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Abstract: In the Shaanxi province, small and scattered plots impede an increase in the efficiency of
apple production. Developing a moderate operation scale is a proper tool to solve inefficiencies in
apple production, as it enables improving the factor allocation efficiency, resulting in higher yields,
higher profit, or lower production costs. However, the moderate operation scales, based on output,
profit, and production costs, may be different. This paper aimed to evaluate the moderate operation
scale of apples from three perspectives of increasing yields and profits and reducing unit production
cost. The study was based on survey data collected from 661 randomly selected apple farmers in
eight counties of the Shaanxi province, China. The collected data were analyzed quantitatively by the
input-output model, the net profit model, and unit production cost model. The findings show that:
(1) The moderate operation scale oriented to increasing apple yields in the Shaanxi province should
be 0.87–1.53 ha. (2) The moderate operation scale oriented to increasing the net profit of farmers in
the Shaanxi province should be over 1.53 ha. (3) The moderate operation scale oriented to reducing
the unit cost of apple production in the Shaanxi province should be 0.20–0.53 ha. The study provides
evidence that policymakers should grasp the balance point and find the intersection of the operation
scale based on output, profit, and unit production cost when guiding apple growers to carry out the
moderate scale. We propose that 0.87–1.53 ha may be a suitable operation scale for apple production
in the Shaanxi province at the current stage.

Keywords: input−out model; net profit model; unit production cost model; land fragmentation;
apple growers

1. Introduction

Starting in the late 1970s, China introduced a land system reform, distributing the rural land
proportionally according to the number of persons in the family and transferring the land management
right to the farmers. Then, the household contract responsibility system1 was implemented to guide
agricultural production, heightening the enthusiasm of farmers for production [1]. This has made
positive contributions to boosting agricultural production, increasing farmers’ income and narrowing
the income gap between urban and rural areas [2]. However, it also leads to the characteristics of

1 Individuals (or companies) have the right to use land under land-use contracts which do not entail actual ownership.
In rural China, arable land owned by rural collectives was distributed amongst individual farmers through a system
of land-use (not land ownership) contracts under the Household Responsibility System in the early 1980s. Source:
https://www.refworld.org/pdfid/4b6fe1840.pdf.
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small-scale and fragmented agricultural production in China. Against the background of marketization
reform, population transfer, and urban-rural integration, the small-scale operation mode has been
increasingly challenged [3]. Innovating the agricultural operation system and expanding the operation
scales had been the inevitable choices for agricultural development in China [4,5]. However, the
operation scale is not simply a case of the bigger, the better, and we need to find a moderate point. So,
deciding on the moderate scale is the key to the development of modern agriculture.

In 1987, the Central Committee of the Communist Party of China first proposed to adopt various
forms of moderate operation scales [6]. In 2008, the Decision of the Central Committee of the Communist
Party of China clearly called for continuing to develop the moderate operation scale in agriculture in
several important documents and decisions. It can be seen that developing the moderate operation
scale, rationally allocating the factors of agricultural production, and solving the plight of agricultural
development have become important issues that commonly concern policymakers [3]. The connotation
of moderate operation scale of agriculture determines its evaluation standards. So, defining “moderate
operation scale” was the key. Zhang et al. state that, the “moderate operation scale” refers to the farm
size when a household can make full utilization of the labor force and other factors to obtain the best
economic benefits under a certain level of productivity and operating environment [7]. According to
Ma and Ma, the “moderate operation scale” refers to the farm size whereby a household can achieve the
optimal allocation of various production factors to improve the land productivity, reduce the average
production cost, and maximize the income through the realization of scale economy [8]. In summary,
the moderate operation scale may be an optimal scale interval under certain conditions [9,10].

The existing studies on “moderate operation scale” show the differences between different
geographical regions and different historical stages. Generally speaking, four evaluation standards
were mainly used to evaluate the moderate scale. The first evaluation standard was land productivity.
In the 1990s, abundant studies on the relationship between operation scale and land productivity were
carried out, but the conclusions were not consistent. Some studies prove the negative association
between land productivity and operation scale [11–18]. For instance, Xu et al.’s study found that
increasing farmers’ operation scale did not necessarily lead to more grain production [18]. Some studies
prove the positive association between land productivity and operation scale [19–21]. For instance, the
study of Fan and Zhou found that there was a positive association between land productivity and
operation scale [21]. In addition, some studies prove the nonlinear association between operation
scale and land productivity. For instance, using panel data of rural household surveys, Ni and Cai
found that there was a negative association between land productivity and operation scale among farm
households with an operation scale less than 41.07 ha while there was a positive association among
others with operation scales greater than 41.07 ha [22]. And they proposed that it was difficult to
achieve the operation scale over 41.07 ha for farmers, considering the number of Chinese farmers and
land. However, using the household-level data from Jilin province of China, Xin et al.’s study found
that land productivity changed in “inverted U-shaped” with the operation scale, and the moderate
operation scale should be 2 ha [23].

The second evaluation standard was labor productivity. Using panel data of rural household
survey in China, study of Ni and Cai found that labor productivity changed in “inverted U-shape”
with the operation scale, and the moderate operation scale of family farms should be 8.73–9 ha while
that of large-scale grain-production household should be 15.6–15.73 ha [22]. Using panel data of 31
provinces in China from 2000 to 2013, Wang et al. found that labor productivity changed in “inverted
L-shape” with the operation scale, and the moderate operation scale should be 6.25 ha per farmer [24].
They also found that the moderate operation scale in the plain area should be 6.37 ha per farmer while
that in hilly area should be 1.98 ha per farmer.

