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Abstract: Although a number of studies have provided information on soil texture, soil classification,
and depth to bedrock throughout China, few studies have combined this information, which is the
basis for agricultural field management. A total of 81% of China’s cultivated lands are distributed
among the Middle-Lower Yangtze Plain (18.2%), arid and semiarid North China Plain (18.2%),
Northeast Plain (17%), Huang-Huai-Hai Plain (16.1%), and Yunnan—-Guizhou Plateau (11.6%). The
Huang-Huai-Hai Plain has the highest density of agricultural land (58.5%) and the greatest depth
to bedrock of cultivated land (243—402 m). The lowest cultivated depth to bedrock (4-84 m) is
concentrated in the Sichuan Basin and its surrounding regions. The main cultivated soil types
are Anthrosols, Fluvisols, Cambisols, Phaeozems, Luvisols, Kastanozems, Leptosols, and Acrisols,
under the main topsoil texture classes of loam, clay loam, silty clay loam, silt loam, sandy loam,
and clay. The Fluvisols had the largest depth to bedrock (156 m) on the Middle-Lower Yangtze
Plain and Huang-Huai-Hai Plain, with the highest silt soil distributions but comparable lower sand
contents. The Yunnan—Guizhou Plateau had the highest clay soil content. The cultivation under
Kastanozems and Leptosols on the Qinghai-Tibet Plateau and in arid and semiarid North China
and under Phaeozems on the Northeast Plain should be restricted and managed very cautiously
facing erosion risk. The higher percentages of Anthrosols are on the Middle-Lower Yangtze Plain
(37%), in Southern China (32%), and on the Yunnan-Guizhou Plateau (26%). The same cultivation
aim (i.e., more crop Oproduction) has produced a similar range of properties over time among the
soils developed on agricultural fields, which are classified as Anthrosols. However, various soil types
can still be found in agroecosystems because of the variations in climate and topography. Our results
highlight that the agriculture-based soil climate and topography shape the interaction of the soil
development and not only the pedogenic history of the soil development under variations in the
soil depth to bedrock but also the cultivation of distinct pedogenic features. This study provides
cultivated soil information on the depth to bedrock, soil classification, and soil texture in China, as
well as instructions for field strategies for sustainable agricultural development.

Keywords: agropedogenesis; land utility; soil taxonomy; environmental planning; global changes

1. Introduction

The process of soil formation over time is controlled under natural conditions by
organism activities, climate, parent materials, and topographic factors [1,2], and in agroe-
cosystems particularly, by human interventions [3,4]. Agricultural soils exist objectively
for use as the most basic means of agricultural production, for which the soil development

Agronomy 2023, 13, 1248. https://doi.org/10.3390/agronomy13051248

https:/ /www.mdpi.com/journal /agronomy


https://doi.org/10.3390/agronomy13051248
https://doi.org/10.3390/agronomy13051248
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/agronomy
https://www.mdpi.com
https://doi.org/10.3390/agronomy13051248
https://www.mdpi.com/journal/agronomy
https://www.mdpi.com/article/10.3390/agronomy13051248?type=check_update&version=1

Agronomy 2023,13, 1248

20f12

direction is conscious, purposeful, and completely directional. This tends to weaken the
structure and correlation of the spatial variation of the variables and the spatial heterogene-
ity of the soil properties, including the nutrient availability, which develops in a uniform
direction [4].

Among the properties, the soil texture and rooting depth (i.e., depth to bedrock (or any
hardpan)) are determinant in root proliferation and nutrient acquisition [5]. Soil texture
is an important soil property that controls most of the physical, chemical, and biological
processes in soils [6]. Soil texture often has high spatial heterogeneity along landscapes in
both the lateral and vertical dimensions [7]. Currently, there is an increasing demand for
detailed three-dimensional soil texture information [8] to deal with global and national
issues, such as climate change, soil degradation, water resource shortages, environmental
pollution, and agricultural and ecosystem sustainability [9-11]. The soil texture not only
determines the quality of the soil tillage, but it also directly controls the soil structure, water
permeability and retention, and drainage and ventilation rates, as well as the resistance
against root penetration and the difficulty of tillage and land preparation [12,13]. Therefore,
soil texture is important in soil fertility through the interactions of water, fertilizer, air, and
heat [14,15].

