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Abstract: Research on land resource carrying capacity (LRCC) focuses on the population that regional
land resources can support as well as the grain output they can deliver. China’s major grain-producing
areas consist of 13 provinces, and the grain produced in these areas makes up 75% of the country’s
gross grain output. To boost the land carrying capacity of major grain-producing areas and to ensure
national food security, it is crucial to examine the spatial–temporal evolution patterns of LRCC and to
devise optimal regulatory strategies. From the perspective of human–grain relationships, this paper
looks into the evolutionary features of the spatial–temporal patterns of the LRCC of China’s major
grain-producing areas based on a land resource carrying capacity model, a land resource carrying
capacity index model, and a land resource limitation model. We obtain three main results: (1) On the
temporal scale, the land resource carrying capacity index (LRCCI) of China’s major grain-producing
areas as a whole tapered off over a period from 1980 to 2020, whereas the overall LRCC increased in
this period, indicating that the human–grain relationship in China’s major grain-producing areas is
improving. (2) On a spatial scale, China’s major grain-producing areas ranked by LRCC from the
greatest to the lowest, in 2020, were North China, the middle and lower reaches of the Yangtze River,
Northeast China, and other regions. In terms of the carrying state of land resources, provinces with
grain surpluses significantly rose during 1980–2020, the growth of LRCC of the aforementioned four
major regions markedly slowed down in 2015–2020, and a large gap exists in LRCCI between the
13 provinces, revealing an unbalanced, insufficient development of LRCC in each province. (3) From
2000 to 2020, the limit of land resources on population aggregation in most major grain-producing
areas was negative, and its absolute value continued to increase; this suggests that the land resources
of major grain-producing provinces set small limits on population aggregation, with great potential
for increasing LRCC. Taking into account the research results, this paper gives strategies for regulating
the LRCC of China’s major grain-producing areas in a bid to further augment the human–grain
carrying capacity of land resources in China’s major grain-producing areas and to guarantee national
food security.

Keywords: human–grain relationship; land resource carrying capacity; spatial–temporal pattern;
regulatory strategies

1. Introduction

The land resource carrying capacity (LRCC) is defined as the number of people a
country or region can sustain with the food produced from its land resources under natural,
social, and economic constraints [1,2]. It mirrors relations between land, population, and
food. LRCC plays a central role in regional food security; likewise, the LRCC of major
grain-producing areas relates largely to national food security [3]. China’s food security
has been a global concern [4,5]. In recent years, industrialization and urbanization in China
quickened their pace, and these are accompanied by a population boom; as a result, arable
land is increasingly being used for construction purposes [6–8]. The growing population and
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overused farmlands pose a major threat to China’s land resource carrying capacity [9–11].
Moreover, China’s food security has been under the spotlight, as concerns with arable
land degradation, inefficient use, and other land use issues have intensified [12]. In this
context, a study on the LRCC of China’s major grain-producing areas and its spatial–
temporal evolution from the perspective of the human–grain relationship helps identify
the features and rules of the spatial–temporal evolution pattern of LRCC of China’s major
grain-producing areas, ensures the grain production and population carrying capacity of
these areas, and thereby safeguards the national food security of China.

The idea of carrying capacities may have its origins in the land use practices of
prehistoric pastoral tribes. In ecology, this term generally denotes the number of people that
a standard land area can sustain in the long term [2,13]. As its connotation is expanding
and diversifying, its concept extends to other disciplines [1,14–17]. A typical example
is land resource management, where the carrying capacity is often a reflection of the
population–food relationship in a region. Scholars researched the carrying capacity of
land resources with substantial results. The scope of their research involves farmland and
urban land and is advancing to wider spatial regions from a single city [18–20]. In terms of
content, in-depth research has been conducted on the connotation of LRCC [1,21], its spatial
and temporal changes [22,23], improvement measures [24,25], and so on. With regard to
research methodologies, scholars often choose tools such as the ecosystem approach [26],
the synthetical index method [27,28], and land resource carrying capacity model [19,26].
As the review of available literature suggests, most scholars simply analyze the regional
LRCC level and evaluate the LRCC level by composite index. These researches do help us
understand the LRCC level better. However, due to the diversity of research methods and
evaluation indexes, it is difficult to compare the differences in the evaluation results of the
temporal and spatial scale of the LRCC in a larger scale, which consists of lots of research
units, because of the lack of the unified evaluation methods and indicators. This comparison
between research units is of great importance because the research units’ comparison could
offer us a more clearly understanding of the difference on the evolution pattern of the level,
status, development trend, and targeted regulatory strategies of LRCC in a larger, regional
scale. Thus, in this study, the unified and standardized evaluation models of land resource
carrying capacity and land resource carrying capacity index in the Technical Guidelines for
National Population Development Functional Zones of China are selected. Additionally,
the spatial–temporal evolution pattern of land resource carrying capacity at the provincial
scale in China’s major grain-producing areas was studied from 1980 to 2020 to develop a
better understanding about the spatial–temporal evolution pattern of the LRCC in China’s
major grain-producing areas and lay a foundation for the national food security.

