drives productivity

improvement (Headley, 1972; Luo and Geng, 2024). A significant

increase in total factor productivity becomes a core indicator

of new quality productivity development, and its key driving

force is innovation, fundamentally reflecting advanced productivity

(Li et al., 2024). In the context of Chinese-style modernization,

agricultural productivity upgrading is not only the result of

technological innovation but also a systematic improvement

supported by multiple dimensions, including technology, factors,

systems, and the environment (Xu et al., 2025; Huang et al., 2024).

New quality productivity emphasizes transforming agricultural

productivity through technological innovation, especially in terms

of increasing agricultural total factor productivity and achieving

low-carbon, green, and sustainable development, which is of great

significance (Agrawal et al., 2022; Shen et al., 2022). This process

not only focuses on improving production efficiency but also aims

to meet the growing demand for high-quality agricultural products,

thereby enhancing the overall quality of life for the people (Liu et al.,

2022; Zheng et al., 2025).

In the context of agricultural industrialization, agricultural

industrial organization models, based on industrial organization

theory, play a vital role as institutional carriers in agricultural

development, serving as bridges, links, and carriers in the

agricultural industry (Liang et al., 2024; Zhong and Kong,

2012). Therefore, promoting close connections between farmers

and other entities in the industrial chain, establishing stable

industrial organization models, may become an effective path

for enterprise-led farmer participation in pre-production quality

and safety control (Chen et al., 2024). Existing research suggests

that the primary organizational model is “agricultural leading

enterprises + cooperatives + farmers” (Zheng, 2024; Wu, 2023).

This organizational model not only helps implement various

quality control measures effectively in agricultural production

but also enhances the production capacity and quality safety

control efficiency of agricultural leading enterprises (Liu, 2022).

Agricultural leading enterprises, with their modern production

capabilities, refined management mechanisms, and extensive

market channels, play a leading role in quality and safety control

in the agricultural product supply chain (Zeng, 2021). Since 2018,

multiple departments, such as the Ministry of Commerce and

the Ministry of Agriculture Rural Affairs1, have jointly promoted

the “Supply Chain Innovation and Application Pilot” project,

aiming to promote the deep integration of farmers and the

agricultural industry chain, thereby forming a full industrial chain

cooperation model centered on agricultural leading enterprises and

benefiting farmers (Jin et al., 2024; Liu and Qin, 2021; Gao et al.,

2024; Zeng, 2021). In this model, cooperatives serve as a bridge

between enterprises and farmers, helping agricultural leading

enterprises influence farmers’ production behaviors, promoting

green planting, and achieving carbon reduction in agriculture

(Ren, 2024; Wang and Qiu, 2024). Cooperatives also facilitate the

organic connection of smallholder farmers withmodern agriculture

through organizational operations, standardized production, green

production, financial credit, and the extension of the industrial

chain (Wang et al., 2025).

With the improvement of China’s economic development level

and agricultural labor productivity, as well as the diversification of

agricultural industrial structure and rural employment structure,

urbanization’s absorption of rural population, and other factors,

traditional farmers are being impacted from various angles and

levels, leading to a diversity of economic perspectives and planting

scales. This has resulted in a diversified classification of farmers,

including individual farmers, contract farmers, mixed farmers, and

large-scale farmers (Pei et al., 2024; Peng and Xu, 2023; Lin et al.,

2024; Liao, 2024; Chen, 2007; Zhang and Zhao, 2013).

Previous research has recognized the importance of

strengthening quality and safety control during the agricultural

production phase (Li H. et al., 2022; Elbeltagi et al., 2023; Li et al.,

2023; Cui et al., 2024). Liu et al. (2021) and others pro-posed using

blockchain technology to supervise key data, such as production

conditions, agricultural input usage, and processing materials,

to achieve effective pre-production quality safety control of

agricultural products. Pan and Luo (2021) suggested building

an “Internet+” integrated monitoring platform to improve the

current instability in agricultural product production quality. Li B.

et al. (2022) researched the impact of digital promotion services

via smartphones on farmers’ adoption of sustainable agricultural

technologies, finding that farmers using these services could

improve the effectiveness of quality and safety control actions,

such as precision fertilization, technical learning, and soil testing.

Lu and Zhang (2022), while exploring how cooperatives promote

green production among farmers, indicated that cooperatives

significantly boost farmers’ adoption of green production

behaviors, with an overall increase of 25.57%. Chen and Ma (2023)

argued that cooperative support significantly enhances farmers’

cognitive and behavioral abilities, serving as an important external

factor in agricultural product quality and safety control. Cai

et al. (2019) used the example of reduced fertilizer and pesticide

1 Ministry of Agriculture and Rural A�airs. Opinions on Promoting

the Growth and Strengthening of Agricultural Industrialization Leading

Enterprises. Available online: http://www.moa.gov.cn/govpublic/XZQYJ/

202110/t20211026_6380529.htm (Accessed 22 October 2021).
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use to illustrate the positive role cooperatives play in improving

agricultural product quality and safety. Zhang et al. (2022)

found that cooperatives could improve farmers’ quality control

behaviors, with cooperatives owning independent agricultural

product brands placing more emphasis on product quality control.

Li et al. (2021) suggested that brand premiums have a positive

effect on preproduction quality safety control, particularly when

brand-specific assets constrain farmers’ production behaviors,

maximizing the impact of brand premiums on enhancing product

quality and safety. Under the background of supply-side structural

reform in agriculture, agricultural mechanization has not only

promoted largescale production but also facilitated the integration

of primary, secondary, and tertiary industries, thereby contributing

to improved agricultural product quality (Guo, 2023; Li W. et al.,

2022; Li et al., 2025; Jin et al., 2021). Liu (2024) proposed that

chemical weeding has a negative impact on product quality,

and the introduction of mechanized physical weeding robots

provides technical support for the production of high-quality

agricultural products. Yin et al. (2022) developed a high-end

equipment manufacturing system framework aimed at satisfying

the green quality requirements of agricultural products, providing

a technological path for high-quality agricultural development.

Yang and Li (2022) suggested that agricultural machinery services

should be tailored to local conditions to better meet farmers’

needs for producing high-quality agricultural products. Yu et al.

(2022) found through heterogeneity analysis that farmers involved

in managed economic crops achieve the highest ecological and

economic benefits, with service organizations in land trusteeship

using environmentally friendly agricultural technologies such as

green pest control, integrated water and fertilizer management,

and soil testing-based fertilization, significantly reducing pesticide

and fertilizer application intensity and improving agricultural

product quality and safety. The innovation of this study lies in

its significant shift and deepening of the research perspective

on agricultural product quality and safety control. Previous

research predominantly focused on specific methods and technical

pathways for agricultural product quality and safety management,

often tending toward the independent effect analysis of single

factors. These studies, however, paid limited attention to the

role of multiple stakeholders, particularly leading agricultural

enterprises, in guiding farmers’ proactive safe production

behaviors. In contrast, this study’s core focus is on the context of

leading agricultural enterprises’ dominance, investigating which

agricultural product quality control measures are more effectively

accepted and adopted by farmers.

Based on the existing literature, current research primarily

focuses on specific methods and technological pathways for

agricultural product quality and safety control. However, there

is relatively limited attention to the factors influencing farmers’

proactive safety production behaviors under the guidance of

leading enterprises in a multifactor context. Therefore, this

study aims to explore which agricultural product quality control

measures are more effectively accepted and adopted by farmers

in the context of agricultural leading enterprises taking the lead.