The third evaluation standard was unit production cost. Many studies prove the negative
association between unit production costs and operation scale [18,23,25,26]. For instance, Xu et al.
found that expanding the operation scale contributed to reducing unit production costs [18]. Song
et al. found that, based on unit production cost minimization, the moderate operation scale of rice,
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soybean and maize should be 1–2 ha, 2–4 ha, and 4–7.67 ha, respectively [26]. Some studies came to
the opposite conclusion [27–29]. For instance, Li et al. found that there was a positive association
between unit production costs and operation scale [28]. In addition, using the household-level data
from Jiangsu province of China, Zhang’s study found that unit production costs changed in “U-shape”
with the operation scale, and the moderate operation scale should be less than 13.33 ha [29].

The fourth evaluation standard was the net profit of agricultural production. Using the
household-level data from Jiangsu and Zhejiang provinces of China, Zhang and Wu’s study found
that the net profit per ha changed in “U-shape” with the operation scale, and the moderate operation
should be 1.33–1.67 ha [30]. Using rice farmers’ data from 22 provinces of China, Li et al. found that
the moderate operation scale of rice should be over 5.33 ha based on net profit maximization [28].
However, using the household-level data from Heilongjiang province of China, Song et al. found
that the moderate operation scale of rice should be 1–2 ha based on net profit maximization [26]. In
addition, they also found that the moderate operation scale of maize should be 4–7.67 ha based on net
profit maximization while there was no limit to the operation scale of soybean.

As mentioned before, whether the operation scale of agricultural production is moderate or not,
there are obvious differences in the conclusions based on different evaluation standard and research
methods [31,32]. Therefore, some scholars proposed comprehensive standards to evaluate the moderate
operation scale of agricultural production [33,34]. For example, Li et al. [28] and Wang et al. [27]
evaluated a moderate operation scale of rice based on scale benefit, output level, and production cost.
Song et al. [26] evaluated the moderate scale of corn, rice, and soybeans based on the food security and
increasing farmers’ income. Xu et al. [18] evaluated the moderate operation scale of spring and winter
wheat, early, middle, and late indica rice, japonica rice, and maize in China from the perspectives of
input, output, and production cost.

To sum up, the existing literature was mainly focused on the moderate scale of grain crops,
while insufficient attention has been paid to high-value agricultural products, in particular, apples.
Against the background of people’ income growth and the upgrading of dietary structure in China, the
consumption of apples is increasing rapidly. In China, apple production faces three challenges: the
first is to increase production to meet people’s growing consumer demand; the second is to increase
farmers’ income, and the third is to reduce production costs to improve the competitiveness of the
international market. According to the statistical data, the area of apple crops in the Shaanxi province
in 2015 reached 628,550 ha, which is the highest in China. How to develop the moderate operation
scale of apple farming in Shaanxi Province should be the focus for research. If the operation scale is
too small, it cannot achieve the task of ensuring output, promoting income, and reducing cost. If the
operation scale is too large, it may reduce the regional agricultural diversity and cause a regional food
production crisis. Therefore, this study aims to evaluate the moderate scale of apple production in the
Shaanxi province based on output, net profit, and unit production cost. The study uses data from the
structured interviews with 661 apple growers from eight counties in Shaanxi Province, China. The
purpose is to determine an optimum scale of apple production.

2. The Moderate Operation Scale in Theory

It is assumed that there are three main input factors in apple production, namely labor, capital,
and land. According to the theory of diminishing marginal return, if the labor and capital input factors
remain unchanged, the change of output caused by the increase of land can be divided into three
stages (Figure 1, total production (TP) curve): (1) with marginal production (MP) increasing, the total
production increases; (2) with marginal production decreasing, the total production increases; (3)
with marginal production less than 0, the total production decreases. In the first stage, the marginal
production (MP) increases and reaches the highest point at point E, and MP > AP (Average Production),
the average production increases. In the second stage, the marginal production MP decreases, and MP >

AP, so the average production continues to increase. When MP = AP (at point F), the average production
reaches the maximum, that is, the land productivity reaches the maximum, and the corresponding
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planting area is L1*. Therefore, the moderate operation scale oriented to increase apple yields should
be (0, L1*).
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Figure 1. The moderate operation scale under output maximization, profit maximization, and unit
cost minimization.

According to the theory of diminishing marginal cost, the change of expected total cost of
production of farmers can be divided into two stages (Figure 1, total cost (TC) curve): (1) with the
marginal cost (MC) decreasing, the total cost increases; (2) with the increase of marginal cost, the total
cost increases. Assuming the market price of apples is 1, the total output curve of apple production
coincides with the total revenue (TR) curve. The net revenue (4R) of apple production is 4R = TR-TC.
Assuming that farmers are rational, they will make decision on the operation scale under 4R > 0
(the shaded part in Figure 1). The effective scale interval of farmers is [Lmin, Lmax], which verifies
the theoretical viewpoint that there exist minimum and maximum values of the moderate operation
scale [9].

As shown in Figure 1, at [Lmin, Lmax], with the expansion of the operation scale, the marginal
revenue (MR) of apple production declines, while the marginal cost decreases first and then rises.
When MR = MC = 0 (at point B), the total revenue of apple farmers is the largest, the unit cost of
apple production is the lowest, and the net revenue of apple production is the largest. At this time, the
corresponding planting area is L2*. It can be seen that the optimal area for increasing net profit of apple
farmers and reducing production costs should be L2*, then the moderate operation scale oriented to
increasing farmers’ net profit is [Lmin, L2*], while the moderate operation scale oriented to reducing
unit production cost is (0, L2*].

3. Study Area and Methods

3.1. Description of Study Area

For the purpose of this study, the Shaanxi Province was selected (Figure 1). The Shaanxi Province
was purposively selected for this study due to:

• Shaanxi is one of the most important apple planting regions in China, where the area and the
quantity of apple production are the biggest.
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• The diversity of agro-climatic in Shaanxi is the epitome of the distribution of agroclimatic zone
in China.

• The continious expanding of apple planting area in Shaanxi province leading to a more obvious
contradiction on how to develop moderate operation scale (The apple planting area was 601,518
ha in 2010 and increased to 695,159 ha in 2015).