China’s major grain-producing areas comprise 13 provinces (autonomous regions),
namely, Inner Mongolia Autonomous Region, Liaoning Province, Jilin Province, Hei-
longjiang Province, Shandong Province, Hebei Province, Henan Province, Jiangsu Province,
Anhui Province, Jiangxi Province, Hubei Province, Hunan Province, and Sichuan Province.
They account for more than 75% of the total grain production of China [29,30] and are crucial
to China’s food security. In the case of a crisis in the LRCC in these major grain-producing
areas, a food crisis in China and globally would be inevitable [31]. Although the 13 major
grain-producing provinces in the study areas are all important national grain-production
bases, there are significant differences in many of their aspects among provinces, such as
the main functional area orientation, the level of socio-economic development, the tension
degree of the human–grain relationship, the level of agricultural productivity, the level
of food production technology innovation, and the distribution of agricultural subsidies.
On the basis of analyzing the spatial–temporal evolution characteristics of LRCC and the
characteristics of land resource limitation degree (LRLD) in each province, we should
closely combine the local characteristics and evolution characteristics of LRCC in each
province, focus on the level of LRLD, and combine the agricultural production situation and
the human–grain relationship in each province to propose effective and targeted land use
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regulation policies, to improve the level of LRCC of each province, to realize the sustainable
use of regional land resources, and to ensure the national food security of China.

Therefore, from the perspective of the human–grain relationship, this paper takes
the above 13 provinces in China’s major grain-producing areas as the study areas. This
study examines how the LRCC of the 13 provinces evolved in both spatial and temporal
dimensions during 1980–2020 based upon the land resource carrying capacity model and
the land resource carrying capacity index model. Moreover, this study explores how the
land resources of China’s major gain-producing areas limit population aggregation, size,
and distributions, utilizing a land resource limitation model. Then, the study proceeds
with regulatory strategies for the LRCC of China’s major grain-producing areas from the
aspect of human–grain relationships. Its outcomes may serve as a reference for boosting
the LRCC in China’s major grain-producing areas, balancing the human–grain relationship,
and ensuring national food security. In theory, the results of the study could reflect the
population that can be supported by the land grain output of each province in China’s
major grain-producing areas based on the human–grain relationship without considering
the grain trade in the last 40 years, which is a useful supplement to the existing research
that only evaluates the regional land resource carrying capacity. The research results are
of great importance to provide scientific basis for land resource development, population
distribution, food security, and land resource sustainable development in China’s major
grain-producing areas in the future.

The remainder of this paper is structured as follows. Section 2 describes the study
areas and data source. Section 3 describes the methodology. The land resource carrying
capacity model is used to calculate the evaluation value of LRCC based the human–grain
relationship. The land resource carrying capacity index model is used to explore the
relationship between the actual population and the theoretical population sustained in the
study areas. Moreover, the land resource limitation model is used to evaluate the LRLD of
land resource on population aggregation. Section 4 discusses the empirical results of the
models. Section 5 presents the regulatory strategies for different regions to improve the
LRCC level. Section 6 presents the discussion and conclusions of this study.

2. Study Areas and Data Source
2.1. Study Areas

The study areas in this paper are China’s major grain-producing areas that are defined
by the 2001 reform of the grain circulation system as 13 provinces (autonomous regions),
viz., Liaoning, Jilin, Heilongjiang, Inner Mongolia, Shandong, Hebei, Henan, Jiangsu,
Anhui, Jiangxi, Hubei, Hunan, and Sichuan [29,30] (Figure 1). Geographically, the study
areas are divided into four regions: Northeast China (Liaoning, Jilin, and Heilongjiang),
North China (Shandong, Hebei, and Henan), middle and lower reaches of the Yangtze
River (Jiangsu, Anhui, Jiangxi, Hubei, and Hunan), and other regions (Inner Mongolia
Autonomous Region and Sichuan) [31].

According to the statistical bulletin of the provinces in 2019 with respect to national
economic and social developments, the total area of the study areas is approximately
3.78 million km2, comprising 39.33% of the total area of the country. In 2021, the grain-sown
area hit 88,569,100 ha, with 75.29% being the total grain-sown area, and the total grain
output was 536,025,400 tons, accounting for 78.50% of the total grain output of the country.
In topography, these areas are dominated by plains or low hills with warm and humid
climates and fertile soil that is suitable for growing grains [32].
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Figure 1. The location of 13 provinces of China’s major grain-producing areas (the map of China
in the figure was produced under the supervision of the Ministry of Natural Resources of People’s
Republic of China, drawing number: GS (2019) No. 1822).

