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Abstract: The value chain comprises several factors and activities useful for strengthening production
and distribution by connecting producers with suppliers, intermediaries, and marketplaces and
collaboratively creating added value for products or goods. However, the values of agricultural
products mostly depend on various factors and actors, which should be linked together for fostering
added values. Thus, there may be strong ground for facilitating a smooth transition of the agricultural
value chain (AVC) within the prospects of emerging countries. It could be a key means of promoting
a profound connection between smallholder farmers and modern agriculture facilities. It could
be especially crucial for the highly perishable and high-value product such as fruits. The main
aims of the study are to evaluate the factors influencing smallholder apple farmers’ participation
in the agricultural value chain and determine whether participation in AVC improves farmers’
production performance. The empirical setup of the study was chosen based on survey data of apple
growers in Shandong, China. The propensity score matching (PSM) and inverse probability weighted
regression adjustment (IPWRA) models were employed to craft the study’s outcomes. The main
conclusions are as follows. (1) Fruit farmers’ gender, total household expenditure, housing value,
planting scale, planting years, degree of specialization, days of family labour input, and total days of
employment have significant effects on their participation in AVC activities. (2) Fruit farmers’ usage
of improved fertilizers and organization participation supports a higher yield and net income per
acre. (3) Participating in two kinds of AVC can significantly improve the yield per acre and net income
per acre compared with only using one type of AVC (improved fertilizer). Policy makers should
improve the existing policy by eliminating institutional barriers and enhancing human factors for
farmers to participate in high-value chain activities. Governments should extend technical support,
and enhance training facilities, and comprehensively promote the AVC among smallholder farmers.
Finally, farmers’ organizations (e.g., cooperatives and credit organizations) should come forward to
help facilitate the effectiveness of AVC.

Keywords: smallholder farmers; value chain integration; apple industry; production performance;
improve fertilizer use

1. Introduction

Agriculture can be considered both a profession and a socioeconomic branch, which
quantifies any country’s gross domestic product (GDP) and rectifies any country’s condi-
tions of maintaining food security, health, nutrition, and social well-being [1–3]. Agriculture
also fosters all developmental aspects, including the efficiency of production, ecology, and
sustainable growth [4]. It eventually constitutes a prime concern for maintaining viable
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and comprehensive natural resource utilization within the aspects of water, land, and
biodiversity [5–7]. However, in reality, agriculture seems to be a perilous endeavour. The
staggering impacts of global warming and climate changes also pose a greater burden
for the agrarian sector and make it riskier [8–10]. Growing detritions of land, water, and
other natural resources further create ample problems for maintaining profound growth in
these crucial sectors. It is essential to reshape the agrarian structures to support the current
society in terms of economic, social, and environmental sustainability when the global
ecosystems have become more frazzled. The global agricultural transition will require
substantial efforts to satisfy the ever-increasing food requirements for the expanding popu-
lation [11,12]. In these circumstances, the smallholders are going to be sufferers as their
livelihood depends on agriculture. Small-scale farming is one of the largest economic sec-
tors, solely responsible for the primary income source and livelihood for 96% of the global
agricultural population [13–15]. However, diversifying in accumulating capital intensity
and financial output trends are key factors for maintaining socioeconomic well-being
and fostering sustainability. Therefore, nearly every individual, particularly smallholder
growers, tend to be connected with markets within the aspects of broader agricultural
economies [16]. The nearest market is a crucial option for smallholders in the rural region
to acquire necessary agricultural inputs such as seedling, fertilizers, and mercenaries or
to rent additional farming facilities [17–19]. Simultaneously, rural agro-product mostly
goes into local markets, and numerous rural inhabitants are also interconnected within
markets as agricultural labourers [20–22]. It is evident that smallholders’ production ef-
ficiency must be raised to satisfy the growing demands of nutritious foods, fibre, and
other agricultural materials and upholds sustainable transition in a broader sense [1,23,24].
Smallholders’ efficiency-boosting is tactical. However, if smallholders’ market links are
not reinforced, such tactics will diminish their effectiveness [20,25,26]. Simultaneously,
smallholder farmers largely involve several distinct features and confront numerous chal-
lenges to their potential contributions in facilitating livelihood development and reducing
poverty [27–29]. Therefore, there is a profound ground for the agricultural value chain
(AVC) facilities to foster efficiency and eventually boost the income-increasing capabilities
of smallholder farmers.

