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Abstract: The scale of agricultural land management was scientifically measured to provide a
theoretical reference for improving the efficiency of agricultural land utilization, optimizing the
industrial structure, and effectively solving the “three rural problems”. Based on 368 microfarmers’
agricultural land management questionnaire responses, the Cobb–Douglas production function was
used to measure the average household size in different zones of Shawan City, Xinjiang, and then to
calculate the total scale of moderate management in the region, and to divide the supplementary
and reduced zones of arable land. The proposed countermeasures and suggestions for achieving
the scale of moderate management from the perspectives of both people and land are presented.
The results show the following: (1) the average suitable operating scales of households in the hilly
area, the agricultural area in the oasis plain, and the oasis–desert interlace area were 5.15, 9.28, and
7.74 ha, respectively. (2) The moderate total scales of operation in the low hilly area, the middle
oasis plain agricultural area, and the lower oasis–desert ecotone were 60,380, 112,510, and 115,500 ha,
respectively. (3) Two areas, the low mountainous and hilly areas and the oasis plain farming areas, are
supplementary areas of arable land, which should be supplemented by improving the management
capacity of farmers, cultivating two new agricultural business entities, increasing land transfers,
developing modern agriculture, and reducing the degree of fragmentation of arable land. The oasis–
desert staggered area is the area where the scale of arable land is reduced. We should vigorously
implement the work of retreating land and reducing water, and guide farmers to engage in secondary
and tertiary industries so as to reduce the scale of arable land.

Keywords: moderate scale of agricultural land management; Cobb–Douglas production function;
participatory rural appraisal (PRA); Tianshan northern slope economic belt

1. Introduction

In the context of building a moderately prosperous society in a well-rounded way, the
production and management goals of farmers gradually move from solving the problem
of food and clothing to solving the problem of increasing income [1], and it has become
inevitable to change from the traditional smallholder production mode to large-scale opera-
tion [2,3]. The scale of agricultural land firstly improves its utilization rate by concentrating
it to reduce the area of ridges and ditches and avoid wastage; secondly, the scale of agri-
cultural land facilitates mechanized production, saves costs, and increases the income of
farmers, thus stabilizing agricultural development [4–6]. However, the scale of agricultural
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land is not the larger the better. Under certain technical conditions, there is always a
moderate scale of agricultural land operation, so that the factors (labor, land, capital, and
technology) invested by the production and operation units are optimally allocated and
the economic profit generated by the agricultural land is the largest, and this scale is the
moderate scale of agricultural land operation [7–10].

At present, the scale of agricultural land under moderate management is still an impor-
tant part of academic research. Different scales of management produce different benefits in
agricultural production. Yuri et al. [11] observed and interviewed the agricultural produc-
ers of the Chagas on the Kilimanjaro plateau, suggesting that small-scale farmers can make
a living by optimizing crop types and adjusting agricultural land management strategies.
Berdegué et al. [12] believed that there was a strong negative correlation between farm
yield and scale, that is, with the expansion of agricultural scale, the agricultural yield per
hectare of land showed a decreasing trend. In contrast, Bojnec et al. [13] found that larger
economic benefits could be obtained under a large scale of management. Summer [14]
believes that there is an inflection point in the expansion of business scale; that is, with
the expansion of business scale, the production cost shows a downward trend, and once it
reaches the critical point, change to production costs will be flat or begin to rise. As the
levels of economic development, resource endowment, and market conditions vary greatly
from region to region in China, there is no single development path that is suitable for
all groups, and the moderate scale of land management is appropriate to most locations.
Zhang Hongmei et al. [15] calculated the average household and per capita moderate
operating scale of corn, rice, and soybeans in Heilongjiang province based on the goals
of stable yield and increasing income. Yang Gangqiao et al. [16] calculated the moderate
scale of the average arable land per household in the plain- and mountainous areas of
Hubei Province. Wang Zhengbing et al. [17], from the perspective of opportunity cost,
discussed the per capita moderate operation scale of rice planting in Jiangxi province when
farmers stopped going out to work. Wu Zhenpei [18] calculated the efficiency of different
operation scales using data envelopment analysis (DEA), and calculated the appropriate
operation scale of farmers’ rice planting in Hunan Province. Wang Rou [19] calculated the
extent of moderate scale land management in nine provinces in the middle-east region of
China from the two aspects of efficiency and output. Liu Xinping [20,21], Yang Guang [22],
Wei Guanghui [23], and Hao Lina et al. [24] used the principle of water–heat balance to
measure moderate scale oases in arid (semiarid) areas, and then calculated the extent of
moderate scale cultivated land.