• The author’s local knowledge.

The Shaanxi province has a total area of 205,800 km2 and nearly 40% is in the region of Loess
plateau. Its elevation ranges from 350 to 3500 m above sea level. Due to specific physiographic features
and climate conditions, Shaanxi has been one of the most suitable regions for apple production in the
world, and it contains 30 base counties for apple production in total. The area of apple production in
Shaanxi in 2015 reached 628,550 ha, accounting for 27% of the area in China and 12.3% of the area in
the world (Food and Agriculture Organization of the United Nations http://www.fao.org/statistics/en/).

The Shaanxi province has 379,300,00 inhabitants, and the population density is 184 people per
km2. According to the survey data, the average farm size per household is 0.76 ha in Shaanxi Province.

3.2. Sampling Design, Data Collection, and Statistical Description

In this paper, we use multi-stage sampling techniques to collect the samples. In the first stage,
based on the intensity of apple production, eight counties were selected: Changwu, Binxian, Xunyi,
Baota, Yichuan, Fuxian, Luochuan, and Baishui (Figure 2). In the second stage, five villages in each
selected county were randomly selected. In the third stage, 15–20 households in each village were
randomly selected, and 663 households were randomly sampled for interviews in total (81 from
Changwu, 82 from Binxian, 83 from Xunyi, 79 from Baota, 85 from Yichuan, 87 from Fuxian, 82 from
Luochuan, and 84 from Baishui).
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Field data were collected from July 2015 to August 2015. The primary data were collected by
household surveys (HHS) with a structured questionnaire. On the basis of the results obtained from
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the pre-test, necessary modifications were made to the questionnaire. The final questionnaire contains
three sections: the demographic and economic characteristics of farmers, the input of factors including
labor, land, and capital, and the output and income of apple production. Face to face interviews were
necessary, as many of the respondents were expected to be illiterate. Due to lack of major information,
two samples were excluded, and the final sample size was 661 completed questionnaires.

Table 1 is a statistical description of the sample characteristics. Overall, the average output of the
samples is 11,746 kg per household, the average net profit2 was 37,155 ¥ per household, and the average
total cost was 27,533 ¥ per household. The average labor input (including family labor and hired labor)
was 227 working days per household, the average capital input (including fertilizer, pesticide, and fruit
bag costs, depreciation of fixed assets, and mechanical services costs) was 27,533 ¥ per household, and
the average operation scale of apples was 0.48 ha per household. Land fragmentation was relatively
serious in Shaanxi, and the average number of plots is 2.8 per household. From the demographic and
economic characteristics of farmers, 98% of the household heads were men, and the average age of
the household head was 51 years old. The average educational years of the household head were 7.9,
which is equal to junior middle school level in China.

Table 1. Statistical description of the sample characteristics.

Major Variables Mean SD Minimum Maximum

Output of apple production (kg per
household) 11,745.46 17,552.97 100.00 70,000.00

Net profit of apple production (¥ per
household) 37,154.84 50,732.12 −70,360.00 665,786.00

Total cost of apple production (¥ per
household) 27,532.70 20,485.40 1,230.00 191,360.00

Labor input (working days per
household) 226.74 244.19 26.50 5,442.00

Capital input (¥ per household) 27,532.74 20,500.95 1,230.00 191,360.00

Operating scale (ha per household) 0.48 4.77 0.03 2.33

Land fragmentation (plots per household) 2.75 1.63 1 16

Gender of household head (dummy) 0.98 0.13 0 1

Age of household head (year) 50.86 8.80 24 75

Educational level of household head
(year) 7.92 3.04 0 15

Number of family labors (people per
household) 2.13 0.68 1 7

3.3. Methods of Data Analsis

3.3.1. Model

(1) The moderate operation scale, land fragmentation and output: input–output model.
Currently, the commonly used production functions include the C-D function and the Translog

function. Compared with the C-D function, the Translog production function does not impose any
restrictions on economies of scale and elasticity of factor substitution, and for any production technology,
this function can be better approximated [18]. Therefore, based on the Translog production function,
we established an input–output model for farmers to analyze the relationship between operation scale

2 Net profit is equal to total income minus total cost. In this paper, the costs of family labor and own land were excluded
when calculating the net profit of apple production.
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and output level, and compared the differences of output level in different scales of apple production.
The model is built as follows:

ln Qi = α0 +
3∑

j=1
α j ln xi j +

1
2

3∑
j=1

3∑
j=1
γ j j ln xi j ln xi j +

4∑
n=1
ηnscale_dummyni + δ1agei

+δ2age2
i + δ3edui + δ4lti + δ5pyi +

2∑
m
λmregion_dummymi + µi

(1)

In Equation (1), Qi denotes the output of apple production, x1i denotes the operation scale of
apple, x2i denotes the effective labor input of apple production, including family labor and hired
labor, x3i denotes the capital input of apple production, including fertilizer, pesticide, and fruit bag
costs, depreciation of fixed assets, and mechanical services costs, and scale_dummyni denotes a group
of dummy variable reflecting different scales. According to the characteristics of apple production
in Shaanxi province and the research conclusions of Qu [35], we divide the operation scale of apple
farmers into five sections, including 0–0.20 ha, 0.20–0.53 ha, 0.53–0.87 ha, 0.87–1.53 ha and over 1.53 ha.
In this paper, we take 0–0.20 ha as the reference group to set the dummy variable. In addition, based on
the findings of previous and current studies on agricultural output [18,26–28,36,37], seven explanatory
variables were identified. Namely, agei denotes the age of the household head, age2

i denotes the square
term of agei, edui denotes the education years of the household head, pyi denotes production experience
and skills of the household head, measured by years of planting, lti denotes whether land transfer or
not, and region_dummymi denotes a dummy variable, which is used to reflect the regional differences
of apple production. In this paper, we take the farmers in Weinan city as the reference group to set the
dummy variable.

