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Abstract: Agricultural development is facing two problems: insufficient grain production and low
profit of farmers. There is a contradiction between the government’s goal of increasing production and
the farmer’s goal of increasing profit. Exploring the appropriate management scale of farmland under
different objectives is of great significance to alleviate the conflict of interests between the government
and farmers. In this study the Cobb-Douglas production function model was used to measure the
appropriate management scale of farmland under different objectives in Shaanxi Province and
analyze the regional differences. Under the two objectives, the appropriate management scale of the
Loess Plateau was the largest in the three regions, followed by Qinba Mountains and Guanzhong
Plain. Farmland area and quality were the main influencing factors for the appropriate management
scale of farmland under the goal of maximizing the farmland yield, while the nonagricultural
employment rate and farmland transfer rate were the main influencing factors under the goal
of maximizing farmers’ profits. It is easy for Shaanxi Province to increase farmers’ profits, but
more land needed to be transferred to increase farmland yield. These results suggest that in order
to balance the goal of increasing yield and profit, the transfer of rural surplus labor should be
promoted, and the nonagricultural employment rate should be improved. In Loess Plateau, restoring
the ecological environment and enhancing the farmland quality. In Guanzhong Plain, avoiding
urban land encroachment on farmland. In Qinba Mountains, developing farming techniques and
moderately increasing the intensity of farmland exploit.

Keywords: appropriate management scale of farmland; production function model; farmland trans-
ferring; scale economy; Shaanxi Province

1. Introduction

Appropriate management scale of farmland can be defined as a form of farmland
management to obtain the best social and economic benefits by adjusting the scale of
farmland or the way of farmland utilization [1,2]. Managing on an appropriate scale
can achieve two goals. The goal of maximizing farmland production is to maximize the
number of nonagricultural personnel supported by the farmland agricultural production.
The goal of maximizing farmers’ profits is to maximize the total net income of rural
households. Exploring the appropriate management scale of farmland under different
objectives made the farmland management better adapt to the development requirements
of market economy, which was of great significance to coordinate the production and profit
goals, and eased the contradiction between the government and farmers [3]. Managing on
an appropriate scale was the way to realize agricultural modernization [4]. In 1987, the
Central Committee of the Communist Party of China (CPC) put forward for the first time
that different forms of appropriate management scale of farmland should be adopted in
rural areas. Government work report stressed that it is necessary to increase per unit area
yield and expand production scale. In 2018, the China Central Conference on Rural Work
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decided to establish a policy for farmers, which can directly benefit farmers and guide
them to consciously improve productivity.

Scholars generally have believed that managing on an appropriate scale and rationally
allocating the production factors can effectively improve the production efficiency and the
utilization rate of farmland resources [5,6]. Therefore, managing on an appropriate scale can
simultaneously achieve economic and social benefits [7–10]. Previous studies had shown
that the correlation between the appropriate management scale of farmland, the average
profit of farmers, per capita farmland area, farmers’ agricultural production technology
proficiency, the transfer rate of agricultural labor force to nonagricultural industries and
other indicators can be quantified, and they confirmed that the scale was closely related to
the management objectives [11,12]. On this basis, some scholars calculated the management
scale of farmland that is conducive to maintaining national food security under the goal of
maximizing land production [13]. However, grain crops are special commodities, which
have small price elasticity of demand [14]. The marginal cost curve of individual farmers is
the same as that of agriculture in general [15]. Previous studies have shown that when the
farmland production is maximized, there is still room for the growth of farmers’ individual
profits, and this phenomenon will exist for a long time [16]. In order to maximize farmers’
profits, some scholars had determined the management scale of farmland to make farmers’
net agricultural incomes equal to or slightly higher than that of other industries [17,18].
However, in this operation, farmers will choose to plant economic crops with high profit,
which leads to a decline of grain crop yield and threatening food security [16,19]. The
production objectives of the government and farmers are difficult to coordinate. These
related research characteristics were “single goal, single model”.

