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Scientific understanding of the connotation of Green Use of Cultivated Land (GU-
CL) is important to promote sustainable use of cultivated land. This study aims to
analyze the regional heterogeneity of the Green Use Level of Cultivated Land
(GUL-CL) in Heilongjiang Reclamation Area (HRA). Using entropy power method
and coupled coordination degree model, statistical analysis was carried out based
on the data of the HRA in 2020. The results show that the degree of GUL-CL in the
study area is generally well-developed, but internal differences exist. Specifically,
the GUL-CL ranges from 0.590 to 38.179, with a mean value of 8.818. Additionally,
29.204% of the total farms are above the higher level, mainly in Jiansanjiang and
Baoquanling. In environmental friendliness practices, the high-level areas are
concentrated primarily on the Songnen Plain Reclamation Area. Or, the
Sanjiang Plain Reclamation Area positively presents significant effects on
resource conservation. In the study area, spatial intensification and output
efficiency are relatively balanced. The coupling coordination degree of green
use of cultivated land (GU-CL) (0.20–0.50) is at a low coupling coordination stage.
Consequently, this study can provide practical knowledge for the GU-CL in the
black soil region of Northeast China.
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1 Introduction

China has achieved food security by investing large investments in labor and technology
for cultivated land use over the past three decades (Chai et al., 2023). However, the large
amount of elemental input has caused increasingly serious negative environmental impacts
on cultivated land (Zambon et al., 2017; Zhou et al., 2021). For example, continuous fertilizer
and pesticide use have caused soil acidification, erosion, water pollution, and other negative
environmental impacts (German et al., 2017; Yu et al., 2019; Ye et al., 2022). With the
introduction of the UN Sustainable Development Goals (SDGs) (especially Goals 12 and 13)
and the “green” transformation of the food system (Yue et al., 2022), there is an urgent need
to comprehensively assess and upgrade the green development of China’s cultivated land
(Bryan et al., 2018).

The report of the 19th National Congress of the Communist Party of China points out
that “we will unswervingly implement the new development concept and form a green way of
development and lifestyle.” In the same perspective, “The 14th Five-Year Plan again
emphasizes the promotion of green development, the comprehensive green
transformation of economic and social development, and the construction of a
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modernization in which people and nature live harmoniously. Green
use of cultivated land is the focus of green development. It is a
fundamental principle that must be adhered to and implemented in
current land use and management, affecting global environmental
change and sustainable development of regional society and
economy (Lai et al., 2020; Ma et al., 2020).

Green use of cultivated land is based on the natural properties of
land, but its essence is the social phenomenon of using land (Wei
et al., 2021). Green utilization requires not only the support of
natural science but also the change of concept and the adjustment of
social relations.

Currently, many scientific studies on GU-CL framework
construction focus on the factors such as the triple types
population-economic-social-environment (ke et al., 2021) and
environment-resource-ecology-quality (Yu et al., 2022; Chai et al.,
2023). (Note: In this paper, we use GU-CL to refer to the green use of
cultivated land, and in quantifying the change in GU-CL, we use
GUL-CL to refer to the level of green use of cultivated land).
Meanwhile, many studies related to the GU-CL concept have
evaluated and investigated the quality of cultivated land,
sustainable use of cultivated land (Peltonen-Sainio et al., 2019; Li
et al., 2023), and ecological security of cultivated land (Chen et al.,
2021). The focus is on selecting relevant indicators by measuring the
conceptual relationships between environmental risks, functions, or
ecosystem services of cultivated land (Rinot et al., 2019; Ye et al.,
2022). In general, there are three main indicators: (1) The degree of
land use sustainability or efficiency by screening themobile elements
(labor, technology, capital, etc.) in the cultivated land system using
the cultivated land input-output relationship. This situation mainly
includes the intensity of fertilizer or pesticide use, effective irrigated
area, multi-crop index, food production, agricultural yield, and
carbon emissions (Kuang et al., 2020; Lu et al., 2020). (2) The
health of the cultivated land system is determined by selecting the
level of socio-environmental governance and technological control
attached to the cultivated land system. This context mainly includes
irrigation and drainage conditions, accessibility of field roads, level
of disaster prevention and control, and level of agricultural
mechanization (Ye et al., 2022; Zhang et al., 2022). (3) Reflecting
the government’s support and intensification of cultivated land
through national policies and implementation of land
improvement (Ke et al., 2021). This category includes energy
conservation and environmental protection expenditure,
investment in fixed assets, agricultural land for facilities, and
cultivated land replanting index.