2.2. Data Source

Data in this research contain statistical data and data on geographic information.
The statistical data regarding grain output, land area, arable land area, and the total
population of the 13 provinces in China’s major grain-producing areas are from 1980 to
2020. These data mainly come from the statistical yearbook of each province in 1980
to 2020, which can be obtained from http://www.chinayearbook.com/ (accessed on
17 August 2022), as well as the official website of National Bureau of Statistics of China,
http://www.stats.gov.cn/tjsj/ndsj/ (accessed on 12 September 2022). As for the data
on geographic information used in this research, the data are mainly obtained from
https://www.resdc.cn/ (accessed on 17 July 2022).

3. Methodology
3.1. Land Resource Carrying Capacity Model

The land resource carrying capacity integrally reflects the relationship between land,
food, and population in a region. By measuring the size of the population, whether regional
food productivity can sustain a certain level of food consumption can be determined [26,33]
and evaluated by a land resource carrying capacity model. The computational formula is
described as follows.

LRCC = LP/FCpc (1)

In Formula (1), LRCC denotes the land resource carrying capacity based on the
human–grain relationship (unit: person); LP denotes land productivity and is represented
by grain output (unit: kg); FCpc indicates the food consumption per capita, namely,
400 kg/person/year as the per capita nutritional security consumption standard according
to the international common standard [34].

http://www.chinayearbook.com/
http://www.stats.gov.cn/tjsj/ndsj/
https://www.resdc.cn/
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3.2. Land Resource Carrying Capacity Index Model

To analyze the relationship between the real population size and the regional LRCC, a
land resource carrying capacity index model was employed to explore the relation between
the actual population and the theoretical population sustained in the major grain-producing
areas [29] in a bid to measure the LRCC in these areas. The formula is as follows.

LRCCI = Pa/LRCC (2)

In Formula (2), LRCCI denotes the land resource carrying capacity index; Pa is the
real population size (unit: person); and LRCC means the land resource carrying capacity
(unit: person). By referring to the existing literature [35], this paper classifies the LRCC in
different regions into three categories and six carrying states of land resources according to
LRCCI (Table 1).

Table 1. Type of LRCC based on LRCCI.

LRCC Type LRCCI Per Capita Share of Grain (Unit: kg/Person)

Grain surplus
Great surplus ≤0.5 ≥800

Surplus 0.5–0.875 457–800

Human–grain balance
Slight surplus 0.875–1.0 400–457

Almost overloaded 1.0–1.125 356–400

Population overload
Overload 1.125–1.5 267–356

Serious overload >1.5 <267

According to Table 1, if a region has a grain surplus, then LRCCI is less than or equal
to 0.875, and the regional per capita share of grain is greater than or equal to 457 kg/person.
A grain surplus indicates that the gross grain output in the region is greater than the total
grain consumption of the population, with ample grain yields in the region. The grain
surplus can be subdivided into great surplus and surplus. An LRCCI within a range of
0.875 to 1.125 shows that the gross grain output and the total grain consumption of the
population in the region are balanced; that is, they are in a state of human–grain balance.
In this state, the per capita share of grain is within the range of 356 to 400 kg/person.
The human–grain balance can be subdivided into two states, slight surplus and almost
overload. An LRCCI greater than 1.125 indicates that the gross grain output is less than
the total grain consumption of the population in a region, and the per capita share of grain
is less than 356 kg/person, which denotes a population overload, and food shortage is
rather serious in this state. Population overload can be further divided into overload and
serious overload.

3.3. Land Resource Limitation Model

The land resource limitation degree refers to the limitation degree of land resources
on population aggregation, size, and distribution patterns. It can clarify the features and
rules of population distributions from the perspective of land resources [3]. Based on the
provincial level of China’s major grain-producing areas, a land resource limitation model is
combined with the land resource carrying capacity index model to facilitate the analysis of
the limitation degree of land resources on population aggregation in 13 provinces and the
clarification of the population distribution of China’s major grain-producing areas based
on land resources. The calculation formula is as follows.

LRLD = Po/Pa × 100 (3)

In Formula (3), LRLD represents land resource limitation degree; Po is the number
of overloaded populations relative to the land resources in each province; Pa denotes the
real population of each province; the larger the LRLD, the stronger the limitation of land
resources on population aggregation in that province.



Land 2022, 11, 2127 6 of 17

According to the definitions of the three above models, the land resource carrying
capacity model can reflect the population that the grain-production ability in the study
areas can support under the current grain consumption level. The land resource carrying
capacity index model can reflect a proportional relationship between the actual population
and the theoretical carrying population under the current human–grain relationship level.
The land resource limitation model can reflect the relationships among regional land, food,
and population and can reflect the limitation degree of land resources relative to population
aggregation. According to the econometric analysis results of the above models, we can
explore the regional LRCC based on the human–grain relationship and find out which
aspect of land, food, and population should be used to improve the regional LRCC. That is
to say that the results of the models can directly show which perspective, such as land use,
food production, and population mobility, should be focused upon in implementing control
countermeasures to reduce the restriction of land resources on population aggregation,
based on the consideration of the human–grain relationship. The results of models can lay
a theoretical foundation and provide scientific basis for proposing regulatory strategies to
improve the level of LRCC in the study areas.