However, China’s appropriate management scale of farmland was diverse, dynamic
and different, so there was no unified measurement standard for the scale [20]. For a region,
the appropriate management scale of farmland was different under different objectives.
Under the same goal, different regions had different appropriate management scales.
Therefore, this study used the modified Cobb-Douglas production function to respectively
estimate the appropriate management scale of farmland in Shaanxi Province under the
goal of maximizing farmland production and farmers’ profits. The differences and reasons
of the appropriate management scale under different goals were analyzed. The study had
an important significance for coordinating the government’s goal of increasing farmland
production and farmers’ goal of increasing profit.

2. Materials and Methods
2.1. Overview of the Study Area

Shaanxi Province is located in the hinterland of China’s interior, in the middle reaches
of the Yellow River, and its landform types and arable land components are complex and
diverse. The total area is 20.56 million hm2, the permanent population is 38,762,100. As of
2018, the rural population was 16.18 million, accounting for 41.87% of the total population.
The gross production value of the primary industry was USD 281.12 billion, the per capita
disposable profit of rural residents was USD 1725.08, and the total farmland area was
3.01 million hm2. According to the natural geographical features such as topography and
climate and socioeconomic features such as the level of economic development, Shaanxi
Province is divided into three natural regions from north to south: The Loess Plateau
Area, The Guanzhong Plain Area and The Qinba Mountains Area (Figure 1). In recent
years, the regional layout and specialized division of labor have improved the overall
speed and benefits of agricultural development in Shaanxi Province, but they have also
further expanded the regional differences in farmland use [21]. Therefore, based on the
measurement of the appropriate management scale of the overall farmland in Shaanxi
Province, it was necessary to calculate the appropriate management scale of the farmland
under different targets by region.
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Figure 1. Farmland distribution in Shaanxi Province (2018).

2.2. Data Sources

The data of the total grain production, the number of people in the primary industry,
the total power of agricultural machinery, the amount of chemical fertilizers, and the sown
area of food crops were mainly derived from the 2009–2018 Shaanxi Provincial Statistical
Yearbook, Shaanxi Provincial Agricultural Statistics Annual Report, and Bulletin of Land
and Resources of Shaanxi Province (Table 1). The data of labor wages, nonagricultural
employment probability, and farmland transfer probability were from the data bulletin
of the sample survey of the Shaanxi Research Team of the National Bureau of Statistics.
The research sample areas include The Loess Plateau Area (Yan’an, Yulin), The Guanzhong
Plain Area (Xi’an, Xianyang, Tongchuan, Weinan, Baoji), and The Qinba Mountains Area
(Hanzhong, Ankang, Shangluo).

Table 1. Descriptive statistics of selected variables (Shaanxi Province and China).

Index Minimum Maximum Mean SD Median

Shaanxi
Province China Shaanxi

Province China Shaanxi
Province China Shaanxi

Province China Shaanxi
Province China

Total Grain
Production/10 kt 1194.70 53,082.10 1245.10 66,160.70 1218.87 60,875.87 16.65 4982.86 1221.26 60,448.20

Number of People
in the Primary
Industry/104

779.00 75,828.00 855.50 77,640.00 800.98 76,956.70 25.96 663.70 790.50 77,115.00

Total Agricultural
Machinery

Power/104 kw
1889.27 87,496.10 2667.27 111,728.10 2262.68 100,066.24 258.07 7047.70 2241.85 99,577.50

Chemical Fertilizers
Amount/104 t 23.19 5404.40 241.73 6022.60 200.21 5793.67 73.22 206.30 229.92 5849.10

Farmland
Area/103 hm2 3005.98 59,261.40 3134.87 68,271.60 3079.68 64,089.44 42.71 3164.23 3074.99 64,006.40

2.3. Research Methods

The basic data related to agricultural technology and economics mostly come from the
measured observation values, experimental data or statistical survey data in the research
area, and the heterogeneity was large. The use of Cobb-Douglas production function can
enhance the accuracy of quantitative analysis [22]. The main influencing factors of farmland
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production rate were farmland area, labor force and means of production. Changes in the
ranking of the three influence levels affect the production of farmland [23].

2.3.1. Appropriate Management Scale under the Goal of Maximizing Farmland
Production Calculation

(1) The total grain production Q of farmland can be expressed by the Cobb-Douglas
production function [24] as follows:

Q = APα MβLγ (1)

Q represents the total grain production, including the annual production of all kinds
of grain crops in farmland. P represents the labor force of agriculture, forestry, animal
husbandry and fishery, M represents the capital investment (total power of agricultural
machinery and the total fertilizer application), and L represents the farmland area. α, β, γ
represent the production elasticity of labor force, total capital investment, and farmland
area, respectively. A is the sum of the effects of other influencing factors besides the above
four factors.