The above focuses on the green dynamics of cultivated land use,
which provides an important reference for accurately grasping the
connotation and essentials of GU-CL, evaluation methods, and path
selection. However, the fragmented explanatory mechanism of the
existing literature fails to reveal the core meaning of GU-CL.
Cultivated land is an artificial utilization system with multiple
attributes, such as natural, social, and economic environments (Li
and Liu, 2021). Existing evaluations have paid more attention to
people’s material demand for cultivated land utilization and the core
productive function of cultivated land (Song et al., 2022). To a large
extent, the environmental impact of cultivated land and the spatial
intensification of cultivated land should also be considered in the
index system, such as organic fertilizers, green pesticides, and high-
standard farmland, to form a more scientific evaluation index.

As one of the four predominantly black soil areas worldwide, the
Northeast Black Soil Region is an important commercial grain
production base in China. Due to long-term high-intensity and
unreasonable utilization and excessive input of agricultural
production chemicals, the natural fertility of black land has been
decreasing year by year (Liu et al., 2010; Xu, 2019). The black soil
area in northeast China has been gradually transformed from an
“ecological functional area” to an “ecological fragile area.”
Heilongjiang Reclamation Area is located in the Northeast Black
Soil’s core and has modernized agriculture (Note: this article use
HRA to refer to the Heilongjiang Reclamation Area). When General
Secretary Xi Jinping visited the HRA in September 2018, he clearly
pointed out the need to accelerate the development of green
agriculture, adhere to the combination of use and nourishment,
and take adequate measures to protect the black land. At the
beginning of the 21st century, HRA started to build a national
ecological demonstration area, insisting on a “high quality, green
and safe” orientation and taking green actions such as “weight loss,
drug, and herbicide reduction,” rapidly improving the ecological
safety of cultivated land. In 2010, HRA was named as “National
Modernized Large Agricultural Demonstration Area.” Therefore,
the region could serve as a ‘natural experiment’ to understand the
level of green use of modern agricultural land, which has specific
significance for black soil conservation and provides an excellent
example of the sustainable development goals of the Northeast Black
Soil Region.

Because it provides a practical basis for carrying out GU-CL in
the black soil area of northeast China, this research chose HRA as a
case study. The main objective of this study was to clarify the
concept and connotation of GU-CL and to explore GUL-CL
characteristics and regional differences. The data used in this
study were collected from the HRA database in 2021. Based on
research data, we used the entropy weight method and coupled
coordination model to analyze the regional characteristics and
degree of coordination of GUL-CL. Our specific research
objectives were to (1) establish the assessment system of GU-CL
following defining the concept, (2) comprehensively explore the
characteristics and regional differences of GUL-CL in HRA, and (3)
analyze the characteristics of coupled coordination degree of
GU-CL.

2 Study area

Heilongjiang Reclamation Area (HRA) is located in the four
major black soil belts in the world, between 123°40′–134°40′E and
40°10′–50°20′N, mainly in the Songnen Plain and the Sanjiang Plain.
It has nine branches and 113 farms, involving 74 counties in 12 cities
in Heilongjiang Province (Figure 1). The Sanjiang Plain Reclamation
Area is located in the humid and semi-humid low plains, with four
branches in Baoquanling, Hongxinglong, Jiansanjiang, and
Mudanjiang. The Songnen Plain Reclamation Area is located in a
black soil area of China with a diffuse river and mango landscape,
with five branches in Beian, Jiusan, Qiqihar, Suihua, and Harbin (Du
et al., 2021). In 2020, the cultivated land area was 2.972 million hm2,
of which 2.893 million hm2 will be sown with grain crops, and the
total grain output will reach 21.340 million tons. The agricultural
machinery rate was 99.70% in 2020 (accessed on 15 October 2022, at
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https://data.cnki.net). Since the beginning of the twenty-first
century, HRA has taken several measures to carry out ecological
agriculture. For instance, the most important actions were the
development of low-carbon agriculture, the promotion of no-till
technology, and the return of straw to the field. In addition, previous
studies highlighted the launch of the “three reductions” work and
the appropriate use of resources and other measures. The main goal
is to improve the quality of agricultural products and ensure national
food security.

3 Materials and methods

3.1 Source of data

This study was based on 2000–2020 land use data derived from
the 1:100,000 national land use database of the Chinese Academy of
Sciences (accessed on 26 January 2022, at https://www.resdc.cn).
This land use database is combined with multivariate remote sensing
image data for human-computer interactive interpretation and then
verified by field survey and sampling, with an accuracy of more than
95% (Ning et al., 2018).

The data involved in this paper are organic fertilizer application
intensity, green pesticide application intensity, straw return area
ratio, conservation tillage area ratio, water-saving irrigation area
ratio, surface water substitution for groundwater, agricultural
electricity intensity, the total power of agricultural machinery per
land unit, unmanned farming area, high-standard cultivated land
coverage, multiple cropping index, total agricultural output value,
total plantation output value, and plantation population. These data
came from the Heilongjiang Reclamation Area Statistical Yearbook

(2021) (accessed on 15 June 2022, at https://data.cnki.net) and the
economic and social statistical synopsis of Beidahuang Group
in 2020.