Agricultural soils play an important role in the carbon cycle [16,17]. The soil quality
and its health are related to the physical, chemical, and biological properties, which are
not only naturally controlled by the local climatic and topographic conditions but are also
decided by the land managers in agroecosystems [18]. In the current agricultural produc-
tion regime, due to the excessive pursuit of crop yields by growers, chemical fertilizers,
pesticides, and other amendments are excessively used [19,20], which may not only cause
various environmental problems but also change the direction of the soil development
towards anthropogenic soils [4]. Long-term fertilization may considerably change the soil’s
chemical [19], physical [21], and microbial properties [22]. For example, soil acidification
is a common problem following long-term overfertilization and applications of fertilizer
amounts that greatly exceed the demands of crops [19]. Accelerated soil acidification
decreases the efficient use of land resources and thus crop production [20], as well as
intensifying mineral weathering. The soil carbonate stocks, which buffer the soil pH over
geological timescales, can be completely lost over just a few decades [23,24]. Therefore,
understanding the formation and evolution of the spatial and temporal variation in soil
properties is important not only for predicting the direction of soil development but also as
a basis for the correct determination of the best field management in agricultural fields.

China has managed to feed 20% of the world’s population with only 7% of the world’s
arable land [25]. Most studies usually use advanced machine learning methods, such as
random forests and deep learning, and they focus on a combination of observed data and
environment variables, such as temperature, precipitation, and topography, to obtain the
spatial distribution of soil properties over various scales [26-28]. Although a number of
studies have provided information on soil texture [29] and depth to bedrock [30] throughout
China, few studies have combined this information with the soil types (i.e., soils with similar
properties over defined depths). We explored the relationship between the soil types, soil
texture, and soil depth to bedrock of cultivated land in the Chinese agricultural sector to
assess how long-term agricultural practices control the soil development, and how the
local climatic and topographic conditions may modify the rate of the soil development in
agroecosystems. The objectives were to answer the following questions: (1) What is the
particle size distribution and soil depth to bedrock of Chinese cultivated land? (2) How do
the typical geographical characteristics and climate influence the rate of soil development
on cultivated land?

2. Materials and Methods
2.1. Study Site

We selected the boundary data of nine agricultural zones provided by the Center for
Resources and Environmental Science of the Chinese Academy of Sciences (https://www.
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resdc.cn/Default.aspx) (accessed on 5 April 2022) (Figure 1a). The delineation of these
agricultural zones group areas with similar agricultural inputs and intensities, important
problems, and integrities of administrative units. The zones are as follows: the middle
and lower reaches of the Yangtze River Plain (A); the Huang-Huai-Hai Plain (B); the
Northeast Plain (C); the arid and semiarid North China Plain (D); the Loess Plateau (E);
the Qinghai-Tibet Plateau (F); Southern China (G); the Yunnan—-Guizhou Plateau (H); and
Sichuan Basin and its surrounding areas (I) (Figure 1a).
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Figure 1. (a) Classification of cultivated lands depending on agricultural situation, characteristics,

D

and development; (b) distribution of main water systems and digital elevation model (DEM); (c) total
and cultivated land area (x10* km?) of each cultivation zone in 2020; (d) distribution of humidity
index (HI = MAP/(MAT + 10)) (MAP (mean annual precipitation) (mm) and MAT (mean annual
temperature) (°C) from 1990 to 2015 in China). The weather data are from the Center for Resources
and Environmental Sciences, the Chinese Academy of Sciences (https:/ /www.resdc.cn/Default.aspx)
(accessed on 5 April 2022). A: Middle-Lower Yangtze Plain; B: Huang-Huai-Hai Plain; C: Northeast
China Plain; D: arid and semiarid North China Plain; E: Loess Plateau; F: Qinghai-Tibet Plateau;
G: Southern China; H: Yunnan-Guizhou Plateau; I: Sichuan Basin and surrounding regions. The map
is based on the standard map released by the Ministry of Natural Resources of the People’s Republic
of China (No. GS (2019) 1822).

2.2. Data

The remote sensing monitoring data of cultivated land with a 30 m spatial resolution
for 2020 were provided by the Chinese Department of Natural Resources (http://www.
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globallandcover.com) (accessed on 8 May 2022) and were resampled to 1 km in this study.
The soil type data are from the National Tibetan Plateau Data Center based on the Harmo-
nized World Soil Database (http://data.tpdc.ac.cn/zh-hans/) (accessed on 15 May 2022).
HSWD V1.2 provided a raster map with a spatial resolution of 1 km, and the soil type
was determined according to FAO-90. Soil depth-to-bedrock data were collected from
Yan, 2020 [30]. The dataset was based on about 6382 drilling record observations, using
random forests and the gradient propulsion tree algorithm space prediction model with
a spatial resolution of 1 km. The soil texture data were collected from the basic attribute
dataset of China’s high-resolution National Soil Information Network provided by the
National Earth System Science Data Center (http://www.geodata.cn) (accessed on 20
February 2022), with a spatial resolution of 1 km. The considered soil properties were the
bulk density (g/cm®) and the sand, silt, and clay contents (g/kg) in the topsoil (0-30 cm).