Throughout the previous studies that have been conducted in the east-central region
of China, most of the results related to moderate-scale agricultural land operations are
focused on moderate scale of average household or per capita revenue, most of which were
concluded not to reach the moderate scale, and the overall moderate-scale agricultural land
cultivated in the region is rarely discussed. In the western arid region, overall agricultural
land scale is mainly studied, but the scale measured by the water–heat balance principle
is too macro, and the operation scale of micro farmers is not considered enough, so the
research results prove difficult in providing targeted guidance for agriculture. In arid areas,
the ecological environment is fragile [25], agricultural production conditions are limited by
many factors, and farmers have planting as their main source of income. In some regions,
agricultural land reclamation is excessive, and there is a situation of excessive scale.

Therefore, it is of great significance to study the appropriate scale of agricultural land
operation to employ in arid areas. Based on this, this article takes Shawan City in the
northern slope economic zone as an example based on microscopic peasant household
survey data to maximize that perspective, uses the Cobb–Douglas production function
to measure the worth of moderate-scale cultivation operations, and then calculates the
area of land cultivated at a moderate scale to compare to the actual size, divided into
supplies and reduce regions. It also puts forward countermeasures and suggestions to
realize the moderate scale management of oasis agricultural land from the two aspects of
farmers and land, and provides a theoretical reference for the improvement of agricultural
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land utilization efficiency, the optimization of industrial structure, and the solution to the
problem of agriculture, rural areas, and farmers in arid areas.

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

Shawan City is located in the northern foot of the Tianshan mountains, the southern
margin of the Junggar basin, and across the Manas river basin. It is a typical representative
of oasis agriculture development in an arid area. Its topography is high in the south and low
in the north, and it is divided into three parts: the upper, middle, and lower reaches, due
to the influence of topography and landforms. The upper reaches of the middle and high
mountains and low hills mainly develop agriculture and animal husbandry; the middle
reaches are alluvial and alluvial fan plains where cotton and corn are mainly planted.
Downstream is an oasis–desert ecotone where cotton is the main crop [26–28]. In 2019, the
permanent resident population of Shawan was 202,500 the agricultural population was
99,000 the cultivated land area was 264,800 ha, and the sown area of crops was 157,200 ha.

2.2. Data Sources and Analysis

In order to obtain first-hand information, members of the research group completed
the design of the questionnaire design on the agricultural land operation scale in Shawan
City in early July 2019. The contents of the questionnaire mainly included basic information
of farmers, agricultural land production input, and labor input, agricultural land operating
area, crop output, economic benefits, and agricultural land circulation status. Due to the
large number of villages in the region near Shawan City (241 administrative villages in
total), 20 representative villages in different zones of the upper, middle, and lower reaches
of the watershed were selected as typical samples, taking into account the completeness of
data collection and the representativeness of typical land types (Figure 1).
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The author and associates used the participatory rural appraisal (PRA) method, which
is a semi structured research method in which a team of local staff and surveyors use a
range of participatory work techniques to understand rural life and rural socioeconomic
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activities [29]. Emphasis is placed on the whole process of farmer participation, with team
members using face-to-face surveys to extract a wide range of views from farmers, to
listen more and talk less, not to induce farmers, and to encourage farmers to express their
knowledge [30]. The use of this method makes the results actionable and easily accepted
by farmers.

