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Introduction: Contract farmingis seen as atoolto create new market opportunities
that can address market imperfections in many developing countries and thus
increase smallholder income.

Methods: This study examines the impact of contract farming on farm household
income using survey data from 610 rural households in China. The propensity
score matching method addresses the sample selection bias of participation in
contract farming.

Results: Contract farming can significantly increase farmers’ income, and both
marketing contracts and production-management contracts can substantially
increase farmers’ income levels, with production-management contracts having
a greater degree of impact. Additional analysis reveals that breeding years, farm
size, and training time can significantly affect how contract farming enhances
farmers’ income. At the same time, contract farming can also considerably
improve farmers’ technical efficiency in agricultural production. Participation in
contract farming enhances the tendency to centralize the technical efficiency
of agricultural production. Further analysis shows that the technical efficiency of
agricultural production partially mediates the effects of contract farming on farm
household income.

Discussion: Contract farming can be an effective institutional arrangement for
improving the technical efficiency of farm household production and revenue.
We also point out that farmers should strengthen their comprehensive ability
levels and actively participate in training to acquire new knowledge and improve
their cognitive ability. Simultaneously, according to the characteristics of
farmers’ resource endowments, small farmers are encouraged to cooperate with
companies in depth and develop contractual contracts in a targeted manner.
Promote win-win cooperation and benefit-sharing among various business
entities to promote the sustainable and high-quality development of China’s beef
cattle industry.

contract farming, farm household income, production-management contracts,
propensity score matching, beef cattle farmers
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1. Introduction

As an essential carrier for vertical collaboration in the agricultural
value chain, contract farming can not only effectively help
smallholders gain access to the market but also achieve higher
production efficiency, which is conducive to improving the income
level of farm households thus ensuring food security (Bi et al., 2022).
Since the 1950s, contract farming has increased in many countries
because of its significant advantages such as saving transaction costs
and mitigating market risks (Gray and Boehlj, 2005; Bellemare et al.,
2013). By the end of the 20th century, contract farming had become a
fundamental characteristic of modern agriculture in developed
countries. Compared with developed countries, contract farming in
China began late, beginning in the mid-1980s in the southeast coastal
region. It has been supported by the Chinese government There are
two organizational models for agribusiness firms involved in contract
farming: one is “firm + smallholder” and the other is “firm +
intermediary + smallholder” (Luo and Gao, 2022). This study focuses
on contract farming in the “firm + smallholder” organizational model.
This type of contract farming, generally refers to a form of
coordination between the agribusiness firm and farm households,
involves the signing of a legally valid production and marketing
contract under predetermined conditions, whereby the farm
household produces a specific quantity and quality of agricultural
products for the agribusiness firm, and complies with predetermined
requirements such as transaction prices and production processes
(Houetal,, 2018; Khan et al., 2019). Simultaneously, farmers and firms
sign production and marketing contracts for agricultural products to
achieve order-based agricultural production. This is an important way
for farmers to reduce production costs, enhance farm income and
resist market risks. Therefore, in the context of the active development
of contract farming in China, it is of practical importance to explore
the impact of contract farming on the income effect of farmers, in
order for the government to formulate policies that support the
synergistic and integrated development of enterprises and farmers.

China is the world’s largest livestock producer and the second-
largest beef consumer. Both the rigid demand and quality demand of
beef in China have incremental space, and the development of the beef
cattle industry is of great significance (Li et al., 2018). At the same
time, the development status of China’s beef cattle industry, with the
shortage of beef supply, high prices, lack of feed-grain resources, and
low level of standardization, has put the development of the beef cattle
industry under tremendous pressure (Li et al., 2022). Meanwhile, the
beef cattle industry is a pillar industry for China’s agricultural and
rural economic development and a realistic path to promote increased
production and income for farmers (Zan et al., 2015). However, the
promotion of contract farming is more complex and arduous for
China, which is in a period of profound transition (Wang et al., 2014).
What are the income effects of Chinese farmers’ participation in
contract farming, and can contract farming effectively achieve the goal
of increasing farmers’ income? This fundamental question needs to
be answered by China’s agricultural industrialization policy.

Regarding the impact of contract farming, the existing literature has
found positive effects on food security (Bellemare and Novak, 2017),
rural transformation (ArounA et al, 2021), production efficiency
(Bidzakin et al., 2020), and green production transition (Tan et al,
2022), etc. Many studies have found that contract farming has a positive
impact on the income of participating farm households. Ruml et al.
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(2022) empirically analyzed the relationship between contract farming
and farm household income in the oil palm sector in Ghana, and the
results showed that sales and resource provision contracts significantly
increased farm household income. Dubbert (2019) found that contract
farming had a substantial effect on raising the income levels of small
farmers than on medium and large farms. Miyata et al. (2009) conducted
a comparative study on contract farming and non-contract farming
farmers of apples and green onions in Shandong Province, China. They
found that contract farming can help increase the income of
smallholders. However, others believe that marketing contracts do not
promote the income of farm households and that production-
management contracts only promote the income of farm households
who have difficulty obtaining bank loans (Soullier and Moustier, 2018).
Participation in contract farming is conducive to stimulating
employment, guaranteeing farmers’ credit, adopting new production
technologies, and improving agricultural production efficiencies.
However, this does not improve the quality of farm household income
completely (Ragasa et al., 2018; Meemken and Bellemare, 2020). When
farmers invest in specific assets and rely excessively on their contracted
agricultural products, it leaves farmers with a lack of decision-making
power and power of commercial decision-making, forcing them to
accept unfair contract terms (Warning and Key, 2002).

To date, studies have analyzed contract farming from multiple
perspectives. Still, there is no consensus on the impact of contract
farming on farmers’ production technology efficiency and income,
which requires further verification of the welfare effect of contract
farming. From the perspective of agricultural production technical
efficiency, this study explores the mechanism of contract farming to
improve farmers’ income, which can provide valuable insights for
policymakers in formulating policy tools to support the integrated
development and coordinated development of agribusiness firms and
farmers. These policy tools can improve agricultural performance,
promote sustainable rural development, and ensure food security.

The primary objective of this study is to estimate the impact of
contract farming on farm household income, using data from 610
rural households engaged in beef cattle breeding in Heilongjiang, Jilin,
Inner Mongolia, and Hebei in China. More specifically, we not only
differentiated the differences in the impact of different types of
contract farming on farmers income but also analyzed the
heterogeneous effect of contract farming on farmers’ income in terms
of cohort differences in the number of breeding years, farm size, and
training time. We also further reveal the mediating effect of
agricultural production technical efficiency, which is helpful to clarify
the formation mechanism of contract farming on farmers’
income increase.

