7/ land

Article

Non-Grain Production of Cultivated Land in Hilly and
Mountainous Areas at the Village Scale: A Case Study
in Le’an Country, China

Zuo Zhang !, Lin Zheng

check for
updates

Citation: Zhang, Z.; Zheng, L.; Yu, D.
Non-Grain Production of Cultivated
Land in Hilly and Mountainous
Areas at the Village Scale: A Case
Study in Le’an Country, China. Land
2023,12,1562. https://doi.org/
10.3390/1and 12081562

Academic Editor: Alexandru-Ionut

Petrisor

Received: 29 June 2023
Revised: 24 July 2023
Accepted: 2 August 2023
Published: 7 August 2023

Copyright: © 2023 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

1,2,%

and Dajie Yu!

School of Geography and Environment, Jiangxi Normal University, Nanchang 330022, China;
z_zhang1999@jxnu.edu.cn (Z.Z.); dj_yu@jxnu.edu.cn (D.Y.)

The Key Laboratory of Poyang Lake Wetland and Watershed Research, Ministry of Education,
Jiangxi Normal University, Nanchang 330022, China

Correspondence: zhenglin@jxnu.edu.cn

Abstract: Non-grain production of cultivated land (NGPCL) is an essential factor that affects food
security and sustainable agricultural development. Due to the large population and limited land area
present in China, cultivated land resources are more extensive and valuable in hilly and mountainous
areas, though the expansion of NGPCL threatens food security and is detrimental to the sustainable
use of cultivated land resources. To better understand the problem of NGPCL in hilly and mountain-
ous areas, this paper initially classifies NGPCL into four distinct types, namely unplanted cultivated
land (UCL), planted non-grain crops (PNGC), engineering recoverable (ENR), and immediately
recoverable (IMR), based on their planting types and attributes. Subsequently, we analyzed the
spatial patterns and differentiation characteristics of these NGPCL types in Le’an County at the
village scale through exploratory spatial data analysis and studied their driving factors using the
geographical detector model. The findings show that the NGPCL rate in Le’an County was 18.53%,
with ENR occupying the largest area, followed by PNGC and UCL, while IMR had the smallest
area. The spatial distribution of NGPCL in Le’an County suggests that there are correlations with
all four types of NGPCL, which exhibit spatial clustering, except for IMR, which displays spatial
heterogeneity. We attribute the phenomenon of NGPCL in Le’an County to natural, social, and
economic factors, with the driving forces having varying degrees of influence. Specifically, slope,
altitude, and cultivated land protection intensity play significant roles in the overall NGPCL. This
paper is of crucial significance to the local agricultural management department’s efforts to prevent
and control the non-grain production of cultivated land and the Chinese Government’s efforts to
ensure food security.

Keywords: non-grain production; hilly and mountainous areas; village scale; driving mechanism;
cultivated land protection policy

1. Introduction

The global COVID-19 pandemic and the rise of international unilateralism have
resulted in the stacking of trade barriers in global markets, the disruption of normal inter-
national trade, and the destruction of food supply chains [1]. In addition, the deterioration
in the international security situation and the frequent occurrence of extreme meteoro-
logical disasters have led to an unstable global food supply, increasing the risk of people
suffering from hunger and making guaranteeing food security an important strategic
objective for countries worldwide [2-4]. As a major grain producer and consumer, it is
significant for China to ensure sufficient cultivated land is available for grain production
to maintain food security in China and across the world. However, the phenomenon of
non-grain production of cultivated land (NGPCL) has become increasingly prominent
in China in recent years, with an average rate of 33.2%, and over one-third of provinces
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have higher rates than the national average [5]. Some areas even recorded rates of nearly
50% [6]. The seriousness of this issue necessitates exploring appropriate ways to address the
NGPCL phenomenon.

NGPCL, broadly speaking, refers to the restructuring of agricultural land use, which
includes the conversion of cultivated land into forest land and garden land, among other
uses [7]. In a narrower sense, NGPCL only pertains to the adjustment of cultivated land
planting structure from grain crop to non-grain crop or other economic crop plantings [8].
Unlike the non-agriculturalization of cultivated land, non-grain cultivated land retains
some degree of reversibility to its original grain production purpose [9,10]. Presently,
non-grain production has surpassed non-agriculturalization of land and has become a
mainstream phenomenon [11]. Against a backdrop of diminishing comparative benefits of
food cultivation and strong market demand for non-grain agricultural products, a signifi-
cant portion of cultivated land has shifted to non-grain crop cultivation. Nonetheless, there
are wide variations in non-grain crop cultivation between different regions and cultivated
land types [12,13]. Moderate NGPCL is in line with the development trend of agricultural
production, which is conducive to the integrated development of rural industries, the
increase in farmers’ incomes, and the implementation of rural revitalization strategies. But
the disorderly development of NGPCL will lead to the unsustainable utilization of culti-
vated land resources and pose a severe threat to food security [14,15]. In November 2020,
the General Office of the State Council of China issued the “Opinions on Preventing the
Non-Grain Production of Cultivated Land and Stabilizing Grain Production”, pointing out
that it is necessary to take effective measures to prevent an increase in NGPCL, effectively
ensure food security, and clarify the priorities of cultivated land use. It can be seen that
NGPCL has become an important issue related to China’s food security and agricultural
modernization development, which has attracted significant attention.

