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Soil organic carbon is an important factor for the cultivation and production of
traditional Chinese medicine. This study aimed to reveal the spatial distribution of
the soil organic carbon density (SOCD) and the effects of the climatic and
topographic factors in Longxi County (Gansu Province, China). The soil organic
carbon (SOC) from 200 sampling points were collected and analyzed in 2018.
Results showed that the total SOCD was 26.7 + 10.2 Mg ha™, while the SOCDs at a
soil depth of 0-10, 10-30, and 30-50 cmwere 6.3 +1.7,11.0 + 3.8,and 9.3 + 4.8
Mg ha™, respectively. The temperature, precipitation, elevation, and stream power
index showed significant correlations with the SOCD at each soil layer. With an
increasing soil depth, the correlation between the slope, relief amplitude, surface
roughness, and SOCD gradually decreased. From the central plains to the
mountainous areas, the SOCD increased with rising elevation, while the valley
plain that formed by the river basin showed low levels of SOCD. Therefore, the
scientific management of soil fertility and the development of precision agriculture,
combined in a soil testing fertilization formula, will guarantee the healthy
development of the Chinese herbal medicine planting.

KEYWORDS

climate conditions, geostatistical analysis, human activity, soil profile, soil organic
carbon storage, topographic feature

Abbreviations: MAE, Mean absolute error; ME, Mean error; PCRK, Principal component regression
Kriging; RA, Relative accuracy; RMSE, Root mean square error; SCA, Specific catchment area; SOA, Slope
of aspect; SOC, Soil organic carbon; SOCD, Soil organic carbon density; SPI, Stream power index; STI,

Sediment transport index; TWI, Topographic wetness index.
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Introduction

Under the background of global warming, the “carbon
emission reduction” associated with the increasing
concentration of CO, in the atmosphere has attracted much
attention (1-3). As an important part of the terrestrial
ecosystem, cropland is affected by both the natural
environment and human activities. In croplands, soil organic
carbon (SOC) sequestration is of fundamental importance to soil
fertility, food production and soil health (4-6). An appropriate
SOC content is an important prerequisite for soil to provide the
best plant growth conditions, nutrient cycling and available
water infiltration and storage (7-11). Soil organic carbon
density (SOCD) represents the storage of SOC at a certain
depth per unit area, which is an important index to measure
soil fertility and quality and small changes in its level cause
changes in carbon fluxes in the cropland ecosystem, and then
change the process of the cropland biogeochemical cycle (12—
14). However, the climate change and the land-use change
caused by the rapid development of industrialization,
urbanization and agricultural intensification have had a
profound impact on the change in SOC (4, 10). The law of
spatio-temporal change of SOC has gradually become a research
hotspot and frontier in multi-disciplinary fields, such as
agriculture, ecology, environment, global change science and
so on (15). Therefore, understanding the spatial characteristics
of cropland SOCD is of great significance for reducing the
cropland greenhouse gas emissions and optimizing the earth
system model under the background of global warming (5, 16).

In recent years, many studies have made an in-depth
analysis of the cropland SOC content and the changes in the
SOCD characteristics through integrating multi-source
geospatial data at different spatial scales, such as field
collection (10), literature collation (17), and national soil
survey data (18, 19). At the national scale, some studies have
shown that the SOC content of Chinese croplands has exhibited
an increasing trend, but there were great differences in the
increasing rate and spatial pattern among different studies (4,
20, 21). The cropland SOCD is a comprehensive reflection of the
SOC content, soil bulk density and soil depth. Based on the
Second National Soil Survey data, the cropland SOCD in China
showed obvious regional differences and was affected by
hydrological and thermal factors to a certain extent (11, 22—
24). Due to the complexity and diversity of climate types, the soil
data obtained from different sources are often restricted by the
small spatial scale, inconsistent sampling time, methods and
other factors. It is hard to comprehensively understand the long-
term pattern in changes of cropland SOCD (4, 5). Additionally,
regarding the analysis of influencing factors on the cropland
SOCD, some studies have often adopted a correlation analysis to
measure the linear relationship between the SOCD and its
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influential factors. If the correlation coefficient was not
significant, there was no obvious linear relationship between
them, but this did not mean that there was no nonlinear
relationship between them. Therefore, how to quantitatively
analyse the contribution of different factors (such as the
geographical environment, climatic factors, crop types and soil
factors, among others) to the cropland SOCD is still one of the
most important problems to solve at the present stage (25-28).
In recent years, the geostatistical method has constituted an
effective tool for analyzing the driving forces behind the various
complex phenomena and the interactions among multiple
influential factors (29). At present, this method has been
widely applied in the fields of geography, ecology and
environmental science, such as climatic zoning (30), species
diversity survey (31) and describing spatial pattern in stream
networks (32).

