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Abstract: Maintaining and improving the soil conservation function of an ecosystem is of positive
significance to the sustainable and stable development of that ecosystem. We used the RUSLE model
to evaluate the soil conservation function of the Qinling-Daba Mountains from 1982, 1995, 2005,
and 2015 in order to analyze the spatio-temporal evolution characteristics of soil conservation. Our
conclusions are as follows: (1) During the study period, the amount of average actual soil erosion
in the Qinling-Daba Mountains was 955.39 × 108 t, the amount of actual soil erosion fluctuated
greatly from year after year, there were obvious spatial aggregation and temporal and spatial transfer
phenomena, and there was serious soil nutrient loss in the east. (2) From 1982 to 2015, soil conservation
in the Qinling-Daba Mountains increased by 27.75 × 108 t during fluctuations. The soil conservation
was negatively correlated with elevation and slope, and was positively correlated with vegetation
coverage. (3) The average soil conservation of forest ecosystems and farmland ecosystems accounts
for 78.11% of the total soil conservation, but there are differences in the ways in which to achieve
soil conservation function. The order for soil conservation function of different vegetation types is
crops > shrub > broad-leaved forest > coniferous forest > grass > meadow > grassland > coniferous
and broad-leaved mixed forest > alpine plant > swamp. (4) The average retention of N, P and K
elements in soil were 75.57 × 104 t, 25.35 × 104 t and 737.28 × 104 t, respectively. The soil elements
had the consistency of spatial difference in spatial distribution and were time scaled. The soil nutrient
loss in the eastern region is serious. Shrubs, broadleaf forests and crops have the greatest effect
on soil nutrient retention. Alpine plants retain the greatest amount of soil nutrients per unit area.
Therefore, the establishment of reasonable soil conservation strategies and scientific vegetation
interplanting measures will help to enhance the soil conservation function of the Qinling-Daba
Mountains ecosystem and improve the ecosystem production capacity.

Keywords: soil conservation; soil erosion; soil nutrients; ecosystem service; Qinling-Daba Mountains

1. Introduction

Soil erosion is a global ecological environmental problem facing the world today, and it
has become the core content of global ecological environment research [1–3]. It causes land
degradation, soil fertility loss, and river siltation on a global scale [4–6], and has always
been the focus of research by scholars at home and abroad [7]. China is one of the countries
with the most serious soil erosion in the world [8]. The area affected by soil erosion is about
3.6 × 106 km2, accounting for 37% of the country’s total land area [9], and its land loss rate
is 30 times that of natural recharging [10,11]. In 2005, the direct economic loss caused by
soil erosion in China amounted to 2876.18 × 108 yuan, equivalent to 1.45% of the national
GDP that year [12]. The amount of soil conservation in the ecosystem is the difference
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between the potential amount of soil erosion in the ecosystem (without taking soil and
water conservation measures) and the actual amount of soil erosion (with soil and water
conservation measures taken into account) [13]. The amount of soil conservation reflects
the strength of the soil conservation function of the ecosystem, and the soil conservation
function, as one of the most important service functions of the ecosystem [14,15], plays
an important role in maintaining regional ecological security. There are many factors
affecting the soil conservation function of the ecosystem, among which vegetation has
the most significant impact [16]. Vegetation is of great significance to the conservation of
surface soil. Vegetation weakens the scour force of rainfall on the surface, and under the
condition of unchanged soil properties, the root system of vegetation dissipates a large
amount of the erosive energy of surface runoff [17,18], so as to reduce the effect of runoff
on the surface and denudation of soil. In addition, the establishment of appropriate soil
and water conservation measures can help to slow down erosion and protect the surface
soil [19], thereby improving the soil conservation function of the ecosystem. There are
various estimation models for soil erosion [20–24], among which the USLE model and the
modified RUSLE model are the most widely used [25,26]. Due to the convenience and
strong applicability and comprehensive ability of the RUSLE model itself, it is widely used
all over the world. Yang used the RUSLE model to analyze the global soil erosion potential
over the past century, both now and in the future [27], while Gallant used the RUSLE model
to quantify sheet and gully erosion in Australia [28]. After the introduction of the RUSLE
model in China, it has been widely used in various watersheds [13,29], hilly areas prone to
erosion [30], and in the ecological and environmental protection planning of administrative
divisions [31,32]. However, the current research on the soil conservation function of the
ecosystem mostly focuses on the evaluation of its value, which makes it difficult to reflect
the temporal and spatial variation characteristics of the soil conservation function of the
ecosystem [33,34]. To explore the relationship between the influencing factors [14,35], it
can provide opinions and suggestions for improving the soil conservation function of
the ecosystem.