4. Results
4.1. Land Resources Use Status of China’s Major Grain-Producing Areas

Table 2 describes the land resources use status of 13 provinces of China’s major grain-
producing provinces in 1980 and 2020, including land area per capita, arable land area per
capita, and grain yield per unit of arable land.

Table 2. Land resources use status of China’s major grain-producing areas in 1980 and 2020.

Year 1980 2020

Province
Land Area per

Capita
(Hectare/Person)

Arable Land
Area per
Capita

(mu/Person)

Grain Yield
per Unit of

Arable Land
(ton/Hectare)

Land Area per
Capita

(Hectare/Person)

Arable Land
Area per
Capita

(mu/Person)

Grain Yield
per Unit of

Arable Land
(ton/Hectare)

Heilongjiang 0.63 4.10 1.67 1.48 8.13 4.39
Jilin 0.16 2.74 2.13 0.73 3.25 4.62

Liaoning 0.42 1.62 3.25 3.53 1.78 5.11
Inner Mongolia 3.54 4.20 0.75 2.77 5.79 3.95

Hebei 0.36 1.93 2.29 0.25 1.21 6.29
Henan 0.23 1.47 3.01 0.17 1.06 8.37

Shandong 0.21 1.32 3.27 0.16 1.12 7.19
Jiangxi 0.51 1.11 5.17 0.31 0.75 7.95
Jiangsu 0.17 1.76 3.47 0.13 0.81 8.14
Hubei 0.37 1.13 4.11 0.32 1.24 5.72
Hunan 0.40 0.93 8.11 0.29 0.81 7.69
Sichuan 0.68 1.02 5.34 0.58 1.20 5.25
Anhui 0.28 1.37 3.25 0.19 1.16 7.25

Average 0.45 1.90 3.19 0.59 2.18 6.30

Note: 1 mu = 0.667 hectare.

Table 2 reveals that the land area per capita in China’s main grain-producing areas
rose by 0.14 ha/person from 1980 to 2020. Among the 13 provinces, only Heilongjiang
and Jilin experienced an increase in land area per capita, whereas the other provinces had
declining land area per capita. This implies that most of the 13 provinces were experiencing
population growth, leads Heilongjiang experiencing the greatest increase (0.85 ha/person)
and Inner Mongolia experiencing the greatest decrease (0.77 ha/person) of land area
per capita. In terms of the arable land area per capita, the major grain-producing areas
witnessed an increase of 0.28 mu/person in general. Among the 13 provinces, 6 provinces
(Heilongjiang, Jilin, Liaoning, Inner Mongolia, Hubei, and Sichuan) had an upward trend,
whereas 7 provinces—Hebei, Henan, Shandong, Jiangxi, Jiangsu, Hunan, and Anhui—
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showed a downtrend, with Heilongjiang experiencing the largest increase (4.03 mu/person)
and Jiangsu experiencing the largest drop (0.95 mu/person). With regard to the grain
yield per unit of arable land, the major grain-producing areas experienced an increase of
3.11 tons/ha. Among the 13 provinces, only Hunan and Sichuan showed a downtrend,
while the rest showed an increase compared with 1980, with Henan experiencing the
greatest growth at 5.36 tons/ha.

In 2020, the land area per capita, arable land area per capita, and grain yield per unit
of arable land in major grain-producing areas were 0.59 hectares/person, 2.18 mu/person,
and 6.30 tons/hectare, respectively. By region, the land area per capita of Inner Mongolia
was the largest at 2.77 hectares/person, which is above the average of the major grain-
producing areas. In addition to Inner Mongolia, the land area per capita of Heilongjiang
and Jilin was also above average, while that of the remaining 10 provinces was below
average, with Jiangsu Province being the lowest at 0.13 hectares/person. The arable land
area per capita of the major grain-producing areas averaged 2.18 mu/person. The arable
land area per capita of Heilongjiang, Jilin, and Inner Mongolia was above average, and
that of the remaining provinces was below average, with Heilongjiang having the largest
arable land area per capita of 8.13 mu/person and Jiangxi Province having the smallest at
0.75 mu/person. In terms of grain yield per unit of arable land, the average of the major
grain-producing areas was 6.30 tons/ha, with Hebei, Henan, Shandong, Jiangxi, Jiangsu,
Hunan, and Anhui above the average and the rest below the average. Henan Province had
the highest grain yield per unit of arable land at 8.37 tons/ha and Inner Mongolia had the
lowest at 3.95 tons/ha.