Medicinal plants play an important role in traditional
medicine and the development of new drugs, in China, more
than 11000 plants are used for medicinal purposes (33).
However, human activities and climate change are
fragmenting habitats for medicinal plants, threatening the
survival and reproduction of these species (34). In addition, as
environmental stress increasing, bioactive compounds in
medicinal plants may change, which may affect the quality of
raw materials and products (35). For example, a recent study
showed that the G. macropylla is strongly influenced by soil
properties and environmental factors could affect Gentiana
plants (36). SOC is not only the basis of soil fertility, food
production and soil health, but also contribute to the global and
regional carbon balance (37). Therefore, it is of great significance
to clarify the temporal and spatial variation in SOC for ensuring
soil health and the safety of the traditional Chinese medicine that
is planted in that soil, which could give full play to the service
function of the soil ecosystem under the current climate change
conditions. In this study, Longxi County, one of the main
producing areas of traditional Chinese medicinal herbs, was
selected as the study area. It is rich in 313 kinds of traditional
Chinese medicine and is one of the important producing areas of
“authentic medicinal materials”, such as Codonopsis pilosula,
Astragalus membranaceus and Radix Scutellariae. However, due
to the limited area of arable land coupled with continuous
cultivation, the growth status, yield and quality of medicinal
plants become worse which led to continuous cropping obstacle
(38). At the same time, continuous cropping requires the
application of a large amount of chemical fertilizer and
pesticide, resulting in an increase in pesticide residues and
nitrate content in medicinal plants, resulting in a quality
decline in medicinal plants. Therefore, based on intensive site
surveying, the spatial distribution characteristics of SOCD and
its influential factors were analyzed to provide scientific
guidance for the management of soil fertility and for the
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healthy development of the planting industry of traditional
Chinese medicine.

Materials and methods
Study area

The study was conducted in Longxi County (34°50'-35°23’
N, 104°18’-104°54'E), which is in the middle of the Loess
Plateau, in northwest China (Figure 1). There is a typical
continental climate, with four distinct seasons, abundant
sunshine and a mild climate. The mean annual precipitation is
445.8 mm, while the mean annual average temperature is 6.54 C.
Influenced by the general circulation of East Asia and the special
topography around the Qinghai Tibet Plateau. The area is
located between the edge of loess plateau in northwest China
and the foothills of the Qinling mountains. The terrain is high in
the northwest and low in the southeast and the altitude ranges
from 1612 to 2762m. Longxi County can be divided into three
main climatic regions, namely, the temperate-warm semi-arid
region which has a relatively low altitude, mild climate, more
accumulated temperature, longer frost-free period and rich light
resources, the temperate-cool semi-arid region where the climate
is warm and cool with moderate heat but is colder in winter, and
the temperate-cold semi-humid area, compared with the other
areas, in which precipitation is abundant, but heat is insufficient
and accumulated temperature is the least. The loess hilly,
mountain and river plain are the most typical landforms. The
agrotype in Longxi Country can be divided into five soil types

10.3389/fs0il.2022.877261

(1): Ustochrept, formed by direct cultivation and ripening on the
parent material of loess, without obvious profile development
level, having good water storage, but poor soil nutrients and
anti-scour ability (2); Chernozem, as a special soil type
developed in the semi-arid climate of warm temperate zone
with aeolian loess as parent material and grassland xerophytic
vegetation as main vegetation forms, it has a uniform texture but
poor permeability (3); Krasnozem, the parent material is tertiary
red layer, being coarse in texture and poor in water and fertility
preservation (4); Aquoll, as a kind of micro-regional soil formed
by river sediments, having poor cultivability and low fertility (5);
Alfisols, as a kind of forest soil in the vertical zone of mountain,
with complex parent materials including Loess, Tertiary
sediments, Cretaceous sediments and residual slope deposits of
Paleozoic rocks, having high humus content and sticky texture.
As the major producing areas of Chinese medicinal materials in
Gansu Province, and even in China, more than 70 Chinese
medicinal herbs are cultivated there, including 50 wild species
and 20 cultivated species, such as Codonopsis pilosula (Franch.)
Nannf, Astragalus propinquus Schischkin, Scutellaria baicalensis
Georgi, Glycyrrhiza uralensis Fisch, and Bupleurum spp., among
others (39).