We attempted to make three contributions to the literature. First,
the existing studies mainly focus on the comparative analysis of
contract farming and non-participating contract farming and less
clearly distinguish the differences in the effects of different types of
contract farming on farmers’ income. Second, in addition to
estimating the impacts of contract farming for the total sample,
we also examined the disaggregated effects by breeding years, farm
size, and training time, providing deeper insights to improve our
understanding. Third, in addition to analyzing the direct income
impact of contract farming on farm households, we estimate the
indirect effects of contract farming on farm household income
through the
technical efficiency.

mediating path of agricultural production
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The rest of the paper is structured as follows. Section 2 presents
the hypothesis. Section 3 describes the materials and methods. Section
4 presents and discusses the empirical results. Section 5 concludes and
discusses the policy implications.

2. Theoretical framework and research
hypothesis

Problems such as the high cost of beef cattle breeding in China,
rising prices year by year, and beef quality and safety still exist.
Contract farming is an essential bridge between decentralized
“small production” and the uncertain “big market”” It helps farmers
connect to the markets and often helps them with credit,
technology, information, factor inputs (Ton et al., 2018). Contract
farming increases the farmer’s operating income by reducing
transaction costs. Contract farming is generally classified into
three categories: marketing contract, production-management
contract, and resource-providing contract (Mighell and Jones,
1963; ArounA et al., 2021). In the marketing contract, the
agribusiness firm stipulates the transaction’s price, quantity,
timing, and product attributes, and farmers independently decide
on production and operation. By guaranteeing the transaction
price, the impact of market systemic risks on farmers is reduced
(Hu, 2013). In the production-management contract, the
agribusiness firm specifies the production methods. The farmer
produces agricultural products that comply with contract
standards, reducing technical uncertainty by optimizing
production (Bellemare and Lim, 2018). The agribusiness firm sells
production chain necessities to farmers on credit in the resource-
providing contract. It provides service support in terms of finance
and technology to obtain a predetermined quantity and quality of
agricultural products. By alleviating financial input constraints, it
encourages farmers to adopt modern agricultural production
technology and improve agriculture performance (Ruml and
Qaim, 2021). In general, regardless of the type of contract farming
involved, it provides a good market environment for farmers and
helps to enhance their operating income (Kumar et al., 2018).
Hence, we propose that:

Hypothesis 1 (H1). Farmers who participate in contract farming
have higher net income from cattle raising than those who do not.

In agricultural production activities, the impact of participation in
contract farming on farmers’ income can vary significantly depending
on farmer heterogeneity (Li and Guo, 2017). When beef cattle farmers
participate in contract farming, they are affected by differences in their
endowments, such as breeding years, farm size, and training time,
resulting in differences in how contract farming enhances their income
levels. In terms of breeding years, as the breeding years grow, beef cattle
farmers will have more experience in breeding, thus contributing to
income growth (Ding and Xiao, 2019). Regarding farm size, the
differences in the degree of specialization, marketization, and
commercialization of farmers of different beef cattle farm sizes make the
income increase brought by the scale effect different (Mishra et al., 2016).
In terms of training time, attending technical training can help farmers
reduce business risks, obtain information and knowledge related to beef
cattle breeding, and update modern production and management
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concepts, thereby improving beef cattle production efliciency and
realizing the improvement of farmers’ operating income (Gray and
Boehlj, 2005). However, differences in the approach, quality, and training
content may bring about a differential impact of contract farming on
improving farmers operating income. Hence, we propose that:

Hypothesis 2 (H2). Contract farming had a significant
heterogeneous effect on the net income from cattle rearing of
different groups of farmers in terms of breeding years, farm size,
and training time.

Contract farming, which is China’s leading model of industrial
agriculture, can reduce transaction costs and resolve market
imperfections by linking smallholder farmers to markets (Mishra
et al.,, 2020). Contract farming helps increase crop productivity and
yield growth in the agricultural sector by delivering better technology
(Swain, 2016). Furthermore, it promotes agricultural development by
changing traditional decentralized family production methods and
improving the technical efficiency of farmers’ production. Mishra
et al. (2019) argued that as factor inputs increase, the technical
efficiency of production also increases. However, the increased use of
labor in contract farming decreases technical efficiency. Higher use of
land, capital, and other inputs increases technical efficiency. Harianto
et al. (2019) argued that the formality and intensity of contractual
arrangements in contract farming have different efficiency effects on
production, with broiler farms under formal and detailed contract
farming having higher technical efficiency. Min et al. (2021) argued
that contract farming is an excellent tool for improving rice production
efficiency. Contract farming has brought great benefits by improving
the technical efficiency of food growers’ production, reducing
transaction costs, and reducing production risks (Bellemare and
Bloem, 2018; Mishra et al.,, 2019). In summary, contract farming
provides viable solutions to the problems encountered by smallholders
and family farms in terms of production inputs, credit, technology,
information, and market access, thereby increasing productivity and
income (Dong et al., 2020). Hence, we propose that:

Hypothesis 3 (H3). Contract farming affects farmers’ net income
from cattle rearing by agricultural production technical efficiency,
which plays an intermediary role between Contract farming and
farmers’ net income from cattle rearing.

Based on the above theoretical analysis and research hypothesis,
Figure 1 demonstrates the impact of contract farming on farmers’
income and the mediating role of agricultural production
technical efficiency.

