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Abstract: Many studies of cultivated land use have focused on evaluating land quality. However,
these studies rarely compare cultivated land quality (CLQ) between modern agricultural areas (MA)
and traditional agricultural areas (TA). Thus, policymakers sometimes experience difficulties utilizing
existing CLQ theories in CLQ improvement, especially in developing countries experiencing the
transformation from traditional to modern agriculture. The objective of this study was to build a
comprehensive hierarchical framework to compare the CLQ in MA and TA from the multidimensional
perspectives of fertility, project, landscape, and ecology. An empirical analysis was conducted in
Fujin City, Heilongjiang Province, Northeast China. The results showed that comprehensive CLQ
in MA is better than that in TA, but individual cultivated land quality results are not the same
as comprehensive quality. Specifically, project, landscape, and ecology quality in MA are better
than in TA. However, fertility quality in MA is still worse. Moreover, the CLQ in MA tends to
be more consistent in a small range, while the spatial pattern of CLQ in TA is disordered. We
then argue that these results should be associated with different management modes and agrarian
property systems between MA and TA. Based on our findings, four suggestions were generated
to improve CLQ. Overall, this study provides a new comprehensive insight for understanding
CLQ, and the framework, method, and findings of this study can help increase the effectiveness of
CLQ improvements.

Keywords: cultivated land quality; multidimensional; comparative analysis; Northeast China

1. Introduction

The world is facing tremendous pressures related to food shortages and the achieve-
ment of the Sustainable Development Goal of Zero Hunger [1]. By 2020, 690 million people
worldwide were suffering from hunger, and that number is expected to exceed 840 million
by 2030 [2,3]. As the population grows unceasingly, at least 13 billion tons of extra food a
year will feed an estimated 2 billion people by 2050 [4,5]. This massive demand for food is
affecting cultivated land productivity and sustainable food production. Cultivated land
quality (CLQ), an essential attribute of cultivated land associated with food production, is
expected to have crucial impacts on regional food security [6–9]. Thus, to better protect
food security, the improvement of CLQ has been increasingly advocated.

Different actionable measures have been developed to improve CLQ in hungry regions
and food-starved cities, including the establishment of a sustainable food production
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system [10], the creation of a disaster-resistant cultivating method [11], adaptation to
climate change of a cultivated land ecosystem [12], and the fertilization of soil [13,14]. The
achievement of a high and stable yield in cultivated land successfully verifies the critical
impacts of these activities on CLQ [15,16]. However, scholars are also making an effort
to measure CLQ quantitatively. Constructing a comprehensive index system is a general
approach that has been used to measure CLQ in previous studies and some international
programs, such as FAO’s Land Evaluation Program [17–19], Land Evaluation and Site
Assessment (LESA) [20–22], Land Quality Indicators (LQIs) [23,24], and Sustainable Land
Use Management Program [25,26]. Furthermore, a theoretical framework for CLQ based
on connotation or procedure has been introduced to clarify the index systems of CLQ from
single or multiple dimensions [27–31]. Methodologically, an analytic hierarchy process
(AHP) [32], principal component analysis (PCA) [33], and factor analysis (FA) [34] have
been used to extract index rules [35,36]. Moreover, these methods have effectively evaluated
CLQ in China and other countries where the cultivated land per capita was low [35,37].

However, challenges remain for developing countries when evaluating CLQ using
these various index systems [38]. China, for example, has evaluated CLQ from different
dimensions according to the government’s varied management goals [39]. Specifically,
the land management department, agricultural ministry, and environmental authority
have evaluated CLQ from the perspectives of land use, soil fertility, and land pollution,
respectively [40–42]. These evaluation systems focused on identifying farmland produc-
tivity may be suitable for evaluating the relationship between yield and CLQ, but they
have so far failed to take the nature, economy, and ecology conditions of cultivated land
into consideration.