According to the Ministry of Agriculture and Rural Affairs’ forecast, 80% of China’s
total cultivated area will still be managed by 220 million small farmers by 2020, and the
average planting scale will still be less than 8.2368 acres. Therefore, small farmers are the
most fundamental production unit in China’s agriculture at the current stage. In September
2018, the State Council deliberated and passed the policies regarding “Opinions on Promot-
ing the Organic Connection between Small Farmers and Modern Agriculture”. Moreover, it
proposed a long-term innervation to accelerate the basic connection between small farmers
and modern agriculture and improve their production and operation capabilities [30,31].
It is gratifying to note that small farmers have realized the importance of agricultural
science and technology and are increasingly accepting the supports of professional training,
production and unified sales supported by professional organizations [32,33]. Those are
widely integrated into the modern agricultural value chain through various combined
modes such as “farmers plus cooperatives”, “contract farming plus enterprises”, and so
on [34,35]. By promoting the integration of small farmers into the value chain of modern
agriculture, it is helpful to solve the contradictions between small-scale decentralized
management and large-scale socialized production of farmers [36,37] and comprehensively
improve the international competitiveness of agriculture [38–40]. Therefore, they can
reduce production costs and transaction costs [41–43], promote the connection between
production and marketing, enter differentiated market segments, and highlight value
appreciation [44–46]. In addition, the organization promotes the integration of farmers
into the industrial chain at every stage before, during, and after production by formulating
production standards and implementing standard and brand-based management [47–49],
thereby providing the market with agricultural products that meet consumer demand and
quality and safety standards, reducing farmers’ sales risk and improving farmers’ produc-
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tion performance [50–53]. Although there has been a rising concern with the integration
of farmers’ into the industrial chain, the research on its impact on farmers’ production
performance is relatively rare. The root of such an issue may arise as it is difficult to
measure the specific forms and extent of farmers’ participation in the agricultural value
chain [54–56]. However, the prime aim of the study is to empirically assess the impacts of
smallholder fruit growers’ participation in agricultural value chain activities for fostering
production performance. The article’s prime innovations are as follows. (i) The study
analyzes the mechanism that can quantify the impacts of farmers’ integration into the
agricultural value chain to improve their production performance from the perspective
of resource endowment. (ii) We conduct an empirical analysis to identify the factors that
influence farmers’ decision to integrate into the value chain facilities. We use a combination
of the PSM and IPWRA models to quantitatively analyze the impact of different degrees
of the agricultural value chain on production performance. To the best of our knowledge,
the study will be one of the first attempts to use a combined PSM and IPWRA model
approach for measuring the impacts of smallholder farmers’ participation by means of
their production performance.

2. Research Design and Hypothesis Setup
2.1. Concept Definition

In a report published in 2005, the Food and Agricultural Organization in the United
Nations (FAO) defines agricultural value chain as the combination of institutions and
set of activities that assist the farmers to bring agricultural products from farm to final
consumption and add value to them at each stage [57,58]. Several recent studies highlighted
that the integration of farmers into the agricultural value chain helps achieve higher
returns [59–62]. This paper chose apples as the research object of agricultural value chain
mainly based on the following three considerations. First, the degree of commercialization
of apples is high; more than 90% of the apples produced by fruit farmers are sold in the
form of daily commodities. Second, the apple industry chain is relatively long. As a
premier high-value agricultural product, the apple value chain involves a variety of links
such as production, purchase, processing, storage, transportation, wholesale, and retail. On
the other hand, the harvesting season of apples is relatively concentrated, but the market
sales need to be based on the market supply and demand, and the apples need to be put
out of the market in batches. Third, in China, the apple market is relatively competitive,
the price of apple market fluctuates greatly, the fruit farmers are more sensitive to market
price, and the operation risk is also relatively high. The above production and operation
characteristics create necessary conditions for farmers to integrate into the agricultural
value chain. In the production and marketing process, the integration of fruit farmers into
the value chain is mainly reflected in the following three aspects: (i) the use of factors
of production provided by industrial organizations, such as applying specific fertilizers
provided by the organizations; (ii) organizing fruit farmers to participate in specialized
technical training; and (iii) the unified purchase and sale of apples by the industrial
organizations during the harvest season. In the context of the study, we choose apple
production as the research object.

Apple is a kind of agricultural product with high value, and its value chain involves a
variety of links such as production, purchase, processing, storage, transportation, wholesale,
and retail. Therefore, it is viable to study the impacts of value chain participation within
the aspects of apple producers.