Soil sampling and laboratory analyses

Longxi County mainly contains planted traditional Chinese
medicinal herbs, and the planting area accounts for about 70% of
the cultivated land. In 2018, soil sampling was conducted at 200
locations in 134 villages of 17 towns in which traditional Chinese
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Spatial arrangement of the sampling sites in Longxi County, Gansu, northwest China. The left panel shows the map of the soil types, the
distribution of townships, and the sampling sites with red solid cycle (A) and bottom-right panel is the typical landscape and topography in

research area (B).
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medicinal herbs were cultivated (Figure 1). The geographic co-
ordinates of the sampling locations were recorded using a hand-
held GPS set. Soil sampling points were randomly set in each
location, and the distance among pairwise points was more than
2m. Three mixed soil samples at 0-10 cm, 10-30 cm and 30-50
cm soil depths were collected in each sampling location. Soil
bulk densities were determined by cutting ring method in site. In
total, 600 soil samples were collected. The weeds, roots and
gravel in soil were eliminated from the air-dried soil samples,
and then sieved using a 2 mm sieve. The SOC was determined
via potassium dichromate titration and calculated using the
following formula (40):

cx5 X

72X (Vo= V) x 107 x 3.0 x 1.1

SOC =
m X k

x 1,000 (1)

Where SOC is the soil organic carbon content, g kg™; ¢ is the
standard solution concentration of 0.8000 mol L' (1/6
K,Cr,07); 5 is the volume of the potassium dichromate
standard solution added, mL; V is the blank titration volume
of FeSO,4, mL; 3.0 is the molar mass of 1/4 carbon atom, g mol%;
1.1 is the oxidation correction factor; m represents the quantity
of the air-dried soil samples, g; and k is the conversion coefficient
of the dried soil.

SOCD; = SOC; x D; x E; x 10 @)

Where SOCD; is the soil organic carbon density, 10° kg ha™’;
SOC; is the soil organic carbon content, g kg™'; D; is the soil bulk
density; and E; is the thickness of the soil layer, cm.

SOCR; = S1S0CD; x §;

i=1

3)

where SOCR,; is the organic carbon storage on each soil layer,
kg; SOCD; represents the organic carbon density of each soil
layer, kg m% and S; is the pixel area, m>.

The meteorological data (1958-2018) was provided by
China Meteorological Science data sharing Service Network
(http://cdcnmic.cn) and the local meteorological bureau. In
order to fully exhibit the spatial distribution of temperature
(AT) and precipitation (PR), the multiple regression equations
(formula 4 and 5) among the meteorological longitude (LON),
latitude (LAT), altitude (ALT), AT and PR were established
based on the data of 14 meteorological stations, which assisted us
in deducing the meteorological data of each sampling plot.

AT = 51.88 = 0.174LON - 0.429LAT

- 0.0058ALT (R* = 0.88) (4)
PR = 104.78 + 15.38LON — 43.26AT
+0.14ALT (R* = 0.87) (5)

The digital elevation model (DEM) data were derived from
the geospatial cloud platform (www.gscloud.cn/). ArcGIS 10.6
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software was used to obtain the basic topographic data of Longxi
County, including the elevation, slope, aspect, surface roughness,
relief amplitude, slope of aspect (SOA) and composite terrain
variable parameters, which were represented by the stream
power index (SPI), sediment transport index (STI) and
topographic wetness index (TWI). The SPI denoted the
moving capacity of the runoff to surface materials of the slope;
STI mirrored the transport status of the surface sediments; TWI
is an index that describes the soil moisture distribution ”. The
formula used was as follows:

A
TWI = In————

tan(B X %) (6)
SPI = In(AS x tan(f x 3.14/180) x 100) @)
0.6 . 13
STI = ( As ) " (Sm(ﬁ x 3.14/180)) ©
22.13 0.0896

Ag represents the specific catchment area of any point on the
surface;  represents the slope of the point.