CLQ is usually a comprehensive concept that is considered a physical geo-socio-
economic complex composed of climate, soil, parent material, topography, hydrology,
vegetation, and human activities [3]. Many studies continue to argue that solely focusing
on productivity in the absence of other factors (e.g., natural calamities) may not provide
sustainable support for agriculture [43]. However, engineering measures can guarantee a
high and stable yield from high-standard cultivated land regardless of drought and flood
from a modernized agricultural standpoint [44,45]. Notably, to transform medium- and low-
yield cultivated land into high-standard cultivated land, China has implemented a master
plan for said high-standard cultivated land, and has promoted the protection of the quantity,
quality, and ecology of cultivated land [46–48]. As of 2021, more than 53.33 million hectares
of concentrated contiguous high-standard cultivated land with a sound ecology have
been developed [49]. These achievements show that multiple departments’ cooperation is
conducive to evaluating CLQ in a comprehensive manner. It is vital to evaluate CLQ from
multidimensional perspectives to provide systematic knowledge for improving the CLQ
of China.

China’s grain production has exceeded 0.65 trillion kilograms since 2017. The top
province for grain output in China is Heilongjiang province, which produced 11.3% of
Chinese grain in 2020. Heilongjiang province possesses 12.5% of China’s high-standard
cultivated land; however, it also contains two agricultural concepts, namely modern agricul-
tural area (MA) and traditional agricultural area (TA) [50]. MA implements a management
system with business enterprises in state-owned farms so that cultivated land ownership is
managed and controlled by the state. TA, however, is characterized by a household respon-
sibility system. Cultivated land ownership is collectively owned by villagers in this area.
Cultivated land was used earlier in TA than in MA. However, agricultural management,
landscape, and cultivated land-use behaviors vary between the two areas [51]. Generally, it
is difficult for researchers to compare CLQ in relation to MA and TA due to different popu-
lation qualities, environmental conditions, geographical locations, and social and economic
factors. Fujin city, in Heilongjiang province in Northeast China, provides an ideal case to
discern these differences and similarities. There are apparent differences in CLQ under
different tillage conditions and agricultural management strategies in almost the same
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geographical environment. Comparing the differences between them can provide a direct
reference for improving CLQ in the transformation to modernized agricultural practices.

Considering Fujin city as the study area, the objectives of this study were to construct
a systematic CLQ evaluation system from a multidimensional perspective and compare the
differences in CLQ between MA and TA so as to provide guidance and new information
for the improvement of CLQ. This work thus aims to answer two questions: (1) What are
the multidimensional characteristics of CLQ at the plot scale? (2) What are the CLQs in
two adjacent areas (MA and TA) in the same exact physical geographical location, and how
much of a difference does location make? We first introduce the theoretical framework and
present the multidimensional indicator system for CLQ. Then, we present an evaluation
method of CLQ that we will use to compare the two adjacent areas. We introduce the study
area and describe the whole process of data processing. We then compare the difference
by reporting the results of total values and individual values of CLQ. Following this,
we discuss the reason for the proposed difference and provide suggestions for how to
improve CLQ in these two areas. Finally, we present conclusions and expected directions
for future studies.

2. Theoretical Framework of Cultivated Land Quality
2.1. Theoretical Framework

Cultivated land is a complex ecosystem formed by the interactions between humans
and nature [4]. Natural factors include climate, terrain, and soil, and human factors include
utilization, infrastructure, and property rights, all of which are essential components of
cultivated land [52,53]. The natural elements determine the internal attributes of cultivated
land, while the human elements can change these attributes [54]. Thus, the variation in
natural and human elements of cultivated land systems creates different CLQ types [55,56].
Affected by physical, chemical, and biological processes, cultivated land has several func-
tions, such as production, ecology, and landscape [57–59]. CLQ is then the primary attribute
of cultivated land that reflects its comprehensive function [60]. Although many scholars
have discussed CLQ from different perspectives, there is still no consensus regarding its
concept [31,36,53,61]. Generally, CLQ has been defined as the ability to meet agricultural
production’s sustainable output and quality safety [35,62]. Based on the fundamental
characteristics of cultivated land elements, processes, and functions, this paper defines cul-
tivated land quality as a form of comprehensive productivity that comprises four aspects:
fertility quality, project quality, landscape quality, and ecological quality [48,62].