3.2 Definition and framework

Cultivated land is an important natural resource, and its
exploitation is an agricultural production activity in which people
use inputs for a specific purpose. At the same time, “green” is a
dynamic orientation to change to a green development mode, which
is a “green” transformation of the original behavior pattern (Zou,
2019). With the development of the social economy, food safety,
environmental health, and landscape recreation have become the
focus of urban and rural residents’ needs. The ecological value of
cultivated land has become prominent (Ke et al., 2021), and
agricultural production needs to change from a high-input, high-
output model to a sustainable and intensive one (Ye et al., 2020).

GU-CL is an inevitable requirement for green agricultural
development and an essential means of ecological civilization
construction. Scientific evaluation is based on a clear
understanding of the idea of GU-CL, which is also the key to
making sustainable use of cultivated land resources. Based on the
above knowledge, the green development concept of harmonious
coexistence between humans and nature and sustainable
development is introduced into the process of cultivated land
use, and a preliminary understanding of the GU-CL is formed.

Based on this context, the GU-CL is intended to change the
traditional way of using cultivated land. Which is “high input, high
consumption, and high pollution,” and to use modern advanced
agricultural technology to promote safe, high-quality, and efficient

FIGURE 1
Heilongjiang Reclamation Area spatial distribution map.
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output from cultivated land. It will reduce the environmental
pollution caused by using cultivated land, eliminating the
excessive use of natural resources. Simultaneously, it may
transform the agricultural development mode, optimize the use
of spatial structure, and promote the formation of a new pattern
of high-quality farm development with a suitable ecological
environment, resource conservation, intensive spatial
management, and high-quality product supply. Figure 2.

Environmental friendliness and resource conservation are the
basic features of GU-CL, space intensification is the means of GU-
CL, and output efficiency is the goal of GU-CL. Environmental

friendliness and resource conservation are related to green
utilization and low-carbon development. Resource conservation
and space intensification are in the relationship of scale operation
and resource conservation. The relationship between spatial
intensification and output efficiency is related to enhanced
intensive land use, which increases food production. Or the
relationship between output efficiency and environmental
friendliness presents the relationship between a green
environment and high-quality products. The ultimate goal of
GU-CL is to achieve high efficiency, green and high output of
cultivated land.

The premise of establishing the indicator system must comply
with scientific, systematic, understandable, and operable
principles. In this study, regarding the existing studies of
relevant scholars (Ke et al., 2021; Chai et al., 2023) and
according to the actual situation of cultivated land use in the
HRA, the focus is on the construction of the indicator system of
GU-CL in four aspects: environmental friendliness, resource
conservation, spatial intensification, and output efficiency
(Table 1).

(1) Environmental friendliness. This study’s understanding of
environmental friendliness is the homogeneity and unity of
agricultural development and resource environmental
protection, as well as the harmony and balance of
agricultural development’s quantitative and qualitative
benefits. Through adopting green production techniques such
as organic fertilizers, and green pesticides, the nutrient content
of the soil is improved, and the negative impact of the
agricultural production process on the environment is
reduced. The adoption of conservation tillage and straw
return tillage is conducive to reducing soil erosion (Harper
et al., 2018) and improving the carrying capacity of the regional
agricultural environment. Therefore, the intensity of organic

FIGURE 2
Green use of cultivated land concept diagram.

TABLE 1 Construction of the GUL-CL in the Heilongjiang reclamation area (HRA).

First-level Second-level Unit Attribute Weight

Environmental friendliness Organic fertilizer application intensity kg/hm2 + 0.204

Green pesticide application intensity kg/hm2 + 0.272

Percentage of straw return area % + 0.010

Percentage of area under conservation tillage % + 0.119

Resource conservation Water-saving irrigation area ratio % + 0.034

surface water replacement for groundwater irrigation m³ + 0.189

Electricity intensity for agriculture kW.h/million - 0.002

Total power of agricultural machinery per land kW/hm2 - 0.001

Percentage of unmanned farming area % + 0.091

Space intensification High standard farmland coverage rate % + 0.030

Multiple cropping index - + 0.002

Output efficiency Average land value of total plantation production Million Yuan/hm2 + 0.019

Average land grain production t/hm2 + 0.009

Labor productivity Million Yuan/per person + 0.018
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fertilizer application, green pesticide application, straw return
ratio, and conservation tillage ratio are selected to characterize
environmental friendliness.