Statistical analyses

Data analyses were carried out using R 4.0.4 with its add-in
packages: “car”, “Box-Cox”, “MASS” and “multcomp”. One-way
ANOVA was adopted to determine the differences in SOCD in
the different townships and soil layers. The normal distribution
of SOCD was analyzed using the Kormolov-Sminov test. Box-
Cox function package was applied to calculate the normal
conversion coefficient, and the bcPowerBox-Cox function
package was adopted to carry out the conversion. The
conversion formula used was as follows:

NSOCD, = (SOCD} - 1) /A )

where NSOCD; represents the soil organic carbon density of
each soil layer; SOCD; is the density of soil organic carbon in each
soil layer; and A; stands for the conversion coefficient of each
soil layer.

To eliminate the influence of dimensionality, we
standardized the environmental variables, and then analyzed
the correlation between the SOCD and climate and terrain
factors using the Pearson correlation coefficient. The
regression model between SOCD and the environmental
factors was built using a multiple linear regression. Principal
component analysis was used to transform the data. The
principal components were extracted using the Kaiser-Harris
criterion, and the eigenvalues greater than 1 were retained.
According to the score coefficient of the environmental
variables on each principal component, both the regression
expression of each principal component variable and
environmental variable could be obtained. The calculated
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principal component variables of F1; and F2; were taken as new
independent variables, which were then incorporated into the
regression modelling process of principal components and
NSOCD; thus, the principal component regression fitting
models were established through synthesizing the information
of the main environmental variables. The residual values of
principal component regression analysis were interpolated using
ordinary Kriging and Arcgis 10.6. The formula used is the
following:

PCRK = ((PCA + REKR) x A+ 1)/ (10)

PCA =a+>b; x F; (11)
1

where A represents the normal conversion coefficient;
principal component regression Kriging (PCRK) represents the
SOCD based on the principal component regression Kriging
model prediction; PCA stands for the SOCD values predicted
using principal component regression models; REKR represents
the SOCD values predicted via Kriging interpolation for
principal component regression residuals; a represents the
regression coefficient; >'b; x Fi represents the weighted sum
of n principal componehts; F; is the I principal component, b,
represents the principal component regression coefficient; and »n
is the principal component score.

Random sample data collected from 30 sampling points were
selected as validation datasets and the remaining 170 samples

TABLE 1 Soil organic carbon density (mean + standard deviation, Mg ha™).

Township
0-10 cm

Biyan town (12) 8.10 + 1.25%°

7.15 + 2,370
5.13 + 1.64°F
7.35 + 2,924
6.52 + 1.59%F
6.38 + 1.31°°4
6.79 + 2,058
6.68 + 1.87°""
8.47 + 2.09°

4.55 + 0.82°A
6.80 + 1.64°P
6.41 + 1.49°°F
5.80 + 105"
6.62 + 1.83%F
6.97 + 2.19°P

Caizi town (11)
Dexing town (9)
Fuxing town (12)
Gongchang town (5)
Heping town (12)
Hongwei town (12)
Kezhai town (11)
Mahe town (10)
Quanjiawan town (7)
Shouyang town (11)
Shuanquan town (9)
Tonganyi town (10)
Weiyang town (15)
Wenfeng town (12)

10-30 cm

14.08 + 4.19°4
12.76 + 2.91%°A
10.40 + 2.84%b<dA
13.08 + 7.22%<A
11.40 + 7.22%0<dA
9.09 + 3278
12.84 + 4.27°A
12,60 + 5.61°P<44
1543 + 3.81°4
5.86 + 2.00%
12.96 + 2.76%°A
11.44 + 2,10°%<¢4
10.26 + 2.09°P<dA
11.75 + 59544
10.60 + 2.87°><dA

10.3389/fs0il.2022.877261

served as training datasets. The mean error (ME), mean absolute
error (MAE), root mean square error (RMSE) and relative
accuracy (RA) were selected to estimate the prediction
accuracy of the model. When the ME value is greater than 0,
the prediction value is lower than the actual measured value;
when the ME value is lower than 0, the prediction value is higher
than the measured value. The values of MAE, RMSE, or RA were
used to evaluate the prediction accuracy of the model; the
smaller the value, the higher the accuracy.