2.2. The Influence Mechanism of the Value Chain on Apple Farmers’ Production Performance

Figure 1 portrays the impact mechanism of the influence of farmers’ participation in
the industrial chain on their performance. The mechanism of apple farmers’ integration
into the value chain on their production performance is as follows. (i) The agricultural value
chain has been formed by integrating the value chain and the prospects of industrial orga-
nization. While participating in the agricultural value chain will establish a relatively stable
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contractual relationship with relevant industrial organizations [34,63,64], industrial organi-
zations essentially help farmers by providing continuous supports to ensure the quality and
safety of agricultural products. This also helps farmers optimize land allocation efficiency
and improve their production and operation efficiency and performance [31,65,66]. The
value chain’s key functions are reducing the cost of inputs and improving farmers’ effi-
ciency and production performance [67–69]. (ii) Farmers’ integration into the value chain
is also a process of organic connection with modern agriculture [70,71]. To improve the
quality of agricultural products, industrial organizations will provide specialized technical
training for farmers to reduce the market risk caused by production uncertainty [16,31]. In
contrast, the improved agricultural product’s quality and the reduction of market risk are
the sources of continuous operating income and the guarantee of increasing value in the
value chain [72,73]. (iii) When farmers integrate into the agricultural value chain, they will
form various commercial organizations and operation modes [74,75]. The initiative is bene-
ficial to the re-integration of agricultural resources and the provision of agricultural social
services, forming cooperative effects among them and promoting the continuous apprecia-
tion of the industrial value chain by reducing market access limitations and transaction
costs [53,76,77]. Due to their limited resource endowment and capability, small farmers
cannot increase the value of agricultural products through value chain activities such as
processing of agricultural products and brand building [78,79]. Through participating
in value chain activities such as unified purchases and sales by industrial organizations,
farmers can reduce transaction costs and market risks. In addition, to a certain extent,
the brand effect of products can be realized by participating in the unified acquisition of
industrial organizations, and the value-added of agricultural products brought about by
the marketing link of the industrial chain can be obtained with the help of the negotiation
ability of industrial organizations [80,81] to increase the production performance of farmers
in the unit planting area (Figure 1). After comprising the above points, the paper proposes
the following hypotheses:

H1. Fruit farmers using the improved fertilizer uniformly provided by the industrial organizations
have a higher yield per acre and net income per acre of apples than those who do not.

H2. Fruit farmers who participated in the specialized technical training and guidance provided by
the organizations have a higher yield per acre of apples than those who did not.

H3. Compared with the mode of market transaction, farmers participating in unified purchases by
industrial organizations can improve their net income per acre.
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3. Data Source, Variable Selection, and Research Method
3.1. Data Source and Variable Selection
3.1.1. Data Source

Along with the superior resources and service outlets of the National Engineering
Research Center for Apple of Shandong Agricultural University, a well-trained research
team consisting of five master’s students and three PhD students from the school of
economics and management conducted targeted research on the main apple-producing
areas in Shandong Province from July to August in 2019. In this survey, the local village
cadres and cooperatives were contacted through the agricultural technology extension
stations set up by local agricultural bureaus, who organized relevant apple growers to
participate in the questionnaire survey. The survey was carried out in two stages. In
the first stage, a pre-survey was conducted within randomly aligned six apple farmers
from Guanshui Town in Muping District of Yantai City and Shiliang Town in Longkou
City and then the questionnaire was modified. In the second stage, the research team
purposely selected the areas with concentrated apple planting for the survey, covering the
nine largest apple planting counties (cities) under the jurisdiction of Yantai, Zibo, and Linyi.
The survey adopts a combined method of PPS sampling and simple random sampling.
First, seven sample towns were selected from each county (city, district), and then four
sample villages were selected from each town. Finally, two fruit farmers were randomly
selected from each sample village as the sample farmers, and the householder or family
members mainly engaged in apple planting (when the householder goes out) were selected
as the respondents. In order to ensure the quality of the sample, the measures adopted
in this study include face-to-face interviews with apple farming households and other
relevant subjects by investigators. In order to encourage interviewers to participate in the
interviews, the research team provided the respondents with a token of $1.43 and some
small gifts so that the probability of interviewers refusing to interview was low. However,
they were informed that they could opt out any time during the interview period. A total
of 510 questionnaires were distributed, and 475 were recovered, with an effective rate
of 93.14%.