(2) The total production cost C of farmland is expressed as follows:

C = iP + jM + kL
(2)

The i represents labor wages, j represents capital prices, and k represents farmland
rent [25,26].

(3) Total farmland profit TR:

TR = S ∗Q− C = S ∗ APα MβLγ − iP− jM− kL (3)

TR represents the total profit of farmland, and S represents the market price of agricul-
tural products.

(4) Maximize TR:
In order to maximize the TR in Equation (3), the first derivative on the right side of

the equation needs to be 0:

maxTR = max(S ∗ APα MβLγ − iP− jM− kL)
∂TR
∂P = α ∗ S ∗ A ∗ Pα−1MβLγ − i = 0

∂TR
∂M = β ∗ S ∗ A ∗ Pα Mβ−1Lγ − j = 0
∂TR
∂L = γ ∗ S ∗ A ∗ Pα MβLγ−1 − k = 0

The results are as follows:

P∗ = α ∗ S ∗Q/i
M∗ = β ∗ S ∗Q/j
L∗ = γ ∗ S ∗Q/k

Additionally, the optimal farmland per labor scale under the maximization of farmland
production is:

L∗

P∗
=

γ

α
∗ i

k
(4)

2.3.2. Appropriate Management Scale under the Goal of Maximizing Farmers’
Profit Calculation

According to the Jorgenson’s model, with the scale of agricultural surplus expanding,
the rural surplus labor force is transferred, and the farmers are engaged in nonagricul-
tural production. Under the goal of maximizing farmers’ profits, the measurement of
the appropriate management scale of farmland needs to consider farmers’ income from
agricultural production and nonagricultural production. The income of farmers from
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nonagricultural production is divided into employment income and farmland transfer
income [27]. Therefore, the total income of farmers from nonagricultural production is:

l = l1 + l2 = p1W1(T − P) + p2k(R− L) (5)

Among them: l1 represents labor income from nonagricultural employment, l2 rep-
resents income from farmland transfer, p1 represents the probability of nonagricultural
employment, p2 represents farmland transfer probability, W1 represents net income from
nonagricultural employment, and k represents net income from transferred farmland units.
(T−P) represents the labor time invested in nonagricultural production. (T−P) > 0, the
farmers produce by themselves. (T−P) < 0, the farmers hire labor for production. (R−L)
represents the area of farmland transfer. (R−L) > 0, the farmers have outward transferring
willingness. (R−L) > 0, the farmers will accept another person’s farmland.

The total profit of farmers is:

Tl = SQ− C + l = S ∗ APα MβLγ − iP− jM− kL + p1W1(T − P) + p2k(R− L) (6)

Similar to 2.1, the first derivative on the right side of the equation needs to be 0:

maxTl = max[S ∗ APα MβLγ − iP− jM− kL + p1W1(T − P) + p2k(R− L)]
∂Tl
∂P = α ∗ S ∗ APα−1MβLγ − i− P1W1 = 0
∂Tl
∂M = β ∗ S ∗ APα Mβ−1Lγ − j = 0
∂Tl
∂L = γ ∗ S ∗ APα MβLγ−1 − k− p2k = 0

The results are as follows:
P∗ ′ = αSQ

i+p1W1

M∗ ′ = βSQ
j

L∗ ′ = γSQ
(1+p2)k

The optimal farmland management scale per labor under the objective of maximizing
farmers’ profit is:

L∗ ′

P∗ ′
=

γ(i + p1W1)

(1 + p2)kα
(7)

Let the result of formula (4) be M1, then the optimal farmland management scale per
labor is:

M2 =
γ(i + p1W1)

(1 + p2)kα
=

γ

α
∗ (

i + p1W1)

(1 + p2)k
=

γ

α
∗ i

k
∗ (

i + p1W1)

(1 + p2)i
= M1 ∗

(i + p1W1)

(1 + p2)i
(8)

3. Results
3.1. The Appropriate Management Scale of Farmland in Shaanxi Province

The capital invested in agricultural production mainly is used to purchase machinery
and fertilizer, but their prices fluctuate greatly every year [26]. Therefore, the capital
investment is divided into two indexes: total mechanical power and fertilizer application.
The production function of modified Cobb-Douglas production function is established
as follows:

Q = ALαK1
β1 K2

β2 Hγ (9)

K1 represents the total power of agricultural machinery, K2 represents the amount of
chemical fertilizer. β1 and β2 represent their output elasticity, respectively. The meanings
of other symbols are consistent with formula (1).