(2) Resource conservation. Resource conservation is the primary
feature of green development in agriculture, which is to obtain
the maximum agricultural profit by minimizing resource
consumption and improving resource allocation efficiency.
The level of agricultural mechanization is an important
manifestation of agricultural modernization. Still, the
consumption of energy and resources from agricultural
machinery is too high, and the use of large farm machinery
in HRA has led to the aggravation of soil slabbing. Affected by
the persistently high price of coal, many regions take measures
to pull the plug and restrict electricity, affecting agricultural
production. With increasing rice cultivation in HRA,
groundwater resources are continuously stressed.
Unmanned farming can realize smart agriculture,
improving operational efficiency and saving planting costs
(Wang et al., 2021). Therefore, the total power of
agricultural machinery per land, agricultural electricity
intensity, surface water replacement for groundwater
irrigation, the proportion of water-saving irrigation areas,
and the proportion of unmanned farming are selected to
characterize resource saving.

(3) Space intensification. There are few high-quality cultivated land
resources and insufficient cultivated land reserve resources.
Hence, to ensure national food security and meet human
demand for agricultural products, the only way to achieve
the dual purpose of increasing production and saving land is
to explore cultivated land. Also, it depends on optimizing the
structure of cultivated land use and promoting the optimal
allocation of cultivated land resources. High-standard cultivated
land is permanent core cultivated land with flat land that is
concentrated and continuous, matching cultivated land and
fertile soil, which can maximize the use of high-quality
cultivated land resources and increase food production.
Therefore, the multiple cropping index and the high standard
farmland coverage rate are selected to characterize the spatial
intensification dimension.

(4) Output efficiency. Output efficiency is the direct goal of the
green use of cultivated land. It is an important driver of the
green use of cultivated land, emphasizing the balance
between quantity and output quality. The total output
value of the planting industry and food production reflect
a region’s cultivated land production capacity and are
important ways to reflect the output efficiency of
cultivated land. In the context of labor demonetization,
the increase in labor productivity can compensate for the
impact of the agricultural labor shortage. Therefore, the
average land value of gross plantation output, the average
land value of grain production, and labor productivity are
selected to characterize output efficiency.

3.3 Research methods

3.3.1 Entropy weight method
According to the positive and negative efficacy and importance

of the evaluation indexes, the raw data of each index were
normalized using the polar difference standardization method,
and the values were taken in the range [0, 1].

Step 1: Standardization of indicators:

Negative indicators: Iij �
Xmax−Xi

j

Xmax−X min
(1)

Positive indicators: Iij �
Xι

j −X min

Xmax−X min
(2)

Where: Iij is the standardized value of indicator j of the i sample, i =
1, 2, 3, . . ., n (n indicates the sample size); Xι

j is the original value of
indicator j of the i sample; Xmax is the maximum value of indicator j,
and Xmin is the minimum value of the j indicator.

The indicators were assigned with reference to existing
literature, and the entropy weighting method was applied to
assign the indicators and determine the indicator weights (Table 1).

3.3.2 Comprehensive evaluation model
The standardized values and index weights were multiplied and

summed based on data standardization to measure the
environmental friendliness, resource conservation, spatial
intensification, output efficiency, and comprehensive level of GU-
CL. The specific formulas are as follows.

Sik � ∑m
i�1

Iij × Wij( )p100 (3)

Where: Sik is the comprehensive index of the kth dimension of
green use of cultivated land in the i sample; k represents
environmental friendliness, resource conservation, spatial
intensification, and output efficiency; m is the number of
indicators under the k dimension; Iij is the standardized value
of indicators; Wij is the weight of j indicators under the i
dimension.

3.3.3 The coupling coordination degree model
GU-CL is an integrated system consisting of four subsystems:

environmental friendliness, resource conservation, spatial
intensification, and output efficiency, and the subsystems present
a correlation relationship of interaction and mutual constraints with
each other.

The coupling degree is a response to the influence
relationship between the subsystems with each other, focusing
on the strength of the interaction relationship between the
subsystems (Zambon et al., 2017; Dong et al., 2021). However,
the coupling degree only emphasizes the interaction relationship
between subsystems. In contrast, the coupling coordination

TABLE 2 The classification of coupling degree.

Coupling degree C [0, 0.3] (0.3, 0.5] (0.5, 0.8] (0.8, 1]

Type Weak coupling Moderate coupling Moderate strong coupling Strong coupling
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degree can reflect the overall coordinated development of
subsystems and reflect the degree of contribution of
subsystems to the development of the system (Yang et al.,
2020). Therefore, the coupling coordination degree is
introduced to reflect the overall coordinated development of
GU-CL. The coupled coordination degree model is as follows:

C � U1pU2pU3pU4

U1pU2pU3pU4
4( )4⎛⎝ ⎞⎠ 1

4 (4)

T � apU1 + bpU2 + cpU3 + dpU4 (5)
D � CpT( ) 1

2 (6)
In this formula, C is the coupling degree. D is the coupling

coordination degree. T is the comprehensive reconciliation index
of the four subsystems of green use of cultivated land. U1, U2, U3,

and U4 represent the evaluation values of environment-friendly,
resource-saving, space-intensive, and output-efficient subsystems;
a, b, c, and d are the parameters to be evaluated, and a + b + c + d =
1. The paper considers that the four significant systems are equally
crucial for the green use of cultivated land, so a, b, c, and d are
taken as 0.25. Concerning the relevant research results (Xu et al.,
2020) and combined with the actual paper, the coupling degree is
divided into four types (Table 2), and the coordination degree is
divided into six classes (Table 3).