Results

SOCD and its vertical distribution

The SOCD in the 0-50 cm soil layer in Longxi County
ranged from 15.68 Mg ha' to 38.20 Mg ha™' (Table 1). The
average SOCD was 6.60, 11.52 and 10.18 Mg ha™" in the 0-10
cm 10-30 cm and 30-50 cm soil layer, respectively. Except for
Fuxing Town, Shuangquan Town and Tong’anyi Town, the
SOCD in the 10-30 cm soil layer was the highest, which was
1.07 to 1.44 times that of the 30-50 cm soil layer, and 1.28 to
2.03 times that of the 0-10 cm soil layer. The SOCD in the 30-
50 cm soil layer took the second place and was 1.15-1.58
times that of the 0-10 cm soil layer, and the lowest level of
SOCD was observed in the 0-10 cm soil layer. The mean

Soil layer

30-50 cm 0-50 cm

34.68 + 7.78%
29.86 + 5.84°°4
25.04 + 7.83°>¢
33.59 + 17.39%
25.84 + 6.42°°4
22.98 + 6.50°4
31.61 + 11.60™
30.92 + 10.04%>¢

3820 + 9.57°

12.50 + 3.39%°4
9.95 + 2,62°°<P
9.51 + 3,98°<A
13.15 + 7.63%*
7.91 + 3.50°<4®
7.50 + 2.56°4AB
11.98 + 5.49°0<dAB
11.64 + 4.02°°<4®
1431 + 3.87**
527 + 1.74%
11.67 + 3.46°><4A
11.63 + 6.70°"<44
10.47 + 2.35%0<dA
10.54 + 5,12°0<dAB
8.20 + 2.790dAB

15.68 + 4.04°
31.44 + 7.68"
29.48 + 9.02°><¢
26.54 + 5.12°°4

28.91 + 12,6124
25.76 + 6.98°°4

Yongji town (12) 7.63 + 2.61°°° 12.73 + 5.18%A 9.42 + 4.282°°AB 29.79 + 10.62°"¢
Yongtian town (17) 4.81 + 1.64° 8.56 + 1.99°4 7.43 +2.08% 20.80 + 4.81%¢
Mean 6.60 + 1.79 11.52 + 3.67 10.18 + 3.86 28.30 + 8.46

The data in parentheses is the number of soil samples. The different lowercase letters indicate the significant differences among different townships in the same soil layer (P< 0.05), and the
different capital letters indicate the significant differences in different soil layers in the same township (P< 0.05).
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standard deviation (0) increased gradually with the soil
depth, indicating that the variations in SOCD became more
and more significant with the increase in soil depth.

The relationship between SOCD and the
environmental factors

The SOCD of each soil layer showed non-normality, and the
normality conversion coefficient A of the 0-10, 10-30 and 30-50
soil layers were 0.7, 0.25 and 0.3, respectively. The results of
correlation analysis showed that the temperature, precipitation,
elevation and TWI were significantly correlated with the
NSOCD (P< 0.05), while the NSOCD,, was significantly
(P< 0.05) correlated with the slope, roughness and relief
amplitude. The NSOCD3,,, was also significantly correlated
with the slope, and the NSOCDs,,,, was significantly correlated
with the TWI (P< 0.05, Table 2).

The correlation analysis results showed that a total of eight
environmental variables were related to the NSOCD, of which
the NSOCD pemns NSOCD3c, and NSOCDs ., was related to
seven, five, and five environmental variables, respectively
(Table 3). The results of principal component analysis showed
that the first two principal components related to NSOCDocm,
NSOCD30cms and NSOCDsg,,, contained 89.41%, 91.38% and
89.41% of the information. F1; and F2; were used to represent
the two principal components of each soil layer. (Equations 12,
13, and 14).