Research into NGPCL has mainly focused on analyzing the current situation [16,17],
discussing driving forces [18-20], examining policy impacts on NGPCL [21-23], and propos-
ing countermeasures to address issues related to NGPCL [24-26]. Due to significant spatial
differences in China’s resource endowment and socioeconomic development, research into
the spatial patterns and mechanisms of regional NGPCL has increasingly grown, with stud-
ies considering the problem at national- [27,28], provincial- [29], and county-level scales [30].
Most existing studies utilize statistical yearbook data and mathematical measurement meth-
ods to quantify non-grain production [31,32]. The study area is mainly concentrated in
suburban areas, which are greatly affected by urbanization [6,33,34]; the unique climate
terrain areas with poor natural conditions [35-37]; the economically developed coastal
areas [32]; and the major grain-producing areas with better production conditions [38,39].
The formation mechanism of NGPCL is complex and diverse, resulting from the interac-
tions between natural, economic, and social factors. Numerous research findings have
demonstrated that natural elements are fundamental [40], while socioeconomic factors
are dominant [18,41]. In different regions, factors such as urbanization [42—44], land trans-
fer [31,45], and the influx of industrial and commercial capital into rural areas [46-48] play
varying roles. Moreover, farmers’ characteristics also significantly impact the tendency of
NGPCL to occur, and their behavior ultimately depends on careful consideration of costs
and benefits [49,50].

Despite the abundance of existing research into NGPCL, several deficiencies still
need to be addressed. Firstly, there is a lack of attention being paid to NGPCL in hilly
and mountainous areas. China is a mountainous country, with 34.62% of the country’s
cultivated land and 39.60% of the country’s food cultivation area being located in hilly and
mountainous counties, and the issue of NGPCL in hilly and mountainous areas is a matter
of national food security [51]. Secondly, the majority of existing studies of NGPCL utilize
statistical data to explore the topic at the macro-scale, with a scarcity of micro-scale studies
conducted at the village level, which use more detailed land use data. Thirdly, studies of
the driving forces involved have been carried out, and they mostly treated different types
of NGPCL as a unified whole and neglected the differences between them, even though
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understanding the formation mechanisms driving different types of NGPCL is crucial to
managing cultivated land. To address these gaps, this paper uses authoritative and detailed
land use data to innovatively summarize four different types of non-grain production
of cultivated land and analyze the levels and spatial patterns of non-grain production
of cultivated land in hilly and mountainous areas at the village scale. In addition, we
study the factors that affect different types of non-grain production of cultivated land from
natural, social, and economic perspectives and propose corresponding strategies. Through
this study, we hope to better understand the current situation and formation mechanisms
driving NGPCL in hilly and mountainous areas, which will provide a reference for refin-
ing the management of non-grain production of cultivated land and ensuring national
food security.

2. Materials and Methods
2.1. Study Area

Le’an County is located in the hills of southeastern China, at 115°35-116°10" E,
26°50'-27°45' N, and is part of Jiangxi Province, China. The county’s total area is 2412.6 km?,
with mountains accounting for 38%, low hills accounting for 51%, and high hills accounting
for 11% of territory. The terrain is elevated in the southeast, though it is relatively low;
mountainous in the south; and predominantly hilly in the north (Figure 1). As of 2019, the
county has about 35,696.18 ha of cultivated land, accounting for 14.80% of its total area,
making it a large land resource county with vast cultivated land reserves. Affected by
the subtropical monsoon climate, the rain and heat seasons occur in the same period, and
the grain production conditions of cultivated land are excellent. However, from 2010 to
2019, the planting area of non-grain crops expanded from 2147.2 to 3654.8 ha, with many
cultivated land resources being encroached upon and the risk of NGPCL being high. At
the same time, the forest coverage rate of Le’an County is as high as 70.42%, which covers
the water conservation area surrounding Fu River and Ganjiang River in Jiangxi Province,
which is an integrated ecological restoration area of mountains, rivers, forests, fields, lakes,
grasslands, making it one of the areas critical to maintaining ecological security. Under
the guidance of the ecological priority goal, the way in which cultivated land resources
are used as a spatial carrier for ecological restoration is also affected. Therefore, it was
reasonable to select Le’an County as representative of the problem of NGPCL in hilly
and mountainous areas, as it could provide a reference for the management of NGPCL
in similar areas.