Land fragmentation is defined as a situation where farmers are cultivating two or more
geographically separated plots of land by taking into account the distances between those parcels [38].
Relevant research shows that land fragmentation may indirectly affect the whole agricultural production
process by affecting the use efficiency of input factors [39]. Therefore, in this paper, land fragmentation
is introduced into the model in the form of efficiency function φ0. Referring to the research methods of
Xu et al. [18], in this paper, we take the number of plots as the proxy variable of land fragmentation,
then can obtain φ0:

φ0 = α0 + β0 ln Ploti
or

φ0 = α0 + β0Ploti

(2)

Assuming that land fragmentation has a neutral impact on apple production, substituting Equation
(2) into (1), we obtain the input–output model while considering land fragmentation:

ln Qi = α0 + β0(ploti) ln ploti +
3∑

j=1
α j ln xi j +

1
2

3∑
j=1

3∑
j=1
γ j j ln xi j ln xi j +

4∑
n=1
ηnscale_dummyni

+δ1agei + δ2age2
i + δ3edui + δ4lti + δ5pyi +

2∑
m
λmregion_dummymi + µi

(3)

Assuming that land fragmentation has a non-neutral impact on apple production, substituting
Equation (2) into (1), we obtain the input–output model while considering land fragmentation:

ln Qi = α0 + β0(ploti) ln ploti +
3∑

j=1
(α j + β j(ploti) ln ploti) ln xi j +

3∑
j=1
α j ln xi j +

1
2

3∑
j=1

3∑
j=1
γ j j ln xi j ln xi j

+
4∑

n=1
ηnscale_dummyni + δ1agei + δ2age2

i + δ3edui + δ4lti + δ5pyi +
2∑
m
λmregion_dummymi + µi

(4)

Based on Equations (3) and (4), the output elasticity of land, labor, and capital can be calculated
as follows:
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(1) Output elasticity of land:

α1 + β1(plot) ln(plot) +
∑

j
γ1 j ln x j (5)

(2) Output elasticity of labor:

α2 + β2(plot) ln(plot) +
∑

j
γ2 j ln x j (6)

(3) Output elasticity of capital:

α3 + β3(plot) ln(plot) +
∑

j
γ3 j ln x j (7)

(2) The moderate operation scale, land fragmentation and net profit: net profit model.
On the basis of Equation (4), we take the net profit of apple production as the dependent variable,

establish the production profit model of farmers to analyze the relationship between the operation
scale and the production profit, and compare the differences of the profit in different scales of apple
production. The model is built as follows:

ln Ri = α0 + β0(ploti) ln ploti +
3∑

j=1
(α j + β j(ploti) ln ploti) ln xi j +

3∑
j=1
α j ln xi j +

1
2

3∑
j=1

3∑
j=1
γ j j ln xi j ln xi j

+
4∑

n=1
ηnscale_dummyni + δ1agei + δ2age2

i + δ3edui + δ4lti + δ5pyi +
2∑
m
λmregion_dummymi + µi

(8)

In Equation (8), Ri denotes net profit of apple production, and other variables are consistent with
Equation (4).

(3) The moderate operation scale, land fragmentation and unit production cost: unit cost model.
Referring to Tan et al. [25] on the impact of land fragmentation on production cost, in this paper,

we establish a semi logarithm model to analyze the relationship between operation scale and unit
production cost3, and compare the differences of unit production cost in different scale groups of apple
production. The model is built as follows:

ln Ci = λ0i + λ1ilabori + λ2ix2i + λ3iploti +
4∑

n=1
ηnscale_dummyni + δ1agei + δ2age2

i

+δ3edui + δ4lti + δ5pyi +
2∑
m
λmregion_dummymi + µi

(9)

In Equation (9), Ci denotes unit production cost of apple, labori denotes the number of family
labors, and other variables are consistent with Equation (8).

3.3.2. Model Selection and Estimation Method

As mentioned before, the impact of land fragmentation on apple production is uncertain, so
we need to determine the specific form of the model before model estimation. In this paper, three
hypotheses were tested: first, whether to use the C-D function or the Translog function, second,
whether the land fragmentation has a neutral or non-neutral impact on apple production, and third,
whether the land fragmentation is linear or logarithmic. The results of model selection (Table 2) show
that, (1) the model strongly rejects the null hypothesis (no high-order term), so the Translog function
should be selected, (2) the adjusted R2 in logarithmic form of land fragmentation is larger than that in

3 According to the National Compilation of Cost and Benefits of Agricultural Products Data, production costs can be divided
into three categories: material and service costs, labor costs, and land costs. The material costs contain the cost of inputs
such as fertilizers and pesticides. The service costs contain irrigation fees and machinery maintenance fees. The labor costs
contain the costs of family labor and hired labor. The land costs contain land rent and the cost of owned land.
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linear form, so the logarithmic form of land fragmentation should be selected to embed into the model,
and (3) the model strongly rejects the null hypothesis (land fragmentation’s neutral effect), so land
fragmentation’s non-neutral effect should be selected. In summary, Model (4) was selected to estimate
the input–output model of farmers.

Table 2. Results of model selection.

C-D Function or Translog Function

Null Hypothesis H0: C-D Function (No High-Order Term)

F-Value DF Adjoint Probability

13.18 *** (3; 654) 0.0000
Logarithmic or Linear Model; Neutral Effect of Land Fragmentation with F Test

Efficiency Function Adjusted R2
Null Hypothesis H0: Neutral Effect of Land Fragmentation

F-Value DF Adjoint Probability

Logarithmic 0.6258 12.99 *** (3; 653) 0.0000

*** Significant at p < 0.001probability levels.

The standard ordinary least squares (OLS) method was used to estimate model (4). However,
when the random error term is heterogeneous, the OLS regression technique produces parameter
estimates that are inefficient and in a heteroscedastic error structure. To get rid of the problem, the
robust standard deviation based on the White heteroscedasticity test was used to revise the results
of OLS.

