. land

Article

Drive Mechanisms of Soil Quality Changes in Peri-Urban Areas

Hongbin Liu 2 and Jie Lyu 3*

Citation: Liu, H.; Lyu, J. Drive Mech-
anisms of Soil Quality Changes in
Peri-urban Areas. Land 2021, 10, 171.
https://doi.org/10.3390/1and10020171

Academic editor: Roberto Henke
Received: 31 December 2020
Accepted: 3 February 2021
Published: 7 February 2021

Publisher’s Note: MDPI stays neu-
tral with regard to jurisdictional
claims in published maps and insti-

tutional affiliations.

Copyright: © 2021 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC  BY)
(http://creativecommons.org/licenses

/by/4.0/).

license

1 College of Land and Environment, Shenyang Agricultural University, Shenyang 110866, China;
liuhongbinsy@syau.edu.cn

2 College of Economic and Management, Shenyang Agricultural University, Shenyang 110866, China

3 College of Public Administration, Nanjing Agricultural University, Nanjing 210095, China

* Correspondence: jieluesy@syau.edu.cn; Tel.: +86-24-88487008

Abstract: The driving mechanism of soil quality (5Q) has important implications for arable land
protection, sustainable agricultural development and ecological environment conservation. This
study builds a “perception-response” theoretical framework to investigate how farmers’ land use
behavior may affect SQ from the temporal and spatial perspectives. Based on soil sampling data,
farmer survey data and socioeconomic statistical data collected in a typical peri-urban area of
northeast China, geo-statistical analysis and econometric models have been applied to examine the
effect of farmers’ land use behavior (FLUB) on SQ. The results show that during 1980-2010, the
target of FLUB has been shifted from “grain output maximization” to “grain output and profit
maximization” and then to “profit maximization”. The FLUB, including land use pattern, land use
degree and land input intensity, also show obvious differences in space. These differences result in
distinct impacts on the variation of SQ in time and space. Generally, the soil organic matter (OM)
tends to decline, the available nitrogen (AVN) and available phosphorus (ANP) tend to rise, while
the available potassium (AVK) increases after an initial decline. Moreover, the further distance
from the city center, the greater the spatial variation of SQ in space. These findings are not only
helpful from a theoretical and practical significance for policy-makers to improve SQ in the out-
skirts of metropolitan areas, but also make an important contribution to the sustainable develop-
ment of peri-urban agriculture (PUA).

Keywords: soil quality; farmers’ land use behavior; the drive mechanism; peri-urban areas; spati-
otemporal analysis

1. Introduction

Cultivated land is the most basic means of agricultural production. In order to
guarantee both the quantity and quality of food security in China, the fundamental
premise of sustainability is paramount for all agricultural land. There is no more time
for unsustainable land uses, in the midst of climate change, biodiversity loss, fresh water
quality decline, etc. [1,2]. However, due to the large population in China, the continuous
development and acceleration of industrialization and urbanization have resulted in a
decreasing amount of cultivated land [3-5]. In this context, in order to ensure food secu-
rity, it is necessary to increase the cultivated land input intensity to maintain a high
production capacity, which often leads to excessive use of fertilizers and other agricul-
tural production materials, resulting in the degradation of soil quality (SQ) and ecologi-
cal environment, that is more obvious in peri-urban areas [6-9]. Therefore, utilizing cul-
tivated land resources reasonably, preventing cultivated land quality (CLQ) from de-
clining, and improving the level of intensive land management, have not only become
the most important matters that need to be solved urgently, but also remain some of the
key scientific problems to explore the relationship between human and land resources
conservation in peri-urban agriculture (PUA) [10].

Land 2021, 10, 171. https://doi.org/10.3390/land 10020171

www.mdpi.com/journal/land



Land 2021, 10, 171

2 of 22

With the establishment of the rural farmer responsibility system in the 1980s in ru-
ral China, farmers have become independent and basic decision-making units. Farmers’
land use behavior (FLUB) has therefore become a direct force that determines the
growth of agricultural production [11,12]. As they are the managers of the land and the
decision-making body, their behavior determines whether the land is utilized rationally,
including the selection of land use pattern, land management measures and land input
intensity. All these may cause changes in the quality of arable land [13]. For example,
some land use behavior such as the appropriate application of organic fertilizers, the
conservation tillage and the returning of straw to arable land when harvesting, are reg-
ular ways to maintain or improve SQ. On the contrary, unreasonable human activities,
such as excessive grazing and excessive use of chemical fertilizers, could cause soil pol-
lution, soil erosion or soil degradation, which accelerates the decline of SQ [14,15]. Thus,
reasonable support for qualified FLUB is the core challenge to protect and improve the
SQ and the sustainability of new forms of agriculture in urban and peri-urban areas.

At present, the existing literature mainly focuses on the following three aspects.
First, the study on SQ and its driving mechanism has been explored a lot. On the one
hand, some studies have proposed various calculation methods to quantitatively evalu-
ate SQ, such as comprehensive SQ index [16-18], multi-variable index Kriging interpola-
tion [19], and dynamic model method [20,21]. On the other hand, some researchers have
uncovered the influencing factors of SQ from the aspects of land use pattern [22,23],
farming system [24] and agricultural management measures [25]. Second, as regards to
FLUB, most studies put emphasis on farmers’ behavior in land rental market participa-
tion [26,27], land-related input [28], adoption of agricultural technology [29,30] and SQ
protection [31] and then identify the impacts of agricultural ecological environment pol-
icy [32], land tenure arrangement [33], market factors [34] and farmer characteristics on
FLUB [35-37]. Third, some researchers begin to pay attention to the relationship between
SQ protection and farmers’ behavior. They have attempted to study how soil nutrient
degradation could be affected by farmers’ management measures with low external
technology inputs [38,39], the influencing factors of farmers’ land management decisions
[40], farmers’ cognition on land quality [41,42], and SQ evaluation based on FLUB [14].