3.1.2. Variable Selection

This paper considers the participation and extent of fruit farmers in various value
chain activities as the dependent variable. For example, when the fruit farmers participate
in any value chain activity, the value is 1; otherwise, it is 0. Moreover, their influence on
fruit farmers’ production performance is analyzed. The yield per acre and the net income
per acre were selected as the outcome variables. The respondents’ basic characteristics
and production and operation characteristics were selected as the main control variables
suggested by existing literature. Table 1 shows the meaning and descriptive statistics of
the dependent variables, control variables, and result variables.

Table 1. Definition and descriptive statistics of variables.

Variable Definition and Assignment Mean SD

Independent variables

Whether to use improved fertilizer (INPUT) “Do you use the improved fertilizer uniformly provided by
the industrial organizations?” No = 0; Yes = 1 0.4400 0.4970

Whether to participate in the purchase by the
organization (PURCHASE)

“Do you participate in the unified purchase by the
industrial organization?” No = 0; Yes = 1 0.6610 0.4730

Whether to participate in the specialized training
provided by the industrial organization
(TRAINING)

“Do you participate in the specialized training provided by
the industrial organization?” No = 0; Yes = 1 0.7620 0.4730

Control variables

Basic characteristics of the respondent
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Table 1. Cont.

Variable Definition and Assignment Mean SD

Gender (GEN) Female = 0; Male = 1 0.3690 0.4830

Age (AGE) Age of the respondent by 2019 (one full year of life) 55.9850 11.1380

Degree of education (EDU) Education years of the respondent (years) 7.9710 3.2230

Total household expenditure (FAMC) Annual total household expenditure of the respondent ($) $5451.5447 $4081.7076

Distance from the county government (DIST) Distance from the county government (km) 28.9310 19.2550

Housing value (FWJ) The average estimated value of the house ($) $19,242.5376 $12,970.0614

Characteristics of production and operation

Planting scale (AREA) The average planting area of apples in 2019 5.6000 2.7020

Planting year (YEARS) The actual number of years of apple planting 22.3500 6.2540

Whether to participate in cooperatives (COOP) 0 = Yes; No = No 0.1990 0.4010

Degree of specialization (SPDE) The proportion of income from apple production in total
household income in 2019 (%) 77.3630 4.2280

Out-migration for work (OUT) “Have you ever or recently gone out to work?” No = 0; Yes = 1 0.6070 0. 4880

Number of days of family labour input (JR) Number of days of family labour input in apple planting 619.1030 299.3790

Days of employment (GR) Days of labour input except for family members 18.0590 50.1740

Whether there is a freeze-up disaster in three years
(DZAI)

“Whether the orchard suffered from freeze-up disasters in
recent three years?” No = 0; Yes = 1 0.9280 0.2580

Outcome variables

Yield per acre (PMOV) The gross sales income of apple in 2019 (kg/acre) 3332.1397 10,053.8070

Net income per acre (PMNI) The sales income of apple minus the input cost in 2019 ($/acre) $5474.6586 $347.7048

3.2. Research Methods
3.2.1. Propensity Score Matching (PSM) Model

PSM is a non-parametric method that is feasible and rational in solving selection
bias [82,83]. The basic principle of the PSM model is as follows: (i) according to the
counterfactual causal inference analysis framework, the polytomy variables are converted
into propensity score values, and (ii) the treatment group and the control group are matched
according to such propensity score values so that the main characteristics of the control
group and the treatment group remain similar [84,85]. Moreover, the data of the control
group are used to simulate the state results of the treatment group when it is not interfered
with by the (counterfactual) experiment, and then the average treatment effect (ATT) after
sample interference is estimated [86]. This paper estimates the impact of three value
chain activities of fruit farmers on their production performance. The difference between
participating fruit farmers and non-participating fruit farmers in yield per acre and net
income per acre is compared and carefully analyzed. The PSM model is implemented in
the following three steps:

Step 1: The Probit model is first used to estimate the propensity scores of four different
treatment methods. For each treatment method, the Probit model specifies as follows.

First, the Probit model is used to estimate the conditional probability fitting value, i.e.,
the propensity score value (PS value), of a group of households participating in value chain
activities under the condition of a given endowment characteristic Xi:

I = β0 + β1X + ε (1)

where I is the binary choice variables of whether fruit farmers participate in value chain
activities, X is a group of family and production and operation variables related to the
decision of participating in value chain activities, β is the vector of the coefficient to be
estimated, and ε is a stochastic error term affecting value chain activities. Moreover, the
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three Probit models corresponding to these three value chain activities all use the same set
of explanatory variables [87,88].