3. Materials and methods
3.1. Data source

The data used in this study came from a household survey
conducted from July 2020 to September 2021 in rural China. Due to
budget constraints and other practical reasons, The data were collected
through the questionnaire survey of the research group, from 4
provinces of Heilongjiang, Jilin, Inner Mongolia, and Hebei (As shown
in Figure 2). The main reason for choosing this area is that these four
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provinces, respectively, include the dominant areas in the Northeast and
Central Plains of China’s beef cattle production, and there are more
farmers engaged in beef cattle production with a higher degree of
organization. According to data from the China Rural Statistical
Yearbook (2022), the proportion of beef cattle stock and beef production
in 2021 was 15.17 and 25.63%, respectively, which are more
representative and relevant. The content of the investigation includes the
basic information of farmers, the operation of beef cattle breeding, and
the participation of contract farming. The survey process adopts the
methods of stratified sampling and random sampling. We randomly
select three prefecture-level cities in Heilongjiang, Jilin, Inner Mongolia,
and Hebei Province according to a certain proportion and scale from
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the two counties under the selected prefecture-level city, and then
choose 1 to 2 townships, and then randomly select 1 to 2 administrative
villages from each township. Finally, in each administrative village
we randomly visited 6 to 8 farm households, conducted field visits and
semi-structured interviews, and instructed them to fill in the
questionnaire. A total of 641 questionnaires were obtained for this
research, excluding those with missing data and logical errors, 610 valid
questionnaires were received, with an efficiency rate of 95.16%.
Regarding farmer participation in contract farming, 426 farmers
participated in contract farming, 232 in marketing contracts, 115 in
production-management contracts, and 79 in resource-providing
contracts for empirical analysis.
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TABLE 1 Description of input—output variables.

10.3389/fsufs.2023.1179423

Type Variables Definition Mean SD Min Max

Output variables Average weight of beef cattle slaughtered
Beef cattle production 558.015 108.254 305 815

(kg/head)

Input variables Calf input Calf weight (kg/head) 250.351 61.265 110 350
Feed input Feed costs (yuan/head) 2505.238 763.157 1,600 3,967
Labor input labour cost (yuan/head) 1103.442 174.420 610 1880
Other material input Utilities and Vaccination costs (yuan/head) 39.671 25.555 10 230

3.2. Variable definitions

3.2.1. Farm household income

As a large-scale business entity, the farming family usually aims to
maximize profits. In this study, the annual net cattle income of farming
households is selected as a measure, and the variable is continuous.

3.2.2. Contract farming

In this study, the counterfactual estimation method is chosen to
analyze the treatment effects of contract farming on farmers income and
the treatment effect of different types of contract farming on farmers’
income. Therefore, contract farming and three types of contract farming
are dummy variables. A value of 1 is assigned if the sample farmer
participates in contract farming, marketing contracts, production-
management contracts, and resource-providing contracts; a value of 0 is
assigned if the sample farmer does not participate in contract farming.

3.2.3. Agricultural production technical efficiency

In this study, technical efficiency of agricultural production was
used as a mediating variable. Considering the reality of beef cattle
production activities, this study used a stochastic frontier approach to
measure the technical efficiency of beef cattle farmers. The output
variable was the average weight of beef cattle slaughtered (kg/head),
and the input variables included calf weight (kg/head), feed inputs
(yuan/head), labor inputs (yuan/head), and other material inputs
(yuan/head). Descriptive statistics for the input—output variables of
beef cattle farming are shown in Table 1.

The technical efficiency of production of the sample farmers is
estimated using the transcendental logarithmic stochastic frontier
analysis (SFA). Due to the random phenomenon in beef cattle
production activities, SFA considers the effect of random errors on
individual efficiency and avoids the bias of nonparametric methods
due to unexpected factors. Therefore, we choose the relatively flexible
and variable elasticity of substitution translog production function to
perform stochastic frontier analysis. According to the research of
Cuesta et al. (2009) the specific functional form is as follows:

InY; = fo+ Bilnxy; + falnxz; + f3ln x3;
+B41n x4; + BsIn x1; x Inxp; + e ln xp; x Inxs;
+B71In x1; xInx4; + By In xp; x Inx3; + Py In xp;

1 2
xIn x4; +ﬁ1()11‘1 x3; % In xy4; +5,311(ln xll-)

1 1 1
+5ﬁ12(1n xzi)2 +5ﬁ13(111 x3i)2 +Eﬁ14(ln 964;')2 +(Vi-Ui) (1)

where ¥; refers to the beef cattle production of the i farmer, xy;, x2;,
x3; and xy; refers to the calf input, feed input, labor input and other
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material input of thei farmer, respectively; f refers to the parameters
to be estimated for the primary, interaction, and squared terms of the
calf input, feed input, labor input and other material input.

The level of technical efficiency of each beef farmer is measured
by comparing the observed output with the output of the stochastic
frontier. According to the research of Bidzakin et al. (2020), the
formula for measuring the technical efficiency of beef cattle farmers’
production is as follows:

E (Yiluil,Xi)

i E(1 | =0Lx,)

2

where ¥;" refers to the optimal output that may be achieved for a
given level of inputs. TE; takes the value between 0 and 1. The closer
to 1 means the higher the technical efficiency of production of beef
cattle farmers, and the closer to 0 means the lower the production
technical efficiency of beef cattle farmers.

3.2.4. Control variables

To clarify the factors influencing farmers’ participation in contract
farming, the effect of contract farming on farmers’ net income from
cattle farming is further measured. In this study, individual
characteristics, household endowment characteristics, and production
and operation characteristics of beef cattle farmers are selected as
control variables, considering the sample area and the characteristics
of beef cattle production activities and drawing on existing research
results. It mainly includes age, education, breeding years, breeding
number, farm size, training time, formal loans, operating inputs,
specific investments, and ease of selling beef cattle.

Table 2 presents variable definitions and descriptive statistics. It
shows that the average net income from cattle farming is higher
among the surveyed farmers, and the income gap is more extensive.
Meanwhile, 74.9% of the sample farmers participated in contract
farming, of which 36.9, 22, and 16% participated in marketing
contracts, production-management contracts, and resource-providing
contracts, respectively.

3.3. Empirical model

3.3.1. Propensity score matching

In order to analyze the impact of participating in contract farming
on farmers’ income, it is necessary to observe the differences between
uniform subjects in two states (participants and non-participants).
However, this cannot be directly observed because at any one time the
farmers either participating or does not participate in contract farming
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TABLE 2 Variable definitions and descriptive statistics.