2.2. Data Sources

Our data sources mainly included spatial and attribute data. The spatial data in-
cluded the Third National Land Survey data of Le’an County in 2020, which were derived
from the Department of Land and Resources. The digital elevation model (DEM) origi-
nates from the Geospatial Data Cloud Platform’s (http://www.gscloud.cn, accessed on
3 March 2023) ASTER GDEM 30-m data. The attribute data included socio-economic data,
such as population and industry, and the data sources included the “Fuzhou Statistical
Yearbook (2020)”, which we derived from the official website of the Fuzhou Municipal
Bureau of Statistics (http:/ /tjj.jxfz.gov.cn, accessed on 10 March 2023), as well as the “Le’an
Statistical Yearbook (2020)” and statistical reports on the basic socioeconomic conditions in
each town, which were derived from Le’an County Bureau of Statistics.
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Figure 1. Location and topography of Le’an County.

2.3. Methods
2.3.1. The Definition of NGPCL

Following “The Technical Regulations of the Third National Land Survey of China”,
the cultivated land was transformed into forest land, garden land, grassland, and other
agricultural lands, which were known as adjustable lands. We categorized the planting
attributes as “Immediately Recoverable (IMR)” and “Engineering Recoverable (ENR)”
based on the extent of damage and the potential for restoration. IMR refers to the plots
of land whose current cultivated land utilization type is one of forest land, garden land,
grassland, or other agricultural lands, and they can be easily converted back into cultivated
land through simple cleaning processes. ENR refers to the plots of land whose current
cultivated land utilization type is one of forest land, garden land, grassland, or other
agricultural lands, but they cannot be directly converted back into cultivated land through
cleaning alone and need to be recovered by taking specific engineered measures. The
NGPCL in this paper falls under the generalized definition and includes two types: firstly,
land used for cultivation of types of planting non-grain crops (PNGC, including planted
vegetables, cotton, oilseeds, sugar, forage, tobacco, etc.) or unplanted cultivated land (UCL)
patches, and, secondly, land patches with planting attributes of IMR and ENR, such as the
land use type being one of forest, garden, grassland, or other agricultural lands (including
adjustable orchards, tea gardens, bamboo forest land, pasture land, water surfaces of pits
and ponds, etc.).
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The formula is written as follows:

S1+Sy+S3+ 54
S

In Equation (1), P is the rate of NGPCL, S is the total area of cultivated land, S; is
the cultivated land used for PNGC, S, is the unplanted cultivated land (UCL), S3 is the
agricultural land with IMR planting attributes, and Sy is the agricultural land with ENR
planting attributes.

pP= x 100% 1)

2.3.2. Research Framework

Different types of NGPCL can have varying impacts on the soil tillage layer [52].
To better understand the issue of NGPCL in hilly and mountainous areas at the village
scale, it is necessary to explore the spatial characteristics and driving forces of different
types of NGPCL. Therefore, we established a four-step research framework (Figure 2).
Firstly, we integrated data from the Third Land Survey and field surveys to classify NGPCL
into four types based on cultivation types and attributes: UCL, PNGC, IMR, and ENR.
This classification represented a broad definition of NGPCL. Next, spatial statistics were
employed to comprehend the quantity and specific spatial distributions of the different
types of NGPCL. Subsequently, exploratory spatial data analysis was used to investigate
the spatial differentiation and association characteristics of overall NGPCL and other types.
Additionally, the driving forces of NGPCL were studied by selecting influential factors from
the natural-social-economic systems, aided by the geographical detector model. Finally,
policy recommendations for preventing and controlling NGPCL are proposed, considering
the broader context of food security and the practical need to improve economic efficiency.
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Figure 2. Research framework of this paper.
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2.3.3. Exploratory Spatial Data Analysis

Exploratory spatial data analysis was used to analyze the spatial pattern of NGPCL
in Le’an County in terms of both global spatial autocorrelation and local spatial autocor-
relation. The global Moran’s index can evaluate the heterogeneity and dependence of a
phenomenon in regional space. The formula is written as follows:

I nyiy Y wi(yi — 9) (v — )
i1 ;1:1 wijyi (Vi — ]7)2

In Equation (2), n is the spatial unit, w;; is the weight of the spatial unit, y; and y;
denote the values of the space unit i and the space unit j, and ¥ is the mean value of the
spatial unit. The value of I is in the range of [0, 1]; a value of I greater than 0 indicates
a state of agglomerative distribution, a value of I less than 0 indicates a state of discrete
distribution, and a value of I equal to 0 indicates a state of random distribution.