Step 2: According to the similar propensity scores, the experimental group is paired
with the control group. A combination of four methods (nearest-neighbour matching,
caliper matching, kernel matching, and radius matching) is used to calculate the average
treatment effect and ensure the results’ robustness.

Step 3: The following equation calculates the average treatment effect (ATT) of value
chain activities on fruit farmers’ production performance:

ATT = E(P(X)|I=1){E[Y(1)|I = 1, P(X )]− E[Y(0)|I = 0, P(X )]} (2)

where Y(1) and Y(0) are the results of the experimental group and the control group,
respectively; and the explained variable is measured by yield per acre and net income per
acre, with I = 1 for the experimental group and I = 0 for the control group.

3.2.2. IPWRA Model

The multivalued intervention effect refers to that each subject can accept zero, one,
or several different interventions for comparative analysis of effects after intervention.
Thus, it is judged whether participating in agricultural value chain activities has significant
influence on fruit farmers’ production performance. The paper uses the PSM and IPWR
models to analyze the impact of agricultural value chain on production performance quan-
titatively, which is the innovation of this paper. According to the literature on multi-value
treatment, e.g., Lechner [89] and Kissoly et al. [90], this paper evaluates the participation of
fruit farmers in one or more value chain activities that significantly affect their production
performance. IPWRA is a statistical technique for calculating statistics standardized to
a pseudo-population different from that in which the data were collected. The IPWRA
model combines the method of regression adjustment (RA) and the method of inverse
probability weighted (IPW) [91]. This combines the characteristics of the outcome model
and the intervention state model, and uses the reciprocal of the intervention probability
weight to estimate the missing data correction regression coefficient and if any one of the
outcome equation model or intervention equation model is set correctly, then consistent
estimation results can be obtained [92,93]. The IPWRA model can specify intervention
variables for multiple pre-processing. The advantage of this model is that it is different
from the general matching model and it will make the regression result more robust [94];
its results are doubly robust [95,96]. Compared with binary treatment variables, if the fruit
farmers participate in two value chain activities that affect their production performance,
the IPWRA model can be used to set up three treatment levels. j = 0 indicates that farmers
only participate in apple production but not in the value chain activities of the organization;
j = 1 indicates that farmers participate in apple production and the value chain activities
of one organization; j = 2 indicates that farmers participate in apple production and the
value chain activities of another organization; and j = 3 indicates that farmers participate in
apple production and the value chain activities of both organizations.

According to Kissoly et al. [90], the IPWRA method involves three steps:
Step 1: The treatment model for the polynomial Logit model is estimated:

p(I = j) = α
(
Xγj

)
, ∀j = 0, 1, 2, 3 (3)

Step 2: The following form of linear regression is used:

Yi(j) = βX + ε , ∀j = 0, 1, 2, 3 (4)

The linear regression is estimated by the weighted least square method, and the
potential outcomes corresponding to all farmers at each treatment level j are predicated.
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Step 3: The average treatment effect is estimated by selecting the average difference of
the predicted values for the entire treated sample. The estimated value of ATT in the case
of multi-treatment is specified as follows:

ATTj|m = E
{

Yj −Ym
∣∣J = j}, ∀m 6= j, jεJ = {0, 1, 2, 3} (5)

where ATTj|m estimates the expected average effect of participation in value chain activity
j relative to value chain activity m. Furthermore, this paper uses the IPWRA model to
estimate the treatment effect.

3.3. Robustness Test

For the robustness test, the average treatment effect is evaluated with four matching
algorithms, and the results show that there is certain robustness [97,98]. However, to
eliminate other unobservable factors that affect fruit farmers’ decision to participate in the
value chain and therefore bias the estimated treatment effect, overlapping tests and balance
tests are carried out to analyze the robustness of the results.