Practically speaking, cultivated land fertility quality refers to the potential productivity
determined by soil physicochemical properties and soil nutrient elements [63]. Cultivated
land project quality can adjust the suitability of cultivated land through changing infras-
tructure and ancillary facilities. Good land project quality can improve cultivated land and
water resource relationships, preventing natural disasters such as drought, waterlogging,
and salinization [64]. Thus, adjustable land project quality is essential for maximizing
potential productivity and meeting the stable yield of agricultural production. Cultivated
land landscape quality represents the spatial allocation of agricultural production by the
morphology, distribution, and location of cultivated land patches [65]. Ecological qual-
ity refers to the internal and external environmental conditions of cultivated land [66].
Each individual CLQ reflects CLQ from different aspects, and there is a close relationship
between each dimension. Cultivated land fertility quality is the basis of CLQ, which is
the inherent attribute of cultivated land. Cultivated land project quality represents the
external influence of human beings on cultivated land, but it is also closely related to the
essential characteristics of cultivated land utilization. With the continuous expansion of
the degree and scope of cultivated land resource utilization, the landscape quality and
ecological quality of cultivated land are also critical dimensions that reflect CLQ. Therefore,
this paper constructs a theoretical framework for CLQ to reveal its essential characteristics
from comprehensive and fractal perspectives (Figure 1).
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Figure 1. Theoretical framework for cultivated land quality.

2.2. Indicator System

Combining FAO’s land evaluation guidelines, China’s regulations on CLQ, and previ-
ous studies, the paper constructs an index system. Specifically, we selected the evaluation
indexes based on the principles of comprehensiveness, dominance, productivity, and
accessibility through a literature summary and expert consultation.

This work used the analytic hierarchy method [32] to construct a multidimensional
CLQ evaluation index system that includes three layers. The target layer is comprised of
cultivated land quality. The criterion layer includes four individual qualities. Moreover,
fertility quality contains six indexes: pH value, soil organic matter, total nitrogen, alkali-
hydrolysable nitrogen, available phosphorus, and rapidly available potassium. Project
quality has three indexes, namely field slope, road accessibility, and ditch density. In
comparison, field regularity and concentrated contiguity constitute landscape quality.
Ecology quality includes two indexes, namely forest network density and soil microbial
biomass carbon. The indexes and their connotations are shown in Table 1.

Table 1. Evaluation index system for cultivated land quality.

Target Layer Criterion Layers Index Layers Connotation

Cultivated land
quality

Fertility quality

pH value

These indexes were adopted to represent the chemical
properties and nutrients of the soil that are important for crop

growth.

soil organic matter
total nitrogen

Alkali-hydrolysable
nitrogen

available phosphorus
rapidly available

potassium

Engineering
quality

field slope These indexes represent physical environment, including
surface drainage and irrigation, transportation convenience,
and agricultural production efficiency, all of which have a

significant impact on cultivated land use.
road accessibility

ditch density

Landscape
quality

regularity of plots These indexes represent the patch shape and spatial
distribution of cultivated land, both of which reflect the scale

of cultivated land use.
cultivated land

connectivity

Ecology quality
forest network density These indexes represent the biological properties of the soil

and the ecological state of cultivated land, both of which
reflect the sustainable use of cultivated land.

soil microbial biomass
carbon
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3. Evaluation Method of Cultivated Land Quality

According to the aforementioned theoretical framework, CLQ collects multiple indi-
vidual qualities of cultivated land. This section expresses mathematical formulas that are
used to calculate the individual quality and comprehensive quality of cultivated land.

3.1. Calculation of Individual Quality Index of CLQ

The index comprehensive evaluation method is adopted to measure individual quality
indexes of cultivated land, such as fertility quality, engineering quality, landscape quality,
and ecological quality. The specific calculation formula is as follows:

CLIQi =
m

∑
j=1

Wj × Pj (1)

where CLIQi is the cultivated land individual quality index; Wj is the weight of cultivated
land individual quality index; Pj is the value of cultivated land individual quality; and m is
the number of individual cultivated land qualities. The higher values of the CLIQ indicator
correspond to better quality.