Also, the local Moran’s I is used to analyze the distribution’s characteristics on the
regional space. The formula is written as follows:

@

My PN N w0y - F)

i 2
Yita(yi =)

In Equation (3), a value of I; greater than 0 indicates that similar spatial agglomera-

tion occurs around space i, and a value of I; less than 0 indicates that dissimilar spatial
agglomeration occurs.

®)

2.3.4. Geographical Detector Model

The geographical detector model can quantify the driving factors of geographical
objects or phenomena [53], and this paper uses its factor detector sub-model to analyze the
driving factors of NGPCL in Le’an County. The formula is written as follows:

g=1- Y Nyoy? @)

In Equation (4), g is the driving force of the influence factor X to the explained variable
Y; N and 02 are the sample size and variance of the study area, respectively; and L is the
partition with an impact factor X. The value of g ranges from 0 to 1, and a larger value of
g indicates a stronger driving force.

2.3.5. Driving Variable Selection

The study revealed that the NGPCL is influenced by multiple factors, including
resource endowment, demographic conditions, government policies, and economic con-
ditions [18,20]. The undulating topography of Le’an County may have an impact on the
NGPCL. The renovation of rural roads and the construction of water conservancy facili-
ties in recent years have improved the cultivation conditions of some arable land, which
may also have an impact on the NGPCL. Taking into account the actual situation of the
study area, i.e., the representativeness and accessibility of the factors, based on the “nature-
society-economy” system, the altitude and slope were selected to represent the topography,
the per capita cultivated land area was selected to represent the resource endowment, the
intensity of cultivated land protection and ecological protection were selected to represent
the government policy, the natural population growth rate was selected to represent the
population conditions, the irrigation and transportation convenience were selected to rep-
resent the farming conditions, and the proportions of the second and third industrial land
types were selected to represent the economic conditions (Table 1).
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Table 1. Variables and descriptions.

Indicator System Index Unit Code Interpretations
Slope ° X1 The average slope of the village area
Altitude m X2 The average altitude of the village area
Natural system Th r capita cultivated area calculated
Per capita cultivated land area hm?2/ per X3 € per capita cuftivate ca calc €

based on the rural population

The proportion of the permanent basic

Cultivated land protection intensity o x4 farmland protection areas to the total area
. . L . The proportion of the ecological protection
1 % .
Social system Ecological protection intensity % X5 red line area to the total area
. o (Population 2019 — Population
Natural population growth rate o X6 2018)/population 2018
Irrigation convenience % X7 The proportion of the water area
to the total area
Traffic convenience % X8 The proportion of the road area

Economic system

Second and third industry

to the total area
The proportion of the land area of the
% X9 secondary industry and the tertiary industry

1 .
and proportion to the total area

3. Results
3.1. Spatial Pattern of NGPCL

Through the analysis of the Third Land Survey data in Le’an County, 20,120 non-grain
land patches were extracted, which had a total area of 6614.60 ha, and the NGPCL rate was
about 18.53%, according to Equation (1). In terms of the composition of land types, the area
of cultivated land was 3697.57 ha, accounting for approximately 55.90% of the total area
of NGPCL, of which 1710.68 ha was paddy land and 1986.89 ha was dry land, and there
was no irrigated land. The area of adjustable land types was 2917.03 ha, accounting for
about 44.10% of the total area of NGPCL, of which the areas of forest land, garden land,
grassland, and other agricultural lands were 1921.03 ha, 384.09 ha, 0.30 ha, and 611.61 ha,
respectively (Table 2).

Table 2. Composition of NGPCL.

Cultivated Land (ha) Adjustable Land (ha)
Types Other Total (ha)
Paddy Field Dry Land Forest Land Garden Grass Land  Agricultural
Land
Lands
UCL 1545.34 257.86 1803.20
PNGC 165.33 1729.03 1894.36
ENR 1912.89 182.84 0.30 441.25 2537.29
IMR 8.14 201.25 170.35 379.75
Total(ha) 1710.68 1986.89 1921.03 384.09 0.30 611.61 6614.60