3.3.1. Overlapping Test

With the explained variable yield per acre as an example, according to the inverse
probability weighted estimation results, the overlapping test is carried out, and the study
provides the overlapping test diagram of the three value chain activities (Figures 2–4). The
results of the overlapping test show that the probability density distribution near 0 and 1
is decentralized, and the distribution of estimated density varies in the overlapping area.
Therefore, there is no evidence that the overlap hypothesis is violated. As the propensity
scores of the experimental group and the control group have the same value range when
the IPWRA model is used, a counterfactual analysis can be performed.
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3.3.2. Balance Test

The paper carries out a balance test on the explained variable yield per acre and the
net income per acre of apple, according to the inverse probability weighted estimation
results to ensure the robustness of the estimation results of the IPWRA model. As can be
seen from Figures 5 and 6, the control group and the experimental group coincide after
matching. Therefore, the model balances the covariates at the intervention level and does
not violate the balance hypothesis.
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4. Empirical Test and Result Analysis
4.1. Analysis of Influencing Factors of Farmers’ Decision to Participate in the Value Chain

According to the existing PSM research (for example [99–101]), before propensity score
matching, the Probit model is first used to screen out the matching variables that affect the
selection of three different value chain activities from the listed control variables based on
the farmers’ behaviour selection theory. The stepwise regression method is then adopted
to eliminate the variables that do not significantly affect the farmers’ decision-making
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behaviour. The significance level of model variables is weighed to select the appropriate
matching variables, as suggested by Jia et al. [102]. As shown in Table 2, the householder’s
age and the number of days of family labour input have no significant impact on the
farmer’s decision to participate in the three value chain activities. Distance from the
township, participation in cooperatives, and participate in professional training have only
positive impacts. The degree of education and household experience in migration for
work positively affect improved fertilizer usage provided by the organization. Overall,
the fruit farmers’ gender has adverse effects on their decision to participate in the value
chain. The possible reason is that more respondents are female, and their willingness to
participate in value chain-related activities is relatively conservative compared with men.
Other significant variables all have a positive impact on fruit farmers’ participation in the
value chain activities.

Table 2. Estimated results of decision equations of participation in the value chain based on the
Probit model.

Variable INPUT PURCHASE TRAINING

GEN −0.0120 ** −0.1210 ** −0.4330 *

AGE
(0.1240) (0.1290) (0.2210)
−0.0030 −0.1170 −0.0220
(0.0070) (0.0070) (0.0110)

EDU
0.1340 * 0.1930 * 0.5640
(0.1660) (0.1750) (0.3260)

FAMC 0.0640 *** 0.1620 ** 0.0730 **
(0.0210) (0.2140) (0.0420)

DIST 0.0030 0.0090 ** 0.0020 **

(0.0030) (0.0330) (0.0060)
FWJ 0.2640 *** 0.1450 *** 0.1380 **

(0.7340) (0.6880) (0.1030)
AREA 0.0050 ** 0.0770 ** 0.0830 **

(0.0290) (0.0300) (0.0530)
YEARS 0.0190 ** 0.0080 * 0.0410 **

(0.0090) (0.0100) (0.0170)
COOP 0.0230 0.0790 *** 0.7030 **

(0.1500) (0.1540) (0.2730)
SPDE 0.1050 ** 0.6830 * 0.8610 **

(1.4310) (1.4720) (0.2850)
OUT 0.1670 ** 0.0810 ** -

JR
(0.1230) (0.1270) -
0.0010 0.0020 0.0010

(0.0020) (0.0000) (0.0030)

GR 0.0070 ** 0.0020 ** 0.0100 **
(0.0140) (0.0020) (0.0050)

DZAI 0.0720 0.4510 * 0.1180 **

(0.2370) (0.2630) (0.4640)
Constant −0.8690 *** 2.6470 *** 8.8730

(1.2710) (1.3030) (2.6030)
LR chi2 24.72 28.40 39.51

Note: ***, **, and * indicate that the estimated result is significant at the level of 0.01, 0.05, and 0.1, respectively;
the same below.

Table 2 shows the regression results of selecting matching variables in the decision-
making process of three different farmers’ integration into the value chain. Therefore, the
study finally takes eight variables as the common matching variables that affect farmers’
decision to participate in the three value chain activities. Farmers’ gender, total household
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expenditure, housing value, planting scale, planting years, degree of specialization, days
of employment, and whether there is any disaster in three years was carefully explored to
conduct an in-depth analysis of the impact of farmers’ participation in the value chain on
their performance.

4.2. Empirical Result Analysis of Propensity Score Matching

This paper uses the PSM model and selected matching variables to analyze the av-
erage treatment effect of the impact of various value chain activities (fruit farmers’ use
of improved fertilizer provided by the organization, participation in the training and
purchase by the organization) on agricultural production performance, under which the
nearest neighbour matching, caliper matching, kernel matching, and radius matching, and
comparative analysis are carried out.