Interviews were conducted face-to-face with village cadres and farmers in 20 villages
from 15 July to 9 August 2019. A total of 400 questionnaires were distributed, and 368 valid
questionnaires were finally screened, including 56 in the low mountain hilly area, 148 in
the oasis farming area, and 164 in the oasis–desert intersection.

The household characteristics of farmers are shown in Figure 2. Farmers in the sample
area were mainly 50–60 years old, accounting for 45.6% of the total sample. The education
level was generally low: most of the rural households reported a highest education level
attained as either junior high school or primary school education or below, accounting for
43% of the total sample. The majority of the workforce consisted of three to four people
(two-generation families with a father and son), accounting for 66.3% of the total sample.
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According to the survey, the per capita cultivated land area and the basic information
of crop planting are shown in Table 1. The main capital investments of farmers included
seeds, machinery and equipment input, water and electricity, pesticide and fertilizer, labor
costs, and land transfer rent. Farmers’ income mainly included farmers’ income from
farming, agricultural wages, and land transfer rent income. Due to the different natural
conditions and operation modes in different regions, the input and output of agricultural
land showed obvious differences. The natural conditions of the region affected the types
and yield of crops, and the management mode affected the capital input. Based on a large
number of questionnaire survey data, the yield, unit price, cost, and net income of the main
crops in each area type are summarized below.

Table 1. Statistical table of yield, unit price, cost, and net income of main crops planted in the sample area.

Partition
Per Capita

Cultivated Area
(Person/ha)

The Main
Crop

Yield per Unit
Area (kg/ha)

Unit Price
(RMB/kg) Cost (RMB/ha) Revenue

(RMB/ha)

Low hills 1.07 Corn 10,050.75 2.50 15,748.88 9378.00
Oasis plain

agricultural area 2.00 Cotton 5249.25 8.00 19,500.75 22,493.25

Oasis–desert
ecotone 3.33 Cotton 6750.00 8.20 25,499.25 29,850.75

2.3. Research Methods
2.3.1. Household Average Moderate Scale Operations

The Cobb–Douglas production function is a function to measure the elasticity of
production factors. The Cobb–Douglas production function was combined with land, labor,
and capital factors in agricultural production, and a certain modification was made to build
the following model [31–34]:

TR = P × Y − C (1)

Y = ALαKβHγ (2)

where TR represents the net income of the crop, P represents the market price of the
crop, Y represents the total crop production, and C represents the total cost of agricultural
production. L, K, and H represent labor input, capital, and land input, respectively. α, β,
and γ represent the output elasticity coefficients of labour, capital, and land respectively. A
is for all the other factors (climate, level of economic development, etc.) [35].

C = wL + rK + nH (3)
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Here, w is the wage of labor, R is the price at which agricultural products are sold, and n is
the rent of land.

By combining the above three formulas, the following formula is obtained:

TR = P × ALαKβHγ − wL − rK − nH (4)

Then, in order to pursue profit maximization:

MAX(TR) = (P × ALαKβHγ − wL − rK − nH) (5)

Take the derivatives of L, K, and H, and make their reciprocal equal to zero, so:

∂U
∂L = α× P × ALα−1KβHγ − w = 0
∂U
∂K = β× P × ALαKβ−1Hγ − r = 0
∂U
∂K = β× P × ALαKβ−1Hγ − r = 0

(6)

By calculating the above formula, the equilibrium solution of the equation is:

L∗ = α× P × Y/w
K∗ = β× P × Y/r
H∗ = γ× P × Y/n

(7)

The calculation formula of per capita moderate cultivated land area is [36,37]:

H∗

L∗ =
γ

α
× w

n
(8)

2.3.2. Moderate Scale Operation of the Total Arable Land Scale and Maximum Irrigated
Arable Land

(1) Regional moderate scale operation of the total arable land.

Based on the calculation of the average moderate-scale operation of each household,
the total regional moderate-scale operation was calculated in order to compare it to the
actual planting scale and control the total cultivated land area [2,38]. The actual planting
scale was summarized by consulting the statistical yearbook, and the total moderate-scale
operation planting was [39]:

S =
R
L
× Shj (9)

where S is the total scale of moderate operation and planting, in ha; R is the total population,
in people; Shj average area of cultivated land per household, in ha; and L is the household’s
labor force.