At present, research on preproduction quality and safety control

of agricultural products has covered various aspects, including

cooperative participation, industrial integration, mechanization

levels, and digital technologies. However, most studies tend to

focus on the independent effects of single factors on quality

control. As research methods continue to improve, the interactive

effects among multiple factors and their complex impacts on

quality control effectiveness have gradually emerged as a new

research direction.

Based on this, this paper uses data from agricultural leading

enterprises and farmers in the Yangtze River Delta region of China,

applying configurational theory to analyze the multidimensional

combination of measures that guide farmer behavior and their

multiple interactive effects on preproduction quality control of

agricultural products. By exploring the mechanisms of multifactor

dynamic combinations in agricultural product quality and safety,

this paper aims to provide a theoretical basis and empirical support

for optimizing quality control strategies and practical pathways.

2 Identification of mechanisms and
influencing factors

2.1 The grounded theory methodology

Grounded theory, established by Glaser and Strauss (2017),

is a qualitative research methodology aimed at inductively

generating provisional theories from empirically observed social

phenomena through systematic data analysis and coding. It

requires researchers to continuously compare and synthesize

concepts through ongoing interaction with data, embodying a

constructivist research paradigm. Given its essential characteristic

of theory generation from data, Grounded Theory is well-

suited for tasks such as extracting perceived quality attributes,

effectively compensating for the shortcomings of traditional

attribute extraction methods. This study seeks to explore the

intrinsic mechanisms of pre-production quality and safety control

by agricultural leading enterprises, focusing not only on how these

enterprises participate in control themselves but also on how they

lead farmers’ participation. Given the exploratory nature of this

research, this study employs the Grounded Theory approach for

rigorous qualitative inquiry. By systematically analyzing and coding

data frommultiple representative case enterprises, and ensuring the

data’s sufficient representativeness and mutual corroboration, the

aim is to reduce subjective conjecture and enhance the validity of

theoretical construction.

2.2 Mechanisms analysis

This study selects four leading agricultural enterprises in the

Yangtze River Delta region of China, which guide farmers in

producing high-quality agricultural products, as research samples

(see Tables 1, 2). A multiple-case study is conducted using

the grounded theory method. Following the analytical logic

of “motivation–behavior–outcome,” interview data from these

enterprises are systematically extracted, thoroughly analyzed, and

coded at multiple levels. Ultimately, a theoretical interpretation is

constructed to reveal the internalmechanism of agricultural leading

enterprises in pre-production raw material quality control (He and

You, 2022).

This study employs open coding to systematically analyze the

interview data of the four case enterprises, thoroughly reading

and accurately understanding the text to identify the main

Frontiers in Sustainable FoodSystems 03 frontiersin.org

https://doi.org/10.3389/fsufs.2025.1615223
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org


Liu et al. 10.3389/fsufs.2025.1615223

TABLE 1 Basic information of the four case enterprises.

Case enterprises

Features Company A Company B Company C Company D

Core business Mulberry Wine Pueraria (Kudzu) Agricultural

and Sideline Products

Rice Table Grapes and Wine

Representativeness Provincial leading agricultural

enterprise, green food A-grade

product

Provincial leading agricultural

enterprise, demonstration unit

for the integration of the three

industries

Provincial leading agricultural

enterprise, digital platform

demonstration site

Landmark agricultural

products, national agricultural

product quality and safety

traceability monitoring points

Product advantages Deep-processed high-end health

agricultural products

High nutritional and health

value

High nutritional value and

excellent taste

Wide variety, excellent quality,

and superior ecological

environment

Customer network Involves hundreds of

distributors, group purchases,

and online stores

Group purchases and online

sales

Acquired by COFCO (China

National Cereals, Oils and

Foodstuffs Corporation)

Offline stores, online sales, and

corporate procurement

Sales scale 150 million RMB 300 million RMB 70 million RMB 300 million RMB

Involved farmers Approximately 500 households 200 Pluriactive farmers Over 20,000 mu under contract;

employed approximately 10,960

farming households

2,000 mu of grape fields, with a

total of 1,927 growers

TABLE 2 Research time, object, content.

Research
period

Research subjects
and methods

Research content

Mid-August

2023

The investigation team

conducted a special survey

of Company A

Deep collaboration in the

agricultural industry chain

and agricultural

industrialization

Late January

2024

The investigation team

conducted group research

on Company A, Company

B, Company C, and

Company D

Current status of

pre-production quality and

safety control in enterprises,

particularly measures and

practices involving leading

farmers

Mid-July 2024 Holding seminars to engage

in specialized exchanges

with Company A, Company

C, and Company D

Current situation of

enterprise-led and

farmer-participated

pre-production quality and

safety control

mechanisms and key events related to the motivations, behaviors,

and outcomes of agricultural leading enterprises guiding farmers

in pre-production quality and safety control. The key interviewees

for this study will be internal personnel directly influencing or

managing pre-production quality control of agricultural products.

Given the research’s emphasis on deeply understanding the internal

mechanisms of raw material quality control within enterprises,

the most critical respondents will include: senior enterprise

management, managers of quality control departments, and

heads of procurement. During the second-level coding process,

relevant content from the case data was conceptually summarized,

integrating the latest advancements in theoretical research. The

motivation section focuses on the roles, functions, and effects

of farmers in pre-production quality and safety control; the

behavior section examines the response measures under different

mechanisms; and the outcome section analyzes the changes and

impacts on both farmers and pilot enterprises after implementing

action strategies under different mechanisms. This process then

distills secondary coding entries. Based on this, axial coding is

applied to integrate and abstract the open coding concepts, further

summarizing them into higher-level categories, ultimately forming

the primary coding.

A grounded theory analysis is conducted to explore the

pathways and mechanisms through which leading agricultural

enterprises engaged in high-quality agricultural product

production guide farmers to participate in pre-production

quality and safety control. The primary focus is to address the issue

of linkage, specifically by examining the linkage establishment

process and performing a processual analysis. This aims to

elucidate the linkage mechanisms and pathways through which

agricultural leading enterprises orchestrate farmer involvement in

pre-production quality and safety control.

2.2.1 Mechanism 1: organizational connection
mechanism

Pre-production quality and safety control is a critical link

in the entire agricultural product value chain, where the

guiding and standardizing role of agricultural leading enterprises

on farmers’ behavior is paramount. This paper analyzes the

internal logic of how agricultural leading enterprises guide

farmers’ behavior in pre-production quality and safety control

through organizational linkage mechanisms, from the perspective

of industrial organization theory (Plott, 1982; Yuan et al.,

2024). Within the organizational linkage mechanism, labor

force elements constitute the foundation for leading agricultural

enterprises to implement pre-production quality and safety

control. However, a primary challenge currently faced is the

heterogeneity of farmer types, encompassing contract farmers,

part-time farmers, large-scale farmers, and individual smallholders,

each exhibiting significantly divergent demands. The inability of

leading agricultural enterprises to effectively discern the specific

roles and needs of these diverse farmer types in pre-production

Frontiers in Sustainable FoodSystems 04 frontiersin.org

https://doi.org/10.3389/fsufs.2025.1615223
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org


Liu et al. 10.3389/fsufs.2025.1615223

quality and safety control leads to a lack of targeted quality control

measures, consequently resulting in agricultural product quality

and safety issues.