Although the extant literature has carried out in-depth study on FLUB and SQ,
there are still several aspects that can be improved. First, as regards to the angle of view,
most of the existing studies related to driving mechanism of SQ have focused on the
impacts of natural factors. As the increasing intervention of farmers” activities on land
use, human factors have become the main factors affecting the SQ change. However, as
to the studies that refer to the effect of human factors, there are only simple descriptions
and thus a lack of convincing empirical analysis. Second, in terms of the research object,
under the rapid growth of the Chinese economy, what changes have taken place in
FLUB, and how may such changes affect SQ? Such questions still need to be answered
with more convincing evidence. Third, in terms of research methodology, the question
of how to integrate the research methods of natural science and social science based on
specific data sources and model applications remains to be further explored. Fourth, in
terms of the research area, few studies have focused on the peri-urban areas, which is
one of the areas with the most drastic changes in land use.

This study aims to answer two questions: what has happened to the SQ in the pe-
ri-urban areas, and how? To this end, theoretically, an analysis framework explaining
the driving mechanism of FLUB on SQ has been built from two dimensions of time and
space. This paper takes Sujiantun as the research area. It is a peri-urban of Shenyang city,
Liaoning province in northeast China. We try to uncover the variation of SQ in time and
space dimensions, and explore the change of FLUB and its impact on it. In what follows,
Section 2 presents a conceptual framework linking FLUB and the variation of SQ. Sec-
tion 3 explains the method including survey design, data processing and the economet-
ric modeling. The results and discussion are reported in Section 4, followed by the con-
cluding section.
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Farmer land use behavior

2. Theoretical Framework
2.1. Definitions
2.1.1. FLUB

As for the definition of FLUB, some researchers deem it as the production decision
made based on the changes in the prices of agricultural production, production behavior
or land resource utilization behavior [43-45]. However, FLUB is actually the production
decision-making behavior process of farmers in land use, including the decision of “what
to grow (land use pattern)”, “how much to grow (land use degree),” and “how to grow
(land input intensity)” (see Figure 1). Therefore, in this study, the definition of FLUB
contains three aspects: land use pattern, land use degree and land input intensity. Cor-
respondingly, land use pattern means the selection of crop types is quantified by
whether (or not) growing cash crops (WGCC). Land use degree implies the degree of
land use required to reach a certain output, and we qualify it by a multiple cropping in-
dex (MCI). Land input intensity signifies the selection of investment and technology;
land input intensity (LII) is applied to qualify it.

What to »|  Land use pattern
grow
Production de& , a—_—s
sion-making |
behavior ¥
How much . Land use degree
: to grow .
v
How to .| Land input intensity
grow .

Figure 1. The definition of farmers’ land use behavior (FLUB).

2.1.2.5Q

Regarding the SQ, scholars propose that it is reflected by the capacity of products of
the cultivated land, a variety of attributes and functions, such as natural quality and uti-
lization quality [46—48]. In this study, in order to investigate the effect of FLUB on 5Q
from the micro-level perspective, relatively stable indexes, such as surface texture and
soil configuration, should be avoided when quantifying SQ indexes. Instead, indexes that
are greatly affected by FLUB and can accurately reflect SQ should be selected. After
screening and comparison, combined with the data availability of this study, four in-
dexes were finally selected to quantify SQ, i.e., soil organic matter (OM), soil available
nitrogen (AVN), soil available phosphorus (AVP) and soil available potassium (AVK).

2.2. The Driving Mechanism of SQ Change by the FLUB

Figure 2 describes the driving mechanism of farmers’ targets and the land use be-
havior that may affect the temporal and spatial variation of SQ. First of all, cultivated
land holds the capacity of both producing food and generating economic value. The
former mainly satisfies rural farmers’ food demand, while the latter mainly meets their
profit needs. A farmer is both a producer and a consumer, which determines that the
production and consumption behaviors are constrained by the supply of capital,
knowledge/knowhow and soft skills of farmers. From the perspective of behavior theory
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of farmers [14,15], the goal of farmers’ production is to maximize utility. Whereas, ac-
cording to the theory of development economics [42,43], the goal of farmers to maximize
utility appears in diverse forms at different stages of economic development. Hence, the
farmers’ land use target is constantly changing with the economic growth. In this process,
farmers will produce and measure their own needs, which are food demand and eco-
nomic value demand. The former is to meet the family’s food consumption, while the
latter can meet the family’s profit demand [49,50]. Under the strong constraints of farm-
ers’ food consumption, farmers tend to give priority to meeting farmer food consumption
needs, and thus their decision-making is based on the satisfaction of farmer food con-
sumption capacity. After the food consumption is satisfied, it is the demand for the eco-
nomic value of land. Eventually, the function of cultivated land will match the needs of
farmers.

Secondly, with the rapid economic development, the high-speed increase of the
population, the continuous expansion of the city size and the continuous adjustment of
policy systems, a large amount of cultivated land has been used for non-agricultural
purposes, resulting in a decline in both the quantity and quality of arable land. These
external pressures also make farmers constantly adjust FLUB to maximize utility based
on farmer characteristics, such as land, labor, capital, and technology, and the perception
of the SQ. When these adjustments impact upon the cultivated land, it is due to the
change of the farmers’ land use behavior, including the farmers’ land use pattern, land
use degree and land input intensity. Accordingly, there will be varying degrees of impact
on the cultivated land productive capacity. Eventually, FLUB forms a “perception—
response” loop between land use decision-making units and land-use units.