10.3389/fsufs.2023.1179423

Type Variables Definition Mean SD Min Max
The net income of farm households raising cattle in
Dependent variables Net incomeof family cattle raising 4.317 0.923 1.825 6.797
the year is taken as log (ten thousand yuan)
Contract farming Participation in contract farming: yes =1,n0o=0 0.749 0.434 0 1
Marketing contract Participation in marketing contract: yes =1, no=0 0.369 0.483 0 1
Independent Participation in production-management contract:
. Production-Management contract 0.220 0.414 0 1
variables yes=1,n0=0
Participation in resource-providing contract:
Resource-providing contract 0.160 0.368 0 1
yes =1,n0=0
Mediating variable Production Technology efficiency | Calculated from SFA 0.877 0.053 0.719 0.956
Age Respondent’s age (years) 48.480 8.710 21 83
Control
X Primary or below = 1; Junior school =2;
variables Education 2464 0.933 1 5
High school = 3; College = 4; Master =5
Breeding years Years of beef cattle breeding for farmers (years) 9.609 7.816 1 40
Number of family members involved in beef cattle
Breeding number 2.473 0.798 1 8
breeding (persons)
Farm size Annual slaughter of beef cattle (head) 91.664 104.361 5 598
Number of times to attend training on beef cattle
Training time 6.551 4.600 0 18
breeding technology in a year(times)
Whether the household has a formal financial sector
Formal loans 0.696 0.461 0 1
loan: yes =1,n0=0
Total annual beef cattle breeding input costs is taken
Operating inputs 3.613 1.256 0.285 6.098
as log (ten thousand yuan)
The amount of investment in productive fixed assets
Specific investments 3.302 1.148 1.099 6.759
is taken as log (ten thousand yuan)
Ease of selling beef cattle: very difficult=1, more
Ease of selling beef cattle 3.759 0.779 1 5
difficult =2, general = 3, easier =4, very easy =5

to sell agricultural products. This means counterfactual outcomes are
not observable. However, the research objective can be achieved by
finding a control group of non-participating agricultural farmers
whose characteristics are very similar to the participating farmers
(Mojo et al., 2017; Michalek et al., 2018). Under the conditions of
non-experimental intervention, farmers’ decision whether to
participate in contract farming as a way of beef cattle production and
management is not random, and selection bias should be considered
(Liu et al., 2019). Therefore, we employ propensity score matching
(PSM) to study the effect of contract farming on the income of beef
cattle farmers. The specific analysis steps are as follows:

Step 1 is to calculate the propensity score. The logit model was
used to calculate the probability of the farmer’s participation in
contract farming, marketing contract, production—management
contract, and resource-providing contract. The propensity score of
sample i as indicated in the following equation:

__oxp(BXi)

PS(X,~)=P(D,J' =1LX=X,~)_ e (317

Jje(1234) (3

where PS represents the propensity score which denotes the
conditional probability of the farmer choosing the treatment group
(contract farming, marketing contract, production-management
contract, and resource-providing contract) given X; (covariate). D;
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represents dummy variables for farmer participation in contract
farming. D,-j = {0,1}, je (1,2,3,4) represents the participation of
farmers i in contract farming, marketing contract, production-
management contract, resource-providing contract. Where D,-l =1
represents that farmers i are involved in contract farming (treatment
group 1); D=1 represents that farmers i are involved in marketing
contract (treatment group 2); D} =1 represents that farmers i are
involved in production-management contract (treatment group 3);
D=1 represents that farmers i are involved in resource-providing
contract (treatment group 4); D; = 0 represents that farmers i do not
participate in contract farming (control group). JX; represents
observable individual characteristics, household endowment
characteristics and production management characteristics of beef
cattle farmers (Guo and Jolly, 2008; Ding and Xiao, 2019).

Step 2 is propensity score matching. The treatment group comprised
farmers who participated in contract farming, marketing contract,
production-management contract, and resource-providing contract,
whereas those who did not participate in contract farming were
assigned to the control group. The estimated propensity scores were
utilized to match the treatment group to the control group with similar
observed characteristics. First, the selection of matching method is
carried out. Because each algorithm has drawbacks and strengths, it is
instructive to use multiple algorithms to estimate treatment effects and
to check the robustness of the results (Shumeta and D'Haese, 2016;
Minah, 2022). In order to ensure the reliability of the matching results,
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we apply four matching methods, including nearest neighbor matching,
caliper matching, nearest neighbor matching within the caliper, and
kernel matching, which are selected in the study for matching,
respectively. Then, the balancing test is applied. Once propensity score
estimates are obtained, the quality of matching needs to be judged by
comparing whether there is a significant difference between the
treatment and control groups on the covariates X .

Step 3 calculates the average treatment effect. Using PSM, one can
estimate three types of treatment effects: the average treatment effects
on the treated (ATT), the average treatment effects on the untreated
(ATU), and the average treatment effects (ATE) (Khandker et al.,
2009). However, Wang et al. (2017) pointed out that researchers and
policymakers are more interested in explicitly assessing the effect of
the interventions on those who actually received the intervention, i.e.,
they are interested in the estimation of ATT. We focus primarily on
the contribution of farmers’ participation in contract farming to their
net cattle income, and thus compare the three types of contract
farming treatment groups. Therefore, only the estimated results of the
average treatment effects on the treated (ATT) are explored. The
specific calculation formula is as follows:

vi=3" 1 je(1,23.4) ()

where N represents the number of farmers in the treatment
group j. Nj represents the number of farmers involved in contract
farming; N, represents the number of farmers involved in marketing
contracts; N3 represents the number of farmers involved in
production-management contract; N4 represents the number of
farmers involved in resource-providing contract. Z represents

i:D/ =1

summation over the treatment group j; y,-j represents the farm
household cattle income of farmers in group j; Ji represents the
estimated farm household cattle income of farmers in the control
group matched to the treatment group.

3.3.2. Mediating effect model
To explore the impact of contract farming and its three contractual
arrangements on beef cattle farmers’ incomes, this paper tests whether

10.3389/fsufs.2023.1179423

the technical efficiency of production plays a mediating role between
the two. The specific formula is as follows:

Y=oq+aX+pBiZ+¢ (5)
M=o0y+c X+ BrZ+e (6)
Y=a3+c3X +bM + 37 + &3 (7)

where Y is the net income from family cattle farming; X is contract
farming, marketing contracts, production-management contracts, and
resource-providing contracts; M is the technical efficiency of production;
and Z is the control variable. ¢, is the regression coefficient of contract
farming, marketing contracts, production-management contracts, and
resource-providing contracts on beef cattle farmers’ net household
income from cattle farming. ¢, is the regression coeflicient of contract
farming, marketing contracts, production-management contracts, and
resource-providing contracts on the technical efficiency of production.
c; is the regression coefficient of contract farming, marketing contracts,
production-management contracts, and resource-providing contracts on
beef cattle farmers’ net household income from cattle farming after
introducing the mediating variables. b is the regression coeflicient of the
technical efficiency of production on the net income of farmers
households from cattle farming, a,, @, and a; denote the constant terms,
and &, &, and &; denote the random error terms.