3.2. Calculation of Comprehensive Index of Cultivated Land Quality

Fertility quality and engineering quality are taken as the primary qualities. Landscape
quality and ecological quality are taken as restrictive qualities. In previous studies, these
two parts were usually multiplied to calculate the comprehensive quality of cultivated
land [32,53,59,62,67]. The specific calculation formula is as follows:

CLCQ =
(

α× CLIQ f + β× CLIQp

)
×

(
CLIQl

100

)
×

(
CLIQe

100

)
(2)

where CLIQ is the cultivated land comprehensive quality index; CLIQf is the fertility quality
index; CLIQp is the project quality index; CLIQl is the landscape quality index; CLIQe is the
ecology quality index; and α and β are the weights of the fertility quality index and the
project quality index, respectively. α(0.65) + β(0.35) = 1.

4. Materials and Data Sources
4.1. Research Area

Fujin City, the study area, is located in the hinterland of Sanjiang Plain, Heilongjiang
Province, Northeastern China (46◦45′–47◦37′ N, 131◦25′–133◦26′ E). The terrain slopes
gently from the Northwest to the Southeast, showing the geomorphic features of plain,
low plain, low wetland, and overflowing hills. The elevation is 52 m–62 m. Songhua River,
NaoLi River, and QiXing River are the central water systems for the territory. Fujin belongs
to the temperate continental monsoon climate, with an average annual precipitation of
550 mm, an average annual sunshine duration of 2400 h, and an average annual frost-free
period of about 144 d. Fujin city hasseven soil types and 18 soil subtypes. The soil condition
of Fujin City is excellent, and soil fertility and soil organic matter are high. Moreover, the
level of organic matter is above the national level I land standard, and the soil surface
thickness is about 20–30 cm. The agricultural land in Fujin dominates dry land, while the
reclamation land is comprised of paddy fields.

There are two different administrative subjects in Fujin City (Figure 2). Among these,
Fujin Municipal People’s Government has jurisdiction over two districts and eleven towns
(referred to as TA). By contrast, Jiansanjiang Administration Bureau has jurisdiction over
one branch station and three state-owned farms (referred to as MA). Cultivated land in
TA is collectively owned and operated by individual farmers, whereas cultivated land in
MA is owned by the state and managed by various farms. Due to the significant difference
between MA and TA, it is hypothesized that CLQ in these two areas should have different
performances. Thus, to compare the CLQ between these two areas, we selected typical MA
and TA in Fujin. The management modes and agricultural property systems were different
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in these two areas, while the physical conditions (e.g., soil types, climate condition, and
hydrology) were the same.

Figure 2. Locations of modern agricultural area and traditional agricultural area in Fujin city.

4.2. Data Sources and Processing

The research data mainly include cultivated land spatial data, soil spatial data, project
spatial data, geographical spatial data, and administrative division data. Cultivated land
spatial data and administrative division data were obtained from the land-use change
survey data of Fujin City Natural Resources Bureau in 2018. Soil spatial data, including
pH value, organic matter, total nitrogen, alkali-hydrolysable nitrogen, available phospho-
rus, rapidly available potassium, and soil microbial biomass carbon, were obtained by
sampling and spatial interpolation. In this study, 53 soil samples were collected in MA,
and 57 samples were collected in TA. We tested the organic matter, total nitrogen, and
soil microbial biomass carbon using an elemental analyzer. pH value, alkali hydrolysable-
nitrogen, available phosphorus, and rapidly available potassium were tested using a
potentiometric method, a brief diffusion method, 0.5 mol/LNaHCO3 solution, and a Flame
photometric method, respectively. The descriptive statistics of the soil data are shown
in Table 2. Moreover, the soil spatial information data were obtained through a Kriging
interpolation of the Geo-statistical Analyst tool on the ArcGIS platform. Project spatial data
(i.e., roads, ditches, shelterbelts, and cultivated land patches) were obtained through field
investigation and visual interpretation. The accuracy of visual interpretation reached 95%.
Geographical spatial data include DEM and slope. DEM was derived from the geographic
information spatial data cloud (http://www.gscloud.cn, accessed on 14 March 2021), and
its spatial resolution was 30 m. Slope data were extracted from DEM data through the
slope function of the raster surface tool on the ArcGIS platform. Additionally, we identified
1318 evaluation units comprising cultivated land plots, including 491 units of MA and
827 units of TA.

http://www.gscloud.cn
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Table 2. Descriptive statistics of the soil data in MA and TA.