Specifically, temporally, the loop as named here can be expressed as: from meeting
the food demand for basic surviving issue — demand for profit (on the basis of solving
the basic surviving needs) — demand for profit maximization. Correspondingly, the
farmers’ land use target has been shifting from maximization of grain output — optimi-
zation of grain output and profit - maximization of profit. Profit and profit maximiza-
tion can also be partially overlapped with basic self-sufficiency. However, the described
logic helps to underline the tremendous changes which have taken place the last decades.
In the stage of maximization of grain output, there is only Type I farmer, whose income
completely comes from farming. They are pure farmers. In the second stage, Type II
farmer appears, who has concurrent off-farm employment, but farming is still the major
income source. In the third stage, the Type III farmer arises, who has a concurrent
off-farm employment and off-farm income becomes the major income source. Spatially,
at different distances from the central city, farmers’ land use targets will be distinct,
therefore, the farmer types will be a variation in space (see Figure 2).

Finally, along with the change in land use behavior, a series of variation in the SQ
will inevitably be caused [51,52]. SQ will present different evolution trends in time and
different distribution characteristics in space. Among them, the land use pattern of
farmers is mainly reflected by the choice of planting structure, which would affect the soil
fertility level and the nutrients cycling in the agricultural ecosystem. The difference in the
nutrient cycle between different crops would lead to changes in the balance of nutrients
in the soil such as nitrogen (N), phosphorus (P), and potassium (K) required by plants.
Land use degree is mainly represented by the degree of the disturbance on SQ by human
activity. The increase of land use degree means the raise of soil nutrient consumption. If
no corresponding measures are taken, it will lead to nutrient loss and other forms of land
degradation. The impact of land input intensity on the SQ is the most direct. Reasonable
land input is conducive to the supplement and accumulation of the corresponding soil
nutrients, thereby improving the contents of soil nutrient. On the contrary, unreasonable
land input will result in soil compaction, salinization, and other damage to the SQ.
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3. Materials and Mixed Methods Approach
3.1. Study Sites

As Figure 3 shows, the Sujiatun district has been selected as the study area, which is
located in peri-urban areas of a metropolitan city —Shenyang, the central city with the
strongest advancement of industrialization and urbanization among the three north-
eastern provinces in China. The study area has the most drastic changes in land use due
to the continuous extension of city boundaries and the expansion of socio-economic ac-
tivities from the urban area to the rural areas [53]. SQ protection has undoubtedly be-
come one of the most sensitive and active events [54,55]. In 2019, there are 425,000 per-
manent residents in the region, the urbanization rate is 73%. The GDP is 22.7 billion yu-
an (RMB) and the growth rate was about 6.5%, with the increasing rate of industrializa-
tion at 7.4%. The facility agriculture area has reached 43,000 ha. Ten national demonstra-
tion areas with high yields of grain crops have been established, with the grain yield
stable at about 230,000 tons. Therefore, Sujiatun district, as a peri-urban area, is a typical
and representative study area to explore the links between FLUB and SQ change. Fur-
thermore, as Figure 3 shows, Linhu street (inner peri-urban), Yongle town (outer pe-
ri-urban) and Wanggangbao town (middle peri-urban) were all selected from the west
plain area of Sujiatun district, which ensures that the natural conditions are similar in
the three study sites. This guarantees that, under relative homogeneous natural condi-
tions, the variation of SQ is driven by human factors.
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Figure 3. The study area location in the Sujiatun district of Shenyang city (a); with a total of 119,
141 and 1437 sampling points in 1980, 2000 and 2010 (b—d), respectively.
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3.2. Data Collection and Processing
3.2.1. SQ Sampling A Data and Preprocessing

The data sources mainly include the second Soil Census data in 1980, the soil data
provided by the soil fertilizer station of Sujiatun District Agricultural Technology Exten-
sion Center in 2000 and the cultivated land fertility survey data in 2010. In order to en-
sure the comparability of the three periods of data, based on the sample plots deter-
mined in the second soil census, the original plots will be sampled in each period, and
then the number of sample points will be increased according to the actual needs. The
sampling time was before the beginning of growing crops in spring, and the sampling
depth was 0 to 20 cm. The laboratory analysis of soil samples was carried out by the na-
tional standard method, and was consistent in 3 periods. Finally, 119, 141 and 1437 sam-
pling points were obtained. The national standard method was used for laboratory
analysis of soil samples, and the analysis methods of the three periods were consistent.

In data processing, the domain method is mainly used to identify the specific value,
that is, to identify the specific value according to the multiple of standard deviation.
Generally, the specific value is determined as the sample mean plus 3 times of mean
square deviation, and then the maximum value of normal value is used to replace the
specific value. MAPGIS module of ArcGIS 10.2 is used to convert the data of WGS84 co-
ordinate system and Beijing 54 coordinate system, and output SHP format that can be
received by ArcView, so as to get 1980, 2000 and 2010. At the same time, geostatistics
software GS + (9.0) was used to analyze the spatial structure of SQ. Three kinds of semi
variance models, i.e., the exponential model, spherical model and Gaussian model, were
used to establish the optimal semi variance theoretical model. Kriging interpolation and
other geostatistical analysis methods were used to conduct spatial analysis and draw
spatial distribution maps. SPSS 20.0 and excel 2010 were used for statistical analysis.

3.2.2. Socio-Economic Datasets

The socio-economic data used in the study mainly come from two aspects, one is
the survey data of farmers in the study area, the other is the statistical data provided by
the Bureau of statistics of the study area. This was in order to ensure the accuracy of the
study and ensure that the data of the sampling points and the farmers survey data can
be from one-to-one correspondence. The specific process is as follows: Firstly, according
to the spot size, crop species and yield level, the number and location of distribution
points were determined and 1437 sample points were obtained. The corresponding
number of farmers was 1437 as land users. The average representative area of sample
points was 7.81 ha. Secondly, on the basis of the different distance from the City Center,
4-5 villages were selected in each study area, a total of 14 villages were determined in
the three areas. Thirdly, 10-20 households have been randomly selected from each town.
Meanwhile, in order to ensure the validity and reliability of the data, we use the form of
direct dialogue with farmers. The questionnaire was designed according to the content
of the theoretical framework. It includes household characteristics, sample points char-
acteristics, sample points input and output, farmers’ land use behavior, agricultural
technology training services, market survey, land policy and the family’s income and
expenditure, etc. Most of the questions are closed. The number of 240 questionnaires
was obtained, and 238 valid questionnaires were obtained except for the invalid ques-
tionnaires. The effective rate of the questionnaire was 99.2%. Among them, there are 79
households in Linhu street, accounting for 33.2% of the total sample size, 78 households
in Wanggangbao Township, accounting for 32.8% of the total sample size, and 81
households in Yongle Township, accounting for 34.0% of the total sample size, which
meet the requirements of wide coverage and sufficient quantity of the above samples.
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3.3. Econometric Models