2.3. Data Analysis

According to the depth to bedrock and cultivated area of each soil type (FAO-90) in the
agricultural zones, the weighted average depth to bedrock of cultivated soils was calculated
by Equation (1):

. d1f1 +d2f2+...+d1nfn
n

d

)

where d is the weighted average depth to bedrock of cultivated soils; d1, d ... dj, are the
average depths to bedrock of any of the cultivated soil types in the agricultural zones;
f1, f2 ... fu are the weights for each of the cultivated soil types; and # is the number of
soil types.

The dataset of China’s high-resolution National Soil Information Network provided soil
particle size distribution data at topsoil depths of 0-5, 5-15, and 15-30 cm. The percentages of
sand, silt, and clay were calculated by the weights of the sand, silt, and clay divided by the
weight of the sand, silt, and clay of the topsoil (0-30 cm).

3. Results
3.1. Distribution of Cultivated Land in Agricultural Zones

A total of 81% of China’s cultivated land in 2020 was distributed among five agricul-
tural zones as follows: the Middle-Lower Yangtze Plain (18.2%) (A) = arid and semiarid
region North China Plain (18.2%) (D) > Northeast Plain (17%) (C) > Huang-Huai-Hai Plain
(16.1%) (B) > Yunnan—Guizhou Plateau (11.6%) (H) (Figure 1a, d). The rest of the cultivated
land (18.9%) was distributed among the Sichuan Basin and its surrounding regions (7.7%)
(I), the Loess Plateau (6.5%) (E), Southern China (3.7%) (G), and the Qinghai-Tibet Plateau
(1%) (F) (Figure 1a, d). The Huang-Huai-Hai Plain (B) had the highest density of agricul-
tural land (58.5%) (Figure 1c), while the lowest density was on the Qinghai-Tibet Plateau
(F) (1%). The density of agricultural land was 10.2% on the arid and semiarid North China
Plain (D) (Figure 1c).

3.2. Depth Distribution of Cultivated Soils in Relation to Soil Types

The largest depth to bedrock of cultivated land was on the Huang-Huai-Hai Plain (B)
(20-192 m) (i.e., the river estuary to the Bohai Sea), followed by the Middle-Lower Yangtze
Plain (A) (0-149 m) near the coastal plain in A and the Huai He River Basin in B (Figure 2).
Depths to bedrock of cultivated land of 20-95 m were found in the main river bends in A,
B, C, D, and E. The rest of the zones, Southern China (G), the Yunnan—-Guizhou Plateau
(H), and the Qinghai-Tibet Plateau (F), had lower depths to bedrock of 6-87 m. The lowest
depths to bedrock (8-23 m) were concentrated in the Sichuan Basin and its surrounding
regions (I) (Figure 2).
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Figure 2. Depths to bedrock (m) of cultivated soils in nine agricultural zones of China. The data were
sourced from Yan (2020) and modified. White color means no cultivated land or available data. The
map is based on the standard map released by the Ministry of Natural Resources of the People’s
Republic of China (No. GS (2019) 1822).