4.2. Spatial–Temporal Patterns of LRCC of China’s Major Grain-Producing Areas
4.2.1. Temporal Evolution Features of Land Resource Carrying Capacity

Table 3 displays the LRCC and LRCCI of the 13 provinces in China’s major grain-
producing areas in 1980, 1985, 1990, 1995, 2000, 2005, 2010, 2015, and 2020. As Table 3
represents, from 1980 to 2020, the average value of the LRCC in China’s major grain-
producing areas showed an upward trend, from 42 million people in 1980 to 99.2 million
people in 2020. In terms of regions, the land resource carrying capacity in all provinces
increased to a certain extent, among which Heilongjiang Province had the largest increase,
from 33.66 million people in 1980 to 188.5 million people in 2020, which is an increase of
15.484 million people. Hunan Province has the lowest increase, from 66.4 million people
in 1980 to 75.4 million people in 2020, with an increase of only 9 million people. At the
same time, the LRCC of each province changed unsteadily from 1980 to 2020, with a large
increase and decrease; moreover, from 2015 to 2020, the LRCC of Heilongjiang, Jilin, Jiangxi,
Hubei, and Hunan provinces decreased to a certain extent.

Generally, the average value of LRCCI of the major grain-producing areas in China
showed a downward trend from 1980 to 1995, an upward trend from 1995 to 2000, and a
downward trend from 2000 to 2020. From the perspective of the subregions, from 1980 to
2020, with the exception of Hunan Province, the LRCCI increased from 0.796 in 1980 to
0.968 in 2020, showing an upward trend, and the land resource carrying capacity index of
the other 12 provinces showed a downward trend as a whole, indicating that the carrying
state of land resources in the major grain-producing areas of China gradually improved and
the grain production level gradually improved. Specifically, the LRCCI in Inner Mongolia
decreased the most, from 1.893 in 1980 to 0.262 in 2020, a decrease of 1.631, indicating that
the human–grain relationship in Inner Mongolia improved significantly in recent years.
Jiangxi has the lowest decline, from 1.048 in 1980 to 1.001 in 2020, which is a decrease of
0.047, and there is still a risk of food shortage in Jiangxi Province. In addition, the LRCCI in
Jiangsu, Sichuan, and other provinces did not significantly improve from 1980 to 2020.
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Table 3. LRCC and LRCCI of 13 provinces in China’s major grain-producing areas (unit: 100 million
people, %).

Province Index 1980 1985 1990 1995 2000 2005 2010 2015 2020

Heilongjiang LRCC 0.366 0.351 0.578 0.648 0.636 0.900 1.408 1.904 1.885
LRCCI 0.876 0.956 0.613 0.571 0.598 0.424 0.272 0.185 0.168

Jilin
LRCC 0.215 0.452 0.554 0.609 0.863 1.039 0.681 0.666 0.644
LRCCI 1.028 0.508 0.441 0.419 0.305 0.257 0.400 0.400 0.400

Liaoning LRCC 0.305 0.244 0.374 0.356 0.285 0.436 0.451 0.547 0.635
LRCCI 1.141 1.511 1.048 1.113 1.451 0.960 0.943 0.774 0.660

Inner
Mongolia

LRCC 0.099 0.151 0.243 0.264 0.310 0.416 0.586 0.823 0.916
LRCCI 1.893 1.334 0.889 0.866 0.764 0.578 0.422 0.296 0.262

Hebei
LRCC 0.381 0.492 0.569 0.685 0.638 0.650 0.780 0.901 0.949
LRCCI 1.358 1.128 1.082 0.940 1.046 1.055 0.922 0.816 0.787

Henan
LRCC 0.527 0.678 0.826 0.867 1.025 1.146 1.395 1.618 1.706
LRCCI 1.356 1.158 1.047 1.050 0.925 0.853 0.774 0.693 0.675

Shandong LRCC 0.596 0.784 0.893 1.061 0.959 0.979 1.126 1.287 1.362
LRCCI 1.392 0.983 0.952 0.820 0.938 0.948 0.851 0.767 0.746

Jiangxi LRCC 0.310 0.383 0.415 0.402 0.404 0.463 0.497 0.559 0.541
LRCCI 1.048 0.909 0.911 1.005 1.023 0.927 0.894 0.802 1.001

Jiangsu LRCC 0.604 0.782 0.816 0.822 0.777 0.709 0.821 0.899 0.932
LRCCI 0.982 0.795 0.829 0.860 0.943 1.071 0.958 0.925 0.909

Hubei
LRCC 0.384 0.554 0.619 0.616 0.555 0.544 0.576 0.729 0.682
LRCCI 1.297 0.899 0.879 0.937 1.018 1.049 0.994 0.803 0.847

Hunan
LRCC 0.664 0.629 0.663 0.673 0.692 0.670 0.720 0.774 0.754
LRCCI 0.796 0.894 0.922 0.950 0.948 1.005 0.984 0.936 0.968

Sichuan
LRCC 0.650 0.719 0.817 1.091 0.843 0.803 0.806 0.861 0.882
LRCCI 1.101 1.032 1.322 1.038 0.977 1.023 0.998 0.953 0.949