According to the theoretical framework, we can build the following econometric
analysis model:

FLUB = g(WGCC ,MCI , LII ) (1)

FLUB can be captured by three quantifiable independent variables (see Table 1):
land use pattern (indicated by whether growing cash crops, WGCC, 1—growing cash
crops, 0—otherwise), land use degree (indicated by multiple cropping index (MCI)) and
land input intensity (LII). WGCC indicates whether a farmer plants grain or cash crops or
both, which states different land use patterns, the main cash crop is vegetables and fruits
in the study area; MCI is an abbreviation of the multiple cropping index, it equals the
frequency of planting crops on the same spot in a year. This is the ratio of the production
area to plot area, which reflects different degrees of land use; LII stands for the amount of
input (including manure, labor or capital inputs) per unit of land, which implies the dif-
ference of land input intensity among farmers.

Table 1. Descriptive statistics of SQ during 1980-2010.

SB Year Mean Std. dev Coefficient Min Max  Skewness Kurtosis
1980 30.88 7.05 22.83 16.84 53.87 1.032 0.934
OM (g/kg) 2000 22.63 3.53 15.60 11.32 36.19 0.647 -0.139
2010 20.07 1.62 14.63 17.87 27.71 0.511 1.187
AVN 1980 109.38 8.67 7.93 89.70 126.40 0.258 -1.182
(mg/kg) 2000 108.36 7.32 6.76 95.90 135.09 0.631 0.174
2010 126.80 8.80 6.94 96.33 148.10 -0.554 0.644
AVP 1980 11.46 6.08 53.05 4.63 46.35 1.708 4.321
(mg/kg) 2000 26.32 9.32 35.41 13.49 61.92 1.015 0.798
2010 54.31 12.86 26.67 17.41 84.16 -0.126 -0.284
AVK 1980 149.58 17.96 12.01 79.69 197.65 0.083 -0.103
(mg/kg) 2000 103.62 11.19 10.80 85.17 125.26 0.274 -1.190
2010 134.29 17.21 12.82 86.67 167.95 -0.012 -1.004

Sources: computed based on laboratory analysis of the soil samples.

The variation of SQ can be explained by indicators that are sensitive to the change of
FLUB, including soil organic matter (OM), available nitrogen (AVN), available phos-
phorus (AVP), and available potassium (AVK).

CLQ = 1,(OM, AVN, AVP, AVK ) ()
The relationship between SQ and FLUB can be represented by:
CLQ = 1,(FLUB) (3)

Different types of farmers (for instance Type I farmer, Type II farmer and Type III
farmer) have diverse land use behaviors, such as WGCC, MCI and LII. It will have dis-
tinct degrees of impact on SQ.

Bring Equations (1) and (2) into (3), we obtain Equation (4):

CLQ = ,(OM, AVN, AVP, AVK) = £,(FLUB) = 1,lgWGCC, MCI, L11) = h(WGCC, MCI, LIT) ] 4)

It should be noted that the above model is a general model of the interaction
mechanism between FLUB and the change of SQ. In the specific analysis, according to
data availability, we use the statistical data to analysis the variation of FLUB in the tem-
poral perspective. The soil sampling and the interviews are applied to clarify the spatial
difference of FLUB and the econometric models. SPSS20.0 software was used to analyze
the econometric models.
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4. Results and Discussion
4.1. The Spatial and Temporal Variation of SQ in the Metropolitan Suburbs
4.1.1. The Spatial-temporal Variation of OM

Over the past 30 years, the OM content has changed a lot, showing a general trend of
decreasing. It declined from 30.88 g/kg in 1980 to 20.07 g/kg in 2010 (see Tables 1 and 2,
Figure 4 and Figures S1 and S2). According to index grade of SQ in study (see Table 2), it
is determined by the index standard grade the Second National Soil Survey, the re-
quirements of local planting system and laboratory analysis results of soil samples in
1980, 2000 and 2010. In 1980, OM was mainly featured as Grade II (25-30 g/kg) and
Grade III (20-25 g/kg), accounting for 42.8% and 25.8% of the total area, respectively. By
2000, it was still dominated by Grades II and III, accounting for 49.0% and 47.3%. Com-
pared with 1980, OM showed a declining trend (see Tables 1 and 2). Spatially, the de-
cline range in most areas was between 0-5 g/kg. However, in the southern part of
Yongle town, which is the farthest from the city center, there was even a small increase
of OM by 0-5 g/kg. In 2010, OM continued to decline to Grade III, which accounted for
84.1%. Compared with 2000, OM in Linhu street and Wanggangbao town generally fell
between 0-5 g/kg, while OM in Yongle town increased by 0-5 g/kg. When comparing
with 1980, OM in Linhu street and north Wanggangbao town decreased between 5-10
g/kg. However, in the central and southern part of Yongle town, OM raised by 0-5 g/kg
(see Figure 4).

Table 2. Grade of SQ during 1980-2010.

1980 2000 2010
Item Grade Value Area Percent Area Percent Area Percent
(hm?) (hm?) (hm?)