As the main body of the Chinese north–south transition zone, the Qinling-Daba
Mountains is of great significance in terms of geographical boundaries, the biological
environment, and resource endowments [36]. The complex topographic features and
changing climate has made the Qinling-Daba Mountains prone to soil erosion, which has a
negative impact on its environmental sensitivity, biodiversity, and economic sustainability.
The present research focuses on the Qinling-Daba Mountains ecosystem, combining data
on vegetation, soil, precipitation, topography, and land use type in order to study the soil
conservation function of the Qinling-Daba Mountains ecosystem, and to provide a reference
for the development of future soil protection policies for the Qinling-Daba Mountains.

2. Overview of the Study Area

The Qinling-Daba Mountains is the collective name for the Qinling Mountains and
the Daba Mountains. The Qinling Mountains lie across the middle of China, starting
from the Jialing river in the west to reach the Funiu Mountains in the east, with a total
length of about 800 km (Figure 1). The Daba Mountains, also known as Bashan Mountains,
start from the Jialing River Valley in the west and ends at the Wudang Mountains in the
east. It is a natural barrier between southern Shaanxi and northern Sichuan. The study
area involves six provinces and cities in Shaanxi, Henan, Hubei, Chongqing, Sichuan,
and Gansu and 30 administrative research units. Its total area is 30.60 × 104 km2, with
fertile land, a mild climate, annual rainfall of 700–1000 mm, and an average temperature
of 12–15.7 ◦C. Sunlight hours are about 1440–1840 h. The terrain of the Qinling-Daba
Mountains is quite different, with a height difference of 5192 m. The terrain is steep and
soil erosion is very common.
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Figure 1. Location and general situation of the Qinling-Daba Mountains.

3. Data and Methods
3.1. Data Sources
3.1.1. Remote Sensing Data

The remote sensing data included the Normalized Difference Vegetation Index (NDVI)
dataset and the Digital elevation model (DEM) dataset. Between them, the DEM dataset
uses the SRTM 90 m DEM dataset. The GIMMS NDVI 3 g V1.0 dataset in the third-
generation NOAA/AVHR remote sensing data (NDVI 3 g) was selected for the NDVI data,
and the spatial and temporal resolutions were 15 d and 5 km, respectively, and the NDVI
year dataset was synthesized by the maximum synthesis method [37]. The data time range
was 1982, 1995, 2005, and 2015.

3.1.2. Meteorological Data

The precipitation data selects the daily value dataset of China’s surface climate data
(V3.0), which contains 824 reference monitoring stations in China, and organizes the
daily data into monthly and annual date, using a standardized and reasonable method of
meteorological data processing [38] and spatial interpolation of precipitation data using
ANUSPLIN software [39]. The spatial resolution is 1 km. The data time range is 1982, 1995,
2005, and 2015.

3.1.3. Soil and Land Use Data

The soil data were selected from the 1:1 million soil dataset provided by Nanjing
Soil, Chinese Academy of Sciences in the Harmonized World Soil Database version 1.1
(HWSD). Five indicators, soil sand content (SAND), silt content (SILT), clay content (CLAY),
soil bulk density (REF_BULK), and organic carbon content (OC) were selected for soil
conservation function evaluation. Phosphorus content (QLHL) and total potassium content
(QJHL) were used for soil nutrient conservation analysis. The land use data were obtained
from the Chinese Academy of Sciences and the Resource and Environmental Science Data
Center, and the 6 land use types included cultivated land, forest land, grassland, water
area, construction land, and unused land Class I type with a spatial resolution of 1 km. For
data acquisition reasons, 1982 was replaced by 1980 data, so the data time range was 1980,
1995, 2005, and 2015.
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3.1.4. Ecosystem and Vegetation Data