NSOCD,q,,, = 3.8499 — 0.0078F1 15,

- 0.1631F2,g,,, (R* = 0.09) (12)

NSOCD3.,,, = 3.2704 + 0.0321F159,,,

+0.1180F 23, (R* = 0.08) (13)

10.3389/fs0il.2022.877261

NSOCDsg.,, = 3.1764 — 0.0809F 15,
+0.1290F25,,, (R* = 0.12) (14)

The dimensionality reduction of the environmental variables
was performed through correlation analysis and principal
component analysis, and the relationship between the
environmental variables and the SOCD was fully excavated by
using a principal component regression model. However, the
regression model only considers the structure of the data, which
has a low degree of explanation for the SOCD, and the residual
part cannot be fully explained. Therefore, a Kriging interpolation
was carried out for the residual regression model, and then the
residual results and the fitting results of the regression model
were added together to obtain the PCRK to predict the spatial
distribution characteristics of the SOCD (Table 4).

Spatial distribution of SOCD and their
organic carbon stocks

The results showed that the total SOCD (0-50cm) was about
26.7 +10.2 Mg ha™' and the estimated stock of soil organic carbon
reached 6.29 + 2.41 Tg. The SOCD and stocks were different at
different depths; in the first layer (0-10 cm), second layer (10-30
cm), and in the last layer (30-50 cm), the average SOCD reached
6.3+17,11.0 £ 3.8 and 9.3 + 4.8 Mg ha! with a stock of 1.49 +
0.41, 2.58 + 0.90 and 2.21 * 1.11 Tg, respectively (Figure 2).

Discussion

Relationships between the soil properties
and the SOCD

Longxi County, which is located in the Loess Plateau, is the
most important agricultural and traditional Chinese medicine

TABLE 2 The correlation between the soil organic carbon density and the environmental variables in different soil layers.

Environmental variables NSOCD9cm
Temperature -0.1580*
Precipitation 0.1928*
Altitude 0.1667*
Slope -0.1590*
Aspect -0.1373
Roughness -0.2070%*
Relief Amplitude -0.1759*
Slope of Aspect, SOA 0.1468
Stream Power Index, SPI -0.1804*
Sediment Transport Index, STI -0.1099
Topographic Wetness Index, TWI -0.0310

NSOCD3ocm NSOCDspcm
-0.1692* -0.3109**
0.1645* 0.2650**
0.1747* 0.3099**
-0.1555* -0.1129
-0.1075 -0.0663
-0.1103 -0.0837
-0.1302 -0.0661

0.1478 0.0710
-0.2149** -0.2700**
-0.1029 -0.1093
-0.0913 -0.2329**

**represents the significant correlation at the 0.01 level (both sides) *represents the significant correlation at the 0.05 level (both sides).
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TABLE 3 Scoring coefficients of principal components.

Soil layer Variable

NSOCDjpem Precipitation
Temperature

Altitude

Slope

Roughness

Relief Amplitude

Stream Power Index, SPI
NSOCDs0cm Precipitation
Temperature

Altitude

Slope

Stream Power Index, SPI
NSOCDspem Precipitation
Temperature

Altitude

Stream Power Index, SPI

Topographic Wetness Index, TWI

planting area in Gansu Province. Its SOCD (0-20cm) level was
10.9 Mg ha™', which was lower than the cropland of the Loess
Plateau and the average levels of the Chinese croplands (20.5 to
21.7 Mg ha™"). The main soil types of Longxi County include
Ustochrept, Chernozem, Krasnozem, Aquoll, and Alfisols,
accounting for 82.99% of the county area (42, Figure 1).
Among them, Ustochrept, chernozem and krasnozem show a
coarse texture and serious leakage of water and fertilizer, which
is not conducive to root development, resulting in a low content
of soil organic matter (41). The SOCD of above-mentioned three
soil types were 11.4, 18.6 and 16.1Mg ha™* (42), respectively. The
area of these three soil types in Longxi County accounts for
75.16% of the total area, which is an important cause of the low
SOCD levels in the tillage layer of croplands.