4 Results

4.1 A single factor for assessing the GUL-CL

According to the results of the single-factor evaluation of GU-
CL, there are obvious differences in different GU-CL indicators in
the same region (Figure 3). At the level of environmental
friendliness, there are obvious differences in organic fertilizer,
green pesticide application intensity, and conservation tillage.
Qiqihar has outstanding performance in organic fertilizer and
green pesticide application intensity, accounting for 76.663% and
45.143% of the total value. Conversely, the lowest is Baoquanling,
with 0.641% and 0.089% of organic fertilizer and green pesticide
application intensity. The highest percentage of conservation tillage
in Jiu San reached 34.909%, and the lowest was Mudanjiang, with
0.979%. Since 2008, China has prioritized the return of straw to the
field. Each branch has a high proportion of straw return to the area,
with Qiqihar and Baoquanling achieving all straw return to the field
andHarbin having a relatively low rate of straw return to the field. At
the level of resource conservation, the ratio of water-saving
irrigation area varies widely among branches, and the ratio of
water-saving irrigation area in Jiansanjiang accounts for 17.634%
of the total value. Or the lowest is registered in Beian at 0.454%. All
branches except Suihua take surface water to replace groundwater,

TABLE 3 The classification of coupling coordinating degree.

Coupling coordination
degree D

[0, 0.2] (0.2, 0.4] (0.4, 0.5] (0.5, 0.7] (0.7, 0.9] (0.9, 1]

Type Severe
imbalance

Moderate
imbalance

Basic
coordination

Moderate
coordination

Advanced
coordination

Strong
coordination

FIGURE 3
The green use factors of cultivated land in HRA (%).
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of which Jiansanjiang is the highest, accounting for 79.220% of the
total value. Jiansanjiang (17.379%) and Hongxinglong (17.218%)
counties have the highest agricultural electricity intensity per unit
area, superior to the average of 11.111%.

In contrast, Jiusan (5.56) and Qiqihaer (5.87) have the lowest,
inferior to the average. The total power of agricultural machinery
was the highest in Baoquanling, accounting for 16.905% of the total
value; conversely, the lowest was in Beian, accounting for 5.767% of
the total value. The proportion of unmanned farming varies
significantly, with Jiansanjiang and Mudanjiang at more than
23.404% and Qiqihar at the lowest, accounting for only 1.959%
of the total value.

At the level of spatial intensification, the coverage rate of high-
standard cultivated land varies widely among branches, with
Baoquanling and Qiqihar having higher coverage rates of high-
standard farmland, accounting for 18.077% and 17.921% of the total
value, respectively. Or Hongxinglong has the lowest, accounting for
5.767% of the total value. The land use rate in Northeast China is
high but limited by climatic conditions, namely, heat. The multiple
cropping index is relatively stable, between 78% and 102% (Xie and
Liu, 2015). The average value of the multiple cropping index in HRA
was 98.020%, with slight differences among branches.

At the level of output efficiency, the highest average land value of
total planting output was 23.61 million yuan/hm2 in Harbin,
accounting for 13.405% of the total value. The lowest value was

14.68 million yuan/hm2 in Jiusan, accounting for 9.420% of the total
value. The highest average land grain production is Jiansanjiang,
accounting for 13.697% of the total value, and the lowest is Jiusan,
accounting for 7.878% of the total value. The highest labor
productivity was in Jiansanjiang (276.5 million yuan/person),
accounting for 23.783% of the total value. The lowest was in
Suihua (70.54 million yuan/person), accounting for 6.067% of the
total value.

4.2 Evaluation results of GUL-CL in HRA

Based on the GUL-CL in 113 farms in the HRA, the natural
breakpoint method was used to classify the environmental
friendliness, resource conservation, space intensification, output
efficiency, and comprehensive levels into five levels: high-level
area, higher-level area, medium-level area, lower level area, and
low-level area, respectively (Figure 4), and then analyze their
regional differences.