Soil Data Collected Techniques
MA TA

Mean SD Min Max Mean SD Min Max

pH value potentiometric method 6.20 0.83 4.30 7.69 6.08 0.70 4.64 7.51

organic matter elemental analyzer 24.99 10.89 5.80 60.97 41.20 15.24 13.62 83.03

total nitrogen elemental analyzer 2.62 0.92 1.31 5.48 2.40 0.84 1.04 4.44

Alkali-hydrolysable
nitrogen brief diffusion method 112.43 33.77 54.88 188.16 121.28 33.20 62.72 250.88

available phosphorus extracted by 0.5mol/L
NaHCO3 solution 38.77 28.95 5.52 128.15 32.66 19.71 7.73 126.68

rapidly available
potassium

flame photometric
method 211.17 75.76 80.37 386.97 265.09 69.81 74.46 413.36

soil microbial
biomass carbon elemental analyzer 43.08 18.78 10.00 105.11 23.89 8.84 7.90 48.16

Soil samples 53 57

4.3. Indicator Grading and Weight

The indicator scoring of CLQ was based on existing standard regulations in China,
such as the “Agricultural Land Quality Grading Regulation” (GB/T 28407-2012) and the
“Technical Regulations for Survey and Quality Evaluation of cultivated land” (NY/T 1634-
2008). Specifically, the score of each index was determined comprehensively by its actual
value. Moreover, the weights of indexes were calculated using the AHP method (Table 3).

Table 3. Classification and weights of cultivated land quality evaluation index.

Criterion
Layers Index Layers

Indexes Scoring
Weight

100 90 80 70 60 50 40 30

Fertility
quality

pH value 6.0~7.9 5.5~6.0, or
7.9~8.5

5.0~5.5, or
8.5~9.0 4.5~5.0 ≤4.5, or

9.0~9.5 >9.5 0.211

soil organic matter >40 40~30 30~20 20~10 10~6 ≤6 0.387

total nitrogen >2 1.5~2 1~1.5 0.75~1 0.5~0.75 <0.5 0.117

alkali-hydrolysable
nitrogen ≥160 130–160 100–130 <100 0.107

available
phosphorus >40 20~40 10~20 5~10 3~5 <3 0.087

rapidly available
potassium >200 150~200 s 100~150 50~100 30~50 <30 0.091

Engineering
quality

field slope ≤2 2~5 5~8 8~15 15~25 0.423

road accessibility >80 >60~80 >40~60 ≤40 0.205

ditch density fully meeting basic meeting usually meeting no irrigation
condition 0.372

Landscape
quality

regularity of plots

best regular
cultivated

land
morphology,
SHAPE ≤ 2

more regular
cultivated land

morphology,
2 < SHAPE ≤ 4

more
disorganized

cultivated land
morphology,

4 < SHAPE ≤ 6

most disor-
ganized

cultivated
land

morphology,
SHAPE > 6

0.423

cultivated land
connectivity >1000 500~100 100~500 50~100 <50 0.577

Ecology
quality

forest network
density >100 50~100 <50 0.493

soil microbial
biomass carbon >348.25 229.94~348.25 <229.94 0.507
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5. Results and Analysis
5.1. The Difference of CLQ in MA and TA

Table 4 shows the mean, and coefficient of variation (CV) of CLQ in MA and TA.
Generally, the more extensive CV means a more considerable variation in CLQ. All of the
CVs of comprehensive and individual CLQs in MA were larger than in TA. This indicates
that the variation in CLA in MA was less than that in TA. In other words, the CLQ of MA
showed more significant homogenization.

Table 4. The CV of CLQ in MA and TA.