I > 30 1577 14.1 121 1.1 139 1.2

1I 25-30 4797 42.8 5503 49.0 1324 11.8

111 20-25 2893 25.8 5313 47.3 9433 84.1

OM (g/kg) v 15-20 1944 17.3 283 2.5 250 2.2
A\ 10-15 9 0.1 —— —— 1 0.0

VI <10 —— —— —— —— 74 0.7
I >150 —— —— —— —— —— ——

I 135-150 —— —— —— —— 1459 13.0

AVN 11T 120-135 1525 13.6 641 5.7 6739 60.1
(mg/kg) v 105-120 4391 39.1 6394 57.0 2647 23.6
\% 90-105 5306 47.3 4185 37.3 376 34

VI <90 —— —— —— —— —— ——

I >60 —— —— 42 0.4 2751 24.5

1I 50-60 —— —— 516 4.6 2937 26.2

AVP 111 40-50 16 0.1 1842 16.4 3167 28.2
(mg/kg) v 30-40 84 0.7 2404 21.4 1803 16.1
\' 20-30 895 8.0 2469 22.0 537 4.8

VI <20 10226 91.1 3948 35.2 26 0.2

I >180 526 4.7 —— —— —— ——

II 160-180 3899 34.7 —— —— 527 4.7

AVK 111 140-160 3760 33.5 —— —— 3657 32.6
(mg/kg) v 120-140 2806 25.0 856 7.6 3670 32.7
\% 100-120 164 15 5329 47.5 3072 27.4

VI <100 66 0.6 5036 44.9 295 2.6

4.1.2. The Spatial-Temporal Variation of AVN

During 1980-2010, the overall AVN content showed a trend of first decreasing and
then sharply increasing, it slightly declined from 109.38 mg/kg in 1980 to 108.36 mg/kg in
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OM

2000 and then rose to 126.80 mg/kg in 2010 (see Tables 1 and 2, Figure 4 and Figures S1
and S2). In 1980, AVN mainly distributed in Grade III (120-135 mg/kg), Grade IV (105-
120 mg/kg) and Grade V (90-105 mg/kg), accounting for 13.6%, 39.1% and 47.3% of the
total area, respectively. By 2000, AVN is mainly characterized as Grades IV and V, ac-
counting for a total area of 57.0% and 37.3%, respectively. Compared with 1980, AVN
content in the study area generally rises by 0-15 mg/kg in Linhu street, the eastern
Wanggangbao town, and the central and middle Yongle town. Area with a decline of
AVN was located in the middle and western Wanggangbao town. In the western
Wanggangbao, the decrease of AVN was more than 15 mg/kg. By 2010, AVN was main-
ly dominated by Grades III (60.1%) and IV (23.6%). Compared with 2000, the AVN con-
tent in most areas rose by 0-15 mg/kg and by 15-30 mg/kg. It increased more in
Wanggangbao town and Yongle town than in the Linhu street. Compared with 1980, the
increase of AVN ranged from 0-15 mg/kg to 15-30 mg/kg in Yongle town. Within
Yongle town, it rose by 15-30 mg/kg in the north, and 0-15 mg/kg in the central and
southern parts. The increase of AVN in some areas of Yongle town even exceeded 30

mg/kg.

4.1.3. The Spatial-Temporal Variation of AVP

During 1980-2010, the content of AVP has an overall increasing trend, but the in-
creasing range is different (see Tables 1 and 2, Figure 4 and Figures S1 and S2). In 1980,
the AVP was distributed in Grade VI, accounting for 91.1% (10226 hm?). By 2000, the AVP
was mainly concentrated in Grade III (40-50 mg/kg), Grade IV (30—40 mg/kg) Grade V
(20-30 mg/kg) and Grade VI, accounting for 16.4%, 21.4%, 22.0% and 35.2%, respectively.
Compared with 1980, the average increase of AVP content in most regions was 0-20
mg/kg, while the increase in middle/west of Yongle town was 2040 mg/kg. By 2010, it
mainly concentrated at Grade I, II and III, accounting for 24.5%, 26.2%, and 28.2%, re-
spectively. Compared with 2000, the increase of AVP in most areas was 20-40 mg/kg.
Compared with 1980, the increase of AVP in Linhu street and Wanggangbao town was
2040 mg/kg, while the increase in Yongle town was 40-60 mg/kg from 1980 to 2010. In
some area in the central part, the increase of AVP was ever over 60 mg/kg.

Legend
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‘OM Conient from 1980 1o 2010 (g kg")
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I 10- 5 -15 - 0
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Figure 4. The spatial variation of SQ from 1980 to 2010.

4.1.4. The Spatial-Temporal Variation of AVK

Between 1980 and 2010, the content of AVP decreased gradually, but the rate of de-
crease differed in time. It declined to 103.62 mg/kg in 2000, then it increased rapidly by
2010, with an average value grown by 30.67 mg/kg (see Tables 1 and 2, Figure 4 and
Figures S1 and S2). The AVK was mainly distributed in Grade II and Grade III in 1980,
accounting for 34.7% and 33.5%, respectively. In 2000, the AVK was mainly concentrated
in Grade V (100-120 mg/kg) and Grade VI (<100 mg/kg), accounting for 47.5% and 44.9%.
Compared with 1980, the AVK in soil decreased significantly. Among which, the decline
range of Linhu street and most areas of Wanggangbao town was more than 60 mg/kg, the
decline range of southern Wanggangbao town and northern Yongle town was between
30-60 mg/kg, and the decline range of central/southern Yongle township was between 0-
30 mg/kg. However, in 2010, the dominant type is Grade III (3657 hm?) and Grade IV
(3670 hm?). Compared with 2000, the increase range in Linhu street and the north
Wanggangbao town is 0-30 mg/kg, while in most area of Yongle town the increase range
is more than 30 mg/kg.