Anhui
LRCC 0.363 0.542 0.630 0.645 0.618 0.651 0.770 0.885 1.005
LRCCI 1.346 0.951 0.898 0.930 1.016 1.000 0.886 0.785 0.717

Mean
LRCC 0.420 0.520 0.615 0.672 0.662 0.723 0.817 0.958 0.992
LRCCI 1.201 1.004 0.910 0.885 0.919 0.858 0.792 0.703 0.699

As for the carrying state of land resources, from 1980 to 2020, the number of provinces
with a population overload gradually decreased to zero. In 1980, there were seven provinces
in a state of population overload, and in 1985, this decreased to four provinces. In 2000, only
Liaoning had population overload. Since 2005, no province has been in a state of population
overload. From 1980 to 1990, the number of provinces with human–grain balance and grain
surplus increased simultaneously. The number of provinces with human–grain balance
increased from five in 1980 to nine in 1990, and the number of provinces in the state of grain
surplus increased from one in 1980 to three in 1990. In 1995, 2000, 2005, 2010, 2015, and 2020,
there were eight, nine, nine, eight, three, and four provinces in the state of human–grain
balance, respectively, accounting for 61.54%, 69.23%, 69.23%, 61.54%, 23.07%, and 30.77%.
In the above six years, there were three, three, four, five, ten, and nine provinces in the state
of grain surplus, respectively, accounting for 23.07%, 23.07%, 30.77%, 38.46%, 76.92%, and
69.23%. Although the number of provinces with grain surplus is increasing as a whole, the
development of LRCCI in each province is unstable, and there is a large gap in the grain
supply ability. If this is not improved, some provinces may fall into a state of population
overload again.

From a larger-scale, regional angle, the major grain-producing areas of China fall into
four regions: Northeast China, North China, middle and lower reaches of the Yangtze
River, and other regions. Figure 2 illustrates the features of LRCC and LRCCI of the four
regions in the above-mentioned years.
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Figure 2. LRCC and LRCCI of the four regions of China’s major grain-producing areas.

As Figure 2 shows, the average value of the LRCC of the major grain-producing areas
from 1980 to 2020 was in an overall uptrend, which was up nearly from 42 million people
in 1980 to 99.2 million people in 2020. On the whole, the LRCCI showed a downward trend
from 1.201 in 1980 to 0.699 in 2020, and the carrying state of land resources changed from
the population overload state to the human–grain balance state, indicating that the carrying
ability of land resources in major grain-producing areas continuously improved and the
level of grain production continuously improved as well. By region, the four regions varied
considerably with respect to the average value of LRCC. The middle and lower reaches
of the Yangtze River topped the list of the four regions by LRCC from 1980 to 2015, but
North China overtook it in first place in 2020, indicating a muted growth of the LRCC of
the middle and lower reaches of the Yangtze River and a steady increase in North China’s
grain yield. At the same time, the LRCC of Northeast China took second place in 1980–2020,
increasing by 257.18% and demonstrating a boom in the grain production of Northeast
China over the years. Sichuan had a rather low grain yield, with its LRCC at a lower and
fluctuant level. Figure 3 also reveals a significant decline in the growth of the LRCCI of the
four regions in the period of 2015–2020.

4.2.2. Spatial Evolution Features of Land Resource Carrying Capacity

Figure 3 displays the spatial distribution of the LRCC in the 13 provinces of China’s
major grain-producing areas in 1980, 1985, 1990, 1995, 2000, 2005, 2010, 2015, and 2020.

Figure 4 displays the carrying state of land resources in the 13 provinces of China’s
major grain-producing areas in 1980, 1985, 1990, 1995, 2000, 2005, 2010, 2015, and 2020.The
carrying state of land resources was reflected by the LRCCI. Additionally, the classification
standard can be found in Table 1.
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Figure 3. Spatial pattern of LRCC of China’s major grain-producing areas.

As shown in Figures 3 and 4, the LRCC and the carrying state of land resources of the
13 provinces varied from province to province. As for the LRCC, it shows a year-by-year
increasing trend on the whole. The LRCC in Northeast China and some provinces in the
middle and lower reaches of the Yangtze River significantly improved. At all levels, the
overall gap of the LRCCI of each province is narrowing, but in the later 20 years, the
gap widened, with the difference between the highest (Jiangxi Province) and the lowest
(Heilongjiang Province) in 2020 being 0.833. The spatial evolution characteristics of LRCC
and LRCCI demonstrate that an imbalanced development condition remains in the LRCC
in major grain-producing areas.
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Figure 4. Spatial pattern of carrying state of land resources of China’s major grain-producing areas.