The weighted averages of the depths to bedrock could be grouped as follows: Group 1
including soils in A and B with 70-110 m > Group 2 including soils in C, D, E, and F
with 40-60 m > Group 3 including soils in G, H, and I with 15-35 m (Figure 3, right). The
Fluvisols in A and B showed the largest depth to bedrock at 156 m, while the Cambisols
in I had the shallowest depth to bedrock at 15 m. Fluvisols generally had the greatest soil
depths to bedrock in cultivation zones A and B (156 m) and D (72 m), while Luvisols (27 m
in C; 16 m in H) and Acrisols (22 m in G and H) were among the soils with the shallowest.
Cambisols had the largest range of soil depth to bedrock: from 15 to 62 m (62 m in B;
41 m in D; 48 m in E; 22 m in H; 15 m in I). Anthrosols were in all zones except for B
and C, with higher percentages of total cultivated area in A (37%), G (32%), and I (26%).
Anthrosols were generally between 19 and 81 m deep (19 m in I; 38 m in G; 59 m in A;
81 m in D), except in zone E, where their depth was about 120 m. The soil depths to bedrock
of Kastanozems (33 m in D; 49 m in F), Phaeozems (45 m in C), and Leptosols (39 m in F)
were from 33 to 49 m.
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Figure 3. Depths to bedrock (m) of main cultivated soil types according to the percentage of land
area (in brackets on X axis) in each agricultural zone (left), and weighted averages of the depths to
bedrock of main cultivated land soil types in agricultural zones (right). (A): Middle-Lower Yangtze
Plain; (B): Huang—-Huai-Hai Plain; (C): Northeast China Plain; (D): arid and semiarid North China
Plain; (E): Loess Plateau; (F): Qinghai-Tibet Plateau; (G): Southern China; (H): Yunnan-Guizhou
Plateau; (I): Sichuan Basin and surrounding regions. The depth—to-bedrock data were sourced from
Yan (2020) and modified.

3.3. Particle Size Distribution of Cultivated Soils in Agricultural Zones

The 20—40% sand content had the highest proportion (57%) in the cultivated soils
(Figure 4a). Sandy cultivated soil was found in A, C, D, G, and I, where alluvial plains,
basins, and islands are located (Figure 4d). The Sichuan Basin in zone I, alluvial plain of the
Songnen Plain in C and D, the Liaohe Plain in D, the Tarim River Basin in D, Hainan Island
in G, and the Pearl River Basin in G had the highest sand contents. The 20-30% clay content
had the highest proportion (43%) (Figure 4b). The highest clay content (40-56%) was in H.
The clay soil in the cultivated land was mainly concentrated in A and H, where the Huaihe
River Basin and Yunnan—-Guizhou Plateau are located (Figure 4d). The 40-60% silt content
had the highest proportion (60%). The highest silt contents (80-90%) and silty cultivated
soils were in A, B, C, D, and E, including the coastal plains in A, the Hai He River Basin in
B, the Junggar Basin in D, the Wei He River Basin in D and E, and the Songhua and Liaohe
river basins in C (Figure 4c,d).
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Figure 4. Distribution of (a) sand, (b) clay, and (c) silt, and (d) textural class of topsoil (0-30 cm) in
cultivated areas of 9 agricultural zones in China. Color intensities in (d) indicate various soil textures.
The pie chart on the left side of each figure indicates the areas of corresponding classes of (a) sand,
(b) clay, and (c) silt. The data were sourced from Liu (2021) and modified. White color means no
cultivated land or available data. The map is based on the standard map released by the Ministry of
Natural Resources of the People’s Republic of China (No. GS (2019) 1822).

The main cultivated soil types are Anthrosols, Fluvisols, Cambisols, Phaeozems,
Luvisols, Kastanozems, Leptosols, and Acrisols, with the main topsoil textures of loam,
clay loam, silty clay loam, silt loam, sandy loam, and clay (Figure 5). The Fluvisols are
mainly silt loam in B (84%) and A and D (44-47%), clay loam in A (33%), and loam in D
(45%). The Luvisols are loam (38%) and silt loam (38%) in C. The Kastanozems are mainly
loam (68%) and sandy loam (15%) in D but silt loam (94%) in F. The Leptosols are mainly
loam (44%), sandy loam (28%), and silt loam (28%) in F. The Phaeozems are mainly silt
loam (36%), silty clay loam (36%), and loam (19%) in C. The Acrisols are clay loam in G
(52%) and H (75%) and loam in G (36%). The Cambisols are mainly silt loam in B, D, I, and
E (60-73%); loam in B, D, and E (19-32%); clay loam in H and I (22-45%); and clay and silty
clay loam (23%) in H. The Anthrosols have a wide particle size distribution, with 75% loam
and 10% sandy loam in I, 69% silt loam and 24% loam in D, and 52% clay loam and 35.6%
loam in G (Figure 5).
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Figure 5. Ternary diagram of cultivated soil textures of main soil types (>50%) in different agricultural
zones. (A) Middle-Lower Yangtze Plain; (B) Huang-Huai-Hai Plain; (C) Northeast China Plain;
(D) arid and semiarid North China Plain; (E) Loess Plateau; (F) Qinghai-Tibet Plateau; (G) Southern
China; (H) Yunnan-Guizhou Plateau; (I) Sichuan Basin and surrounding regions.