The overall development of the GUL-CL in the HRA is
appreciable. The study results show that 65 farms with a medium
or above-cultivated land green use level accounted for 57.522% of
the total evaluation units. Among them, 33 farms record higher
status or above, accounting for 29.204% t of the total evaluation
units. These counties are mainly distributed along the branches of

FIGURE 4
GUL-CL in heilongjiang reclamation area.
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Jiansanjiang and Baoquanling in the northern part of the Sanjiang
Plain. In these counties, the protection of cultivated land ecology was
appreciable. This achievement may be the backbone of the good
results they record in the degree of green land use on cultivated land.
Lower-level farms are mainly distributed in branches such as Beian
and Harbin. However, there are significant differences in the
development of each farm. The extensive GUL-CL ranges from
0.590 to 38.179, with a mean value of 8.818. And 54 farms are above
the mean value, accounting for 47.788% of the total amount.

At the environmental friendliness level, there are 21 farms in the
higher level zone and above, mainly concentrated in the Songnen
Plain Reclamation Area, accounting for 76.19% of the total.
However, low-level areas are also focused in the Songnen Plain
Reclamation Area, mainly in Harbin Branch. There are ten low-level
area farms in total, among which eight low-level area farms in
Harbin Branch, accounting for 80%. The Sanjiang Plain
Reclamation Area is mainly concentrated in medium and lower-
level areas. Contrary to environmental friendliness, the Sanjiang
Plain Reclamation Area effectively conserves resources. There are
16 farms in the higher level zone and above, with 87.5% in the
Sanjiang Plain Reclamation Area, of which Jiansanjiang is
particularly outstanding.

In contrast, the Songnen Plain Reclamation Area is mainly
concentrated in lower and below-level areas. At the level of
spatial intensification and output efficiency, the overall
development of HRA is relatively balanced. In recent years, HRA
has been improving the basic conditions of agricultural production,
carrying out land improvement projects, transforming low and
medium-yielding fields, and building high-standard farmland to
form a large-scale and diversified landscape pattern.

4.3 Analysis of the coupled coordination of
GU-CL in HRA

The mean value of the coupling degree of the four major systems
of GU-CL in HRA is 0.626. These results ranged between 0.600 and
0.800. The strong coupling state indicates that the four significant
subsystems of GU-CL in HRA are relatively close. The subsystems
have a benign coupling characteristic, mutual checks and balances,
and cooperation. Spatially, the coupling degree of each branch varies
significantly. Qiqihar (0.759) and Jiansanjiang (0.704) have a high
degree of coupling, and the development of the cultivated land green
use subsystem is at the same pace. Mudanjiang, Jiusan, and Harbin
have a relatively low degree of coupling, and the development of
each subsystem is uneven. The coupling degree of cultivated land
resource-environment-space-economy is also above 0.610 for the
Sanjiang Plain and the Songnen Plain Reclamation Area in the west,
which are in a strong coupling stage. The coupling degree in the
Sanjiang Plain Reclamation Area is generally higher than in the
Songnen Plain Reclamation Area.

The coupling coordination degrees of the four significant
subsystems of GU-CL in HRA are concentrated in the
distribution of 0.200–0.500. Consequently, the study results show
that there are still many gaps for improvement in high coordination.
In the same sense, 23 farms had a coupling degree of moderate
coordination or higher, accounting for 20.35% of the farms with
high coupling coordination. In contrast, the results highlighted

29 farms with coupling degrees in the stage of essential
coordination, accounting for 25.66% of the total, with an average
level of coupling coordination. In these areas, 53.98% of the farms
have a coupling degree between moderate and severe dissonance.
The level of coupling coordination in these areas is weak, and these
areas need to focus on strengthening support in the future.

The coordination degree of the cultivated land green use
subsystem in the HRA is low, which cannot form a synergy for
the high-quality development of cultivated land green use and can
hardly play the role of mutual promotion. Spatially, although the
level of coordination in the Sanjiang Plain is higher than that in the
Songnen Plain, it still needs to be strengthened. As a result,
improving the coordination of cultivated land resource-
environment-spatial-economy is the way forward in HRA for
achieving sustainable cultivated land development and green
agricultural development. Figure 5.

5 Discussion

5.1 Evolution of green cultivated land and its
influences factors

National policies, economic efficiency, social needs, and
scientific and technological progress influence the GUL-CL.
Chinese President Xi Jinping attaches great importance to and
has repeatedly given important instructions, clearly requiring that
strongmeasures must be taken to protect the black land strategically.
Relevant central departments have specifically formulated and
implemented policy documents such as “Northeast Blackland
Conservation Planning Outline (2017–2030) (Ministry of
Agriculture, 2017)” and “Northeast Blackland Conservation
Farming Action Plan (2020–2025) (Ministry of Agriculture,
2020)”, and local regulations and ordinances have been
introduced in Liaoning, Jilin, Heilongjiang and Inner Mongolia.
Thus, the study result shows a strong relationship between the GU-

FIGURE 5
Coupling and coordination degree of GU-CL in HRA.
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CL and policy. HRA focuses on black soil conservation, soil nutrient
balance, water-saving irrigation, conservation tillage, soil erosion
control, and other measures. GU-CL has entered a new track of full
speed and quality.