According to the analysis of NGPCL types and their distribution (Table 2 and Figure 3),
the total area of UCL was 1803.20 ha, with the majority of these land types located in Aoxi,
Daifang, Gongxi, and other townships. Among them, the area of unplanted paddy land
was 1545.34 ha, accounting for 85.70% of the total. These findings clearly illustrate that
the abandonment of high-quality cultivated land has become an urgent issue that needs
to be addressed. The area of PNGC was 1894.36 ha, which was primarily distributed in
the townships of Aoxi, Niutian, Shandang, Daifang, Gongfang, etc. Due to the limitation
of irrigation conditions, most dryland grain crops are planted at a higher cost. Indeed,
the dryland area in the non-grain cultivated land patches was 1729.03 ha, accounting for
91.27% of the total. ENR cultivated land spanned 2537.29 ha, and it was mainly distributed
in high mountain areas, like Zhaoxie, Jinzhu, and Gugang. These areas have high altitudes,
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undulating terrain, and extensive mountain forests, some of which can be adjusted to allow
engineering measures to restore cultivated land; thus, the area of forest land accounts
for 75.39%. IMR cultivated land spanned an area of 379.75 ha, with the soil cultivation
layer remaining undamaged and easily restored to cultivated land via simple transforma-
tions. These types of NGPCL are primarily located in Aoxi, Nancun, Shandang, Daifang,
and Gongfang townships, with recoverable garden land accounting for the largest area,
i.e., 201.25 ha, or 53.00%, followed by other agricultural lands, i.e., 170.35 ha, or 44.86%.

0 10 km
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g /

,/'
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AN ST
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Figure 3. Spatial distribution of NGPCL.
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In the process of NGPCL in Le’an County, the problem of the abandonment of high-
quality cultivated land is prominent, the lack of irrigation water leads to the non-grain
transformation of dry land becoming more serious, and the conversion of NGPCL into
forest land is significant, leading to high costs and later difficulties in the restoration of
cultivated land.

3.2. Spatial Differentiation Characteristics of NGPCL

According to Equation (2), the global spatial autocorrelation results showed that the
global Moran’s I values of UCL, PNGC, ENR, and Overall were 0.285, 0.523, 0.227, and 0.347,
respectively, and passed the significance level test (p < 0.05), which indicates that the rates
of the above types of NGPCL and the surrounding village areas have similar trends and
show clustering characteristics in space, which may be related to the clustering and diffusion
mechanism involved in the development of non-grain crops. In contrast, the global Moran's
I'value of —0.002 for the IMR did not pass the significance level test (p < 0.05), with this result
related to the small size and scattered distribution of this type of NGPCL.

The calculation results of Equation (3) were visualized using ArcGIS 10.2 software.
In Le’an County, villages with significant agglomeration characteristics represented 83.1%
of the five types of NGPCL that passed the significance test, with the UCL type being the
largest, followed by the Overall and PNGC (Figure 4). The “low-low” type of NGPCL
clustering comprises nearly 50% of the total, with significant differences in distribution
observed among varying kinds of NGPCL. This pattern is primarily concentrated in the
northern part of the county, including Daifang, Gongfang, Shandang, and Nancun town-
ships, with sporadic appearances in villages of other towns. These areas have lower levels
of NGPCL and are predominantly focused on grain cultivation. On the other hand, the
“high-high” type of NGPCL agglomeration is about 34.74%, being mostly distributed in
areas with high rates of NGPCL and evenly distributed among various types of NGPCL.
This type of NGPCL is also concentrated in the eastern part of the county, such as Gugang,
Zhaoxie, Jinzhu, and Gongxi townships, as well as the county seat Aoxi Town, indicating
that these areas are more prone to non-grain crop growth, reflecting the role of economic
conditions and transportation locations in promoting non-grain crop production.

WRNeh

a. UCL

b. PNGC c.ENR e.Overall

Non-significant | High-High BB High-Low WM Low-High | Low-Low

Figure 4. LISA map of the NGPCL rate at the village scale. (a) UCL; (b) PNGC; (c) ENR; (d) IMR;
(e) Overall.

3.3. Driving Factors Analysis of NGPCL

The background of natural resources and social and economic development status in
different regions of Le’an County are diverse, and the dominant factors of different types of
NGPC also vary. With each type of NGPCL being the dependent variable and the selected
driving factors being independent variables (Table 1), the geographical detector model
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quantitatively analyzed each element to identify the dominant factors of NGPCL based on
Equation (4) (Table 3). In order to make up for the lack of interpretation of the positive and
negative effects of the driving forces of the factors, the rates of NGPCL and each factor are
drawn on a scatter plot, and the driving force direction is determined using the trend line.
There are significant differences between the driving forces of each factor regarding the rate
of overall NGPCL in Le’an County and different types of NGPCL. The per capita cultivated
land area and traffic convenience are negative driving forces, while all other factors were
positive driving forces.