(2) The maximum scale of irrigated agricultural land allowed.

Considering the limitation of water and resource shortages in arid areas, the maximum
irrigated area was introduced to control the cultivated area from the perspective of water
resources limitation [40]. The total amount of agricultural water in Shawan was divided
into the average irrigation quota of crops to determine the maximum arable area that could
be irrigated. The calculation formula was [41,42]:

G =
N
W

≥ Ssj (10)

where G is the maximum irrigated area, in ha; N is the target value of agricultural water
consumption set by Shawan City, in m3; W is the crop irrigation quota, in m3/ha; and Ssj
is the actual total planting scale in Shawan City, in ha. Theoretically, in order to ensure
the balance of soil and water, the actual planting area should be less than or equal to the
maximum irrigation scale.
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3. Results and Analysis
3.1. Moderate Business Scale for Each Household

Based on the Cobb–Douglas production function, the questionnaire was analyzed with
Eviews v10.0. The estimated values of the α, β, and γ parameters of the Cobb–Douglas
production function were obtained, and then the elasticity coefficient of agricultural land
output was determined. According to the actual survey data, the local actual situation,
and the data required by the sample, the values that did not meet the requirements were
deleted, and the data required by the function were sorted by partition and classification, as
follows: Y (agricultural production), L (the amount of labor in agricultural production), and
K (capital inputs including chemical fertilizers, pesticides, irrigation water, contracted land
rent, hired workers, and agricultural machinery); the numerical generation of H (grown)
data was added into the equation as a system of linear equations, using the least squares fit
to solve (Table 2). From the regression results, the R2 of all three regions was greater than
0.9, indicating a good fit of the model to the sample, while the p-value was less than 0.05,
indicating that the regression effect was significant at the significance level of 0.05. The
analysis of the results is meaningful.

Table 2. C-D model parameter estimation table.

Partition Model
Normalization Coefficient

T-Statistic p-ValueRegression
Coefficient Standard Error

Low hills

C 3.5323 0.4651 0.6628 0.0489
lnL 0.1781 0.0853 2.8485 0.0312
lnK 0.4023 0.9897 5.2299 0.0301
lnH 0.5161 0.0401 9.9995 0.0000
R2 0.976

Oasis plain agricultural area

C 2.3482 0.6377 3.1912 0.0104
lnL 0.1031 0.0055 1.7434 0.0500
lnK 0.3323 0.0157 6.5466 0.0023
lnH 0.6521 0.0033 11.4331 0.0000
R2 0.991

Oasis–desert ecotone

C 1.4342 0.1301 2.9624 0.0365
lnL 0.1310 0.0785 6.8487 0.0185
lnK 0.2214 0.5051 12.2293 0.0000
lnH −0.6845 0.0137 13.9993 0.0000
R2 0.995

The results showed that when all the other factors (climate, economic development
level, etc.) were 3.5323, the crop yield increased by 17.81%, 40.23%, and 51.61% for every
1% input of labor, capital, and land. When α + β + γ > 1, the present stage for increasing
reward to total output was positively influence through continued input of labor, capital,
and land. Land had the largest influence on the increase from input to output, under
existing production technology. Expanding the scale of agricultural land and increasing
capital investment would be conducive to increasing crop yield and improving farmers’
incomes. According to the field survey of the sample households in the hilly area, the
average wage of the labor force in this area was 3500–4500 RMB/month, and the average
land rent was 6750 RMB/ha. According to the formula above, the moderate per capita
operating scale of this area was 1.72 ha.