The modified Cobb-Douglas production function was linearized and the appropriate
management scale of farmland in Shaanxi Province was estimated under the goal of
maximizing land production and farmers’ profit (Equation (10)). In order to prevent being
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affected by the collinearity between the independent variables, ridge regression analysis
was used for verification.

ln Q = 40.786 + 0.026 ln P + 0.099 ln K1 + 0.064 ln K2 + 0.133 ln L
t = (12.613) (5.009) (1.073) (9.707) (16.091)

R2 = 0.808
(10)

The coefficients of each variable passed the T test at the significance level of 0.01. At
least one of these factors, the total power of agricultural machinery, the number of people
in the primary industry, the amount of chemical fertilizer, and the farmland area impacted
on the total grain yield (F = 100.169, P = 0.000 < 0.05). These factors can explain 80.83%
of the change in total grain yield (R2 = 0.8083), which showed that the model fitted well.
The sum of these factors’ output coefficient was 0.322, which was less than 0.5. The test
result showed that the level of large-scale agricultural production in Shaanxi Province was
relatively low, and the scale economy had not yet formed (Table 2).

Table 2. Ridge regression analysis results.

B S Beta t P R2 F

Constant 40.786 5.006 - 8.148 0.000 **

0.808
F (4,95) = 100.169,

p = 0.000

Total Power of Agricultural
Machinery/kw 0.099 0.008 0.196 12.613 0.000 **

Number of Primary Industry/104 0.026 0.005 0.104 5.009 0.000 **
Fertilizer Amount/ton 0.064 0.007 0.182 9.707 0.000 **

Farmland Area/106 hectares 0.133 0.008 0.291 16.091 0.000 **

*: Omission of the same number.

It can be seen that the product elasticity of farmland area was the largest among
the four influencing factors in Shaanxi Province, which revealed that farmland was the
most critical factor that determined the farmland management efficiency. The product
elasticity of the total power of agricultural machinery and the amount of chemical fertilizer
followed it, showing that a certain amount of mechanical power reserve and the amount of
chemical fertilizer were the basic conditions for managing on an appropriate scale. The
number of labor force’s product elasticity was the smallest. That means on the basis of
current production, increasing the number of laborers only slightly improved the managing
efficiency of farmland or basically remained unchanged.

Consistent with the linearization process of modified CD production function of
Shaanxi Province, the linearization results of three regions can be obtained:

The Loess Plateau:

ln Q = 2.088 + 0.011 ln P + 0.165 ln K1 + 0.231 ln K2 + 0.125 ln L (11)

The Guanzhong Plain:

ln Q = 58.967 + 0.027 ln P + 0.086 ln K1 + 0.05 ln K2 + 0.139 ln L (12)

The Qinba Mountains:

ln Q = 19.614 + 0.014 ln P + 0.062 ln K1 + 0.148 ln K2 + 0.154 ln L (13)

Substituting the p1, p2, W1, i, k of each area obtained from Section 2.2 into the
formulas (11), (12) and (13), the appropriate management scale of farmland under dif-
ferent objectives per laborer of each region is obtained.

However, agricultural production in rural China is usually carried out by households
rather than individual farmers. Therefore, the per household farmland area can better
reflect the rural farmland management level. The average farmland area per household
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is obtained by multiplying the average farmland area per laborer and the average rural
population (Table 3).

Table 3. The appropriate scale of farmland management per household for farmers under different goals.