4. Empirical results

4.1. Comparative analysis of production
technology efficiency

In this study, Froniter4.1 software was used to analyze the set
stochastic frontier model, and Statal5.1 was used to measure the
production technical efficiency of beef cattle farmers. The
measurement results are listed in Table 3. The average technical
efficiency of production reached 0.902 and 0.817 for those beef cattle
farmers that participated and did not participate in contract farming,
respectively. This finding indicates that participation in contract

TABLE 3 Results of the technical efficiency measurement of beef cattle farmers.

Contract farming Non-participating Marketing Production- Resource-
contract farming contract management providing
contracts contract
N N % %

TE<0.8 2 5.16 38 20.65 15 6.47 4 3.48 3 3.80
0.8<TE<0.9 149 34.98 131 71.20 132 56.90 15 13.04 2 2.53
0.9<TE<1.0 255 59.86 15 8.15 85 36.63 96 83.48 74 93.67
Max 0.956 0.953 0.930 0.936 0.956
Min 0.719 0.733 0.719 0.773 0.761
Mean 0.902 0.817 0.888 0911 0.928
N 426 184 232 115 79
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farming can improve the technical efficiency of beef cattle farmers’
agricultural production. Similarly, the average technical efficiency of
beef cattle farmers participating in resource-providing contracts is the
highest, followed by production-management contracts and
marketing contracts. This indicates that resource-providing contracts
effectively improve the technical efficiency of beef cattle farmers’
agricultural production by a large margin. The efficiency of the
production technology distribution of participating contract farming
beef cattle farmers is significantly more concentrated, with beef cattle
farmers with a production technology efficiency greater than 0.9
cumulatively accounting for 59.86% of the sample beef cattle farmers.
This suggests that participation in contract farming has increased the
tendency for beef cattle farmers to centralize the technical efficiency
of their agricultural production.

4.2. Determinants of participation in
contract farming

To achieve sample matching, we analyzed the factors influencing
farmer participation in contract farming based on a logit model. The
estimation results in Table 4 show that training time and operational

10.3389/fsufs.2023.1179423

inputs significantly positively affect farmers’ participation in contract
farming. In contrast, the effect of breeding years is significantly
negative. Among them, training time and operational inputs have a
significant positive effect on farmers’ participation in marketing
contracts, while the effect of breeding years and formal loans is
significantly negative. Training time, operational inputs, specific
investments, and ease of selling beef cattle significantly positively
affect farmers’ participation in production-management contracts.
Age, education, training time, formal loans, operational inputs, and
ease of selling beef cattle significantly positively affect farmers’
participation in resource-providing contracts, while breeding years are
significantly negative.

4.3. Balancing test

Another critical assumption underlying the validity of PSM is the
balance of the pre-existing variables between the treatment and the
control groups after the matching. Since different matching methods
produce different amounts of sample loss, to ensure the robustness of
the matching results, we chose to use the following four matching
methods, nearest neighbor matching, caliper matching, nearest

TABLE 4 Determinants of participation in contract farming: logit model estimates.

Variables Contract farming Marketing contract Production- Resource-providing
management contracts contract
0.010 —0.002 0.017 0.143*
Age
(0.025) (0.026) (0.034) (0.084)
0.185 0.016 0.206 2.259%%*
Education
(0.265) (0.281) (0.382) (0.832)
—0.065%* —0.063%* —0.007 —0.178%*
Breeding Years
(0.027) (0.030) (0.042) (0.082)
—-0.078 —0.488 0.509 0.688
Breeding Number
(0.303) (0.348) (0.402) (0.643)
0.005 0.003 0.003 0.001
Farm size
(0.006) (0.006) (0.008) (0.007)
0.795%%%* 0.841%** 0.611%%* 0.412%%*
Training time
(0.098) (0.111) (0.120) (0.126)
—0.684 —0.807* 0.014 3.983%%*
Formal loans
(0.483) (0.491) (0.942) (1.990)
1.535%** 1.423%%* 1.170%* 2.288*
Operating inputs
(0.418) (0.392) (0.665) (1.186)
—0.391 —-0.576 0.999* 0.484
Specific investments
(0.385) (0.383) (0.525) (0.750)
0.139 0.019 0.790* 1.668%*%*
Ease of selling beef cattle
(0.277) (0.291) (0.437) (0.608)
—7.564%** —4.678%* —16.953%%* —37.529%%*
constant
(2.184) (2.288) (4.500) (10.880)
Pseudo R* 0.136 0.048 0.190 0.632
Observations 426 232 115 79

Standard errors are reported in parentheses. * ** and *** represent statistical significance at the 10, 5, and 1% levels, respectively.
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TABLE 5 Sample matching methods and the results of balance tests.

10.3389/fsufs.2023.1179423

Matching methods Pseudo-R? LR statistics Bias of mean
Treatment group 1 &Control group

Unmatched 0.130 87.060 35.800
Nearest neighbor matching (n=4) 0.020 20.020 7.700
caliper matching (r=0.11) 0.019 19.360 8.000
NN matching within caliper (n=4, r=0.11) 0.020 20.020 7.700
Kernel matching (window width=0.06) 0.021 21.360 8.400
Treatment group 2 &Control group

Unmatched 0.046 23.350 20.600
Nearest neighbor matching (n=4) 0.011 5.670 6.100
caliper matching (r=0.11) 0.006 3.390 4.200
NN matching within caliper (n=4, r=0.11) 0.011 5.670 6.100
Kernel matching (window width=0.06) 0.006 3.430 4.400
Treatment group 3 &Control group

Unmatched 0.191 69.470 41.30
Nearest neighbor matching (n=4) 0.032 8.900 8.60
caliper matching (r=0.11) 0.024 7.060 8.20
NN matching within caliper (n=4, r=0.11) 0.032 8.900 8.60
Kernel matching (window width =0.06) 0.030 8.620 8.90
Treatment group 4 &Control group

Unmatched 0.629 179.380 77.500
Nearest neighbor matching (n=4) 0.098 12.740 10.200
caliper matching (r=0.11) 0.274 52.450 15.400
NN matching within caliper (n=4, r=0.11) 0.094 12.290 11.000
Kernel matching (window width =0.06) 0.268 51.200 16.200

The caliper range in caliper matching is 1/4 of the standard deviation of the sample propensity score.

neighbor matching within the caliper, and kernel matching. The
results of the balancing test are given in Table 5. After sample matching
by the four methods, the mean deviations of the matched covariates
were significantly reduced compared with those before matching, and
they were all within 20% below; Pseudo-R2 and LR statistics were
reduced considerably compared to before matching. Thus, the
propensity score matching method significantly reduced the
differences in covariates between the four treatment and control
groups and essentially eliminated the bias due to sample
self-selection.