4. Results

4.1. Results of the Input-Output Models

In this paper, two input–output models were estimated. Scale dummy variables were included
in Model I while those were excluded in Model II. From the results of the input–output models, the
adjusted R2 of Model I was 0.6932, and the adjusted R2 of Model II was 0.6927, indicating that the
models fit well.

Model I in Table 3 showed the signs, the magnitudes, and the statistical significance of the
estimated parameters. Of the seven variables hypothesized to explain the effect on the output, two were
found to be significant. These variables were the planting years and the regional dummy variables. In
addition, the age of household head, the square term of age of household head, the educational years
of household head, land transfer, and the scale dummy variables were not statistically significant.

As mentioned before, the output elasticity of land, labor, and capital were calculated based on
(5–7), and the results are shown in Table 4. The output elasticity of each factor is positive in Model I
and Model II, and the elasticity coefficient of labor is the largest, the elasticity of land is the second
largest, and the elasticity of capital is the smallest.
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Table 3. Results of the input–output model.

Variable

Model I Model II

Coefficient Robust Standard
Error Coefficient Robust Standard

Error

Labor 4.761 *** 1.313 4.791 *** 1.302
Land −3.022 ** 1.455 −2.931 ** 1.433

Capital 1.420 1.666 1.400 1.655
Labor Square −0.141 *** 0.043 −0.142 *** 0.043
Land Square −0.191 * 0.103 −0.202 ** 0.093

Capital Square 0.019 0.116 0.021 0.116
Labor × Capital −0.336 ** 0.149 −0.338 ** 0.148
Labor × Land 0.378 ** 0.161 0.377 ** 0.157

Land × Capital 0.187 0.180 0.186 0.178
Land fragmentation 0.357 1.059 0.323 1.044

Land fragmentation × Labor −0.130 0.131 −0.126 0.128
Land fragmentation × Land −0.083 0.111 −0.075 0.108

Land fragmentation × Capital 0.058 0.131 0.058 0.129
Age −0.023 0.020 −0.024 0.020

Age Square 0.000 0.000 0.000 0.000
Educational years −0.009 0.006 −0.008 0.006

Planting years 0.014 *** 0.004 0.014 *** 0.004
Land transfer −0.046 0.05 −0.045 0.050
0.20–0.53 ha 0.065 0.098 — —
0.53–0.87 ha 0.085 0.148 — —
0.87–1.53 ha 0.119 0.194 — —
Over 1.53 ha 0.015 0.339 — —

Xianyang −0.202 *** 0.055 −0.203 *** 0.055
Yan’an −0.112 ** 0.056 −0.114 ** 0.056

Constant −10.094 6.582 −10.086 6.536

Adjusted R2 0.6932 0.6927
White Heteroscedasticity Test 286.66 * 233.63 ***

Samples 661 661

***, **, * Significant at p < 0.001, p < 0.01, and p < 0.05 probability levels, respectively.

Table 4. Results of output elasticity and scale return coefficients.

Apple Production
Output Elasticity of Factors Scale Return

Coefficients

H0: Constant Returns to
Scale

Labor Land Capital F-Value Significance

Model I 1.223 0.414 0.232 1.869 2.48 * 0.0845
Model II 1.231 0.478 0.220 1.929 3.10 ** 0.0457

**, * Significant at p < 0.01, and p < 0.05 probability levels, respectively.

The scale return coefficient is the sum of input–output elasticity of labor, land, and capital. As
shown in Table 4, the output elasticity values of labor, land, and capital in Model II were 1.231, 0.478,
0.220 respectively, and the scale return coefficient was 1.929. From the results of Wald joint hypothesis
test4, the null hypothesis was rejected at the p < 0.05 (5%) probability level, indicating apple production
had the characteristics of increasing return to scale. When scale dummy variables were embedded into
Model II, the scale return coefficient varies with the output elasticity of factors (Model I). Referring
to Qian and Li [40], the scale return coefficients of scale dummy variables were calculated based on
Model I, namely 1.934 (0.20–0.53 ha), 1.954 (0.53–0.87 ha), 1.988 (0.87–1.53 ha) and 1.884 (over 1.53 ha),
respectively. From the results of the Wald joint hypothesis test, the scale return coefficient of over 1.53
ha was not significant, while others were significant at the p < 0.1 (10%) probability level. In terms of

4 The constraints of Wald joint hypothesis test are as follows:
3∑

j=1
α j = 1;

3∑
j=1

3∑
j=1
γ j j = 0.
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the size of the scale return coefficient, the moderate operation scale should be 0.87–1.53 ha under the
maximum of apple yields per ha.

4.2. Results of the Net Profit Model

In this paper, two net profit models were estimated respectively. Scale dummy variables were
included in Model I while those were excluded in Model II. From the results of the net profit model,
the adjusted R2 of Model I was 0.1335 and the adjusted R2 of Model II was 0.1321, which essentially
meets the requirements of the cross-section data model. The values of the White heteroscedasticity test
were not significant, so the robust standard deviation based on OLS was used to estimate the model.

Model I in Table 5 showed the signs, the magnitudes, and the statistical significance of the
estimated parameters. Land, capital, land square, capital square, and land × capital were found to
be significant at the p < 0.01 (1%) probability level. The planting years was found to be significant at
the p < 0.05 (5%) probability level. In addition, the age of household head, the square term of age of
household head, the educational years of household head, land transfer, the scale dummy variables
and the regional dummy variables were not statistically significant.

Table 5. Results of net profit model.