In response, case enterprises have adopted a series of

countermeasures. Agricultural cooperatives play a pivotal

intermediary role between leading agricultural enterprises and

farmers. Utilizing village-enterprise collaboration as a bridge,

leading agricultural enterprises, through contracting with

cooperatives, enhance the awareness and behaviors of various

farmer types regarding agricultural product quality and safety

control. Co-operatives disseminate the economic and social

value of quality control to farmers through policy dissemination

and organized training, thereby reinforcing farmers’ behavioral

cognition of quality control. Simultaneously, a mechanism

combining rewards and penalties is employed to ensure the

equivalent conversion of agricultural product value, gradually

shifting agricultural product prices from a pooling equilibrium to

a separating equilibrium. This breaks the economic cycle of “bad

money driving out good,” thereby enhancing farmers’ willingness

to implement quality control. Building upon the cultivation and

enhancement of farmers’ quality control behavioral capabilities,

leading agricultural enterprises provide support tools such as

production factors, technical training, and low-interest loans.

By promoting the establishment of industry-university-research

groups and conducting targeted technical training, farmers’

capacity to implement quality control is augmented. From the

perspective of industrial organization theory, this can be viewed

as agricultural leading enterprises overcoming market failures,

particularly issues of information asymmetry and transaction

costs, by constructing effective “vertical integration” and “quasi-

integration” models. Through cooperative organizations acting as

intermediaries, enterprises can effectively transmit information,

reduce the costs of transacting with dispersed farmers, and utilize

incentive mechanisms to guide farmers’ behavior toward desired

quality standards. This aligns with transaction cost economics

theory, which posits that organizational arrangements can reduce

transaction costs and enhance efficiency.

Leading agricultural enterprises, through promoting land

trusteeship or transfer, improve the efficiency of idle resource

element utilization and further stimulate farmers’ enthusiasm

for producing high-quality agricultural products. For part-time

farmers facing household labor shortages or seasonal employment,

idle land is entrusted or transferred to cooperatives, enterprises,

or small farmers, forming a more efficient intensive management

model. This production model not only facilitates specialized

management and enhances production management efficiency

but also integrates agricultural materials, technology, and human

resources required for high-quality agricultural product pro-

duction, enabling dynamic management of breeding, production

management, and post-harvest storage processes. Concurrently,

enterprises leverage big data, cloud computing, and Internet

of Things technologies to predict extreme climate and natural

disaster changes, enabling proactive scientific production decisions.

Government subsidies for large-scale production of high-quality

agricultural products further incentivize the contiguous production

model of land trusteeship or transfer, allowing farmers to benefit

from policy dividends and promoting the effective implementation

of pro-farmer policies. This reflects industrial organization theory’s

perspective on how enterprises enhance competitiveness through

resource integration and economies of scale. By promoting land

trusteeship or transfer, enterprises can optimize the allocation

of production factors and elevate the professionalization and

intensification of agricultural production. This aligns with the

theory of firm boundaries, which posits that enterprises internalize

production activities to reduce market transaction costs and

thereby achieve efficiency gains.

Leading agricultural enterprises, through the deep integration

of primary, secondary, and tertiary industries, enhance farmers’

awareness of pre-production agricultural product quality and safety

control. The extension of the industrial chain not only lengthens the

agricultural product value chain but also propels farmers toward

high-quality production transformation. In forward extension,

the order contract model directly links farmers’ production

behaviors with market demands, unifying quality standards and

brand requirements, thereby standardizing farmers’ production

behaviors. By enhancing industrial chain resilience and developing

new products and brands, leading enterprises enable farmers

to more directly perceive the premium benefits of high-quality

agricultural products, thereby further enhancing their quality

control awareness. The grounded theory analysis results and

pathways of leading agricultural enterprises guiding farmers to

participate in pre-production quality and safety control based on

the organizational linkage mechanism are presented in Table 3 and

Figure 1, respectively.

2.2.2 Mechanism 2: new quality productive forces
elements linkage mechanism

The current proposition of new quality productive forces

elements highlights that producing high-quality agricultural

products is pivotal, with advanced productivity being the essence.

This entails focusing on new types of laborers, labor materials,

and labor objects, along with their optimized combinations, and

taking the substantial enhancement of total factor productivity as

the core marker. Consequently, standardized and green planting

have become new driving forces for leading agricultural enterprises

to guide farmers in promoting pre-production agricultural product

quality and safety control. The efficacy of the new quality

productive forces linkage mechanism can be thoroughly analyzed

from the perspective of agricultural value chain collaboration

theory. This theory focuses on the interaction, division of labor,

and cooperation among various actors within the agricultural value

chain, and how collaboration can optimize resource allocation

and enhance value. It provides a theoretical framework for

understanding how agricultural leading enterprises leverage new

quality productive forces to improve overall value chain efficiency

and quality (Mishra et al., 2024; Despoudi et al., 2018).

To realize standardized and green planting, leading agricultural

enterprises cultivate and develop new types of agricultural

laborers, tools, and objects. Through agricultural technology

extension and industry-university-research cooperation, leading

agricultural enterprises enhance farmers’ quality control

capabilities. Enterprises invite agricultural experts to provide

full-cycle production technical guidance to farmers in the
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TABLE 3 Grounded theory analysis results of leading agricultural enterprises guiding farmers’ participation in pre-production quality and safety control

based on the organizational linkage mechanism (Selected Representative Evidence).

Logical
foundation

Level 1 coding Level 2 coding Representative evidence

Motivations Labor factors Contract farmers A: The company enters into contracts with cooperatives, stipulating annual quality standards

and order volumes

B: The company establishes contracts with individual farmers for the procurement of kudzu

root

C: The company engages in contractual land leases with farmers, employing them for rice

cultivation

D: The company enters into contracts with farmers for the acquisition of fresh fruit

Pluriactive farmers A: Farmers establish an employment relationship with the Xiajin Yellow River Old Course

Ancient Mulberry Tree Cluster as employees, participating in the maintenance and

harvesting of the ancient mulberry trees

B: Farmers are employed as temporary workers at the Maobao Kudzu Root Garden, engaging

in production activities such as kudzu root harvesting and weeding

C: Farmers participate in rice cultivation as laborers

Small-scale farmers A: Farmers sell their cultivated mulberries to the company

B: Local farmers harvest and sell wild kudzu root to the company

D: Farmers sell their self-cultivated grapes to the company

Large-scale farmers A: Large-scale farmers cultivate tens of acres of mulberry trees

B: The company conducts on-site procurement of farmers’ homemade kudzu root powder

D: Farmers contract large tracts of land for grape cultivation

Behaviors Integration of

primary, secondary,

and tertiary industries

Industrial chain

resilience

A: The company develops the “Purple Wine Town Project,” aiming to radiate throughout

Maoshan

A: The company registers the “Worry-Free Mulberry” brand and develops new mulberry leaf

tea products

B: The company actively develops specialty products such as kudzu root tea, kudzu root

biscuits, kudzu root enzyme, and kudzu root farm cuisine

D: The company actively develops its wine business

Industrial chain

extension

A: The company hosts the “Kunming May Day Most Beautiful Mulberry Orchard” event,

featuring mulberry fruit picking and tourism

B: The company organically integrates the kudzu root industry with agricultural sightseeing

tourism, establishing projects such as the Maobao Kudzu Garden, Kudzu Root Culture

Museum, and Kudzu Root Demonstration Science Park

C: The company establishes industry-university-research bases and conducts various research

activities with universities

D: The company develops summer vacation extension bases and establishes

agritainment campsites

Village-enterprise

cooperation model

Cooperatives A: The company directly interfaces with cooperatives, establishing guaranteed purchase

agreements

B: The company establishes its own cooperative

C: The company establishes its own cooperative.