The ecosystem data were obtained from the Data Center of Resource and Environ-
ment Science, and the Chinese Academy of Sciences, with a spatial resolution of 1 km. It
included grassland ecosystems, water bodies and wetland ecosystems (swamps, canals,
lakes, reservoirs, glaciers and permanent snow cover, and floodlands), settlement ecosys-
tems (towns, rural settlements, industrial, and mining), and other ecosystems (sand, Gobi,
saline-alkali land, and alpine desert). The vegetation data are selected from the “1:1 million
China Vegetation Atlas”. In this study, the vegetation is divided into coniferous forest,
mixed coniferous and broad-leaved forest, broad-leaved forest, shrub, grassland, grass and
meadow, swamp, alpine plants, and crops (10 categories).

3.1.5. Administrative Division Data

Considering that there were several adjustments to names, levels, and the scope of
administrative divisions from 1982 to 2015, the data of administrative divisions are based
on the situation at the end of 2015. For the convenience of data statistics and analysis, this
study made a horizontal comparison between Chongqing and Shennongjia Forest District
and the remaining 28 prefecture-level administrative units.

3.2. Revised Universal Soil Loss Equation Model (RUSLE)

Soil conservation (Ac) reflects the strength of the soil conservation function of the
ecosystem [33], and the RUSLE model is widely used in the calculation of soil conservation
function. The RUSLE model is based on the USLE (Universal Soil Loss Equation) model, and
solves the limitations of the USLE model in terms of the scope of application and the runoff
effects. The parameter calculation is convenient and simple, the prediction results are more
accurate, and the practicability is strong. The RUSLE model is used to estimate the potential
soil erosion (Ap) and the actual soil erosion (Ar) in the watershed, and the difference
between the two is the ecosystem soil conservation (Ac) [13] (see Equations (1)–(3)).

Ar = R ∗ K ∗ LS ∗ C ∗ P (1)

Ap = R ∗ K ∗ LS (2)

Ac = Ap − Ar (3)

Ar is the amount of actual soil erosion; Ap is the amount of potential soil erosion; Ac is
the soil conservation amount of the ecosystem; R is the rainfall erosion factor; K is the soil
erosion factor; LS is the terrain factor, where L is the slope length factor and S is the slope
factor; C is the surface cover factor; and P is the soil and water conservation factor. Among
them, Ap represents the amount of soil erosion that may occur without C and P (C = 1,
P = 1), when C = P = 1, Ap = Ar.

While preventing soil erosion and maintaining soil, ecosystems also play the role of
reducing soil nutrient loss [13]. This paper mainly considers the loss of N, P and K nutrients
in the soil (see Equation (4)).

WN,P,K =
n

∑
i=1

Ac ∗ CN,P,K (4)

WN,P,K are the total amount of nutrients in soil conservation; CN,P,K are the contents of total
N, total P, and total K in the soil, respectively.

The RUSLE model has been widely used in the evaluation of soil conservation function.
To make it easier to understand, we have explained each factor of RUSLE in Table 1.
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Table 1. The RUSLE model and its factors, equations, and explanations.

Factor Equation Explanation

Rainfall Erosion Factor (R)
R =

12
∑

i=1
1.735 ∗ 10(1.5 log10 (P2

i /P)−0.8188)

i is the different months (i = 1, 2,..., 12); Pi is the monthly
average rainfall; P is the annual average rainfall.

The rainfall data are all interpolated by the
smooth thin disk spline method, which

considers the influence of DEM and DCL
(distance from the coastline) on rainfall [40],
which can more accurately reflect the actual

distribution of rainfall in space.