Area Goal Existing Scale
(hm2/Household)

The Appropriate Scale
(hm2/Household)

Scale-Up
(hm2/Household)

Shaanxi Province
Maximize farmland production 1.01 3.88 2.87

Maximize farmers’ profits 1.01 2.17 1.16

Loess Plateau
Maximize farmland production 2.98 10.77 7.79

Maximize farmers’ profits 2.98 5.67 2.69

Guanzhong Plain Maximize farmland production 0.77 3.66 2.94
Maximize farmers’ profits 0.77 2.14 1.37

Qinba Mountains
Maximize farmland production 1.70 7.81 6.11

Maximize farmers’ profits 1.70 5.06 3.36

3.2. The Appropriate Management Scale of Farmland in the Three Regions

The calculation results in Table 2 showed that the optimal farmland area per household
was 3.88 hm2 under the objective of maximizing farmland production in Shaanxi Province,
while it was 2.17 hm2 under the objective of maximizing farmers’ profits. The current
average farmland area per household in Shaanxi Province is 1.01 hm2. In order to manage
on an appropriate scale, the average farmland area per household needed to be increased
by 2.87 and 1.16 hm2, respectively. The smaller the gap between the optimal scale and
the actual scale, the easier it is to achieve the management objectives. Therefore, it was
easier for Shaanxi Province to achieve the goal of increasing farmers’ profits than increasing
farmland production.

Under the goal of maximizing farmland production, the appropriate management
scale of farmland in Loess Plateau was the largest (10.77 hm2/household), the Qinba
Mountains was the second (7.81 hm2/household), the Guanzhong Plain was the smallest
(3.66 hm2/household). This showed that when the production goals were the same, farmers
in the Loess Plateau needed to use a larger farmland area, and the unit productivity of
farmland was low and in Guanzhong Plain it was the highest. Qinba Mountains’ s unit
productivity was between them and closer to the Loess Plateau.

Under this target, the actual management scale of farmland in the three major regions
of Shaanxi Province was far from the appropriate management scale of farmland. The
greater the gap between the actual scale and the optimal scale, the more severe the food
security problem. The appropriate management scale of farmland in Guanzhong Plain was
4.74 times the actual scale, and the gap between the expected value and the actual value
was larger than the other regions. Only an increase of 2.94 hm2 of farmland per household
in this region can maximize the farmland production. The theoretical areas of the Loess
Plateau and Qinba Mountains were 3.62 times and 4.6 times the actual values. The average
farmland area per household needed to increase by 7.79 and 6.11 hm2 to manage on an
appropriate scale. These above results indicated that the government needed to focus on
increasing the productivity of farmland in Loess Plateau and pay more attention to the
food supply problem in Guanzhong Plain and Qinba Mountains.

Under the goal of maximizing farmers’ profits, the appropriate management scale
of farmland in Loess Plateau was slightly larger than that in Qinba Mountains, and in
Guanzhong Plain, it was the smallest. The average farmland area per household was 5.67,
5.06, and 2.14 hm2. When the management scale was the same, farmers in Guanzhong
Plain had the highest profit, followed by Qinba Mountains, and farmers in Loess Plateau
had the least profit.

The difference between the optimal scale and the actual scale of the three major regions
of Shaanxi Province under the goal of maximizing farmers’ profits was smaller than that
under the goal of maximizing farmland production. If the actual management scale differs
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greatly from the optimal scale, it will be difficult for farmers to increase their profit. The
optimal scale of Qinba Mountains, Guanzhong Plain and Loess Plateau was 2.98 times,
2.77 times, and 1.90 times of the actual scale, respectively. This means that the profit growth
of farmers in the Qinba Mountains and Guanzhong Plain was in a bottleneck period.
Transferring to the same area of farmland or the same amount of surplus labor had the
most significant effect on the increase in per household profit in Loess Plateau.

The correlation analysis result showed that under different objectives, the appropriate
management scale of farmland in Loess Plateau was the largest, followed by Qinba Moun-
tains, and Guanzhong Plain was the smallest. Specifically, the farmland in Loess Plateau
has great development potential, the farmland management in Qinba Mountains area has
a certain space to improve. Meanwhile, the farmland development in Guanzhong Plain
tended to be saturated.