D: The company establishes the “Dingzhuang Grape Cooperative Alliance”

Land

trusteeship/transfer

A: The company leases tens of acres of land for the research and development of new

varieties, technologies, and models

B: The company leases 250 mu of land for the demonstration and promotion of standardized

kudzu root cultivation

C: The company manages land for the centralized cultivation of high-quality rice

D: The company manages land entrusted by farmers and re-employs those farmers for the

standardized cultivation of grapes

Outcomes Organizational

linkage mechanism

enhancement of land

factor value

A: A 5,000-acre raw material base, driving the “one village, one product” initiative, has

become one of the first rural characteristic industry hundred-million-yuan villages

C: The signing of production and sales agreements has increased the value of nearly 20,000

acres of managed land

D: The company’s influence has led to the appreciation of land value across 2,000 acres

Enhancement of labor

factor value

A: The company recruits farmers for employment

B: Farmers participate in kudzu root harvesting, contributing to a household income increase

of 20,000 to 30,000 yuan

C: Farmers are responsible for field management

D: The company encourages farmers to engage in grape cultivation

Enhancement of

agricultural product

quality

A: The company increased the purchase price of mulberries

B: The company enhanced farmers’ awareness of green and high-quality products,

incentivizing them to harvest wild and natural kudzu root

C: The “Run Guo Jiu Du” rice was rated as a four-star “Very Delicious Rice” on China’s

“Good Rice List”

D: The “Dingzhuang Grapes” were designated as a geographical indication

agricultural product
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FIGURE 1

Pathways for leading agricultural enterprises to guide farmers in pre-production quality and safety control through the organizational linkage

mechanism.

fields and collaborate with research institutions to develop

patented technologies and promote standardized planting

models. Agricultural value chain collaboration theory posits

that knowledge sharing and technical assistance can compensate

for smallholder farmers’ disadvantages in acquiring technology

and information, thereby enhancing their production skills and

management capabilities, and ultimately strengthening their

participation and competitiveness within the value chain. This

collaborative approach helps dismantle traditional agricultural

production barriers, facilitates the dissemination and application

of advanced production techniques, and consequently improves

the quality of agricultural products. New labor objects, centered

on data elements, enable leading agricultural enterprises to

establish digital platforms for digital and in-formation-based

monitoring of field management. By leveraging big data, cloud

computing, and Internet of Things technologies, enterprises

construct intelligent farmland management systems to achieve

real-time monitoring of crop growth environments and optimize

planting strategies through intelligent decision-making systems.

In terms of financial credit, enterprises launch agricultural credit

platforms to provide farmers with financial support such as

agricultural material credit sales, reducing farmers’ production

input pressure and enhancing their enthusiasm for participating in

high-quality planting. For quality traceability, enterprises establish

a full-process traceability system from production to market,

including product QR code traceability and government food

safety electronic traceability systems, ensuring that the sources of

agricultural products are traceable, destinations are trackable, and

responsibilities are accountable, thereby enhancing consumer trust

in product quality. Within agricultural value chain collaboration,

effective information flow can mitigate information asymmetry,

enhance decision-making efficiency, and facilitate coordinated

actions among various stakeholders. Concurrently, establishing a

comprehensive farm-to-fork traceability system not only bolsters

consumer trust in product quality but, more critically, constructs

a robust risk management mechanism ensuring verifiable

origins, traceable destinations, and assignable accountability for

agricultural products. This contributes to clarifying responsibilities

across all stages of the value chain, thereby reducing quality

and safety risks, consistent with the agricultural value chain

collaboration theory’s emphasis on leveraging information sharing

and traceability mechanisms to reduce uncertainty and enhance

trust. New types of labor tools in agricultural mechanization are

crucial for improving agricultural product quality. Addressing

the issues of insufficient farm machinery and low mechanization

levels among farmers, leading agricultural enterprises reduce

farmers’ production costs and improve mechanized operation

efficiency through agricultural machinery outsourcing leasing and

maintenance scheduling mechanisms. Enterprises or cooperatives

provide farm machinery leasing services and conduct pilot

demonstrations in areas suitable for farm machinery promotion

to enhance farmers’ awareness and application capabilities of

mechanized planting. Furthermore, for complex terrains such

as hills and mountains, enterprises establish farm machinery

adaptation and scheduling systems to ensure that farmers can

access suitable agricultural machinery and maintenance services,

thereby improving the precision and stability of agricultural

production. Agricultural value chain collaboration theory posits

that through cross-actor resource integration and specialized

division of labor, the strengths of all parties can be fully leveraged
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TABLE 4 Grounded theory analysis results of leading agricultural enterprises guiding farmers’ participation in pre-production quality and safety control

based on the organizational linkage mechanism (selected representative evidence).

Logical
foundation

Level 1 coding Level 2 coding Representative evidence

Motivations Optimization of new

quality productive

forces elements

Standardized

cultivation

A: The company implements standardized maintenance protocols and adopts uniform

quality standards for mulberry procurement C: The company employs uniform varieties,

fertilizers, and field management practices for cultivation

D: Through standardized cultivation, the company modifies farmers’ traditional

planting habits

Green cultivation A: The company provides farmers with green planting guidance and encourages the use of

organic fertilizers

B: The company encourages farmers to cultivate wild kudzu root and conducts monitoring of

soil and water quality

C: The company prohibits the burning of straw and promotes straw composting

D: The company uniformly implements green management practices and organic cultivation

Behaviors Agricultural

mechanization

Agricultural

machinery

outsourcing leasing

A: Due to the high cost of manual mulberry harvesting, the company needs to promote

mechanized harvesting and sorting

C: The company provides agricultural machinery and implements

D: The cooperative provides agricultural machinery and implements

D: The company installs drip irrigation facilities

Agricultural

machinery

maintenance and

scheduling

A: The cultivation site is hilly, necessitating the deployment of agricultural machinery

suitable for hilly terrain

C: The company schedules agricultural machinery and provides maintenance services to

farmers

D: The cooperative alliance provides agricultural machinery maintenance services

Agricultural

digitalization

Digital agriculture

platform

A: The company utilizes integrated dashboards for order and production information

C: The company has established a “Smart Farmland Patrol” digital management system for

field operations

Financial credit

platform

A: The company has developed a “one card per household” platform, offering farmers access

to agricultural input credit sales services

Quality traceability

platform

A: Each bottle of wine is affixed with an agricultural product traceability code

B: The company regularly submits data to the Jiangsu Province Agricultural Product

Traceability Platform and the Zhenjiang City Food Safety Electronic Traceability System