4.4. Income effect of contract farming on
farmers

From the estimation results in Table 6, it is clear that after
controlling for differences in a range of observable variables using
PSM, the four estimates were consistent, and ATT passes the test
at least at the 5% significance level. Regarding averages, farmers
who do not participate in contract farming have a net income
from cattle farming of 4.154; however, their net income from
cattle farming increased to 4.789 with a growth rate of 15.32% due
to participation in contract farming. This shows that participation
in contract farming significantly contributes to farmers’ net

Frontiers in Sustainable Food Systems

income from cattle raising, thus verifying hypothesis 1. In
addition, we further focused on the extent of the impact of the
three contract farming types on the growth of farmers’ net cattle
income. Regarding averages, participation in production-
management contracts significantly increased the net income of
farmers raising cattle, growing to 4.803 with a growth rate of
13.82%. Participation in marketing contracts also significantly
increased the net income of farmers raising cattle, growing to
4.702 with a growth rate of 14.91%. However, participation in
resource provision contracts failed to significantly increase the
level of net income from cattle farming for farmers. It can be seen
that among the three contract farming types, both marketing
contracts and production-management contracts can significantly
increase the level of net income of cattle farmers, with production-
management contracts having a greater degree of impact.
However, resource-providing contracts cannot significantly
increase farmers’ income levels.

The results have some similarities with the conclusions of other
contract farming studies, such as those of Qaim et al. (2020) and
Barrett et al. (2012). Their research emphasizes that possible reasons
are that participation in marketing contracts helps mitigate the
impact of market price risk on farmers. For farmers involved in
production-management contracts, the firm provides technical
training, market information, financing, and loans, which help them
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TABLE 6 Average treatment effect of contract farming on farmers’ income.

Matching methods Contract Non-participating Standard Growth rate
farming contract farming errors (%)

Nearest neighbor matching (n=4) 4.778 4.157 0.621%* 0.260 14.94%

caliper matching (r=0.11) 4.799 4.127 0.673%** 0.194 16.31%

NN matching within caliper (n=4, r=0.11) 4778 4.157 0.621%% 0.256 14.94%

Kernel matching (window width=0.06) 4.802 4.173 0.629%% 0.202 15.07%

Average value 4.789 4.154 0.636 - 15.32%

Marketing
contract

Matching methods

Non-participating
contract farming

Standard Growth rate
errors (VA]

Nearest neighbor matching (n=4) 4.697 4.063 0.634%%% 0.204 15.60%
caliper matching (r=0.11) 4.706 4.119 0.5877#:%* 0.189 14.25%
NN matching within caliper (n=4, r=0.11) 4.697 4.055 0.6427%%* 0.203 15.83%
Kernel matching (window width=0.06) 4.706 4.130 0.576%* 0.223 13.95%
Average value 4.702 4.092 0.610 - 14.91%

Matching meth Production- Non- Standard Growth rate
management participating errors (%)
contract contract farming
Nearest neighbor matching (n=4) 4.766 4.176 0.590%* 0.264 14.13%
caliper matching (r=0.11) 4.837 4222 0.615%* 0.290 14.57%
NN matching within caliper (n=4, r=0.11) 4.766 4.216 0.551%* 0.273 13.07%
Kernel matching (window width =0.06) 4.841 4.265 0.576%* 0.348 13.51%
Average value 4.803 4.220 0.583 - 13.82%

Matching methods Resource- Non-participating Standard Growth rate
providing contract farming errors (%)
contract

Nearest neighbor matching (n=4) 4.589 4.359 0.230 0.316 5.28%

caliper matching (r=0.11) 4.605 4.036 0.569 0.355 14.10%

NN matching within caliper (n=4, r=0.11) 4.589 4.359 0.230 0.351 5.28%

Kernel matching (window width =0.06) 4.605 4.321 0.284 0.433 6.57%

Average value 4.597 4.269 0.328 - 7.81%

ATT refers to average treatment effects on the treated. Bootstrap standard errors based on 500 replications are presented for ATT. The formula for calculating the growth rate is: Growth
rate= ATT / non-participating contract farming * 100%. * ** and *** represent statistical significance at the 10, 5, and 1% levels, respectively.

complete their order contracts and significantly enhance their
operational capabilities, resulting in high value-added income.
Although resource-providing contracts cannot significantly increase
farmers’ income levels. This conclusion is supported by Vamuloh
etal. (2020) and Briones (2015). They emphasize farmers involved in
resource-providing contracts have established a closer benefit linkage
mechanism with the firm, they are still in a vulnerable position
regarding the firm’s monopolistic exploitation, unfair agricultural
trade, and demand for high-quality agricultural products, and their
highly
opportunistic behavior.

profit level is susceptible to the company’s

4.5. Sensitivity analysis

Observable variables were controlled for by the propensity score
matching (PSM) method to mitigate the selectivity bias problem. Still,

Frontiers in Sustainable Food Systems

the presence of unobservable variables may have led to hidden bias.
To address this issue, we verify the robustness of the results above
using the bounds sensitivity analysis proposed by Rosenbaum (2002).
The Gamma coefficient indicated the effect of unobservable variables
on the net income of cattle farmers. The main observation was that
the PSM estimation results were more reliable. The findings become
insignificant only when the Gamma coefficient had a significant value
(usually close to 2). According to the estimation results shown in
Table 7, when the Gamma coefficient increased to 2.5, the upper
bound of the Wilcoxon signed rank test significance (sig +) remained
significant at the 1% level. None of the Hodges-Lehmann point
estimates (t - hat + and t - hat -) at the 95% confidence interval
(CI+and CI -) contained a value of 0. This suggests that the
propensity score matching estimates were less sensitive to these
omitted factors and that the conclusion that participation in contract
farming is beneficial in enhancing farmers’ net income from cattle
farming is robust and reliable.
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TABLE 7 Sensitivity analysis.

sig + sig - t-hat+ t-hat- Cl+

Treatment group 1 &Control group 1 0.000 0.000 0.593 0.593 0.539 0.655
1.5 0.000 0.000 0.505 0.700 0.444 0.765