4. Discussion
4.1. Regional Differences of the Appropriate Management Scale under the Goal of Maximizing the
Farmland Production

Achieving food security is one of the important goals of agricultural sustainable
development [28]. Calculating the appropriate management scale of farmland under the
goal of maximizing farmland production has a positive effect on ensuring food security
and promoting economic development [29]. This study showed that the farmland area
was the climate factor most affecting the appropriate management scale of farmland. Due
to the limited area and immovable location, the total area of farmland within a certain
area was finite, and the natural attribute was difficult to change artificially [30]. If there
is a big difference between the actual and the optimal farmland area per household, the
actual farmland production is far from the target production. This means that the food
reserves are insufficient and the food security problem is severe. Studies have shown
that the farmland area determined the production by affecting the efficiency of farmland
use [31–33]. The efficiency of farmland use reflected the farmland exploitation effect within
a certain time and space, which had a strong correlation with the regional socioeconomic
background [34]. The relevant studies had confirmed that the size of the labor force and
the agricultural technology level were the main reasons for the large differences in the
efficiency of farmland use between regions [35]. The efficiency of farmland use was usually
high in areas with sufficient labor force and high level of agricultural technology [36]. All
production factors transformed into farmland production to the greatest extent, and the
unit farmland productivity was high. In this area, the farmland area put into production
was smaller under the same production target. In line with this, the Guanzhong Plain was
the area with the highest level of economic development and the most abundant labor
force in Shaanxi Province. The unit farmland productivity was high and the per household
appropriate management scale of farmland was the smallest. Conversely, the unit farmland
productivity was low in Loess Plateau and Qinba Mountains, so it needed to occupy larger
farmland area than that in Guanzhong Plain to ensure food supply. However, with the
acceleration of urbanization, a large number of people were gathering in Guanzhong Plain.
The proportion of rural labor force was higher than that of farmland (Figure 2). The existing
farmland no longer met the rapid growth of food demand, solving the problem of food
security was the major task of managing farmland on an appropriate scale in Guanzhong
Plain. Therefore, the Guanzhong Plain should strictly observe the red line of farmland area
to ensure the farmland amount. To achieve the goal of increasing farmland production, the
area should avoid the construction land occupying a large amount of farmland, thereby
ensuring food security.
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Owing to the terrain fragmentation, and serious soil erosion, the eco-environment in in
Loess Plateau was fragile and the soil fertility was impaired [37]. In addition, the region had
long attached importance to the energy and chemical industry, and despised agriculture
development so that the agricultural technology was backwards. Additionally, the Grain
for Green Project directly reduced the farmland area. Increasing farmland production was
restricted by natural conditions, technical level, and policy system. On the premise of
implementing national policies, the Loess Plateau should combine farmland protection and
utilization to improve the efficiency of farmland use utilization. Only by planting trees to
fix sand and ameliorating ecological environment can we give full play to the advantages
of farmland.

As some scholars point out, the efficiency of farmland use in mountainous areas is
low and the agricultural production can only meet the basic living needs [38]. Frequent
natural disasters, labor shortage, and the diversification of agricultural land structure were
the main reasons for this phenomenon [37]. In Qinba Mountains, 80% of the farmland
was mountainous area and the farmland area accounted for 10% of the available land [39].
In other words, Qinba Mountains’ farmland area was small (Figure 3), the degree of
fragmentation was large, and the development cost was high [40]. The Qinba Mountains
can vigorously develop agricultural production technology and improve the efficiency of
farmland use because technology upgrading has a significant role in increasing farmland
production [41].

In addition, expanding the management scale of the advantageous crops is conducive
to increasing the total grain production of farmland [42]. Affected by climate and terrain,
the three regions have different types of advantageous food crops [43]. The Loess Plateau is
the main corn producing area in Shaanxi Province [44]. Guanzhong Plain’s climate is more
humid, and the yield of wheat is larger [45]. The Qinba Mountains have a pleasant climate,
but the main terrain is mountain, and all kinds of food crops have little production [42].
Therefore, the area of corn should be expanded in the Loess Plateau, the Guanzhong Plain
should use wheat as the core of farmland management, and the scale and proportion of
corn and wheat of the Qinba Mountains needs to be set up reasonably.
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4.2. Regional Differences of the Appropriate Management Scale under the Goal of Maximizing
Farmers’ Profit