Criterion Layers
MA TA

Mean CV Mean CV

Fertility quality 13.07 0.11 15.7 0.13
Project quality 31.88 0.13 25.09 0.14

Landscape quality 31.91 0.06 29.87 0.11
Ecology quality 13.71 0.03 13.56 0.07

Comprehensive quality 90.57 0.06 84.23 0.06

5.2. The Difference in CLQ Spatial Distribution in MA and TA
5.2.1. Spatial Differences in Cultivated Land Comprehensive Quality (CLCQ)

According to the evaluation results, we divided the comprehensive index into four
grades by the equal division method, namely excellent, advanced, medium, and low grades.
The spatial pattern of CLCQ in MA and TA is shown in Figure 3. It was evident that the
spatial distribution of CLCQ had aggregation characteristics in MA. Specifically, excellent
grade CLCQ was mainly distributed in the Northeast and South MA. The medium grade
and low-grade CLCQ were mainly distributed centrally and in the North, respectively.
Nevertheless, most of the CLCQ in TA were at medium or low grades, and the spatial
distribution of CLCQ was disordered. These spatial results indicate that the CLCQ of the
MA is better than that of the TA. Furthermore, different management scales and modes
should be the fundamental cause for the differentiation of the CLCQ spatial pattern between
MA and TA. The MA has a more extensive management scale and a more centralized
management mode; thus, CLCQ in MA tends to be more consistent in a small range.
However, the smallholder model with different planting behaviors among villagers in TA
might be an actual reason for the disordered CLCQ.

Figure 3. (A1) is the spatial distribution of cultivated land comprehensive quality in the modern
agricultural area. (A2) is the spatial distribution of cultivated land comprehensive quality in the
traditional agricultural area.
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5.2.2. Spatial Differences in Cultivated Land Individual Quality (CLIQ)

As can be seen from Figure 4, the spatial pattern of CLIQ differed significantly between
MA and TA. More precisely, the spatial pattern of fertility quality in MA could be divided
into two parts—the Eastern part, with excellent and high grades, and the Western part,
with lower and medium grades. Meanwhile, the spatial distribution of fertility quality in
TA showed a decreasing trend from Northeast to Southwest. Moreover, the spatial patterns
of project quality also showed a significant difference between MA and TA. Most of the
cultivated land’s project quality in MA was excellent, but showed a significant spatial
variation in TA. Although the cultivated land with excellent project quality also showed
the aggregation characteristic in TA, the scale was much smaller than in MA. Regarding
landscape quality, the grade of landscape quality in MA was primarily excellent and the
spatial difference was slight; however, TA showed precisely the opposite spatial pattern. In
addition, the spatial characteristic of ecological quality presented a substantial homogeneity
in MA that dominated the excellent and advanced grades. However, the proportion of
excellent grades related to ecological quality in TA was larger than in MA, albeit with
significant spatial heterogeneity.

Figure 4. Relationship analysis of cultivated land individual qualities: B, C, D, and E represent the fertility quality, project
quality, landscape quality, and ecology quality, respectively. Specifically, (B1) is the spatial distribution of fertility quality
in the modern agricultural area. (B2) is spatial distribution of fertility quality in traditional agricultural area. (C1) is the
spatial distribution of project quality in the modern agricultural area. (C2) is the spatial distribution of project quality in the
traditional agricultural area. (D1) is the spatial distribution of landscape quality in the modern agricultural area. (D2) is the
spatial distribution of landscape quality in the traditional agricultural area. (E1) is the spatial distribution of ecology quality
in the modern agricultural area. (E2) is the spatial distribution of ecology quality in the traditional agricultural area.

5.3. The Differences in Average CLQ between MA and TA

To compare the average CLQ between MA and TA, we calculated the average grades
of CLQ. Grades 1, 2, 3, and 4 correspond to the aforementioned excellent, high, medium,
and lower levels of CLQ, respectively. The lower grade equals higher values of CLQ
indicators and therefore better quality. Table 4 shows the average grades of CLQ in MA and
TA. The average comprehensive CLQ grade of MA was lower than that of TA, indicating
that the CLQ of MA was better than that of TA. The results are similar to the individual
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quality of the project, landscape, and ecology. However, the average fertility quality grade
of MA was 2.47, which was significantly larger than that of TA (Table 5).