4. Discussion
4.1. Factor Effects on Cultivated Soil Development

Combining the texture data with the soil type data, the soil texture is strongly con-
trolled by topographic and climatic factors. In the extreme weathered soils of the humid
climate in H and G, there were Acrisols with the highest clay content (30%) but shallowest
depth to bedrock (Figures 4 and 5). The Acrisols in H and G had similar soil depths to
bedrock but with less clay content in G than H, which had the highest clay content (40-56%)
(Figure 4). The soil of G has less clay content because of the topography of the Yunnan—
Guizhou Plateau in H and Pearl River Basin in G, where the river basin has more sand
(Figure 4). Taking the agricultural areas G, H, and I as an example, the climate in these
areas is humid, with high temperatures and strong mineral weathering potential. From the
perspective of various types of stickiness and their occurrence conditions, the humidity in
this area is relatively high, and secondary stickiness is generally not possible, while residual
stickiness may be the main reason for the heavy soil texture in this area. The residual
argillification is closely related to the desilication and iron-rich aluminization in this region,
which lead to the decomposition of primary soil minerals through desalination and desili-
cation, initially forming 2:1-type clay minerals but further transforming into 1:1-type clay
minerals and iron aluminum oxides. Soil cementation (the soil becomes sticky) gradually
increases with desilication and iron-rich aluminization [31]. On the alluvial plains in A and
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B, the greatest depths in the Fluvisols are because of the fluvial material accumulation of the
two main Chinese rivers, the Yellow River and Yangtze River. The higher clay content in the
Fluvisols of A than B is due to the topography of the Huang-Huai-Hai Plain in A and the
Huan He River Basin in B, although under a similar climate. The climate and topography
induced the Kastanozems, which are mainly loam and sandy loam in the northern arid and
semiarid area but silt loam in Tibet.

The same cultivation aim (i.e., more crop production) has produced a similar range of
properties over time among the soils developed on agricultural fields, which are classified
as Anthrosols. However, variations in the climate, topography, and parent material may
lessen or intensify the rate of change in the properties of the agricultural soils. Therefore,
after centuries of cultivation, various soil types can still be found in agroecosystems. On the
Northeast China Plain (C), the cultivation was conducted on the humus-rich Phaeozems
and Luvisols following land use change from forests or grasslands over the past 30 years.
Similarly, on the Huang-Huai-Hai Plain (B), about 76% of the soils are Fluvisols, Cambisols,
and Luvisols because the fluvial humus reaches these soils. Deeper depths to the bedrock
of the Kastanozems were found on the Tibet Plateau compared with the northern arid
and semiarid regions, and the relatively lower SOM content in the topsoil and harsh
climatic conditions have limited the suitability of these soils for agricultural purposes [32].
Furthermore, soil erosion is a considerable threat that causes the loss of topsoil following
land use change [33]. Fluvisols were the dominant soil types in B, A, and D, where fluvial
materials produce the deepest soils near rivers or lakes and in deltaic areas. Acrisols are
the main dominant soil types in G and H, where acidity and the leaching of base cations
are the main problems for cultivation.