C: The company has developed a field monitoring and traceability function

Agricultural

standardization

Agricultural

technology extension

A: The company engages experts to provide technical guidance to farmers and supplies them

with agricultural materials

B: The company collaborates with universities on patented technologies

D: The company constructs grape greenhouses and collectively contracts them out

Outcomes New quality

productive forces

elements linkage

mechanism

Increase raw material

output

A: “Following collaboration, the yield of a single mulberry tree exceeded 100 kilograms; the

cultivation area expanded from 1,000 acres to over 3,000 acres

C: The yield per acre increased to 1,200-1,300 kilograms, representing a 9% improvement in

per-acre productivity

D: Production increased to 420,000 tons, with monthly exports of 4–5 tons overseas

Improve raw material

quality

A: Quality is reflected in the procurement price, which has steadily increased from 1.5 yuan

to over 2 yuan

B: The company rigorously ensures the green and organic nature of raw materials

C: Water resource utilization has increased by 30%, fertilizer utilization by 15%, pesticide

usage has decreased by over 20%, and per-acre benefits have risen by 20%

D: “Dingzhuang Grapes” have been designated as a national geographical indication

agricultural product and have received multiple awards for “Green and High-Quality

Agricultural Products”

to achieve overall production efficiency improvements. Particularly

in complex geographical environments, the establishment of an

agricultural machinery adaptation and dispatch system further

ensures production precision and stability, thereby enhancing the

quality of agricultural products.

Leveraging the new quality productive forces linkage

mechanism, agricultural leading enterprises guide farmers’

participation in pre-production agricultural product quality

and safety control through practices informed by agricultural

value chain collaboration theory. By employing key collaborative

approaches such as knowledge sharing, information flow

optimization, risk management, resource integration, and

efficiency enhancement, these enterprises effectively integrate new

types of laborers, labor tools, and labor objects. This integration

drives innovation in agricultural production models, achieves deep

synergy between enterprises and farmers within the value chain,

and ultimately accomplishes the objectives of elevating agricultural

product quality and yield. The grounded theory analysis results

and pathways of leading agricultural enterprises guiding farmers

in pre-production agricultural product quality and safety control

based on the linkage mechanism of new quality productive forces

elements are presented in Table 4 and Figure 2, respectively.
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FIGURE 2

Pathways for leading agricultural enterprises to guide farmers in pre-production quality and safety control through the new quality productive forces

elements linkage mechanism.

This study, taking four representative leading agricultural

enterprises as examples, analyzes the cyclical mechanisms

through which enterprises guide farmers to participate in pre-

production quality and safety control. By exploring the inherent

logic of “motivations-behaviors-outcomes,” it is found that the

linkage mechanisms involve two dimensions: organizational

and new quality productive forces elements. These are multi-

dimensional linkage mechanisms that collaboratively ensure

and facilitate farmers’ participation in the quality and safety

control of the industrial chain. The organizational linkage

mechanism serves as a necessary foundation for enterprises to

guide farmers in pre-production quality and safety control. It

addresses the effective integration of farmers’ production factors,

such as land and labor, into the agricultural industrial chain by

organizing contract and large-scale farmers through cooperative

organizational management and absorbing individual smallholders

and part-time farmers through land transfer/trusteeship. This

enables various types of farmers to become the first link in the

agricultural industrial chain and a necessary component of vertical

collaboration. The linkage mechanism of new quality productive

forces elements acts as a catalyst for enterprises to guide farmers

in pre-production quality and safety control. Starting from

green and standardized planting, leading agricultural enterprises

optimize the combi-nation of technological innovation, labor

materials, and labor objects, enabling farmers to participate in

agricultural production activities conveniently and efficiently.

This drives farmers to achieve self-accumulation cycles,

innovation, and transformation, ensuring high-quality and

high-yield outcomes.

In the quality and safety control of the entire agricultural

industrial chain, leading agricultural enterprises promote farmers’

active participation in pre-production quality and safety control

through the synergistic effect of organizational linkage mechanisms

and new quality productive forces elements linkage mechanisms,

thereby improving the quality and yield of agricultural products.

This mechanism provides an effective path for deep cooperation

between leading agricultural enterprises and farmers, promotes

the modernization and high-quality development of agricultural

production, and supports the innovation and sustainable

development of the agricultural industrial chain. The mechanisms

through which leading agricultural enterprises guide farmers in

pre-production quality and safety control are illustrated in Figure 3.

2.3 Identification of influencing factors

A grounded analysis of the preceding text reveals that

pre-production quality and safety control in agriculture is a

multi-pathed, complex collaborative behavior between agricultural

leading enterprises and farmers. The integration of three industries,

village-enterprise cooperation, agricultural mechanization,

agricultural digitalization, and agricultural standardization have,
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FIGURE 3

The mechanism of leading agricultural enterprises guiding farmers to participate in pre-production quality and safety control.

to varying degrees, promoted farmers’ participation in pre-

production quality and safety control. However, the complexity of

this combined pathway poses challenges to traditional regression

analysis methods. Therefore, it is necessary to select key behavioral

elements based on the actual needs of leading agricultural

enterprises and farmers, and to explore the configurational

structures under multiple behavioral interactions, in order to

accurately identify the core and peripheral factors influencing

farmers’ participation in pre-production quality and safety control.

In light of this, this paper selects five key elements—the integration

of three industries, village-enterprise cooperation, agricultural

mechanization, agricultural digitalization, and agricultural

technology extension—as antecedent conditions for guiding

farmers’ deep participation in pre-production quality and safety

control. The specifics are shown in Table 5.

3 Data and methods

3.1 Fuzzy set qualitative comparative
analysis method

Fuzzy-set Qualitative Comparative Analysis is a research

method that combines qualitative and quantitative approaches. It

builds upon the theory and methods of Qualitative Comparative

Analysis (QCA), integrating Boolean algebra and set theory to

provide a novel research perspective for addressing complex causal

relationships. By leveraging the advantages of both quantitative and

qualitative analysis, fsQCA analyzes and synthesizes concurrent

causal relationships among different sets through the com-parison

of a certain number of cases. This means that various combinations

of variables may influence multiple cases to produce the same

phenomenon. From a holistic per-spective, fsQCA explores

the process of complex social problems arising from multiple

concurrent causes (Glaser and Strauss, 2017; Leppänen et al., 2023).

Compared to crisp-set Qualitative Comparative Analysis (csQCA)

and multi-value Qualitative Comparative Analysis (mvQCA),

fsQCA better prevents information loss during data conversion

and enhances data precision, thereby more accurately detecting

TABLE 5 Names and specific details of relevant variables.

Antecedent conditions Specific contents

Village-enterprise cooperation (EC) Recognition of cooperative role

Integration of three industries (I) Willingness to extend industrial chain

Agricultural mechanization (M) Acceptance of machinery leasing and

Maintenance scheduling

Agricultural digitalization (D) Acceptance of digital information

platform

Agricultural technology extension (S) Agricultural technology extension

Land circulation/trusteeship (LC) Willingness of land

circulation/trusteeship

the effects caused by changes in antecedent conditions (Rubinson,

2019). Due to its ability to transform causal relationships into

complex causalities characterized by fuzziness, asymmetry, and

equivalence, fsQCA can address partial membership issues of sets,

precisely capturing the impact of conditional variable changes on

outcome variables (Ong and Johnson, 2023).