Table 5. The average CLQ in MA and TA.

Area Fertility
Quality

Project
Quality

Landscape
Quality

Ecology
Quality

Comprehensive
Quality

MA 2.47 1.65 1.20 1.90 2.09
TA 1.54 3.32 1.87 1.94 3.09

Moreover, the analysis of area proportional to comprehensive CLQ in different grades
also proves that the CLQ of MA is better than that of TA (Figure 5). Specifically, Figure 3
shows that the proportion of excellent and advanced grade cultivated land in MA exceeded
30% and 40%, respectively. However, the proportion of advanced grade cultivated land in
TA was only 21.68%, while excellent was lower than 2%.

Figure 5. Area proportion of cultivated land in the comprehensive quality in different grades.

5.4. Relationship Analysis of Individual Cultivated Land Qualities

The results of the Pearson correlation coefficient show that the fertility quality has a
negative correlation with the project, landscape, and ecology qualities in TA, indicating that
the improvement in these qualities has negative impacts on fertility (Table 6). However, the
opposite result was found in MA. This significant difference between MA and TA could
be caused by the unreasonable land consolidation conducted in TA. Specifically, most of
the land consolidation projects conducted in TA were concentrated on the improvement
of farming conditions, and the protection of soil was often neglected. Thus, the land
consolidation project conducted in TA can improve project, landscape, and ecology qualities
but interferes with the surface soil of cultivated land. Moreover, the Pearson correlation
coefficient among other individual qualities is positive, indicating a mutual interaction
between different individual qualities. Thus, it is necessary to evaluate the CLQ from a
multidimensional perspective.

Table 6. The Pearson coefficient of CLQ in modern agricultural areas (MA) and traditional agricultural areas (MA).

CLQ

MA TA

Fertility
Quality

Project
Quality

Landscape
Quality

Ecology
Quality

Fertility
Quality

Project
Quality

Landscape
Quality

Ecology
Quality

Fertility quality 1 1
Project quality 0.264 ** 1 −0.396 ** 1

Landscape quality 0.121 * 0.016 1 −0.164 ** 0.070 ** 1
Ecology quality 0.224 ** −0.257 ** 0.133 ** 1 −0.149 ** 0.234 ** 0.336 ** 1

* and ** indicate significant levels at p < 0.05, p < 0.01, respectively.
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6. Discussion

This paper built a hierarchical evaluation system for understanding CLQ from a
multidimensional perspective. The framework was applied to typical MA and TA in Fujin
City, Heilongjiang Province. The results were similar to the actual situation in these two
areas, proving the framework’s effectiveness. According to the evaluation results, we
found that the comprehensive CLQ in MA is better than that in TA, but cultivated land
individual quality results are not the same as comprehensive quality (see Table 3). The
results are consistent with previous studies. For example, Li’s study [51] found that MA
has better comprehensive benefits than TA, while not all sub-benefits are the same. Modern
management could improve CLQ, which is evident in the same natural environment
between MA and TA, at least in theory. Perfect engineering construction, reasonable
cultivated land distribution, and an adjustable ecosystem are also expected to benefit grain
yield improvements (see Table 5). Consistently, project quality, landscape quality, and
ecological quality were better in MA than in TA (see Table 4). In summary, a comprehensive
CLQ evaluation using the provided framework produced reliable results in Fujin city.

Moreover, multidimensional indicators implicate the interactive relationship between
the natural environment and human activities (see Figure 1). This interaction will continue
to take place after cultivated land is strongly disturbed. In addition, cultivated land
quality also varies by the intensity of cultivated land use. Zhen and Yadav’s studies [54,58]
have shown that excessive and intensive use will deplete soil fertility, and our study
provides new evidence for this fact. Specifically, we found that the fertility quality in MA
was worse than that in TA (see Figure 4B1,B2); meanwhile, ecology quality in MA was
better than in TA (see Figure 4E1,E2). This point is associated with higher intensity and
single cropping patterns in MA, which may affect biological diversity and lead to the
homogenization of ecological quality. We found that MA has advantages in project and
landscape quality, which might be associated with the modernized land consolidation in
MA (see Figure 4C1,C2,D1,D2). Many land consolidation projects conducted in MA make
cultivated land more regular, road networks run smoothly, and irrigation and drainage
facilities more abundant. These might also be the main reasons why the grade of CLQ in
MA tends to be the same from a landscape perspective.