Table 3 shows the average impact of the three value chain activities on yield per acre
and net income per acre. Among them, improved fertilizer and the participation in the
purchase by the organization have a significant positive impact on the yield per acre and
net income per acre of apples. Therefore, Hypotheses 1 and 3 can be verified to some extent.
However, participation in training has no significant impact on farmers’ performance, so
Hypothesis 2 is not verified. The results calculated by nearest-neighbour matching, caliper
matching, kernel matching, and radius matching all show that the average yield per acre
of fruit farmers using improved fertilizer is increased by 4285.74 kg, and the average net
income per acre is increased by $2146.64 as compared with those not using the improved
fertilizer. Moreover, the average yield per acre of fruit farmers participating in the purchase
by the industrial organizations is increased by 3711.49 kg, and the average net income per
acre increased by $1809.76.

Table 3. Average treatment effect of yield per acre and net income per acre based on the PSM model.

Variable Nearest Neighbor Matching Caliper Matching Kernel Matching Radius Matching Mean

Improved fertilizer

Yield per acre (kg) $597.93 *** $637.77 *** $606.06 *** $609.69 *** $612.86
Net income per acre ($) $2160.47 *** $2103.07 *** $2114.88 *** $2208.14 *** $2146.64

Purchase by the organization

Yield per acre (kg) $484.85 *** $489.59 *** $575.89 *** $572.64 *** $530.74
Net income per acre ($) $1831.42 *** $1831.00 *** $1780.33 *** $1796.30 *** $1809.76

Participation in training

Yield per acre (kg) $35.09 $27.35 $7.02 $31.62 $25.27
Net income per acre ($) $533.59 $459.89 $323.80 $478.17 $448.86

Note: *** means p is less than 0.01.

4.3. Comparative Analysis on the Impact of Fruit Farmers’ Participation in One or More Value
Chain Activities on Their Agricultural Production Performance

As the participation in training does not have a significant impact on fruit farmers’
production performance, only two value chain activities, namely, improved fertilizer and
purchase by the organization, are selected for analyzing the impact of the extent of fruit
farmers’ participation in the value chain on their production performance. According to the
statistical analysis of basic data, 128 fruit farmers only use the improved fertilizer, 92 fruit
farmers only participate the organization’s purchasing, and 86 fruit farmers participate in
both value chain activities. The sample number is subject to multi-value intervention effect
analysis. The analysis results are shown in Table 4.



Horticulturae 2021, 7, 153 12 of 17

Table 4. Average treatment effect of yield per acre and net income per acre based on the IPWRA model.

Variable Average Treatment Effect SD Percentage SD

Yield per acre
(1 vs. 0) 3254.89 *** 998.87 18.59% *** 0.06
(2 vs. 0) 3560.34 *** 1142.06 20.34% *** 0.07
(3 vs. 0) 5681.30 *** 1395.74 32.45% *** 0.09
(2 vs. 1) 290.16 1215.82 1.40% 0.05
(3 vs. 1) 2375.61 * 1399.08 11.43% * 0.06
(3 vs. 2) 2085.45 1476.48 9.90% 0.07

Net income per acre
(1 vs. 0) $2517.15 *** 520.44 92.98% *** 0.27
(2 vs. 0) $2379.42 *** 483.23 87.89% *** 0.26
(3 vs. 0) $4002.91 *** 861.78 147.87% *** 0.41
(2 vs. 1) −$137.70 573.31 −2.60% 0.11
(3 vs. 1) $1470.08 * 895.43 28.19% * 0.18
(3 vs. 2) $1607.79 * 877.66 31.67% * 0.18

Note: * means p is less than 0.1; *** means p is less than 0.01. In Table 4, 1 vs. 0 compares the performance of fruit
farmers using improved fertilizer and those without participating in any value chain activities; 2 vs. 0 compares
the performance of fruit farmers participating in the purchase by the organization and those without participating
in any value chain activities; 3 vs. 0 compares the performance of fruit farmers using improved fertilizer and
participating in the purchase by the organization and those without participating in any value chain activities;
2 vs. 1 compares the performance of fruit farmers using improved fertilizer and those participating in the purchase
by the organization; 3 vs. 1 compares the performance of fruit farmers participating in both value chain activities
and those only using improved fertilizer; 3 vs. 2 compares the performance of fruit farmers participating in both
value chain activities and those only participating in the purchase by the organization.)