This paper employs the fsQCA method, primarily considering

that existing research indicates that exploring the pathways for

leading agricultural enterprises to guide farmers in pre-production

quality and safety control requires more than just analyzing the

in-dependent effects of individual behaviors. It necessitates a

holistic approach to investigate the outcomes of multiple complex

variables interacting with each other. By transforming fuzzy sets

into truth tables, fsQCA retains the advantages of truth table

analysis in processing qualitative data, limited diversity, and

simplifying configurations, thereby endowing the research with

dual attributes of qualitative and quantitative analysis (Du et al.,

2022). Furthermore, this paper utilizes fsQCA 3.0 software to

set qualitative anchors and employs program operations to finely

calibrate the variable membership and outcome membership of

cases within the sets. Necessity analysis of individual conditional

variables is conducted, and truth tables are constructed to

explore the impact of conditional variable combinations on
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TABLE 6 Sample distribution.

Characteristic
variables

Type Sample
size

Questionnaire
validity rate

Farmer type Contract farmers 18 45%

Pluriactive farmers 3 7.5%

Small-scale

farmers

8 20%

Large-scale

farmers

11 27.5%

Planting income Approximately

30,000–40,000

RMB

4 10%

Approximately

60,000–70,000

RMB

9 22.5%

Approximately

100,000 RMB

14 35%

Approximately

200,000 Yuan

9 22.5%

More 4 10%

outcome variables. Finally, the conditional configurations are

analyzed to examine the sufficiency of different conditional variable

configurations on the outcome variables (Du et al., 2024).

3.2 Data source

Given that the fsQCA method has different sample size

requirements compared to traditional quantitative analytical

methods—being suitable for small to medium-sized samples,

typically considering 20–50 cases as appropriate—this study

employed purposive sampling to select 40 farmer households

in China’s Yangtze River Delta region as the research sample.

According to the research needs, the sample selection criteria

included: farmers must be within the industrial radiation range

of enterprise A and cover four types: contract farmers, part-time

farmers, individual small-holders, and large-scale farmers. The

design of the questionnaire was closely aligned with behaviors

related to organizational linkage mechanisms and new quality

productive forces elements linkage mechanisms. A total of 40

questionnaires were distributed, and 33 valid questionnaires were

returned, meeting the standards for medium-sized sample research.

The basic characteristics of the sample are detailed in Table 6.

4 Empirical analysis and results

4.1 Reliability and validity test

This study utilizes SPSS 20.0 software to analyze the reliability

and validity of the scales. The reliability of the scales is assessed

using Cronbach’s alpha coefficient and CR value. The closer the

alpha and CR values are to 1, the better the reliability. Generally,

a value above 0.7 indicates good reliability of the scale. Validity

represents the degree to which results approximate the intended

targets. The convergent validity of the scales is typically measured

using the average variance extracted (AVE) of all variables. An

AVE value above 0.5 indicates good convergent validity. The

discriminant validity is optimal when the AVE is higher than the

correlation coefficients of other variables. The test results are shown

in Table 7.

4.2 Data calibration

Data calibration is the process of converting variables into

sets and calculating membership scores. In fsQCA software, the

membership relationships of each instance within the sets and

the outcome membership relationships are calibrated. 1 indicates

absolute membership, 0 indicates absolute non-membership, and

0.5 is the maximum ambiguity point for assessing whether an

instance belongs to a set. Since the variables “Village-Enterprise

Cooperation,” “Integration of Three Industries,” “Agricultural

Mechanization,” “Agricultural Digitalization,” “Agricultural

Technology Extension,” and “Pre-Production Quality and Safety

Control Level” in this study were obtained through a four-point

Likert scale, the original data must be transformed into values

between 0 and 1 before fsQCA analysis. To calibrate the variables

in each sample, this paper selects three anchor points: 4, 2.5, and

1. Consequently, the membership scores of each variable in the

samples are shown in Table 8.

During the analysis, sensitivity checks were conducted by

subtly adjusting the calibration anchor points. While these

adjustments led to minor fluctuations in membership scores, the

core configurational pathways identified in this study, along with

their explanatory power, remained substantially robust. Due to

space constraints, a detailed report of these sensitivity analyses is

omitted from the main text.

4.3 Single condition necessity analysis

For the needs of fsQCA analysis, a necessity analysis must first

be performed, where necessity refers to the explanatory power of

a single conditional variable on the outcome variable. Before truth

table analysis, a consistency threshold of 0.9 must be met for the

conditional variable to be considered necessary. If the consistency

is 1, this condition is essential, and the subset relationship between

the conditional variable and the outcome variable is optimal. The

analysis results are shown in Table 9.

4.4 Results

After conducting necessity analysis on individual conditional

variables, this paper analyzes the sufficiency of configurations

composed of different combinations of conditional variables on

the outcome variable. Intermediate solutions are used to determine

the number of configurations and the included conditions, and

these are combined with parsimonious solutions to distinguish

between core conditions and peripheral conditions. A solid circle

indicates the presence of a conditional variable, a hollow circle
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TABLE 7 Reliability and validity test.

Variable Crobach’s α CR AVE EC I M D S LC N

EC 0.886 0.891 0.803 0.896

I 0.811 0.921 0.854 0.276 0.924

M 0.870 0.901 0.819 0.325 0.252 0.905

D 0.879 0.895 0.741 0.155 0.202 0.189 0.861

S 0.745 0.949 0.903 0.051 0.375 0.278 0.259 0.950

LC 0.840 0.898 0.815 −0.107 −0.417 0.108 −0.173 −0.306 0.903

N 0.768 0.940 0.887 0.572 0.069 0.181 0.347 0.304 −0.247 0.942

Village-Enterprise Cooperation (EC); Integration of Three Industries (I); Agricultural Mechanization (M); Agricultural Digitalization (D); Agricultural Technology Extension (S); Land

Circulation/Trusteeship (LC).

TABLE 8 Fuzzy set membership (partial).

Sample EC1 I1 M1 D1 S1 LC1 N1

1 0.95 0.73 0.88 0.91 0.88 0.95 0.95

2 0.88 0.73 0.95 0.95 0.95 0.88 0.88

3 0.73 0.73 0.88 0.84 0.73 0.12 0.88

4 0.73 0.27 0.73 0.91 0.73 0.27 0.88

5 0.73 0.27 0.73 0.84 0.73 0.88 0.88

6 0.88 0.88 0.73 0.73 0.95 0.27 0.88

7 0.27 0.73 0.88 0.91 0.95 0.73 0.27

8 0.95 0.73 0.88 0.95 0.95 0.27 0.73

9 0.95 0.27 0.73 0.73 0.88 0.73 0.88

10 0.05 0.27 0.27 0.27 0.73 0.73 0.27

11 0.95 0.73 0.27 0.84 0.27 0.73 0.27

12 0.73 0.73 0.73 0.73 0.95 0.27 0.88

13 0.88 0.27 0.73 0.27 0.73 0.88 0.27

14 0.95 0.88 0.95 0.27 0.95 0.95 0.73

indicates the absence of a conditional variable, a large circle

represents a core condition, a small circle represents a peripheral

condition, and a blank indicates that the conditional variable can be

either present or absent. Standardized analysis is performed using

fsQCA 4.0 software, and the configuration analysis results of the

combinations of influencing factors for farmers’ participation in

vertical collaboration in the industrial chain are shown in Table 10.