Similarly, ln A = 2.3482, α = 0.1031, β = 0.3323, and γ = 0.6521 in the agricultural area
of oasis plain, that is, when all other factors were 2.3482, the output elasticity of the labor
force was 0.1031, the output elasticity of capital was 0.3323, and the output elasticity of
land was 0.6521, which was an increasing return type. An increase in planted acreage had
the largest impact on crop yield, followed by the amount of capital input. According to
the field investigation of the sample households in the oasis agricultural area, the average
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wage of the labor force in this area was 5000–6000 RMB. Using the average of 5500 RMB, the
average land rent of this area was 11,250 RMB/ha, and the moderate per capita operating
scale of this area was 3.09 ha.

ln A = 1.4342, α = 0.1310, β = 0.2214, and γ = −0.6845 in oasis–desert ecotone. The
sum of the output elasticity coefficient was −0.3321, less than 1, which belongs to the
diminishing return type. The continuous input of the labor, capital, and land factors had a
negative impact on the total output. In particular, the input of land had a great negative
impact on the output. According to the field investigation of the sample households
in the oasis–desert interlace area, the average wage of the labor force in this area was
4500–5000 RMB, the average land rent was 10,125 RMB/ha, and the moderate per capita
operating scale was 2.58 ha.

The calculation results were far from scale of the land currently operated by farmers.
Farmers in the low mountainous area currently operate 1.07 hm2 of arable land per capita,
which was 0.65 hm2 less than the moderate scale, while farmers in the oasis farming
area operated 1.09 hm2 less than the moderate scale, while farmers in the oasis–desert
intersection operated 0.75 hm2 above the moderate scale. Therefore, this paper compares
the overall moderate management scale of each region with the actual scale, and controls
the moderate management scale of agricultural land in terms of total scale, so that this
paper’s findings can be implemented in each region.

3.2. Total and Maximum Irrigation Scale for Regional Modest Operations

Using an equation to derive the total scale of moderate management of land in each
district, the total scale of moderately managed land in the upstream low hill area was
60.38 thousand ha, the total scale of moderately managed land in the midstream plain agri-
cultural area was 112.51 thousand ha, and the total scale of moderately managed land in the
downstream oasis–desert interlacing area was 115,500 ha. By consulting the 2019 Xinjiang
yearbook and the Shawan yearbook in Shawan City, where it is located, the cultivation
area of each township in the upper, middle, and lower reaches was summarized, and the
existing cultivated land areas in the upper low hill area, the middle plain agricultural area,
and the lower oasis–desert interlacing area were 28,600, 47,700, and 188,400 ha, respectively.

As can be seen from Figure 3, the actual cultivation scale in the upstream low hill
area of Shawan City was 31,780 ha less than the total scale of moderate management, the
existing arable land area in the midstream plain farming area was 64,810 ha less than the
total scale of moderate management, and the downstream oasis–desert intersection area
and exceeded the total scale of moderate management by 72,900 ha.

The upstream and midstream areas have not yet reached the total moderate scale of
management, and are thus “supplementary” scale areas. In order to increase the area of
arable land to the appropriate scale of management, land consolidation measures should
be vigorously implemented. According to Fan Zili et al. [43], the net arable land coefficient
is 0.76 in the upstream low hills of Shawan, 0.82 in the midstream plain alluvial fan area,
and 0.84–0.85 in the downstream oasis–desert interlacing area. The higher the net arable
land coefficient, the lower the degree of arable land fragmentation. Specifically, the rugged
terrain of the upper high mountainous areas and the excessive slope of most of the land
make it unsuitable for large-scale cultivation, while the low mountainous, hilly, and oasis
plain areas have a large amount of gap land and sandwiched wasteland between the
various fields, thus requiring unified integration. In addition, there are a large number of
field bumps, abandoned ditches, redundant roads, and reserved land at the heads of the
fields (reserved land for machinery turning) within the field plots, and consolidating these
fragmented plots into arable land could increase the area of arable land by 10–15% [43].
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Figure 3. Comparison between the total scale of moderate management and the actual planting scale.