Variable

Net Profit Model I Net Profit Model II

Coefficient Robust Standard
Error Coefficient Robust Standard

Error

Labor 1.172 10.327 −0.385 10.309
Land −45.198 *** 11.020 −48.336 *** 10.848

Capital 58.071 *** 14.038 59.806 *** 13.986
Labor Square −0.685 0.517 −0.659 0.514
Land Square −4.651 *** 0.999 −3.700 *** 0.820

Capital Square −3.673 *** 1.026 −3.804 *** 1.023
Labor × Capital 0.732 1.383 0.865 1.381
Labor × Land 2.233 1.43 2.361 * 1.423

Land × Capital 4.820 *** 1.504 4.856 *** 1.503
Land fragmentation 1.708 8.347 2.340 8.326

Land fragmentation × Labor −1.889 1.327 −2.12 1.316
Land fragmentation × Land 1.238 1.002 0.923 0.978

Land fragmentation × Capital 0.699 1.227 0.801 1.222
Age −0.288 0.223 −0.289 0.222

Age Square 0.002 0.002 0.002 0.002
Educational years −0.095 0.079 −0.101 0.079

Planting years 0.087 ** 0.038 0.088 ** 0.038
Land transfer −0.787 0.647 −0.896 0.643
0.20–0.53 ha −0.386 1.017 — —
0.53–0.87 ha 0.825 1.657 — —
0.87–1.53 ha 1.022 2.416 — —
Over 1.53 ha 6.411 4.130 — —

Xianyang −1.213 0.782 −1.209 0.780
Yan’an −0.839 0.759 −0.888 0.759

Constant −233.551 *** 52.159 −236.586 *** 51.994
Adjusted R2 0.1335 0.1321

White Heteroscedasticity Test 270.68 200.04
Samples 661 661

***, **, * Significant at p < 0.001, p < 0.01, and p < 0.05 probability levels, respectively.

4.3. Results of Unit Production Cost Model

With respect to the cost structure, it can be mainly divided into six parts: fertilizer cost, pesticide
cost, organic fertilizer cost, pesticide cost, fruit bags cost, agricultural film cost, and labor cost. So,
in this paper, we estimate the unit total cost model, unit chemical fertilizer cost model, unit organic
fertilizer cost model, unit pesticide cost model, unit fruit bags cost model, unit agricultural film cost
model, and unit labor cost model, respectively. Table 6 shows the signs, magnitudes, and statistical
significance of the estimated parameters. Except for the unit organic fertilizer cost model and unit
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fruit bag cost model, the adjusted R2 s of the other models were about 0.1, which meets the fitting
requirements of cross-section data model.

Table 6. Results of the unit production cost models.

Variable Unit Total
Cost

Unit
Chemical

Fertilizer Cost

Unit Organic
Fertilizer Cost

Unit
Pesticide

Cost

Unit Fruit
Bags Cost

Unit
Agricultural
Film Cost

Unit
Labor
Cost

Number of
family
labors

0.087 **
(0.043) 0.134 (0.112) 0.025 (0.236) −0.001

(0.047)
−0.080
(0.056)

−0.342
(0.239)

0.121 ***
(0.044)

Operation
scale

−0.012
(0.014)

−0.140 **
(0.054) 0.206 ** (0.083) −0.045**

(0.018)
0.009

(0.027)
0.185 *
(0.095)

−0.022
(0.014)

Land
fragmentation

−0.013
(0.025) 0.105 ** (0.053) 0.007 (0.096) −0.063 ***

(0.017)
0.018

(0.026)
0.051

(0.079)
0.001

(0.018)

Age 0.013
(0.025) 0.009 (0.070) 0.072 (0.144) 0.007

(0.027v
0.033

(0.035)
−0.024
(0.130)

0.008
(0.027)

Age
Square

−0.000
(0.000) −0.000 (0.001) −0.001 (0.001) −0.000

(0.000)
−0.000
(0.000)

−0.000
(0.001)

−0.000
(0.000)

Educational
years

0.010
(0.006) 0.023 (0.025) 0.142** (0.055) 0.012

(0.008)
0.004

(0.012)
−0.005
(0.055)

0.009
(0.007)

Planting
years

−0.017 ***
(0.004)

−0.020 *
(0.012) 0.009 (0.024) −0.021 ***

(0.005)
0.004

(0.006)
0.071 ***
(0.027)

−0.014 ***
(0.004)

Land
transfer

−0.003
(0.051) 0.178 (0.205) 0.681 **

(0.281v
0.006

(0.066)
−0.161
(0.102)

−0.232
(0.353)

−0.085
(0.053)

0.20–0.53
ha

−0.095
(0.078) 0.262 (0.257) −0.565 (0.528) −0.122

(0.095)
−0.071
(0.127)

−0.595
(0.555)

−0.135 *
(0.080)

0.53–0.87
ha

−0.091
(0.137) 0.757 (0.473) −0.981 (0.828) 0.008

(0.172)
0.058

(0.235)
−0.970
(0.882)

−0.129
(0.138)

0.87–1.53
ha

−0.050
(0.202) 1.757 ** (0.777) −2.353 *

(1.292)
0.217

(0.265)
−0.004
(0.386)

−1.653
(1.321)

−0.061
(0.207)

Over 1.53
ha

0.044
(0.373) −2.418 (1.486) −3.267 (2.110) 0.533

(0.506)
−0.172
(0.738)

−4.848 *
(2.492)

0.170
(0.407)

Xianyang 0.144 ***
(0.055) 0.381 (0.249) 0.291 (0.438) 0.071

(0.066)
0.060

(0.123)
−1.575 ***

(0.430)
0.107 *
(0.063)

Yan’an 0.224 ***
(0.056) −0.206 (0.245) −0.033 (0.428) 0.214 ***

(0.071)
−0.044
(0.121)

−0.231
(0.354)

0.253 ***
(0.064)

Constant 1.278 **
(0.610) −0.564 (1.782) −5.936 *

(3.564)
−0.986
(0.681)