As shown in Table 10, the overall consistency of the

configurations in this study is 0.912, indicating that the six

configurations explain 0.912 of the extent to which leading

agricultural enterprises guide farmers to participate in pre-

production quality and safety control. The overall coverage rate is

0.941, indicating that the research results ultimately cover 94.1%

of the case scenarios. The consistency of all configurations in

this paper is higher than the acceptance standard of 0.8. These

configurations and the willingness of farmers to participate in

vertical collaboration in the industrial chain have a good subset

relationship, demonstrating that the antecedent conditions have a

good explanatory power for the outcome variable (pre-production

TABLE 9 Results of necessary condition analysis.

Influence factors Consistency Coverage

EC 0.735353 0.670791

∼EC 0.283002 0.677489

I 0.817812 0.829056

∼I 0.443038 0.876565

M 0.887432 0.828270

∼M 0.337251 0.802150

D 0.617270 0.627150

∼D 0.299729 0.782763

S 0.776490 0.790919

∼S 0.215642 0.838313

LC 0.555606 0.731983

∼LC 0.684901 0.934608

quality and safety control level of agricultural products). Based

on the above research, this paper has derived a total of six

configurations with high levels of pre-production quality and safety

control for agricultural products.

Configuration N1 (∼M∗D∗S∗LC) indicates that a low level

of agricultural mechanization, a high level of agricultural

digitalization, a strong agricultural technology extension effort, and

a high willingness for land trusteeship can result in high control

over pre-production quality of agricultural products.

Configuration N2 (∼I∗D∗S∗LC) indicates that a low level

of integration of three industries, a high level of agricultural

digitalization, adequate agricultural technology extension, and a

high willingness for land trusteeship can result in a high level of

control over pre-production quality of agricultural products.

Configuration N3 (EC∗I∗M∗S) indicates that participation

in cooperatives, a high level of integration of three industries,

agricultural mechanization, and a strong agricultural technology

extension effort can result in high control over pre-production

quality of agricultural products.

Configuration N4 (EC∗I∗D∗S) indicates that participation in

cooperatives, a high level of integration of three industries, a

high degree of digitalization, and a strong agricultural technology
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TABLE 10 Combined pathways of conditional variables.

Condition variable Combinations of factors influencing leading agricultural enterprises guiding
farmers to participate in pre-production quality and safety control

N1 N2 N3 N4 N5 N6

EC

I • •

M • • •

D • •

S •

LC • • •

Raw coverage 0.289331 0.401899 0.753165 0.750904 0.829114 0.514919

Unique coverage 0 0 0.0207956 0.0393311 0.0207956 0

Consistency 0.932945 0.950802 0.982311 0.99105 0.978133 0.943662

Solution coverage 0.940778

SolutionConsistency 0.91192

Algorithm Quine-McCluskey

represents the presence of a core condition, represents the absence of a core condition, • represents the presence of a peripheral condition, ⊗ represents the absence of a

peripheral condition.

extension effort can result in high control over pre-production

quality of agricultural products. This configuration has the highest

consistency index and the strongest explanatory power.

Configuration N5 (EC∗M∗D∗S) indicates that participation

in cooperatives, high levels of agricultural mechanization and

digitalization, and a strong agricultural technology extension

effort can result in high control over pre-production quality of

agricultural products.

Configuration N6 (EC∗M∗S∗LC) indicates that participation in

cooperatives, a high level of agricultural mechanization, a strong

agricultural technology extension effort, and a high willingness for

land trusteeship can result in high control over pre-production

quality of agricultural products.

Through the interpretation of the above six configurations, it

can be seen that all six configurations significantly affect the level of

pre-production quality and safety control of agricultural products.

The explanatory power ranking is: N4 > N3 > N5 > N2 > N6

> N1.

4.5 Robustness check

Robustness checks are used to ensure that research findings

are not accidental phenomena resulting from specific data

or methodological choices. By altering certain parameters or

conditions, if the results remain consistent, then these results

can be considered reliable. Common robustness check methods

include: adjusting calibration values, changing case frequency

thresholds, varying consistency thresholds, and adding other

conditions related to the outcome. This paper employs the method

of changing case consistency thresholds to analyze whether the

original results are robust by comparing the state of the set

relationships and parameter differences before and after the change.

By adjusting the case consistency threshold from 0.8 to 0.85,

the generated configurations remain consistent with the original

configurations, and the consistency and coverage of the solutions

do not change. The robustness check shows that the configuration

results are robust.

4.6. Result discussion

Based on the six configurations, three overarching

configurational types can be summarized regarding how

leading agricultural enterprises guide farmers to participate

in pre-production quality and safety control.

4.6.1 Configuration 1: three-industry integration
driven

This configuration includes configurations N3 and N4,

characterized by the deep participation of cooperatives and the

enhancement of three-industry integration levels, combined

with the integrated application of agricultural mechanization,

agricultural technology extension, and digital technologies. In

configuration N3, the active involvement of cooperatives, high

levels of three-industry integration, and the synergistic effect of

agricultural mechanization and agricultural technology extension

significantly enhance pre-production quality control capabilities

of agricultural products. Configuration N4 further introduces

higher levels of digital technology, strengthening the refined

management of agricultural production, and demonstrating

higher consistency indices and explanatory power in fsQCA

analysis. This configuration is suitable for leading agricultural

enterprises that promote industrial chain collaboration through

modern agricultural production and deep industrial integration.
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By leading three-industry integration and modern technologies,

these enterprises can stimulate farmers’ willingness to participate

and improve their behavioral performance in pre-production

quality control. Therefore, the three-industry integration driven

configuration not only helps to promote the coordinated

development of agriculture, industry, and service sectors

but also pro-vides continuous momentum for high-quality

agricultural production, enhancing the overall quality control

level of the agricultural industrial chain by encouraging active

farmer participation.

Under this configuration, leading agricultural enterprises

should collaborate with large-scale farmers to transfer and manage

idle land to form large-scale planting, while also purchasing

mechanized equipment and providing agricultural technology

extension to part-time farmers and contract farmers to establish

standardized production. Leading agricultural enterprises should

further strengthen cooperation with cooperatives, promote the

integrated development of agriculture with secondary and tertiary

industries through the organized management of cooperatives,

and facilitate the development of primary agricultural products

toward processed agricultural products, branded products, and

agricultural tourism, thereby upgrading products and increasing

added value. Various types of farmers should participate in

the integrated development of rural primary, secondary, and

tertiary industries, forming a complete “production-sales-tourism”

industrial chain, which enhances farmers’ subjective awareness of

pre-production quality and safety control through industrial chain

extension. This aligns well with traditional agricultural supply chain

theories that emphasize enhancing agricultural product value-

added and quality through industrial extension and value chain

integration. Numerous prior studies have indicated that developing

secondary and tertiary industries such as agricultural product

processing, warehousing and logistics, and agritourism contributes

to the formation of a complete industrial chain, which in turn

imposes higher demands on the quality of primary agricultural

products and prompts producers to strengthen quality control.

However, the unique contribution of this study lies in its explicit

revelation of the crucial organizational role of cooperatives in

the integration of primary, secondary, and tertiary industries,

and how agricultural leading enterprises, by spearheading this

integration and technological modernization, can significantly

stimulate farmers’ willingness to participate, thereby improving

their performance in pre-production quality control.