The empirical results of IPWRA show that no matter the yield per acre or the net
income per acre, 1 vs. 0, 2 vs. 0, and 3 vs. 0 have passed the significance test. Therefore, Hy-
potheses 1 and 3 are further verified, which indicates that compared with non-participating
fruit farmers, the average yield per acre of fruit farmers participating in one or more value
chain activities can be increased by 3254.89 kg, 3560.34 kg, and 5681.30 kg, respectively,
with an increased ratio of 18.59%, 20.34%, and 32.45%, respectively. Similarly, through the
participation in one or more of the above value chain activities, the average net income
per acre of fruit farmers can be increased by $2517.15, $2379.42, and $4002.91, respectively,
compared with that of non-participating fruit farmers, with an increased ratio of 92.98%,
87.89%, and 147.87%, respectively (Table 4).

According to the comparison between fruit farmers participating in both value chain
activities and those only participating in one value chain activity, the yield per acre and
the net income per acre show a certain difference. As for yield per acre, fruit farmers
participating in both value chain activities produce a significant positive impact on yield
per acre compared with those only using improved fertilizer. Specifically, the yield per
acre is increased by 2375.61 kg on average, with an increased ratio of 11.43%. However,
when it comes to fruit farmers participating in both value chain activities and those only
participating in the purchase by the organization, the influence on yield per acre is not
significant. As for net income per acre, compared with those only using improved fertilizers
or participating in the purchase by the organization, fruit farmers participating in both
value chain activities have higher improved fertilizer, increased by $1470.08 and $1607.79,
respectively, with an increased ratio of 28.19% and 31.67%, respectively (Table 4).

5. Conclusions

Based on the survey data of apple growers in Shandong, this paper analyzes farmers’
participation in the agricultural value chain on their production performance with the
PSM model and the IPWRA model. The main conclusions are as follows. (1) Fruit farmers’
gender, total household expenditure, housing value, planting scale, planting years, degree
of specialization, days of family labour input, days of employment, and whether there
is a freeze-up disaster in three years have significant effects on their participation in the
three value chain activities. Although the fruit farmers’ gender has adverse effects on their
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decision to participate in the value chain activities, other significant variables positively
impact fruit farmers’ participation. (2) Compared with those who do not participate in
any value chain activity, fruit farmers participating in value chain activities tend to have a
higher yield per acre and net income per acre. According to empirical analysis, the yield
per acre of fruit farmers participating in both value chain activities is increased compared
with those only using improved fertilizer. However, it has no significant difference for
those only participating in the purchase by the organization. Moreover, the net income
per acre of fruit farmers participating in both value chain activities is greatly increased
compared with those only using improved fertilizer or only participating in the purchase
by the organization. Based on the assessments and observation, we crafted the following
policy recommendations:

First, the government should support and encourage farmers to participate in the value
chain of industrial organizations through fiscal and monetary policies such as financial
support and credit incentives. Participation in cooperatives will, to some extent, affect
farmers’ decision-making behaviour regarding participating in the industrial chain. Thus,
the government can provide special subsidized funds to new agricultural organizations
such as farmers’ cooperatives directly to all producers through project funds (such as
special fertilizer subsidies). A vast number of farmers can benefit from the improvement of
agricultural inputs. When the well-structured link is established between small farmers
and modern agriculture, they are empowered to expand their survival and development
space regardless of their products or factors.

Second, the government should strengthen the training of farmers’ production tech-
nology and capability. Although fruit farmers’ participation in guidance training does not
significantly improve their production performance, strengthened agricultural technology
training and management is conducive to comprehensively improving their agricultural
production level, which is conducive to improving the overall performance of agricultural
production as farmers participate in value chain activities. Therefore, from the strategic
perspective of promoting the high-quality development of agriculture, industrial orga-
nizations and relevant government departments should continue to organize series of
activities that help improve the agricultural value chain, such as “science and technology
going countryside”, and encourage the vast number of small and medium-sized farmers to
actively participate in the agricultural value chain.

Finally, it is recommended that relevant government departments actively carry
out activities to link industrial organizations and farmers’ participation in the industrial
chain so that farmers can actively integrate into the value chain. As there are certain
limitations on farmers’ understanding of the role of participation in the value chain, they
may doubt the use of factors of production provided by industrial organizations and the
participation in the purchase by the organizations at the beginning. Therefore, relevant
government departments must continuously organize promotional activities of typical
farmers’ participation in the value chain, increasing farmers’ courage and confidence in
participating in the value chain and realizing an overall performance improvement.
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