Accelerating the progress of agricultural science and technology
is the key to sustainable agricultural and rural economic
development. Precision agricultural technologies (PATs) are
technologies aimed at managing in-field heterogeneity (Aubert
et al., 2012). As an important commodity grain base and
strategic reserve base for grain in China, HRA is striving to
develop modernized agriculture as a demonstration area for
modernized agriculture. Since 2001, HRA has built a modern
agricultural machinery management command and dispatch
information system by implementing a pilot project on precision
agricultural technologies. Similarly, the project promotes a precision
agricultural information system and a GPS navigation wireless
mobile network RTK differential system that integrates
agricultural machinery information management, command and
dispatch, function display, technology training, and management
parking. In recent years, the critical technology application of UAV
in precision agriculture has achieved good results (Li, 2018). At the
same time, due to the development of cultivated land water
conservation, soil improvement, and soil conservation
technology, the land is concentrated and contiguous through
projects such as land remediation and high-standard cultivated
land construction. It is more conducive to mechanical operations
and improves labor productivity and agricultural production
capacity.

5.2 Form of regional differentiation and its
origins

Because the different regions differ in topographic and
geomorphological characteristics, climatic features, soil types, and
crop planting structures, other regions adopt different patterns of
green use of cultivated land, which is the subject of ongoing research
and has significant regional variability.

In the Northeast of China, the black soil characteristics include
black soil, black calcareous soil, white pulp soil, meadow soil, dark
brown soil, brown soil, etc., according to the classification of Chinese
soil occurrence (Xu et al., 2010). The natural black soil topsoil has
high organic matter content, but there are differences in different
regions. Different cultivated land conservation measures are
adopted for different soil conditions (Han and Li, 2018). This
context may be the reason for the differences in the GUL-CL.
For example, the black soil layer conservation model in the
middle, the thick soil in the central-eastern part of the Songnen,
and the meadow soil area in the Sanjiang Plain. Or the black soil
layer cultivation model in the erosion area with thin black soil and
shallow black soil types such as native light black soil and dark
brown loam. The western area of Songnen Plain is a semi-arid region
affected by the superposition of water and wind erosion, and soil
erosion is severe. The erosion ditch is dense (Yang and Song, 2021).
Therefore, a farming technology system with conservation tillage
was the core measure that should be adopted.

Qiqihar Branch is in the upper reaches of the Songhua River
water system in Heilongjiang Province and attaches importance to

the protection of water resources. It establishes fertilization
techniques for significant crops and actively promotes organic
fertilizers and green pesticides, so these two indicators of the
Qiqihar Branch reach the highest value (Zhang et al., 2020).
Harbin Branch is the smallest among the nine branches of the
HRA, and the farms are relatively scattered. However, the farms are
adjacent to cities such as Harbin and Daqing, which have location
advantages and agricultural resources. Even though the amount of
land that can be cultivated is limited, the efficiency of production per
unit of Climate change can alter the regional water cycle and
environment to some extent, affecting crop farming systems,
cultivated land productivity, and land use types and patterns,
which in turn cause changes in the spatial and temporal patterns
of cultivated land (Piao et al., 2010; Chen et al., 2012; Newman et al.,
2014). Climate warming has contributed to increased cultivated land
in northern China, where the temperature is the limiting factor.
Climate warming has already driven the boundary of rice cultivation
in Heilongjiang Province from 48°N to 52°N to the North, resulting
in a gradual increase in the area under rice cultivation (Piao et al.,
2010)—a significant expansion of rice cultivation in the
Heilongjiang Reclamation Area (Figure 6).

Not only that, during the past 40 years, 80% of the expanded
area under rice cultivation was distributed in the Eastern part of the
Songnen Plain and the Sanjiang Plain areas, with annual
precipitation of less than 500 mm. Moreover, the Songnen Plain
has also experienced significant growth in rice cultivation in regions
with an annual rainfall of less than 350 mm, with a 22% growth area
share (Li et al., 2021). However, the spatial and temporal response of
rice area migration characteristics in Northeast China to regional
precipitation changes is not closely related (Chen et al., 2016). Such
as Jiusan, Harbin, and other branches with low precipitation also
carry out “dry to water” projects. In addition, the black soil area
soybean plantings will undergo re-expansion in the current “double
cycle” new development pattern requirements. Beian, Jiusan,
Qiqihar, and other branches are making suitable adjustments to
their planting structures by reducing corn and increasing soybeans.
However, soybean is a highly water-consuming crop and needs to be
supported by corresponding irrigation water resources if higher
yield levels are maintained.