Based on the above geostatistical analysis, the spatial-temporal variation of SQ is
significant. The OM content tends to decrease, the AVN and AVP contents gradually in-
crease, while the AVP content decreases first and then increases over time. Among them,
the rapid decline of OM content is one of the main reasons leading to the degradation of
SQ, which will directly affect the productivity of cultivated land and adversely affect the
sustainable development of PUA. Meanwhile, the closer to the city center, the greater the
decrease of OM content is. It may be due to the fact that farmers are more likely to set
land aside due to continuous urban sprawl, non-agricultural employment opportunities
and uncertainties to keep the farmland for next years. That might reduce the interest of
the farmers to maintain or increase OM. The farther away from the urban area, the
greater the increase of the available nutrient content (AVN, ANP and AVK) is. This can
be linked to the fact that production intensities increase when approaching the
city —more in the direction of “exploiting” the soil via horticulture, high-value crops and
narrow rotations. This is obviously different from the change of SQ caused by natural
factors [7,56], so the in-depth research from the perspective of FLUB is necessary.
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4.2. FLUB and SQ: the Driving Mechanism
4.2.1. Temporal Variation of FLUB
Land Use Pattern (WGCC)

Figure 5 shows the change of grain (maize and rice) and cash crop (vegetables and
fruits) production area in Sujiatun district from 1980 to 2010. As can be seen, the grain
production area has declined from 32,457 hm? in 1980 to 25,812 hm? in 2010, with a total
decrease of 6645 hm? and an average annual decrease of 221.5 hm? within the 30 years. In
particular, since 2000, it has been declining at an even faster rate. By 2003, it was basically
the same as that of high-value crops. The change of vegetables planting area has experi-
enced three stages. In the first stage (1980-1990), it increased slowly, from 2271 hm? in
1980 to 3271 hm? in 1990. In the second stage (1991-1999), the vegetable planting area
increased rapidly from 4030 hm? in 1992 to 8230 hm? in 2000, with an average annual
growth of 420 hm?. In the third stage (2001-2010), the vegetable planting area fluctuated.
It first decreased slightly, then increased slowly, and kept at a high level as a whole. The
result shows that the cash crop production area is gradually increasing, especially since
2000. The main reason is that the demand of urban residents for agricultural products is
rising by the rapid urbanization and a large number of labor transfer.

9000
8000 _
7000 E
=
6000 9
(]
5000 £
=}
s
4000 &
()]
3000 =
s
2000 &
()]
>
1000
0

BN grain crops cash crops ==\egetable

Figure 5. The change of crop production area during 1980-2010.

Land Use Degree (MCI)

As Figure 6 shows, the MCI has been increasing during 1980-2010, presenting an
increasing degree of land use overall. It may roughly be divided into three stages. In the
first stage (1980-1990), the MCI increased from 100.23% to 102.96%, during which it ex-
perienced a wave in 1986 at 105.04% and a trough in 1989 at 100.16%. The second stage
was from 1991 to 2000, during which the MCI was in a relatively stable status, rising from
104.41% in 1991 to 104.67% in 2000. The third stage was from 2001 to 2010, when the MCI
rose sharply and then steadily. It rose from 103.42% in 2000 to 111.88% in 2010, and ex-
perienced a trough (101.27% in 2003) and a peak (112.37% in 2006). From the beginning of
this century, the MCI increased significantly. In the early stage of reform and opening up,
due to the limitation of climate conditions in the study area, only one crop of corn or rice
can be planted. Therefore, the MCI is mainly 100%. However, with the improvement of
agricultural production technology and the marketization reform of agricultural prod-



Land 2021, 10, 171

13 of 22

Chemical fertilizer(kg/hm?)

2000

1500

1000

500

ucts, farmers began to plant high-value crops such as vegetables and fruits, which
greatly improved the multiple cropping index of land.
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Figure 6. The change of multiple cropping index (MCI) in Sujiatun district during 1980-2010.

Land Input Intensity (LII)

From 1980-2010, the inputs of fertilizers present the characteristics of decrease in
fluctuation (see Figure 7). The input of manure per unit arable land decreased during
1980-2010 as a whole, it is from 29.8 t/hm? in 1980 to 14.9 t/hm? in 2010, with a decrease of
nearly 50%. However, it shows that the decrease of manure input is gradually slowing
down from 2000. The major chemical fertilizers which farmers applied were mainly ni-
trogenous and phosphate fertilizers. The compound fertilizers applied has been gradu-
ally increasing since 2000.

N
o
Manure input(t/hm?)

Year
EmmN mmmP mmwmK @ compound fertilizers  e==—manure

Figure 7. The change of fertilizers input in Sujiatun district during 1980-2010.

Based on the above statistical analysis, we can clearly see that the production area
of grain crops with low intensity and profits is gradually decreasing, and the cash crops
with high intensity and profits is gradually increasing. In addition, farmers began to use
chemical fertilizers instead of manure, and the application methods of chemical fertiliz-
ers gradually became more reasonable. In the early days of China’s reform and opening
up, the labor market, agricultural product market and means of production market have
a low degree of development. In order to meet the family’s food demand, grain crops are
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mainly planted. The fertilizer input is mainly manure because of more labor-time in-
vested in it. With the deepening reform of the production factors market, the oppor-
tunity cost of labor gradually rises, farmers also gradually change the traditional way of
land investment. The input of assets is increased, such as the substitution of chemical
fertilizer for manure. Due to the extensive application of chemical fertilizers, the prob-
lems of soil pollution and soil nutrient imbalance are becoming increasingly serious,
which are urgent to be solved in the sustainable development of agriculture. With the
continuous promotion of agricultural science and technology, farmers gradually realize
the importance of scientific fertilization [57,58], which not only saves costs, but also en-
sures the productivity of arable land. As a result, the input of compound fertilizer is
gradually increasing.