Table 3. Detection results of the driving factors of various types of NGPCL.

q Value X1 X2 X3 X4 X5 X6 X7 X8 X9
UCL 0.274 % 0.320 * 0.205 * 0.129 * 0.259 * 0.075 0.137 % 0.138 * 0.024

PNGC 0.021 0.003 0.231 % 0.290 * 0.029 0.111 0.036 0.066 0.175
ENR 0.261 * 0.272 % 0.107 * 0.437 * 0.357 % 0.143 * 0.122 % 0.189 * 0.014
IMR 0.011 0.006 0.066 0.018 0.023 0.062 0.022 0.012 0.026

Overall 0.312* 0.305 * 0.261* 0.358 * 0.271* 0.160 * 0.124 * 0.183 * 0.048

Note: * p < 0.05.

The dominant driving forces of overall NGPCL in Le’an County were slope, altitude,
and cultivated land protection intensity, which had g-values of 0.312, 0.305, and 0.358,
respectively. Altitude and slope significantly positively affected the NGPCL in 2019 in
Le’an County. Specifically, the steeper the slope and higher the altitude, the higher the
NGPCL. In areas with slope gradients of less than 15°, the area covered by non-grain
production accounted for 94.35% of the total NGPCL area, while the NGPCL rate only
accounted for 13.05% of that area. However, in areas with slope gradients greater than
35°, cultivated land that was used for non-grain production covered only 2.31 ha, and
the NGPCL rate was as high as 82.70% (Figure 5a). In areas located at altitudes of less
than 200 m, 3837.54 ha of cultivated land was used for non-grain production, and the
NGPCL rate was only 12.08%, while the 0.11 ha of cultivated land located at altitudes
above 1000 m was used for non-grain production (Figure 5b). The primary reason for
this trend is that the cultivated land in regions with steep slopes and high altitudes is
limited and fragmented due to inadequate farming and irrigation infrastructure, resulting
in the reduced profitability of grain production and the higher prevalence of NGPCL. The
intensity of cultivated land protection in Le’an County did not yield the expected results.
In 2019, the NGPCL area accounted for 3262.26 ha, or 49.32%, of the total NGPCL area
located in the permanent basic farmland protection area. The substantial area of NGPCL
within the permanent basic farmland protection area reveals that the delineation of the
reserve did not effectively control the expansion of NGPCL in Le’an County. Meanwhile,
the results of the geographical detector model analysis and the scatter plot analysis show
that there is a significant positive correlation between the rate of NGPCL and the intensity
of cultivated land protection (Table 3 and Figure 6), which indicates that the NGPCL rates
in villages with larger permanent basic farmland protection areas are higher.
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Figure 5. Terrain zoning statistics of NGPCL: (a) altitude zoning statistics of NGPCL; (b) slope zoning
statistics of NGPCL.
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Figure 6. Scatter plot of the impact of driving factors on NGPCL.

The primary factor influencing the presence of unplanted cultivated land (UCL) was
the altitude, which had a g-value of 0.320, while the dominant factor influencing the
planting of non-grain crops (PNGC) was the area of cultivated land per capita, which had
a g-value of 0.290. As altitude increases, cultivated land becomes more fragmented, and
the cost and difficulty of planting crops also increase, leading to the abandonment of the
land. The planting of non-grain crops is mainly distributed in regions with vast arable
land resources, and the higher per capita cultivated land area leads farmers to put the
extra cultivated land to more economically efficient use via non-grain crop cultivation after
meeting their own food needs, resulting in a higher level of NGPCL.

The main factors driving engineering recoverable (ENR) cultivated land were the
intensity of cultivated land protection and ecological protection, which had g-values of
0.437 and 0.357, respectively. Permanent basic farmland reserves and ecological protec-
tion red line areas were often areas with better agricultural production conditions and
an excellent ecological environment, though driven by economic incentives and the lack
of strict implementation of policy control, some farmers have transformed their arable
land into orchards, woodlands, or other agricultural lands to grow cash crops, lead-
ing to a high degree of NGPCL. All of the immediately recoverable (IMR) cultivated
land factors did not pass the significance test, which is somewhat related to the small
proportion of such types relative to the total NGPCL land area and the random causes
of their formation.
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4. Discussion
4.1. NGPCL in Hilly and Mountainous Areas

The rate of overall NGPCL in hilly and mountainous areas located in Le’an County
is lower than the national average [5], but it is higher than that identified in other major
grain-producing regions [39]. Compared to the plain areas, the hilly and mountainous areas
are more suitable for developing the forestry and fruit industries [54]. At the same time,
due to the increasing attention paid to ecological civilization construction, the increase
in vegetation coverage inevitably encroaches on some cultivated land, and Le’an County
faces the same dilemma as other mountainous areas regarding ecological construction and
cultivated land protection [55].