−1.976 **
(0.885)

−3.970
(3.246)

0.497
(0.645)

Adjusted
R2 0.0912 0.1411 0.0466 0.1427 0.0038 0.0916 0.1066

White
Heteroscedasticity

Test
152.58 *** 88.87 143.63 *** 134.67 ** 96.58 172.54 *** 136.16 **

Samples 661 661 661 661 661 661 661

***, **, * Significant at p < 0.001, p < 0.01, and p < 0.05 probability levels, respectively.

For the unit total cost model, the operation scale had a negative but not significant impact on unit
total cost. Land fragmentation had a negative, but not significant impact on unit total cost. For other
models, the operating scale had a negative and significant impact on unit chemical fertilizer cost and
unit pesticide cost at p < 0.05 (5%). However, the operating scale had a positive and significant impact
on unit organic fertilizer cost at p < 0.05 (5%) and on unit agricultural film cost at p < 0.10 (10%). Land
fragmentation had a positive and significant impact on unit chemical cost at p < 0.05 (5%), while that
had a negative and significant impact on unit pesticide cost at p < 0.05 (5%), indicating that the unit
cost chemical fertilizer will increase by 10.5% and unit pesticide cost will decrease by 6.3% for each
additional plot of land.
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In addition, the coefficient of 0.87–1.53 ha in the unit chemical fertilizer cost model was positive
significantly, and obviously higher than those of other groups. The coefficient of 0.87–1.53 ha in the unit
organic fertilizer cost model was negative significantly, and clearly lower than those of 0.20–0.53 ha
and 0.53–0.87 ha. The coefficient of over 1.53 ha in the unit agricultural film cost model was negative
significantly and clearly lower than those of other groups. The coefficient of 0.20–0.53 ha in the unit
labor model was negative significantly, and obviously lower than those of other groups.

5. Discussion

Results of Input–Out Model I in Table 3 showed that the dummy variables of scale were not
statistically significant, but in terms of the magnitudes of the estimated coefficient, with 0–0.20 ha
as the reference, the output level of the other four groups of operation scale was in order as follows:
0.87–1.53 ha > 0.53–0.87 ha > 0.20–0.53 ha > over 1.53 ha. As the influence of land on output was
controlled in Model I, it can be considered that with the expansion of operation scale, the apple yields
per ha of farmers showed a trend of “rising first and then declining”. So, it could be preliminarily
judged that the moderate operation scale should be 0.87–1.53 ha under the maximum of apple yields
per ha.

In addition, results of Table 3 showed that the planting years had a positive and significant impact
on output, indicating the richer the planting experience, the greater the output. The regional dummy
variables had a negative and significant impact on output, indicating the land productivity in Xianyang
and Yan’an were lower than Weinan. According to survey data, the apple yields per ha in Weinan were
58,962 kg/ha, while those in Xianyang and Yan’an were 55,522 kg/ha and 51,789 kg/ha, respectively.

Results of Table 3 also showed that age of household head had a negative but not significant
impact on output, consistent with Xu et al. [18], and the square term of age of household head had
a positive but not significant impact on output, indicating that age has a negative impact on apple
yield, but after reaching a certain critical point, it showed a weak positive effect. The impact of age on
agricultural production is manifested in two aspects: One is the negative effect of physical decline and
ideological rigidity on agricultural production as the age increases; the other is the positive effect of
skilled technology and rich experience on agricultural production as the age increases. In summary,
the effect of age on apple production is a comprehensive reflection of the two effects. The educational
years of household head had a not significant negative impact on output, which was consistent with
the results on rice by Wang et al. [27], but contrary to those by Li et al. [28]. The reason for this may be:
Farmers with a higher education level usually have higher information literacy, making it easier to
identify non-agricultural employment opportunities, which may reduce agricultural working time.
The planting years had a positive and significant impact on output, indicating the richer the planting
experience, the greater the output. Land transfer had a negative but not significant impact on output,
indicating that the productivity of leased land might be lower than that of owned land.

Results of Table 4 showed that the elasticity coefficient of labor is the largest, the elasticity of land
is the second largest, and the elasticity of capital is the smallest, indicating that labor is the main input
factor in apple production, which is different from the research conclusions on food crops [24,37]. The
possible explanation for this may be: First, the continuous transfer of young labor to non-agricultural
sectors and aging leading to the scarcity of labor. According to of the survey, the proportion of farmers
who employed labor during the process of apple production in Shaanxi accounts for 74.89%. Second,
apple production belongs to labor-intensive agriculture, and the degree of mechanical substitution
is weaker, which leads to the labor demand of apple production being far greater than that of other
food crops.

Results of the net-profit Model I in Table 5 show that the dummy variables of scale were not
statistically significant, but in terms of the magnitudes of the estimated coefficient, with 0–0.20 ha as the
reference, the net profit of other four groups of operation scale were in order as follows: over 1.53 ha >

0.87–1.53 ha > 0.53–0.87 ha > 0.20–0.53 ha. As the influence of land on net profit was controlled in
Model I, it can be considered that with the expansion of the operation scale, the net profit of apple
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production showed a trend of “first falling then rising”. So, it could be preliminarily judged that the
moderate operation scale should be over 1.53 ha under the maximum of net profit. Maybe farmers
with larger scales are closer to the “rational economic man”. It should be noted that, due to sample
constraints, how the net profit of apple production with a scale of over 1.53 ha changes still needs
further study.