In contrast, in 2015, Jiansanjiang started building surface water
irrigation projects and took scientific and reasonable steps, like
rotating fallow crops and reducing groundwater extraction, which
put it at the highest level of water-saving irrigation and surface water
replacement groundwater. There are differences in water resource
use and other and other aspects among the authorities due to
differences in the structure of cultivation (Cui et al., 2020).
Subsequent studies on the green use of cultivated land will
provide an in-depth discussion of how different cropping
structures adopt land conservation.

5.3 Prospects and measures to regulate the
cultivated land’s green use

With the strategy of “hiding grain in the land and hiding grain in
technology,” the GU-CL is an inevitable trend. In other words, it is a
realistic choice for black soil protection. A specific regional model
has been implemented and formed in HRA, which can provide some
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reference value for other regions, predominantly rural areas. At the
same time, based on the results and analysis, the following
suggestions are made.

(1) Develop a differentiated development strategy for the GU-CL
based on the reclamation area’s economic structure and
resource endowment. Sanjiang Plain Reclamation Area needs
to be strengthened at an environmental friendliness level. They
should accelerate the transformation of farmers’ production
concepts and promote new plant protection. Then, this strategy
will focus on soil testing, formula fertilization, and other
agricultural technologies. Reducing the intensity of fertilizer,
pesticide, and agricultural film application, promoting
agriculture, improving agricultural production quality, and
alleviating agricultural surface source pollution are among
the strategies they must implement. Songnen Plain
Reclamation Area needs to improve energy use efficiency,
reduce the intensity of agricultural electricity use, increase
agricultural water conservation techniques, and adjust the
crop planting structure at the right time.

(2) Strengthen inter-regional synergy, and promote the coupled and
coordinated development of cultivated land use. HRA has
achieved output efficiency, but environmental friendliness
and resource conservation are crucial to promoting GU-CL.
Harbin Branch plays a leading role in strengthening the
radiation effect of green production technology. Jiansanjiang
and Qiqihar Branch, as critical agricultural production areas,
promote comprehensive ecological management and take the
road of intensive and economic development, which is
conducive to the coupling between agricultural development
and the environmental environment.

(3) Ecological compensation, as an effective environmental
incentive policy, is essential in improving the ecology
concern worldwide (Jiang et al., 2022). The government

needs to increase financial support for developing and
applying new pollution prevention and control technology.
Promote land remediation projects to realize a virtuous cycle
of ecological management and land resource development.
Increase ecological compensation for cultivated land and
state transfer payments to make cultivated land in
reclamation areas safer for the environment.

Given the authors’ research level and data availability, this paper
has a few shortcomings. First, the selection of indicators may not be
comprehensive enough. Cultivated land utilization is a long-term
and complex process involving various aspects. The indicator of
cultivated land or system may not fully reflect the connotation of
green utilization of cultivated land. Secondly, the one-year data
cannot fully reflect the transformation process of green use of
cultivated land in the reclamation area, which is not in-depth
and comprehensive. In the next step, a more in-depth study can
be conducted using consecutive multi-year data to obtain more
practical results.

6 Conclusion

In evaluating the single element of GUL-CL, there are obvious
differences between different indicators of GUL-CL in the same
region, which have certain advantages and disadvantages. The high-
level area of GUL-CL is mainly distributed in branches such as
Jiansanjiang and Baoquanling in the northern part of the Sanjiang
Plain. The low-value area is primarily distributed in branches such
as Beian and Harbin. This context leads to significant differences
within farms due to the various measures other farms take for the
GU-CL and the varying degrees of implementation.

The high-level areas in terms of environmental friendliness are
primarily concentrated in the Songnen Plain Reclamation Area. In

FIGURE 6
2000–2020a Distribution of paddy and dryland in HRA.
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contrast, at the level of resource conservation, the effect is significant
in the Sanjiang plain Reclamation Area, with Jiansanjiang
performing exceptionally well. At the level of spatial
intensification and output efficiency, the overall development of
the HRA is relatively balanced. Land remediation and high-standard
farmland construction projects promote the increase of grain
production and enhance agricultural production capacity.

Overarchingly, the coupling degree of GU-CL ranges from
0.600 to 0.800, which is a moderately strong coupling. Qiqihar
branch is one area in which the GU-CL was significant; therefore,
the green utilization system of cultivated land is in a state of mutual
feedback, balance, and development. In contrast, the degree of
coupling and coordination of GU-CL ranges between 0.200 and
0.500, considered low, and Hongxinglong as an example.
Accordingly, the cultivated land green system presented a
synergistic resonance development. GU-CL in HRA has ample
space for improvement and excellent development potential.
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