Farmers’ production goal was obtaining the maximum profit [46]. Exploring the
appropriate management scale of farmland under the goal of maximizing farmers’ profits
was conducive to giving full play to the farmland revenue function [47], motivating
inherent labor, absorbing new labor and promoting agricultural development. Some
studies identified that the nonagricultural employment rate was the main restricting
factor of the farmland management scale [48]. Under the background of urbanization,
the agricultural population was shifting to the secondary and tertiary industries [49],
which led to changes in the structure of rural households’ agricultural labor force. The
structure of the labor force directly affected the farmland management scale. Usually, rural
families with a large number of high-quality labor forces had the ability to use farmland
efficiently [50]. This showed that with the same profit target, farmers with better labor
structure occupied less farmland, and they get more profit with the same farmland area. In
addition, farmers’ farmland transferred behavior was related closely to the management
scale of farmland [51]. Farmers in economically developed areas with good quality of
farmland had strong enthusiasm for transferring farmland and had preferable management
efficiency of farmland [52]. In the same period, this area achieved the goal of maximizing
profit to a greater extent and then the development of farmland tends to be saturated. In
contrast to this, in underdeveloped area, the production technology was backward, and
farmers had few nonagricultural employment opportunities. Expanding the farmland
area was the main way for farmers to increase profit [53]. Therefore, farmers tended to
accumulate farmland and lacked the willingness to transfer farmland. The vitality of
agricultural production was insufficient and it is difficult to increase farmers’ profits.

Consistent with these findings, the Guanzhong Plain had the highest level of economic
development and urbanization rate in Shaanxi Province. Farmers had a high average
education level in this region. A large number of agricultural laborers were absorbed
into the Guanzhong Plain each year. The farmland area per household under the goal
of maximizing farmers’ profits was the smallest (2.14 hm2). However, after years of
development and management, the Guanzhong Plain had entered a bottleneck period for
farmland development. Due to the rigidity of farmland, it was hard to expand the farmland
area (Figure 4). Therefore, encouraging the rural surplus labor to transfer and reducing the
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number of agricultural populations were the main ways to help Guanzhong Plain break
through the bottleneck period of agricultural development and increase farmers’ profits.
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The economic level of the Loess Plateau was high, but the labor force was insufficient,
and the quality of farmland was poor. Terrible natural conditions led to large annual
differences in farmland production and unstable profit of farmers. Affected by location
and climate factors, the rural labor force in the Loess Plateau was seriously lost (Figure 5).
Although the per capital farmland area was large, the utilization efficiency was low, result-
ing in a waste of resources. Increasing capital investment significantly improved farmland
use efficiency and helped solve the problem of labor shortage [54]. It was necessary to
increase investment in environmental management and concentrate funds on ecological
construction in Loess Plateau. Through these ways, the quality of farmland and farmers’
profit were increased.
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Restricted by unfavorable natural and socioeconomic conditions, the Qinba Mountains
had more difficulty of increasing farmers’ profits than the others in Shanxi Province. The
tectonic movement led to the fragmentation of the Qinba Mountains terrain, forming
isolated hills and uplands. The area of ≥15◦ slope farmland accounts for about 40%
of the province, and the forest area accounts for about 50% of the province. As the
farmland was fragmented and scattered, it is difficult to manage on an appropriate scale.
Besides, inconvenient transportation made the economic development of Qinba Mountains
relatively backwards. In Qinba Mountains, farmers used low-tech production technologies
and hardly made full use of farmland, and the farmland market was rigid [55]. Relevant
studies showed that pure technical efficiency was the key to determine the efficiency of
farmland use [56]. Expanding the effective irrigation area or enhancing the ability to resist
natural disasters were conducive to managing on an appropriate scale [57]. Therefore, the
Qinba Mountains should develop farming techniques suitable for mountain production,
improve and upgrade mountain irrigation facilities, strengthen disaster prevention and
reduction, so as to obtain scale economy and increase farmers’ profits.

4.3. Implication, Application and Limitation

This paper undertook an empirical analysis on the problem of managing on an appro-
priate scale in Shaanxi Province through the method of model construction and econometric
analysis, which provided theoretical support for easing the contradiction between the gov-
ernment and farmers in farmland management. The results showed that there was a big
difference between the government’s target and the farmer’s target in managing on an
appropriate scale in Shaanxi province, the government and farmers had sharp conflicts in
farmland management. Different regions have different constraints on achieving manage-
ment on an appropriate scale. Hence, a set of measures need to be implemented to promote
managing on an appropriate scale of all regions, which include accelerating the transfer of
rural surplus labor, increasing the nonagricultural employment rate and the utilization rate
of farmland. However, there are still some deficiencies.