4.2.2. Spatial Difference of FLUB in 2010

Land Use Pattern (WGCC)

Figure 8 presents the spatial difference in land use pattern. We find that there are
obvious differences in crop selection behavior. The selection of crops shifted from the
single crop to three types, i.e., grain crop only, both grain and cash crops, and cash crop
only. Moreover, with the increase of distance, the planting area of grain crop was gradu-
ally decreasing, while that of cash crops was gradually increasing. Among the farmers
who grew grain crop, there were 74 farmers (93.7% of the samples in this town) in Linhu
street, 23 farmers (29.5%) in Wanggangbao town, and 2 farmers (2.5%) in Yongle town.
The farmer who plant cash crops is just the opposite

cash croponly  Hboth grain and cash crops  E grain crop only
| |
Yongle

Wanggang

Linhu

0 20 40 60 80

Farmer number (farmers)

Figure 8. Farmers’ land use pattern in Sujiatun district in 2010.

Land Use Degree (MCI)

The MCI are also spatially different among the three regions (see Figure 9). A total
of 74 farmers (93.7%) of the samples in Linhu street were with an MCI of 1. It followed by
39 farmers (50.0%) in Wanggangbao town and 2 farmers (2.5%) in Yongle township. But
Yongle town had the highest proportion of samples with an MCI of 2.0-2.5 and 2.5-3.0,
accounting for 14.8% and 16.0% of the total samples in this area, respectively.
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Figure 9. Land use degree in the study sites in 2010
Land Input Intensity (LII)

The LII mainly includes labor and capital inputs (see Figure 10). In terms of labor
input, with the increase of distance from the city center, the number of family laborers
increases. For example, the per mu (Mu is a unit of area in China, 1 ha. = 15 mu) input in
Linhu street is mainly concentrated in 0-10 working days/mu, while that in Yongle town
is between 10-20 working days/mu and above 30 working days/mu. From the aspect of
capital input, there is a similar spatial differentiation trend. With the increase of land
input intensity, the proportion of farmers is decreasing in Linhu street and increasing in
Yongle town.
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Figure 10. Land input in the study sites in 2010.
From the above analysis, it can be seen that with the continuous acceleration of in-

dustrialization and urbanization, there are obvious differences in land use target and
types of farmers in the study area. Spatially, Linhu street (inner suburb) was dominated
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by the Type III farmers who mainly grew time-saving and labor-saving corn and with a
low land use degree and land input intensity. It is mainly Type I farmers in Yongle town
(outer suburb) who planted (greenhouse) vegetables and thus with the highest land use
degree and land input intensity. Type II farmers who mainly planted corn and vegetables
dominate the Wanggangbao town (middle suburb), presenting a relative high land use
degree and land input intensity. These distinct features will inevitably have different ef-
fects on the change of SQ.

4.2.3. The Response of SQ to Farmer Land Use Behavior: An Empirical Analysis FLUB

In order to analyze the impact mechanism of FLUB on the SQ, through the compar-
ison of different model estimation forms, the multiple linear regression model is finally
adopted. The analysis results are shown in Table 3. From the empirical results, it can be
seen that farmers’ land use pattern, land use degree and land input intensity have dif-
ferent influence on the change of SQ.

The Response of SQ to Type III Farmers in the Inner Suburb

As Table 3 shows, whether growing a cash crop (WGCC) and land input intensity
(LII) have significant and positive impacts on the contents of OM and AVP. The multiple
cropping index (MCI) has negative effects on the contents of AVN, AVP and AVK. With
an increase of MCI by one unit, the AVN, AVP and AVK would decrease by 11.496
mg/kg, 44.078 mg/kg and 15.469 mg/kg, holding other conditions unchanged. In terms of
the degree of influence, the MCI is the most important factor affecting the SQ. The degree
of influence on AVN can be ordered as: MCI > LII. Similarly, the order for AVP is: MCI>
WGCC.

Table 3. Model estimate results.

. . Dependent Variable
Region Independent Variable OM AVN AVP AVK
B 4709 * 42.312*
WGCC T-value 1.246 1.966
Beta 0.188 0.283
Linhu B -11.496 * —-44.078 *** -15.469 *
MCI T-value -1.576 -3.655 -1.817
street
Beta -0.240 -0.532 -0.282
B 0.026 *
LI T-value 1.836
Beta 0.210
B 4.799 * 7.454 % 100.170 ***  61.205 ***
WGCC T-value 2.603 1.030 3.131 2.702
Beta 0.424 0.175 0.413 0.399
Wanggang- B -28.119 %
bao MCI T-value -1.711
town Beta -0.179
B 0.027 * 0.009 *
LII T-value 2.128 1.509
Beta 0.145 0.073
B 134.546 *
WGCC T-value 1.384
Beta 0.160
Yongle B —-2.725 ** -51.444 *
town MCI T-value -2.068 -1.687
Beta -0.233 -0.187
B 0.007 * 0.025* 0.037 *
LII T-value 1.513 1.383 1.884

Beta 0.180 0.196 0.225
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Sources: computed based on household survey data and laboratory analysis of the soil samples.
Note: ***, ** * refers to 1%, 5% and 10% significant level respectively. B value is the coefficient of
regression equation. A beta value means the relative weight of each explained variable in the
model. The greater the absolute value is, the greater the effect of the factor is.

Since the farmers in Linhu Street are closest to the central city, there are more
non-agricultural employment opportunities. Due to the high opportunity cost of labor,
the enthusiasm for agricultural production is not high, so they mainly grow grain crops
which are time/effort-saving and neglect management of arable land, they usually use
chemical fertilizers rather than manure, which leads to the extensive land use. The OM
has obviously declined. It will have a negative impact on the quality protection of SQ in
this area. Therefore, the question of how to improve farmers” planting enthusiasm and
reasonably guide farmers’ fertilization behavior is very important for the sustainable
development of the agriculture.

The Response of SQ to Type II Farmer in the Middle Suburb

Whether growing a cash crop (WGCC) has a significant and positive impact on the
content of OM, AVN, AVP and AVK, with other conditions unchanged, they are 4.799,
7.454, 100.170 and 61.205 mg/kg higher, respectively, on plots planting cash crops than
those planting other crops. From the perspective of influence degree, the content of OM
and AVN is mainly affected by WGCC. The order of influence degree of AVP is: WGCC >
multiple cropping index (MCI) > land input intensity (LII), and the order for AVK is:
WGCC > LII. So WGCC is the most important factor affecting the SQ in Wanggangbao
town.