Factors influencing spatial variability
of SOC

Climatic factors (temperature, precipitation) and
topographic factors (elevation, slope, surface roughness,
among others) are important factors affecting the SOC
content. These factors have direct/indirect effects on the
mineralization rate of SOC, microbial activity, aboveground

10.3389/fs0il.2022.877261

PC1 pPC2
0.809 -0.533
-0.762 0.644
0.769 -0.634
0.801 0.491

0.795 0.510

0.876 0.422

0.344 0.701

0.980 -0.001
-0.983 -0.169
0.987 0.147
0.432 -0.771
-0.026 -0.914
0.934 -0.315
-0.989 0.087
0.984 -0.127
-0.229 -0.928
-0.749 -0.391

biomass, soil erosion and human activities, resulting in spatial
heterogeneity of organic carbon (5, 20, 43). Results showed that
there was a significant negative correlation between the SOCD
and temperature. With the increase in temperature, both
heterotrophic respiration and CO, emissions increased, which
led to a decrease in the SOCD levels (44-46). The rainfall is one
of the main sources of soil water, affecting the soil moisture,
permeability and the soil redox reactions, including
mineralization, synthesis and decomposition of soil organic
matter (47, 48). Studies had shown that the SOC content and
precipitation were related, but the correlations varied from
region to region (49). In this study, the SOCD in each soil
layer was positively correlated with the annual rainfall. The
reason is that the research area belongs to a semi-arid climate,
and the increase in rainfall promotes the growth of vegetation
and the decomposition of litter, which is conducive to the input
and accumulation of organic carbon (50).

Topographic factors affected the redistribution of the soil
hydrothermal resources and the process and intensity of
material circulation in the soil ecosystem, thus affecting the
organic carbon contents in soil (51, 52). This study showed that
elevation and the SPI had a significant correlation with the
SOCD in each soil layer, with the former being a significant
positive correlation. With an increase in soil depth, the

TABLE 4 Verified accuracy of the principal component regression kriging model.

SOCD Model ME

SOCD1 em PCRK 0 om 0.2338
SOCD30 ¢m PCRK3 ¢m 0.5605
SOCDs PCRKsp o 0.7764
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MAE RMSE RA

1.3304 1.7310 1.7152
2.8115 3.8061 3.7646
3.6756 4.8037 4.7405
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FIGURE 2

Interpolation results of the principal component regression Kriging model of SCOD in the (A) 0-10 cm soil layer, (B) the 10—30 cm soil layer,
and the (C) 30-50 soil layer; and (D) soil organic carbon storage in the 0—50 cm soil layer.
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correlation between elevation and the SOCD was enhanced, and
the correlation with the SPI was significantly negative. Climate
change induced by altitude is a major determining factor;
generally, a higher altitude leads to a lower temperature, less
activity of the soil microbes, a lower decomposition rate of
carbon, but a higher content of soil carbon (53, 54). The SPI is
used to describe the erosivity of the surface flow. Higher levels of
SPI indicate a greater extent of soil erosion, which ultimately
leads to lower SOC levels (55). Additionally, the slope, relief
amplitude and surface roughness can characterize the erosion of
surface soil, the disturbance of the soil surface and the irregular
changes in the micro-geomorphology (56). The surface soil was
greatly affected by human activities, litters, crop residues, regular
application of organic fertilizer and regular tillage (57). The
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behaviors mentioned above mostly affected the erosion status
and micro topography of the soil surface, which resulted in a
correlation between the slope, topographic fluctuation, surface
roughness and the SOCD, which gradually decreased with an
increase in the soil depth (8). Therefore, no obvious correlation
was found in the deeper soil layer. In general, the TWI
characterizes the dry and wet state of the soil and measures
the water content of the soil. The results showed a negative
correlation between the TWT and the SOCD with the increase in
soil depth. Deep soil, which has a lower oxygen content and
worse permeability, generally shows lower levels of SOCD and
lower decomposition rates. For the agricultural land, human
production activities have a great impact on soil, especially in
traditional Chinese medicine planting areas; for example,
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different planting densities, technologies, fertilizer use, and
continuous cropping or rotation tillage methods can affect the
soil nutrients (6).

Conclusions

A deep understanding of the SOC levels is very important for
Chinese medicine planting and its healthy development. In this
study, the spatial distribution of SOC was shown to be
comprehensively influenced by the climatic and topographical
factors, at the county scale. The temperature, precipitation,
elevation and confluence dynamic index were significantly
correlated with the SOCD in each soil layer. The effects of the
slope, topographic fluctuation and surface roughness on the
distribution of the SOCD decreased gradually with the increase
in soil depth. The scientific management of soil fertility and the
development of precision agriculture by using a combining soil
testing fertilization formula will guarantee the healthy
development of Chinese medicine planting.
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