2 0.000 0.000 0.434 0.775 0.363 0.843

25 0.000 0.000 0.374 0.833 0.310 0.905

Treatment group 2 &Control group 1 0.000 0.000 0.598 0.598 0.526 0.673
1.5 0.000 0.000 0.507 0.688 0.417 0.774

2 0.000 0.000 0.434 0.757 0.343 0.867

2.5 0.000 0.000 0.374 0.822 0.291 0.937

Treatment group 3 &Control group 1 0.000 0.000 0.542 0.542 0.469 0.629
1.5 0.000 0.000 0.484 0.613 0.416 0.715

2 0.000 0.000 0.444 0.669 0.378 0.793

25 0.000 0.000 0.420 0.713 0.341 0.858

Treatment group 4 &Control group 1 0.000 0.000 0.825 0.825 0.612 1.022
1.5 0.000 0.000 0.661 0.973 0.484 1.161

2 0.000 0.000 0.564 1.063 0.378 1.284

2.5 0.000 0.000 0.514 1.126 0.307 1.388

TABLE 8 Heterogeneity analysis of income effects of different groups participating in contract farming.

Variables Classification Contract Marketing Production- Resource-
NENETH farming contract management providing
contracts contract
ATT ATT ATT ATT
Breeding years Larger than average 0.773%%% 0.268 0.684** 0.328
(0.285) (0.281) (0.350) (0.474)
Less than average 0.358 0.722%%* 0.207 0.409
(0.579) (0.208) (0.251) (0.522)
Farm size Larger than average 0.750%** 0.8877#%* 0.629%** 0.735%*
(0.269) (0.239) (0.212) (0.342)
Less than average 0.282%* 0.819%%* 0.437% 0.558%*
(0.125) (0.153) (0.256) (0.276)
Training time Larger than average 0.576* 0.516%* 0.522% 0.640%*
(0.310) (0.230) (0.297) (0.298)
Less than average 0.651%%% 0.978%%* 0.496* 0.516%*
(0.189) (0.200) (0.279) (0.250)

ATT refers to average treatment effects on the treated. Bootstrap standard errors based on 500 replications are presented in parentheses for ATT. * ** and *** represent statistical significance
at the 10, 5, and 1% levels, respectively.

4.6. Heterogeneous effects of participation cattle farming for different endowment characteristics. To ensure
in contract farming the effectiveness of the analysis, the mean values of the grouping
variables were first calculated. Then the two groups of sample
The propensity score matching (PSM) method was used to  farmers with “greater than the mean” and “less than the mean” were
examine the effect of contract farming on farmers’ net cattle  compared and analyzed. The results of ATT estimation based on the
income. Still, this estimate only reflects the mean increase in net  nearest neighbor matching (n=4) to estimate the comparison of
cattle income from farmers’ participation in contract farming.  group differences in the income effects of contract farming on
Therefore, we grouped farmers according to breeding years, farm  farmers are shown in Table 8.
size, and training time to analyze the differences in the impact of By analyzing the heterogeneity of farmers’ participation in
farmers’ participation in contract farming on net income from  contract farming on their income under different endowment
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TABLE 9 Test for mediating effects of agricultural production technical efficiency.

10.3389/fsufs.2023.1179423

Variables Independent Independent Independent Independent
variables: Contract variables: marketing variables: production- variables: resource-
farming contract management contract providing contract
(1) (2) (3) (4) (5) (6) (7) (8) )] (10) (12) (12)
Y M Y Y M Y Y M Y Y M Y
0.839%** | 0.030%%* | 0.716%%*
Contract farming
(0.038) (0.002) (0.042)
0.793%%% | 0.027#%%* 0.127%%*
Marketing contract
(0.046) = (0.002) (0.039)
Production- 0.665%** | 0.038*** | (.348***
management
(0.072) (0.004) (0.079)
contracts
Resource-providing 0.497%#% | 0.028%#* | 0.232%*
contract (0.094) | (0.004) (0.093)
Production 4.066%#* 6.575%%% 8.268%** 9.418%**
Technology
. (0.642) (0.879) (1.103) (1.293)
Efficiency
Control variables
YES YES YES YES
included
2.553%%% | (.858%H*F | —0.935% | 2.207%FF | (.870%FFF | 3. 421Kk | 2194%FF | (,855%FF | —4.878%¥* | 2274%HE | (. 865% KK | —5.871HH*
Constant
0.110) | (0.007) = (0.561) = (0.157) | (0.008) (0.779) (0.194) | (0.009) (0.960) 0.223) | (0.010) (1.136)
Adj-R? 0.508 0.497 0.514 0.489 0.518 0.502 0.481 0.641 0.500 0.482 0.512 0.502
Observations 610 610 610 416 416 416 299 299 299 263 263 263
Sobel p =0.000<0.05, Mediating effect p=0.000<0.05, Mediating effect p=0.000<0.05, Mediating effect p=0.000<0.05, Mediating effect
obel test
established established established established
Mediating effect 0.123 0.178 0.317 0.265
Total effect 0.839 0.793 0.665 0.497
Mediating effect
0.147 0.225 0.477 0.533
ratio

Standard errors are presented in parentheses. * ** and *** represent statistical significance at the 10, 5, and 1% levels, respectively.

characteristics. It showed that the effect of contract farming on
farmers’ net income from cattle farming was significantly different
among the cohorts with different breeding years, farm sizes, and
training time. This finding had similarity with the studies of Gray
and Boehlj (2005), Hou et al. (2018), Ding and Xiao (2019).
Farmers with longer breeding years experience a significant
increase in net income from cattle farming after participating in
contract farming. Among them, farmers involved in marketing
contracts with shorter breeding years and those involved in
production-management contracts with longer breeding years
were able to increase their net income from cattle farming
significantly. Participation in contract farming has a more
significant effect on larger farmers’ net income from cattle farming.
Similarly, farmers who participated in contract farming training
relatively less often had a more substantial effect on their net
income from cattle farming. This indicates that training time
should be pursued more than just in quantity but also in training
methods, content, and quality. It is only in high-quality beef cattle
breeding training that the net income of cattle farmers can
be effectively improved. Thus, hypothesis 2 was verified.