According to the 2019 Total Water Use Control Plan of Shawan City, the target value for
agricultural water is 557.20 million m3. According to the Xinjiang Agricultural Water Quota
standard (released in 2012), the crop types and areas of each township in Shawan City were
counted, and the allowable irrigated area of Shawan City was 207,400 ha. Obviously, both
the actual planting scale and the amount of land needed to meet moderate-scale operations
exceeds the maximum allowable irrigation, making this area belong to the cultivation
scale reduction zone. Compared with the upper and middle reaches, the cultivated land
of the lower reaches has a larger adjustment space. Differing from the hilly area and the
agricultural area of the oasis plain, which are limited by land shortage, the downstream
oasis–desert cross area is the most serious area of groundwater overexploitation due to
the great efforts of land reclamation in the early years. In the past 20 years, the overall
rate of decline of the underground water table in Shawan City was 1.72 m/a [44]. As
early as 2012, Xinjiang implemented land degradation and water reduction measures to
reduce the unreasonable occupation of land and the use of water resources in order to
solve the problem of groundwater overexploitation. While reducing the irrigated area,
efficient water-saving irrigation measures were established to reduce agricultural water
consumption and realize the sustainable utilization of groundwater resources. To protect
the water and soil balance and decrease the over-exploitation of groundwater, the area
downstream beyond the moderate scale area of 72,900 ha of arable land should actively
implement the “back to decrease water” [45] protocol, particularly with respect to the
groundwater in the “severe” area of cultivated land, which contains poor quality cultivated
land and suffers from cultivated land salinization. It should be a priority to reduce the
irrigated area to keep the balance of soil and water conservation, to ensure the ecological
security of the area, and to achieve a moderate scale of operation [46].

4. Discussion

Although the research in this paper has achieved certain results, in view of the authors’
limited knowledge and the limited scope of the survey, there are still some elements to be
improved.

(1) It was difficult to obtain data on the production costs and returns of farmers in
remote areas during the survey, making the sample size small, which may have led
to some deviations in the results of measuring the scale of moderate agricultural
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land management. It is possible to establish an information monitoring system about
agricultural production costs and returns and to develop cell phone software for
agricultural production management information recording to lay the foundation for
conducting long-term cost and return research on agricultural production.

(2) This paper used the Cobb–Douglas production function to consider the moderate-
scale agricultural land operations of farmers in the arid zone, but with the changing
spatial and temporal conditions in the study area, agricultural production is also
changing, so the effective application time of the derived parameters is short. There-
fore, in a later study, we will select the agricultural production data of the study
area for several consecutive years to accurately calculate the moderate-scale farmed
agricultural land in the average state based on the long-term costs and returns of
farmers.

5. Conclusions and Policy Recommendations

Based on the research data of 368 farmers, this paper used the Cobb–Douglas pro-
duction function to calculate the appropriate scale of agricultural land and the total scale
of moderate management in the upstream low hill area, the midstream oasis plain area,
and the downstream oasis–desert interlacing area in Shawan City, and drew the following
conclusions.

(1) The appropriate scale of farming in the upstream low hill area is 5.15 ha, the appropri-
ate scale of farming in the midstream oasis plain area is 9.28 ha, and the appropriate
scale of farming in the downstream oasis–desert intersection area is 7.74 ha.

(2) The total scale of moderate management in the upstream low hill area is 60,380 ha,
the total scale of moderate management in the midstream oasis plain farming area
is 112,510 ha, and the total scale of moderate management in the downstream oasis–
desert intersection area is 115,500 ha.

The low mountainous and hilly areas and the oasis plain agricultural areas belong to
supplementary-scale agricultural land. In order to promote these two regions to reach the
appropriate scale of agricultural land management, we propose the following countermea-
sures and suggestions from the perspective of both people and land:

(1) Develop agricultural knowledge and technology training to improve farmers’ man-
agement capacity. The field survey found that only 15.3 per cent of farmers had
received technical training, while others were willing to receive training but had no
way to do so, so there is a need to establish a three-tier agricultural technology and
knowledge training institution at 1 city, 3 + 9 townships, and ‘N’ villages. In addition,
experts can be invited to guide farmers in the field to solve planting problems, so that
farmers can master planting techniques and become more motivated to contract more
land and promote large-scale operations.