4.2. Soil Classification Development for Cultivated Land Use

Variations in the climate, topography, and parent material, as well as the initial state of
the soil development before cropping and the cultivation duration, may lessen or intensify
the rate of change in the properties of agricultural soils [34]. Therefore, after decades to
centuries of cultivation, the diagnostic horizons of Anthrosols, such as the irragric or hortic
horizons, are absent, and various other soil types can be found in Chinese agroecosystems.
For example, in the tropical and subtropical areas of the Yunnan—Guizhou Plateau (G)
and Pearl River Basin (H), erosion has brought the subsoil clayey horizons to the surface,
and the extreme leaching condition accompanying the presence of short-range-order clay
minerals has prevented the accumulation of base cations in the soils, despite long-term
fertilization and liming [35-37]. Therefore, the base saturation is still below 50% in these
soils. In contrast, on the Huang-Huai-Hai Plain (B), river flooding is an active process [38],
and about 76% of the soils are affected by the fluvial silt and humus sediments (Figure 5).
Therefore, the prerequisite of the irragric horizon (i.e., less than 20% difference among
soil particles) is violated, as the topsoil may even have up to 90% silt (Figure 5) (IUSS). A
similar condition is also observable along the coasts and river basins in the other cultivated
areas, such as the coastal plains in A [39] and the Liao River Basin in C. On the Northeast
China Plain (C), the cultivation duration occasionally seems to be the main reason for the
classification of soils in groups other than Anthrosols. In such areas, cultivation has begun
over the past 30 years on the humus-rich Phaeozems and Luvisols following the clear-
cutting of forests and grasslands [40]. Therefore, the relatively high soil fertility has negated
fertilization, which may continue in the following decades. In short, despite considerable
human interventions in agricultural fields, other soil-forming factors, such as topography,
may still prevent the classification of such soils as Anthrosols [41]. We suggest that all the
agricultural soils should be considered Anthrosols, regardless of the formation of specific
diagnostic horizons, such as the irragric. This is because of the various consequences
that agroecosystems have, such as for biodiversity [42], the loss of base cations [43], and
environmental pollution [44]. Furthermore, the FAO-90 system is used in many countries as
a basis for managing decisions [45,46], even though it is solely provided as a bridge among
national classification systems [34]. In this regard, the addition of information on texture
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and depth to bedrock may provide further soil exploitation possibilities regarding, for
example, rooting space and the utility of nutrients at deeper depths [47] and C sequestration
below ground, as well as the opportunity to manage the leached nutrients and pollutants
before they reach groundwater.

Due to long-term cultivation, various soil types other than Anthrosols can be found
in agroecosystems. We combined the soil particle size distribution, depth to bedrock, and
soil taxonomic classes of cultivated soils throughout China to assess how variations in
climate and topography may prevent or lessen the development of agricultural soils toward
Anthrosols. Texture was chosen because of the general belief in its dependency on the
parent material and the determinant role of particle size distribution for the other properties.
The depth to bedrock also has various environmental functions, such as space for carbon
sequestration, especially when the groundwater is relatively deep. Our results show that
not only erosion but also sedimentation are important factors that prevent the formation of
the irragric or other diagnostic horizons of Anthrosols. In addition, topography and climate
seem to be more effective on the soil particle size distribution than the parent material,
negating the necessary condition of the <20% difference among the particle size classes
of Anthrosols.

5. Conclusions

To explain the situation of the particle size distribution and soil depth to bedrock
of Chinese cultivated land under different soil types and reveal the soil development of
the cultivated land, we combined information on the soil texture, soil classification, and
depth to bedrock throughout China using the remote sensing monitoring data of cultivated
land from China’s newly released high-resolution National Soil Information Grid dataset,
soil data from the Harmonized World Soil Database, and soil depth-to-bedrock data. Our
results showed that the Middle-Lower Yangtze Plain (A), arid and semiarid North China
Plain (D), Northeast Plain (C), and Huang-Huai-Hai Plain (B) had higher cultivated land
(>16%) compared with the other areas. B had the highest density of agricultural land (58.5%)
and the greatest depth to bedrock of cultivated land (243-402 m), while the lowest density
was on the Qinghai-Tibet Plateau (F) (1%), and the lowest cultivated depth-to-bedrock
(4-84 m) zones were concentrated in the Sichuan Basin and its surrounding regions (I). The
main cultivated soil types were Anthrosols, Fluvisols, Cambisols, Phaeozems, Luvisols,
Kastanozems, Leptosols, and Acrisols. The Fluvisols in A and B showed the greatest depth
to bedrock at 156 m, while the Cambisols in I had the shallowest depth to bedrock at
15 m. There was the highest silt soil distribution but comparable lower sand contents
in A and B, and the highest clay soil content was on the Yunnan—-Guizhou Plateau (H).
The cultivation under Kastanozems and Leptosols in F and D and under Phaeozems in
C should be restricted and managed very cautiously facing erosion risk. After long-term
cultivation, the Anthrosols developed fast and had higher occupations in A (37%), D (10%),
E (9%), F (6%), G (13%), and I (26%). Anthrosols have a wide particle size distribution
with loam in I (75%) and A, D, and G (24-34%); clay loam in A and G (32-49%); loam in
G (30%); silt clay loam (13%) in A; sandy loam in I (10%); and silt loam in D (69%). The
agriculture-based soil climate and topography have shaped not only the pedogenic history
of the soil development under variations in the soil depth to bedrock but also cultivated
distinct pedogenic features. Our results provide cultivated soil information on the depth
to bedrock, soil classification, soil texture, and sustainable agricultural development in
China, and they highlight that the agriculture-based soil climate and topography shape the
interaction of the soil development.
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