As for the LRCCI, it can be explained by combining the land resource carrying capacity
type. In terms of the spatial distribution of LRCCI, from 1980 to 1990, areas with population
overload were dominated by North China, Sichuan, and Inner Mongolia; from 1990 to 2000,
the population overload areas were mainly in Liaoning. As the human–grain relationship
improved, from 2010 to 2020, the LRCCI was low in central and northern China but high
in southern China, and in 2020, most provinces involved had a grain surplus, mainly
Northeast China, North China, and Inner Mongolia. Northeast China is vast in territory
and rich in resources, but it is scarcely populated, and its abundant black soil offers a
great deal of arable land, thus ensuring its grain yield. Three provinces in North China are
located in the North China Plain deposited by the Yellow River, Haihe River, and Huaihe
River, and they are endowed with fertile soil; thus, they are suitable for large-scale grain
cultivation. Inner Mongolia boasts vast stretches of arable land, lies in the Hetao region,
and is ideal for growing plant corn, wheat, and other grain crops.
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4.3. Land Resource Limitation Degree Based on Population Aggregation

Table 4 shows the statistics distribution of the LRLD, and Figure 5 displays the spatial
evolution features of the LRLD of the 13 provinces of China’s major grain-producing areas
in 1980, 1985, 1990, 1995, 2000, 2005, 2010, 2015, and 2020.

Table 4. Statistics of the LRLD of China’s major grain-producing areas in 1980, 1990, 2000, 2010, and 2020.

LRLD 0–20 20–40 40–60 60–80 80–100

Number of provinces in 1980 4 5 1 0 0
Number of provinces in 1990 3 1 0 0 0
Number of provinces in 2000 4 1 0 0 0
Number of provinces in 2010 0 0 0 0 0
Number of provinces in 2020 1 0 0 0 0

Figure 5. Spatial pattern of the LRLD of China’s major grain-producing areas.

As Table 4 and Figure 5 suggest, the number of provinces with an LRLD between
20–40 in 2000 differed largely from that in 1980, and the number of provinces with an LRLD
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between 0–20 in 2020 differed largely from that in 2000. The statistics of the LRLD in the
13 provinces show that the number of provinces with a negative LRLD increased. The
LRLD was negative in most of the 13 provinces between 2000 and 2020, with its absolute
value increasing, indicating that the land resources in the major grain-producing areas of
China set small limits on population aggregation, but it shows great potential for growing
LRCC. According to Figure 5, the LRLD of Jiangxi Province remained within the range of
0–20 in 2020, and it was 0.13. There was only one province with a positive LRLD in 2020,
which indicates that as science and technology advance and agricultural modernization
progresses, the LRLD of China’s major grain-producing areas decreases. Land resources
are not the limiting factor of population aggregation.

5. Regulatory Strategies

Based on the spatial–temporal evolution characteristics of the LRCC, LRCCI, and
LRLD in the 13 provinces of China’s major grain-producing areas from 1980 to 2020, this
paper provides the following regulatory strategies for the LRCC improvement in China’s
major grain-producing areas.

(1) Enhancing technological innovations in grain production. As the results show, Liaon-
ing, Jilin, Heilongjiang, Inner Mongolia, Hebei, Henan, Shandong, and Anhui have
relatively small LRCCI values, with rather stable grain production levels. Hence,
efforts are required in order to fully utilize the resource advantages of these regions,
increase investments in agricultural production science and technology, and cultivate
high-quality seeds with high yields in addition to nonpolluting fertilizers. Stake-
holders may have more new crop varieties planted, reduce farmland pollution, and
enhance the quality of arable land for sustainable grain surpluses.

(2) Introducing social capital for the orderly transfer of land. Provinces such as Jiangsu,
Hubei, Hunan, and Sichuan have high but unstable LRCCI values, with their carrying
state of land resources in a slight surplus. Since societies may not expand farmland
in the absence of significant environmental risks, boosting productivity is the main
method for increasing food production [36], and social capital plays a vital role
in increasing agricultural productivity [37]. Hence, the government is expected
to introduce proper social capital to promote the orderly transfer of arable land
management rights, improve the intensive utilization of arable land, and develop
agriculture on a moderate scale using multiple management models and cooperative
management [38]. These efforts help raise grain yields and achieve grain surplus in
these provinces.

(3) Formulating grain-producing subsidies in line with local conditions. The LRCCI of
Jiangxi Province is between 1.0 and 1.125 from 1980 to 2020, and it is approaching the
overload state with an uptrend value; its land resources limit population aggregation
to some degree, thus posing a threat to the LRCC. Such circumstances necessitate
more food subsidies. Concretely, the government may set competitive grain purchase
prices, motivate farmers to grow grains, and train new professional farmers. The
government can also cut grain production costs, ban the extensive use of arable land
for urbanization purposes, and minimize derelict arable land, with a vision to balance
arable land protection and food production.