In Le’an County, the spatial pattern of NGPCL exhibits distinct characteristics. Specifi-
cally, adjustable and unplanted land dominates the NGPCL, being primarily distributed
in high mountain areas, such as Zhaoxie, Jinzhu, and Gugang. The focus on prioritizing
ecological preservation efforts has resulted in the sizable transformation of arable land
into forested areas in conjunction with elevated land abandonment, and the latter trend
can be attributed to the challenging terrain. In contrast, the cultivated land used to plant
non-grain crops is chiefly concentrated in the county seat and low hilly areas, such as
Niutian, Gongfang, and Shandang. This distribution pattern suggests that cultivated land
with better resource endowment conditions is often prone to changes in planting structure,
while cultivated land with poor conditions is more susceptible to changes in the agriculture
industry’s structure or abandonment [56-58].

There is a significant spatial aggregation and diffusion effect of NGPCL in the study area,
which is consistent with results of other regional studies [16,20]. The cultivated land with
high altitudes and steep slopes has poor irrigation conditions, and it is difficult to carry out
mechanized production, meaning that farmers often choose to abandon land or plant more
economically efficient cash crops after weighing. In the social network that stems from rural
acquaintance, farmers imitate and learn from each other’s planting behaviors [59]. Once a
farmer who grows non-grain crops achieves better economic returns, the surrounding farmers
often make the same choice, as they’re driven by their financial interests.

4.2. Cultivated Land Protection Policy and NGPCL

China’s per capita cultivated land area is less than half of the global average, and it
is China’s basic national condition that there are more people and less land, as well as
insufficient reserve cultivated land resources. Therefore, the Chinese Government has
optimized cultivated protection policies for many years. Implementing the “Land Man-
agement Law” in 1987 marked the beginning of the institutionalization, legalization, and
institutionalization of cultivated land protection and quality management in China [60]. In
2008, the State Council of China issued the “Outline of the National Overall Land Use Plan
(2006-2020)”, which also made clear requirements regarding the quantity and quality of
cultivated land [61]. Subsequently, a series of measures were introduced regarding the cul-
tivated land requisition-compensation balance, the implementation of the permanent basic
farmland system, the curbing of non-agriculturalization, and the prevention of non-grain
production of cultivated land, and China has, thus, gradually formed a comprehensive
protection and utilization system that takes into account quantitative protection, quality
construction, and ecological maintenance [62]. The government has devised a complete
top-level design program for cultivated land protection. However, as far as the results
of this study are concerned, the cultivated land protection policy has yet to achieve the
desired results. The behaviors of abandoning cultivated land and destroying the soil layer
of cultivated land are frequently displayed, and the phenomenon of NGPCL needs to be
effectively curbed. This issue has been confirmed in other studies [20], indicating the broad
nature of this phenomenon and the complexity of the reasons behind it.

The NGPCL is affected by a combination of multiple conflicts, of which food security
and economic efficiency are major examples [63]. The cultivation of non-grain crops by
farmers and other business entities can contribute to increased income, while government
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promotion of non-grain crop planting can foster regional economic development and reflect
managerial performance [64]. The central government’s willingness to protect cultivated
land is strongest at this time, and the upward extension of this willingness to protect
cultivated land may render the original cultivated land protection policy ineffective [65].
Given that farmers and the government can economically benefit from this situation,
cultivating land protection measures may be overshadowed by the pursuit of maximum
economic advantage. This issue explains why managers tend to blur the concept of NGPCL
to avoid certain regulatory restraints and prioritize adherence to the red line of 1.8 billion
mu of cultivated land, rather than monitoring agricultural production that occurs on
cultivated land. On one hand, it is the most stringent farmland protection system, while on
the other hand, it causes a disparity between the goal of farmland protection and the actual
results. Moreover, due to variations in the intensity of current farmland protection policies
and legal provisions [66], the awareness of the grain production responsibilities of farmers
and other business entities is still relatively low, and the independent management behavior
of farmers has not been constrained, which has caused difficulties in the management of
NGPCL. The farmland land protection policy is the result of the balancing of multiple
interests [67], and the best way to adjust the policy to mobilize farmers, government,
and society to participate in the prevention and control of NGPCL and guarantee food
production should be the focus of future research.

4.3. Policy Implications

In the context of ecological construction in hilly and mountainous areas, the conversion
of cultivated land into forest land and the abandonment phenomenon are the main problems
related to the influence of topography and terrain. Together with the failure of the cultivated
land protection policy, the various types of NGPCL trends are apparent. With these issues
in mind, based on the actual situation of hilly and mountainous areas, we put forward the
following proposals from the perspective of balancing food security and economic benefits.