Frontiers in Sustainable Food Systems

4.7. Results of mediating effect analysis

Previous empirical literature has studied the effect of contract
farming on the technical efficiency of farmers’ production and on
farmers’ income. Accordingly, we used a mediating effects model to
test the transmission path of the technical efficiency of agricultural
production on the effect of contract farming on farm household
income. The estimation results are presented in Table 9. First, as
shown in columns (2), (5), (8), and (11), contract farming and all three
contractual arrangements positively affect the technical efficiency of
farmers’ production and are statistically significant at the 1% level.
Compared to the planting industry, animal husbandry requires more
inputs of production factors; however, the beef cattle production
process is characterized by a long cycle, high cost, consumption,
pollution, etc., and is subject to more resource environmental and
technological constraints. Contract farming can provide farmers with
credit, technology, information, and factor inputs. This helps reduce
production risks, improve yields, and promote specialization, thereby
increasing farmers’ incomes and profits and ensuring food security.
This indicates that participation in contract farming can effectively
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improve the technical efficiency of farmers” production. This finding
is consistent with Dubbert (2019), Harianto et al. (2019), and Mishra
etal. (2019) regarding impact of contract farming on the production
efficiency of farm households.

The mediating effect of agricultural technical efficiency on
farmers’ net income from cattle farming in different contract farming
types was also verified. Contract farming partially mediated farmers’
income, with significant production technical efficiency as a mediating
variable, accounting for 14.7% of the total effect. Similarly, there was
a partial mediating effect with significant production technical
efficiency as a mediating variable in the marketing contract,
production-management contract, and production-management
contract affecting farmers’ income, and the proportion of this
mediating effect to the total effect was 22.5, 47.7, and 53.3%,
respectively. Thus, hypothesis H3 was verified. The above findings
suggest that contract farming not only directly affects farmers’ income
but also indirectly affects farmers income through production
technical efficiency. This finding is in line with findings by Guo and
Wu (2022) on farmer participation in contract farming in the Chinese
plantation sector. This means that improvements in production
technical efficiency are a critical factor for farmers to benefit from
contract farming, and the benefits of participating in resource-
providing contracts are more significant for farmers.

5. Conclusions and policy implications
5.1. Conclusion

Contract farming is an essential tool to help farmers share market
risk, help reduce risk and transaction costs for buyers and sellers, and
link markets through inputs and credits. It mitigats problems such as
capital constraints, loan defaults, and other credit market failures. This
paper contributes to the limited evidence on the causal impact of
contract farming on the income of beef cattle farmers, using data
collected from Heilongjiang, Jilin, Inner Mongolia, and Hebei
provinces in China. In terms of substance, we go beyond analyzing the
effect of contract farming on farmers’ income by examining the
impact of different types of contract farming on farmers’ income.
We further analyzed the mediating effects of agricultural production
technical efficiency in the influence of contract farming on farmers’
income. We employed the PSM model as an empirical strategy to
address the selection bias caused by observed and unobserved factors.

The study results show that contract farming plays a significant
role in enhancing farmers’ income. Specifically, farmers’ participation
in marketing contracts and production-management contract
increased their income by 13.82 and 14.91%, respectively, and
resource-providing contracts did not significantly enhance farmers’
income levels. Disaggregated analysis reveals that the extent to which
participation in contract farming enhances farmers’ income can
be influenced by factors such as breeding years, farm size, and training
time. In contrast, farmers with longer breeding years, larger farm sizes,
and less training time had a higher degree of income enhancement
from contract farming. Finally, contract farming can effectively
improve farmers’ technical efficiency, and the technical efficiency
concentration trend is enhanced by participation in contract farming.
Meanwhile, the analysis of mediating effects showed that contract
farming indirectly affects farmers’ income through the mediating path
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of agricultural production technical efficiency, with a mediating effect
of 14.7%. Specifically, agricultural production technical efficiency
significantly raised farmers’ income through marketing contracts,
production-management contracts, and resource-providing contracts,
with the mediating effects accounting for 22.5, 47.7, and 53.3%,
respectively.

5.2. Policy implications

Based on the study results, we propose some policy implications for
the sustainable development of contract farming. The critical role of
contract farming in increasing farm households’ income and the
technical efficiency of agricultural production suggests that policies to
promote smallholders’ participation in contract farming and increase
organization are sensible. This is particularly important for China and
several production constraints and food security challenges. The
government should actively create favorable conditions to encourage
and guide the development of “firm + smallholder” contract farming
and should continue to provide policy support for contract farming. It
should be clear that smallholders are disadvantaged in market
competition. In addition to traditional policy support, such as new
technology training and financial aid, the focus should be on increasing
the degree of organization of farmers. In addition, the government
needs to encourage and support smallholders to engage in deeper
cooperation with companies. According to the characteristics of
farmers’ resource endowment, the contract is formulated in a targeted
manner. The government should gradually improve the mechanism for
distributing benefits between companies and farmers, expand the
industrial, value, and benefit chains, and promote win-win cooperation
and benefit-sharing among various business entities while fully tapping
and improving the efficiency of agricultural operations. Policy directives
to promote contract production will be the right direction, as it will help
farmers maximize their agricultural production. Improving production
efficiency can increase agriculture yield and improve farmers’ income
and gross margin. Contract farming is a management strategy or tool
worth practicing. Beef cattle farmers should strengthen their own
comprehensive ability. On the one hand, beef cattle farmers should
actively participate in training and learning new knowledge, enhance
their own cognitive capabilities, and rationally identify industrial
organization policies and market information, master social resources
information, and improve labor productivity. On the other hand,
according to the resource characteristics of different beef cattle farmers,
guide beef cattle farmers to organize,contractualization and
institutionalization, improve the operating capabilities of farmers, there
by reducing transaction costs, improve farmers evaluation of contract
farming and promote the stability of agricultural contracts. Most
importantly, beef cattle farmers should minimize marginal costs and
increase their advantages by improving technical efficiency to break the
technological gap, thereby capturing more market share and
maximizing profit.

5.3. Limitations
Finally, this study only examines the increase in income at one

point in time in the relationship between contract farming and farm
household income without considering the bias caused by temporal
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dynamics. Therefore, the evolution of the relationship between
contract farming, agricultural production technical efficiency, and
farm household income over time needs to be considered in future
studies. In addition, this study focuses on household-level data; we do
not have plot-level data. Thus, when the required plot-level data are
available, future studies may investigate how farmers’ plot-level
participation in contract farming affects the economic performance
of farm households and rural household welfare.
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