It is widely accepted that an agrarian property system is considered to have significant
impacts on cultivated land use. The cultivated land in MA is contracted to paid business
workers for no more than five years, while cultivated land in TA is given to villagers
without compensation for a 30-year contract period. Previous studies have shown that the
different agrarian property systems between MA and TA could create different cultivated
land benefits. Our study further illustrated that the agrarian property systems could also
affect CLQ. With gradual advancements in agricultural modernization, and the continuous
expansion of the connotation of the concept of cultivated land quality, relevant scholars
have gradually realized that the title is also an essential part of cultivated land quality and
an essential factor affecting it [68,69]. Qian et al. [70] found that the instability of land rights
will affect farmers’ farmland quality protection and reduce the behavior of soil organic
fertilizer and straw for improving the quality of cultivated land. The results showed that
the CLQ of MA was lower than TA. High engineering quality and landscape quality of
cultivated land in MA is a fundamental reason for its higher comprehensive quality than
TA. The relative stability of land rights in TA makes its fertility quality higher. Therefore,
based on the property rights of MA and TA, appropriate cultivated land use and protection
measures play a positive role in improving CLQ and the sustainable use of cultivated
land resources.

For the reasons above, the CLQ of MA and TA shows a significant difference. We
realized that different and common problems need to be addressed between the MA and
TA to improve CLQ. Thus, this paper advocates four strategies to improve CLQ: (1) We
should strengthen land consolidation and support facility construction to solve cultivated
land fragmentation and enhance disaster prevention and mitigation of cultivated land,
especially in towns and villages of TA. (2) We must strengthen soil fertility maintenance in
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agricultural production and reduce human interference with soil to ensure the sustainable
use of cultivated land. (3) We should develop the ecological environment of cultivated land,
especially in TA, to improve CLQ. (4) We must carry out a multidimensional cultivated
land quality survey to gather more detailed information on CLQ.

This paper reveals the essential characteristics of cultivated land quality in typical
MA and TA in Northeast China, and shows a positive significance for the rational use
of cultivated land resources. Cultivated land from four dimensions was analyzed in this
research, but the evaluation index of cultivated land quality lacked biological indicators.
Therefore, future evaluations of cultivated land quality should be combined with the
essential characteristics of a given region to select the relevant biological indicators to more
objectively reflect the quality of said cultivated land. Meanwhile, it should also be the focus
of future research to objectively reveal the obstacle factors related to cultivated land quality
and then formulate a regulation mode for MA and TA according to local conditions.

7. Conclusions

Understanding the difference in CLQ between MA and TA is crucial for improving
CLQ in developing countries experiencing the transformation from traditional to modern
agriculture. This paper first built a comprehensive hierarchical framework to evaluate CLQ
from the multidimensional perspectives of fertility, project, landscape, and ecology. Then,
a systematical comparison of CLQ between MA and TA was conducted. The multidimen-
sional evaluation framework has proved to be practical in reflecting CLQ. The findings of
this study showed that CLQ in MA is comprehensively better than in TA, but results of
cultivated land individual quality are not the same. Specifically, the project, landscape, and
ecology quality in MA are better than in TA. However, the fertility quality in MA is worse.
The CLQ in MA tends to be more consistent in the small range, while the spatial pattern of
CLQ in TA is disordered. These results indicate that modern management could improve
CLQ, but the higher intensity and single cropping patterns in MA could negatively impact
CLQ. Based on the findings of this study, we promote four strategies to improve CLQ.
Overall, this study provides a new comprehensive insight to understand CLQ. Conclusions
of the research are also beneficial for policymakers to improve CLQ more efficiently.
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