To promote the implementation of land improvement and the construction of high-
standard farmland, land leveling of terraced fields and fragmented arable land in hilly
and mountainous areas should be prioritized to increase the mechanization of arable land.
Additionally, opening up the connection between field paths and main roads should be
considered to improve the traffic location conditions of cultivated land. Finally, advancing
the construction of the agricultural irrigation capillary network can help to reduce irrigation
costs for farmers.

It is essential to consider their unique characteristics to effectively manage different
types of NGPCL (Figure 7). Engineering recoverable cultivated land, which is difficult
and expensive to restore, should undergo land remediation assessment and restoration
in phases. When planting non-grain crops, improving the industrial layout is crucial to
guide the rational concentration of economic crops and prevent disorderly expansion.
Ecological planting should also be promoted to reduce damage to the soil cultivation
layer. Addressing the problem of idle cultivated land, especially the abandonment of
high-quality cultivated land, is crucial to prevent and control the NGPCL. Measures such
as guiding land transfer and improving incentives for planting should be actively pursued.
Finally, immediate control measures must be implemented to prevent the conversion of
immediately recoverable cultivated land into engineering recoverable cultivated land.

Improved laws and regulations related to the protection of cultivated and strengthened
government oversight are required. Under the premise of considering farmers’ interests,
government must construct matching laws and rules that reflect the strict cultivated land
protection policy and increase the penalty and cost of breaking laws related to damaging
cultivated land. At the same time, the government’s supervision and management functions
should be strengthened, and non-grain production activities within basic farmland should
be strictly prohibited to ensure the reasonable use of cultivated land. Government should
also enhance education and make farmers and other businesses aware of their primary
responsibility to protect cultivated land.
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Figure 7. Control processes and objectives for the different types of NGPCL.

4.4. Limitations and Future Prospects

This paper analyzes the current situation and spatial distribution of non-grain produc-
tion of cultivated land in hilly and mountainous areas using authoritative and detailed land
use data, providing a new approach for the comprehensive understanding of non-grain
production of cultivated land in China. On this basis, we summarize four different types of
non-grain production of cultivated land, explore their drivers based on the village scale,
and propose coping strategies. This paper provides new insights into the refinement of
non-grain production of cultivated land for prevention and control at the village scale. The
study results closely reflect the problem of non-grain production of cultivation land in
hilly and mountainous areas, making it an essential reference for policy formulation and
management of government departments. However, this paper still has some limitations.
Firstly, there is a current need for a unified understanding of NGPCL by the Chinese Gov-
ernment and academia [68], resulting in different criteria being used to identify NGPCL
in different regions. We combined current research results, field surveys, and experts’
opinions to classify the types of NGPCL based on a broad definition. This discrepancy may
result in variations in the research findings being observed in other locations. Secondly, as
we were limited by data availability, we only analyzed a single-time cross-section, which
may affect our judgements of the trend of changes in NGPCL.

In the follow-up study, we should focus on establishing a unified understanding
of NGPCL by combining theoretical and practical perspectives, enabling more effective
horizontal comparisons. Meanwhile, data sources need to be enriched to conduct dynamic
monitoring studies over long time series. Furthermore, it is crucial to consider the decision-
making processes of the main management body, and future research can further explore
the driving forces of NGPCL by conducting household surveys.

5. Conclusions

The study of NGPCL in hilly and mountainous counties is of great significance to
ensuring food security, but there are few related studies. Based on the Third Land Survey
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data of Le’an County, this paper analyzes the spatial distribution pattern and spatial
differentiation characteristics of NGPCL in Le’an County and discusses the driving forces
of NGPCL using the geographical detector model. The main conclusions are as follows.

In 2019, the rate of NGPCL in Le’an County was about 18.53%; the area of engineering
recoverable cultivated land was the largest, and significant ratios of adjustment of cultivated
land to forest land, garden land, and other agricultural land uses were recorded. The aban-
donment of high-quality paddy fields and non-grain production in drylands is prominent,
and the dominant areas of food production overlap with the concentration of NGPCL.

The spatial distribution of NGPCL in Le’an County has a spatial correlation. Excluding
the immediately recoverable cultivated land, the rates of the remaining four types of NGPCL
showed spatial clustering. The high-value areas were concentrated in the townships of Aoxi,
Gugang, Zhaoxie, and Jinzhu, and the low-value areas were concentrated in Gongfang,
Daifang, and Shandang.

The NGPCL in Le’an County is driven by a combination of natural, social, and
economic factors, and there is variability in the magnitude and direction of the driving
forces of each factor. Slope, altitude, and cultivated land protection intensity have essential
impacts on the overall NGPCL. Altitude is an important factor driving UCL, PNGC is
mainly influenced by the area of cultivation per capita, and cultivated protection intensity
and ecological protection intensity are the main drivers of ENR.
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