Farmers in this region mainly grow both cash and grain crops. As such, their land
use target is dual. They need to take full advantage of farmer labor and make full use of
capital. They also need to ensure the satisfaction of basic consuming of family members,
and pursue the maximum profit of products on this basis. The change of land use is
manifested in the improvement of intensive degree, the continuous adjustment of
planting structure, and the swing of farmers’ land use pattern between cash and grain
crops. Therefore, the WGCC is the most important factor affecting the SQ. It is the bidi-
rectional impact on soil quality, in which the direction of development depends on the
implementation of government management policies. When the government policy is
implemented in place, farmers will make reasonable investment and management of
land, which is conducive to the improvement of the quality of cultivated land. On the
contrary, once farmers consider that “farming is not cost-effective”, it may be followed
by the decline of the SQ. So, the government needs to reasonably guide farmers to make
a choice between cash crops and grain crops according to the actual situation of land use
target.

The Response of SQ to Type I Farmer in the Outer Suburb:

Land input intensity (LII) has significant and positive influence on AVN, AVP and
AVK. With an additional 1 yuan/mu of land input, the content of AVN, AVP and AVK
would increase by 0.007, 0.025 and 0.037 mg/kg, respectively. From the point of degree of
influence, AVN and AVK are mainly influenced by LII. Whereas the effect on AVP can be
sorted as: LIl > multiple cropping index (MCI) > whether growing a cash crop (WGCC).
As can be seen, LII is the most important factor affecting the SQ in Yongle town. The
reason is that farmers in this region (Type I farmer) mainly plant cash crops, thus the
impact of WGCC on the change of SQ is reduced. Therefore, LIl becomes the most im-
portant factor affecting SQ variation.

The development of industrialization and urbanization provides a good agricultural
products market for Type I farmers who grow cash crops in the region. Due to the mod-
erate distance to the city center, the opportunity cost of farmers’ employment in non-farm
industry is relatively high. Compared with working outside of town, the income from
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planting cash crops is higher. In order to maximize profit, Type I farmers would increase
LII, which in turn would improve the SQ in Yongle town. However, if the number of
land management does not reach a certain degree, it is difficult to fully reflect the scale
economy of land. So moderately expanding the scale of land management will become
the direction of sustainable development of agriculture in the area.

5. Conclusions

This study was inspired primarily by our interest in detecting whether the law of
spatial-temporal evolution of SQ is related to FLUB and how the influence mechanism is.
We have done so by conducting a set of careful tests based on a conceptual framework.
Our results contribute to the debates about the effects of FLUB on SQ in PUA.

We find that during 1980 and 2010, SQ shows a trend of phasic variation in the
study area. There is also clear difference as the distance from the city center varies. We
further find that, with the various adjustment of farmers’ land use target, the WGCC,
MCI and LII are obvious diversity in time and space. Additionally, there are significant
distinct in terms of the direction, significance level and degree of their effects on SQ. All
these evidences verify the proposition that FLUB indeed has a conditional effect on SQ.

Four important policy implications can be advanced on the basis of the findings.
Firstly, by increasing the economic stimulation and improving the comparative benefit
of agricultural production, farmers will have stronger willingness to protect the SQ.
Secondly, a stable land use contract is one of the fundamental driving forces to maintain
SQ, which can help farmers form a reasonable expectation benefit from the arable land.
Thirdly, the government should actively guide the transfer of arable land rights and
promote the appropriate scale operation of land. In particular, it is possible for a Type I
farmer to achieve it. Fourthly, optimizing the reasonable layout of the agricultural in-
dustry is very important to realize the development of urban agriculture in metropolitan
suburbs, which can achieve the coordinated development of ecological services, land-
scape culture and tourism functions. In brief, they are valid in the sustainable develop-
ment of peri-urban areas of china. They also have successful experiences for other coun-
tries to go by the sustainability of new forms of agriculture in urban and peri-urban are-
as.

This study also has some limitations, which might open up avenues for future re-
search using either better datasets or different case studies. First, there is no in-depth
empirical analysis of the perception process of farmers to SQ due to the limited length of
the paper. Second, we only obtained three datasets in 1980, 2000 and 2010, which makes
it impossible to use an econometric model to analyze the impact of FLUB on SQ from the
time dimension. Meanwhile, due to the adjustment of the administrative boundaries in
three regions, the statistical caliber will change in time. Therefore, the average value of
the socio-economic data in the study area is adopted. Despite these limitations, this pa-
per is a contextual attempt on the study of drive mechanisms of soil quality changes. We
hope to establish a bridge between soil science and social science in order to expand the
scope of existing research. In addition, the peri-urban areas are a focus of the govern-
ment and researchers in the rapid process of industrialization and urbanization in China
and global studies [59-62]. These policy implications are of great significance to the pro-
tection of SQ in the region and the sustainability of PUA.

Supplementary Materials: The following are available online at www.mdpi.com/2073-445X/10/
2/171/s1, Figure S1: The spatial variation of SQ from1980 to 2000; Figure S2: The spatial variation
of SQ from 2000 to 2010.
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Glossary

Abbreviation Definition

CLQ Cultivated land quality
FLUB Farmers’ land use behavior
OM Organic matter

AVN Available nitrogen

AVP Available phosphorus
AVK Available potassium

PUA Peri-urban agriculture
WGCC Whether grow cash crop
MCI Multiple cropping index
LII Land input intensity

Type I farmer Whose income mainly comes from farming

Type II farmer Who has concurrent off-farm employment, but farming is still the major in-
come source

Type Ill farmer ~ Who has a concurrent off-farm employment, but off-farm income becomes the
major income source

N Nitrogen
P phosphorus
K potassium
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