(2) Cultivate two new types of agricultural business subjects. First, cultivate new young
agricultural business subjects. In the actual survey, 62% of farmers were unwilling to
transfer their land, and farmers had a strong sense of love for the land, while only
1/5 of the young laborers in the village chose to work in the city. The aging of the
agricultural workforce is mainly due to the reluctance of young people to enter the
land and of old people to leave the land. The government can guide them to work in
the service industry, where they can take up less labor-intensive jobs. For the young
laborers, the government needs to increase preferential policies so young people
who return to their hometowns to work in agriculture can receive some preferential
treatment. Secondly, the new business model is of business subjects. Cultivate and
develop new business model subjects such as farmers’ professional cooperatives,
leading agricultural enterprises, large agricultural households, and family farms,
and allow all kinds of financial and private capital, social groups, and enterprises to
participate in land transfer. Guide the development of new business subjects in the
direction of social enterprise alliances and industrialized groups. Promote large-scale,
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organized, and market-oriented production in agriculture and improve the economic
efficiency of agriculture.

(3) Increase land transfer efforts. Break the siloed information model and realize the
transparency of information on agricultural land transfer to promote smooth land
transfers. In the sample area, 53% of the farmers transferred (contracted) land through
third-party referrals with closed information on land transfer and no formal transfer
procedures. Open and transparent information on land transfers would help to
facilitate land transfers and thus achieve moderate-scale operations. The Shawan
municipality can establish a unified management platform for land transfer and set
up professional departments in each village to manage the transfer platform, whose
main tasks would be to register information on land transferred by farmers, sign
transfer agreements, and protect the interests of both parties involved in the transfer.
A land transfer management app with real-time management can also be developed,
to note and measure land information, allowing farmers to keep an eye on transfer
dynamics. Such a standardized land transfer market is conducive to building a
transparent land transfer price system, allowing farmers willing to contract or transfer
to obtain first-hand information on the transfer, reducing transaction costs, allowing
both sides of the transaction to become beneficiaries, and promoting the development
of moderate-scale operations.

(4) Develop modern agriculture and improve planting returns. Shawan City should
actively cooperate with universities and research institutes to develop research on
high-quality crop varieties. High-quality crop varieties, with their ability to adapt
to bad weather and pest resistance, will greatly improve the yield of the harvest
per unit area and will also reduce the cost of fighting diseases and pests. Secondly,
innovative crop cultivation techniques and the full use of mechanized production
will reduce production costs and increase the net returns of farmers’ cultivations. The
increase in returns is a positive feedback effect, which will help farmers to expand
their cultivation area and thus achieve moderate scale operation of agricultural land.

(5) Reduce the fragmentation of arable land and strengthen land integration. Reducing
fragmentation is carried out in terms of both agricultural infrastructure and arable
land plots. According to the topography and natural conditions of the region, irreg-
ular fields, roads, and ditches would be broken up, and the layout of agricultural
infrastructure would be reconstructed according to the principles of saving land, cost,
and water. In addition, small plots of scattered land could be combined into large
plots of land through land swaps, thus increasing the area of cultivated land and
achieving a moderate scale of operation.

For the downstream areas, the arable land has exceeded the moderate scale of opera-
tion, and they should vigorously promote the retreat of land to reduce water guidelines;
to carry this out requires staging from a pilot program through implementation, begin-
ning with simple steps before the difficult ones, organized by type and batch. Under the
basic conditions of the plot area, the number of electromechanical wells, and the quality
of the arable land, we should first reduce the area of arable land by retiring (fallowing)
non-30-year responsibility fields with serious groundwater overexploitation, poor quality
of arable land, and a high degree of desertification. The reduction in arable land will also
release more labor, and the farmers will be given compensation for the retired land while
they being guided to engage in secondary and tertiary industries so that the income of the
retired farmers will not be lower than their original income from agricultural production,
so that the retired, zero rebound effect can be achieved.
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