Results of the unit total cost model in Table 6 showed that the operation scale had a negative but
not significant impact on unit total cost, indicating that apple production in Shaanxi Province did not
have the characteristics of scale economy, which is similar to the results on grain by Xu et al. [24], but
different from the results by Li et al. [28] and Wang et al. [27]. Land fragmentation had a negative but
not significant impact on unit total cost, which is contrary to the results on food crops by Tan et al. [25],
Lu et al. [41], Latruffe and Piet [42], and Wang et al. [27]. This paper holds that the reasons for this
difference may be: compared with food crops, labor shortage is more serious in apple production,
forcing farmers to reduce the quantity and times of factor input. In terms of the magnitudes of the
estimated coefficient, with 0–0.20 ha as the reference, the unit total cost of other four groups of operation
scale were in order as follows: 0.20–0.53 ha < 0.53–0.87 ha < 0.87–1.53 ha < over 1.53 ha. As the
influence of land on unit total cost was controlled, it can be considered that with the expansion of
operation scale, the unit total cost of apple production showed a trend of “first falling then rising”.
Although the dummy variables of scale were not statistically significant, it could be preliminarily
judged that the moderate operation scale should be 0.20–0.53 ha under the minimum of unit total cost.

For other models in Table 6, the operating scale had a negative and significant impact on unit
chemical fertilizer cost and unit pesticide cost at p < 0.05 (5%), which is contrary to the results on rice
by Li et al. [28]. However, the operating scale had a positive and significant impact on unit organic
fertilizer cost at p < 0.05 (5%) and on unit agricultural film cost at p < 0.10 (10%). This paper holds that
the reason for this difference may be that, compared with small farmers, the social network of large
farmers is more abundant, the information literacy is higher, and they can better use market demand to
adjust their agricultural decision-making. In this case, large farms tend to reduce the input of chemical
fertilizers, pesticides, and other factors which are not conducive to improving apple quality, while
increasing the input of organic fertilizers and reflective films which are conducive to improving apple
quality. Land fragmentation had a positive and significant impact on unit chemical cost at p < 0.05
(5%), while that had a negative and significant impact on unit pesticide cost at p < 0.05 (5%), indicating
that the unit cost chemical fertilizer will increase by 10.5% and unit pesticide cost will decrease by 6.3%
for each additional plot of land.

In addition, the coefficient of 0.87–1.53 ha in the unit chemical fertilizer cost model was positive
significantly, and obviously higher than those of other groups, indicating that the using efficiency of
chemical fertilizer was the lowest at 0.87–1.53 ha. The coefficient of 0.87–1.53 ha in the unit organic
fertilizer cost model was significantly negative, and clearly lower than those of 0.20–0.53 ha and
0.53–0.87 ha, indicating that the usage efficiency of organic fertilizer at 0.87–1.53 ha was the highest
when the scale was less than 1.53 ha. The coefficient of over 1.53 ha in the unit agricultural film cost
model was negative significantly and clearly lower than those of other groups, indicating that the use
efficiency of agricultural film at over 1.53 ha was the highest. The coefficient of 0.20–0.53 ha in the unit
labor model was negative significantly, and obviously lower than those of other groups, indicating that
the use efficiency of labor at 0.20–0.53 ha was the highest.

Based on the above analysis, from the results of the input–output model, net profit model and unit
total cost model, with controlling for the impact of land fragmentation and operation scale on output,
net profit and unit total production cost, the marginal effect of scale groups on land productivity were
in order as follows: 0.87–1.53 ha > 0.53–0.87 ha > 0.20–0.53 ha > over 1.53 ha > 0–0.20 ha; the marginal
effect of scale groups on net profit were in order as follows: over 1.53 ha > 0.87–1.53 ha > 0.53–0.87 ha
> 0–0.20 ha > 0.20–0.53 ha; the marginal effect of scale groups on unit total production cost were in
order as follows: 0.20–0.53 ha < 0.53–0.87 ha < 0.87–1.53 ha < 0–0.20 ha < over 1.53 ha. So, 0.87–1.53 ha
maybe a suitable choice in actual production of apples. It should be noted that our paper is the first
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attempt to determine the moderate operation scale of labor-intensive high-value agricultural products.
Due to the low mechanization of apple production and the high demand for labor, the moderate scale
intervals of apples are significantly smaller than that of grain crops. In addition, the conclusions
of this paper largely depend on the pre-selection of these classes (0–0.20 ha, 0.20–0.53, 0.53–0.87 ha,
0.87–1.53 ha, over 1.53 ha). The main reasons why we choose these classes are as follows: one is the
apple production characteristics obtained according to the survey data and the other is to refer to Qu’s
division method of apple operation scale in Shaanxi province [35].

6. Conclusions

In this paper, the input–output model, net profit model, and unit production cost model were
built to evaluate the moderate operation scale in the Shaanxi province from the three perspectives of
output level, net profit, and unit production cost. The findings were presented as follows:

With controlling for the impact of land fragmentation and operation scale on output, net profit
and unit total cost, the moderate operation scales based on output, net profit and unit production cost
are different.

(1) The moderate operation scale oriented to increasing apple yields in the Shaanxi province
should be 0.87–1.53 ha;

(2) The moderate operation scale oriented to increasing net profit of farmers in Shaanxi should be
over 1.53 ha;

(3) The moderate operation scale oriented to reducing the unit cost of apple production in Shaanxi
should be 0.20–0.53 ha.

Based on the conclusions of this study, the policy implications are presented. In the process of
apple production in the Shaanxi province, the moderate operation scales based on increasing apple
yields, increasing the net profit of farmers, and reducing the unit costs of apple production are different.
There is a real contradiction between increasing farmers’ income, enhancing the international market
competitiveness of apples, and ensuring apple supply. For the government, it is necessary to grasp the
balance point of the three goals, find the intersection of the operation scale based on output, profit and
production, and guide farmers to carry out the moderate scale. On the whole, 0.87–1.53 ha may be a
suitable operation scale at the current stage in the Shaanxi Province. In addition, the conclusion of this
paper not only has guiding significance for other regions where the characteristics of apple production
are similar to Shaanxi, such as Henan, Gansu and Shanxi, but also it provides methods and ideas to
study other high-value agricultural products’ moderate operation scale, for example, pears.
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