4.6.2 Configuration 2: digital intelligence driven
This configuration encompasses configuration N5,

emphasizing the core role of digital technologies and intelligent

means in agricultural production, especially in the context

of deep integration of agricultural mechanization and digital

technologies. Con-figuration N5 indicates that, based on

cooperative participation, the enhancement of agricultural

mechanization levels, the widespread application of digital

technologies, and the strengthening of agricultural technology

extension jointly build an efficient pre-production quality control

system. The digital intelligence driven configuration is particularly

suitable for agricultural production environments with high digital

technology penetration and advanced information levels. Under

this configuration, relying on advanced digital and intelligent

means can achieve precise monitoring and quality assurance of

the entire agricultural production process, thereby promoting

the trans-formation of agricultural production toward efficiency,

greenness, and intelligence.

This configuration emphasizes the leading role of agricultural

enterprises in promoting and applying digital technologies to

encourage farmers to actively participate in pre-production quality

control, ensuring that agricultural products are produced more

accurately and efficiently. The leading role of agricultural

enterprises provides farmers with technical support and

management tools to help them overcome the limitations of

traditional production methods, thereby improving the overall

quality control capabilities of the industrial chain. In this model,

it is recommended that agricultural enterprises provide more

comprehensive technical support to various types of farmers.

For contract farmers and large-scale farmers, enterprises should

use digital platforms and intelligent equipment to help farmers

monitor the entire agricultural production process. Enterprises

should improve information flow capabilities and socialized

services such as agricultural machinery and technology for

individual smallholders and part-time farmers, enhancing their

initiative to participate in pre-production quality and safety

control. This aligns perfectly with current research hotspots in the

fields of smart agriculture and digital agriculture. Extensive prior

research has already demonstrated the technical effectiveness of

digital technologies in quality control. However, this study’s unique

contribution lies in its not only confirming this technical efficacy

but also emphasizing the leading role of agricultural enterprises in

the promotion and application of digital technologies. It further

elucidates how these enterprises, by providing comprehensive

technical support andmanagement tools, can effectively incentivize

various types of farmers to actively participate in pre-production

quality control, thereby overcoming the limitations of traditional

production methods and achieving overall supply chain quality

improvement. This significantly enriches the practical pathways

for empowering smallholder farmers with digital technologies,

revealing the crucial role of leading enterprises in driving

agricultural digital transformation and bridging the “digital

divide,” thus offering a new perspective for enhancing the

modernization of smallholder farming in our country.

4.6.3 Configuration 3: land trusteeship driven
This configuration includes configurations N1, N2, and N6,

characterized by the high manifestation of land trusteeship

willingness, supplemented by the support of agricultural

mechanization and agricultural technology extension. The

implementation of land trusteeship significantly reduces

the presence of individual smallholders and promotes the

increase of contract farmers, part-time farmers, and large-scale

farmers, driving the intensive management model of farmers. In

configurations N1 and N2, the combination of the strength of land

trusteeship willingness, the level of agricultural digitalization, and

effective agricultural technology extension plays a crucial role.

Especially in the context of strong land trusteeship willingness,
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enterprises can improve farmers’ willingness and ability to

participate in pre-production quality control by optimizing land

resource al-location and strengthening technical support. The land

trusteeship model helps to reduce the dispersion among farmers,

increase production scale, and thereby enhance their enthusiasm

and efficiency in participating in quality control. In configuration

N6, the synergistic application of land trusteeship and agricultural

mechanization further enhances farmers’ production capacity and

quality control levels.

The land trusteeship model helps farmers improve production

efficiency and strengthen quality and safety control through

centralized management, large-scale production, and technical

support. The guidance and support of agricultural enterprises

enable farmers, especially contract farmers, part-time farmers,

and large-scale farmers, to better participate in the quality

control process of agricultural products, thereby im-proving the

quality and safety level of the entire industrial chain. The land

trusteeship driven configuration highlights the positive role of

land trusteeship in enhancing farmers’ initiative to participate in

pre-production quality control. This model is particularly suitable

for areas where land trusteeship obligations and agricultural

mechanization levels are at a medium to low stage. Agricultural

enterprises should further improve land trusteeship and transfer

mechanisms, optimize resource allocation, and strengthen co-

operation with cooperatives. Through the organized management

of cooperatives, they should promote the implementation of

land trusteeship models and provide land trusteeship support

for part-time farmers and individual smallholders. For contract

farmers and large-scale farmers, enterprises should continuously

promote the synergistic application of land trusteeship models

and agricultural mechanization, improve farmers’ production

efficiency through advanced management systems, and strengthen

quality monitoring to promote the quality improvement of

the entire industrial chain. This aligns highly with existing

research on appropriate scale farming and the agricultural

socialized service system in China. Numerous studies have

argued that land transfer and trusteeship are crucial pathways

to achieving large-scale and intensive agricultural production,

enhancing agricultural efficiency and market competitiveness.

Moreover, large-scale operations often imply more standardized

production management and higher quality standards. Building

upon existing findings, this study more deeply reveals the indirect

yet profound mechanisms through which the land trusteeship

model impacts pre-production quality control of agricultural

products. Specifically, this research emphasizes the synergistic

effect of land trusteeship and agricultural mechanization in

enhancing farmers’ production capabilities and quality control

levels. This moves beyond the traditional perspective that solely

focuses on the economic benefits of land trusteeship, instead

delving into its potential in reshaping farmers’ production

behaviors and stimulating their proactive engagement in quality

control. These findings offer new practical insights for improving

land trusteeship and transfer mechanisms, optimizing agricultural

resource allocation, and constructing a more effective agricultural

socialized service system.

Through the summarization and analysis of the six

configurations, it can be seen that under the combined effect

of village-enterprise cooperation, three-industry integration,

agricultural mechanization, digitalization, and agricultural

technology extension, farmers show a strong willingness to

participate in pre-production quality and safety control of

agricultural products. These configurations not only effectively

enhance the quality and safety control capabilities of agricultural

product raw materials by leading agricultural enterprises but

also reduce quality risks in the mid- and post-production

stages, thereby improving the quality and safety control

efficiency of the entire industrial chain. Furthermore, the

research results indicate that the leading role of agricultural

enterprises on farmers is the result of multi-factor synergy,

which further verifies the complexity of the configurations

and increases the credibility of problem analysis based on a

configurational perspective.

5 Conclusions

This study, focusing on leading agricultural enterprises

and farmers in the Yangtze River Delta region of China,

explores the configurational pathways of leading agricultural

enterprises guiding farmers to participate in pre-production

quality and safety control, combining grounded theory and

fuzzy-set Qualitative Comparative Analysis. The research provides

constructive suggestions for leading agricultural enterprises

to guide farmers in participating in vertical collaboration

within the industrial chain to a certain extent, but it still has

some limitations. In the configuration analysis process, this

paper selected five conditional variables—village-enterprise

cooperation, integration of three industries, agricultural

mechanization, agricultural digitalization, and agricultural

technology extension—to study their configurational effects

on farmers’ participation in pre-production quality and

safety control. Considering that enterprise quality control

behaviors in grounded analysis can be further subdivided,

future research could further refine the configurational

effects of specific enterprise behaviors in quality control

on guiding farmers’ participation in pre-production

quality control.
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