(4) Stepping up efforts to develop functional zones for grain production and protec-
tion zones for major grain product production and optimizing the layout of grain-
producing areas. As the LRCC of major grain-producing areas requires balances
and developments, improving the comprehensive agricultural production capacity
in South China and stabilizing grain production in North China are crucial. To this
end, further attempts are needed to develop functional zones for grain production
and protection zones for major grain product production, to facilitate the “North-to-
South Grain Transfer”, and to maintain the balance of grain between southern and
northern China.



Land 2022, 11, 2127 14 of 17

6. Conclusions and Discussion
6.1. Conclusions

In this paper, 13 provinces in major grain-producing areas are taken as the study
areas, and the spatial–temporal evolution pattern of land resources carrying capacities
are examined based on the land resource carrying capacity model and the land resource
carrying capacity index model. The land resource limitation degree state relative to regional
population aggregation is explored by using the land resource carrying capacity limitation
model. The results are as follows.

(1) On a temporal scale, from 1980 to 2020, the LRCC showed an uptrend, changing
from 42 million people in 1980 to 99.2 million in 2020. In contrast, the LRCCI values
took on the opposite trend and dropped from 1.201 in 1980 to 0.699 in 2020. The
opposite evolution trend between LRCC and LRCCI indicated the strengthened the
grain production ability of the study areas. As for the LRLD, in 1980, there were
ten provinces with LRLD that are positive, which shows a high limitation degree of
land resource relative to population aggregation. However, in 2020, there was only
one province that still had a positive LRLD. This evolution feature reflects the great
alleviation of the limitation of land resources on population aggregation. Thus, from a
temporal perspective, the human–grain relationship in China’s major grain-producing
areas indicates an ongoing improvement.

(2) On the spatial scale, the LRCC in Northeast China and some provinces in the middle
and lower reaches of the Yangtze River significantly improved. Although the overall
gap of each province is narrowing as a whole, the gap widened in the later 20 years.
In 2020, North China, middle and lower reaches of the Yangtze River, Northeast
China, and other regions were ranked by LRCC from the greatest to lowest value. In
addition, provinces at a grain surplus level of the carrying state of land resources,
significantly increased during 1980–2020, but the growth of LRCC of the four major
regions significantly slowed during 2015–2020, and the gap of LRCCI between the
13 provinces was large. The spatial evolution characteristics of the LRCC demonstrate
that an imbalance development and insufficient manner condition remains in the
LRCC in the major grain-producing areas of China.

(3) As for the LRLD, most provinces of China’s grain-producing areas had negative
values, which indicated that there was no limitation for land resources on population
aggregation in most provinces. In fact, the LRLD decreased from 1980 to 2020 in the
13 provinces. In 1980, there were ten provinces with a positive land resource limitation
degree; five of them had a 20–40 land resource limitation degree value and four of
them had a 0–20 land resource limitation degree value. In contrast, in 2020, there was
only one province with a positive LRLD value. This indicates that the land resources
of the major grain-producing areas set rather small limits on the population’s size,
with great potentials for LRCC to improve.

6.2. Discussion
6.2.1. Contribution

The results of this paper show that the 13 provinces in the major grain-producing areas of
China varied with LRCC. On the whole, China is witnessing a growing LRCC and improving
human–grain relationships. This coincides with existing research outcomes [21,28,29]. In
comparison to the current literature [17,39,40], this paper integrates the land resource
carrying capacity model, the land resource carrying capacity index model, and the land
resource limitation model together to further explore the LRCC status of major grain-
producing areas in China, rather than evaluating the LRCC level only. Based on the
empirical results, some meaningful findings of this research are that the carrying ability of
land resources for the population in most provinces of China’s major grain-producing areas
increased during the last 40 years, and most provinces have the potential to carry a greater
size of the population based on the current grain-producing ability. In addition, most
provinces show lower limitations for land resources on population aggregation. This paper
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also finds an unbalance and insufficiency of the LRCC of China’s major grain-producing
areas. Therefore, regulatory strategies are proposed to contribute to ensuring national food
security and human-grain balance.

6.2.2. Limitation and Future Perspectives

However, this paper only analyzes the LRCC from the perspective of human–grain
relationships without the consideration of the grain trade between provinces. In fact, the
provinces in China’s major grain-producing areas not only shoulder the responsibility to
offer grain product for itself, but also need to provide grain products for other provinces
that are not defined as the major grain-producing areas. Thus, the grain trade between
provinces should be further considered to improve the calculation accuracy of LRCC for
the provinces in China’s major grain-producing areas. In addition, the LRCC has rich
connotations, and it relates closely to socioeconomic growth and ecosystems. Hence, future
research should study the connotation and extension of LRCC from a wider perspective
and focus on how other factors may affect the carrying capacity of land resources. Finally,
this paper mainly explored the spatial–temporal evolution pattern of LRCC in China’s
major grain-producing areas on the provincial scale. In fact, more accurate and scientific
research results should be reflected in a smaller research scale, such as the county scale.
Thus, a smaller research scale on the spatial–temporal evolution pattern of LRCC can
provide another future research opportunity.
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