First, because the farmland data before 2009 was difficult to obtain, the study only
used the 10 years farmland data, which was a small timespan. Moreover, the unofficial
statistical data affected the accuracy of the scale value measurement results to some extent.
Secondly, the study only discussed the regional differentiation of appropriate management
scale of farmland under different objectives in Shaanxi Province on the spatial scale, but
lacked the analysis of evolution characteristics on the time scale. Finally, farmers not only
grow food crops, but also engage in other types of agricultural production activities. The
appropriate management scale of economic forest, orchard, tea garden, and other types of
land needs to be further discussed.

It must be emphasized that the extensive use of chemical fertilizer and agricultural
machinery is helpful to increase farmland production and farmers’ profits, but it also
brings environmental problems such as soil eutrophication and water pollution [58,59]. In
this context, how to coordinate food security, farmers’ profit increase and environmental
protection will become the main direction of further research in the future [60].

5. Conclusions

The present study used the Cobb-Douglas production function model to calculate the
appropriate management scale of farmland per household in Shaanxi Province under the
goal of maximizing the production of farmland and farmers’ profits, exploring the regional
differences and analyzing the constraints on managing on an appropriate scale. The main
recommendations and suggestions are as follows:

(1) At present, the level of agricultural modernization in Shaanxi Province is low and
each region has not realized scale economy. For the appropriate management scale of
farmland in Shaanxi Province, the land factor has the most influence, the capital factor is
moderate, and the labor force factor is the smallest. Expanding the area of farmland is the
most direct way to realize management on an appropriate scale of farmland. However,
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affected by the policy of returning farmland to forest, there is an upper limit for the
expansion of farmland. Therefore, the government should increase capital investment and
develop new production technologies to increase the yield of farmland per unit area in
the future. As too much agricultural labor force has no significant effect on promoting
to manage on an appropriate scale, we can vigorously develop township enterprises
and advance agricultural industrialization, providing more nonagricultural employment
opportunities for farmers, which can reduce the waste of labor resources. At the same
time, popularizing production knowledge and technology to the farmers who stay on the
farmland for production is useful for improving the quality of workers.

(2) There is a big difference in the area of optimal farmland per household under
different objectives in the three regions of Shaanxi Province. Under the goal of maximizing
the farmland production, the appropriate management scale of farmland in Loess Plateau
is the largest, but the farmland productivity is the lowest. The situation in Guanzhong Plain
is opposite. Additionally, the scale and productivity of farmland in Qinba Mountains area
are all moderate. To achieve this goal, we can adjust the land structure and merge scattered
plots, to fully tap the farmland productive potential without damaging the ecological
environment. Each region combines its own natural conditions, planting dominant crops,
using farming machinery suitable for the terrain characteristics, so as to increase the yield
of farmland. The difficulty degree of the three regions to achieve the goal of maximizing
farmers’ profit from large to small is as follows: The Qinba Mountains, The Guanzhong
Plain and The Loess Plateau. The biggest resistance to achieve this goal is the lack of vitality
in the farmland transfer market. The government should establish and perfect the rural
farmland transfer system, protect farmers’ basic rights and give them certain subsidies.
It is helpful to improve the enthusiasm of farmers to transfer land. In addition, the local
governments should innovate the forms of farmland transfer, such as Land Pool, Entrusted
Farming, and so on, helping farmers to increase their profit through various ways.

(3) There are significant differences in the natural and socioeconomic environment
among the three regions in Shaanxi Province. Except for the above-mentioned countermea-
sures, each region has different priorities for managing on an appropriate scale: (a) The
Loess Plateau: restore the ecological environment and improve the farmland quality, which
can lay a solid foundation for the use of new production technology. (b) The Guanzhong
Plain: try to avoid the occupation of farmland by urban land in the process of urbaniza-
tion. Give full play to the advantages of talents and resources. (c) The Qinba Mountains:
accelerate economic progress. On this basis, moderately increase the intensity of farmland
development. Improve farming technology and constantly adjust the structure of labor
force and farmland use.
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