Soil Erosion Factor (K)

K = 0.1317
{

0.2 + 0.3 exp
[
−0.0256SAN

(
1− SIL

100

)]}
∗
(

SIL
CLA−SIL

)0.3
∗
(

1− 0.25C
C+exp(3.72−2.95C)

)
∗
(

1− 0.7SN
SN+exp(−5.51+22.9SN)

)
SAN, SIL, CLA, and C are the sand content (%), silt content (%),
clay content (%), and organic carbon content (%), respectively.

The EPIC model is the most widely used [41].
It was used to estimate the soil erosion factor

in the study area.

SN = 1− SAN
100

Use this equation to calculate SN.

Terrain Factor (LS)

L =

(λ/22.1)(sin θ/0.0896)/[3(sin θ)0.8+0.56]/{1+(sin θ/0.0896)/[3(sin θ)0.8+0.56]}

S =

 10.8 sin θ + 0.03 θ < 5◦

16.8 sin θ − 0.50 5◦ ≤ θ < 10◦

21.9 sin θ − 0.96 θ ≥ 10◦

λ is the slope length of the unit pixel; θ is the slope of the DEM
data, the unit is %.

The calculation method of the slope length
factor proposed by Wischmeier and Smith is
widely used [42,43], while the CSLE model

proposed by Liu Baoyuan [44] combined with
the actual situation in China is used for the

calculation of the slope factor.

Vegetation Cover Factor (C)

f c = NDVI−NDVImin
NDVImax−NDVImin

C =


1 fc = 0
0.6508− 0.3436lg fc 0 < fc ≤ 78.3%
0 fc > 78.3%

fc is the vegetation coverage; NDVI is the Normalized
Difference Vegetation Index; NDVImax and NDVImin are the
maximum NDVI and the minimum NDVI obtained by the

maximum and the minimum combined method.

The NDVI is often used to represent the
surface vegetation coverage [45,46].

Soil and Water Conservation
Factor (P)

Arable land = 0.3; Woodland = 1; Grassland = 1; Waters = 0;
Construction Land = 0.001; Unused Land = 0

The value range is 0–1, 0 means no soil erosion occurs after
effective measures are implemented, 1 means no maintenance

measures are taken.

Using a mixed empirical model, assigning P
values based on relevant research [45].

3.3. Grading Standard Method

In order to deeply analyze the category characteristics of soil erosion and to further
grasp the different degrees of soil erosion, this study uses the “Soil Erosion Classification
and Grading Standard SL190-2007” issued by the Ministry of Water Resources of China to
classify [47]. This standard is formulated on the basis of a large number of observations
and research summaries, and has a high scientific and practical significance. According to
this standard, the soil erosion can be divided into 6 grades: slight, mild, moderate, intense,
extremely intense, and severe.

4. Results
4.1. Characteristics of Soil Erosion in the Qinling-Daba Mountains and Temporal and
Spatial Changes
4.1.1. Quantity and Structural Characteristics of Soil Erosion in the Qinling-Daba Mountains

From (2), the amount of potential soil erosion and actual soil erosion in the Qinling-
Daba Mountains can be estimated. The degree of soil erosion is divided into six grades
according to the grading standard mentioned in the method. The potential soil erosion
situation and the actual soil erosion situation in the Qinling-Daba Mountains can be
obtained (see Tables 2 and 3).
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Table 2. Potential soil erosion status in the Qinling-Daba Mountains in 1982, 1995, 2005, and 2015.

Year Erosion Degree
(t·km−2 a−1)

Slight Erosion
<1000

Mild
Erosion

1000–2500

Moderate
Erosion

2500–5000

Intense
Erosion

5000–8000

Extremely
Intense
Erosion

8000–15,000

Severe
Erosion
>15,000

1982

Percentage of Area (%) 15.09 32.96 30.58 11.54 8.45 1.39
Average Erosion

Modulus (t·km−2 a−1) 526.84 1819.70 3382.30 6340.19 10,310.82 18,483.20

Amount of Erosion (108 t) 24.89 179.00 307.58 222.87 263.96 78.11

1995

Percentage of Area (%) 13.06 25.06 34.07 13.67 9.54 4.60
Average Erosion

Modulus (t·km−2 a−1) 529.11 1867.34 3521.36 6280.16 10,789.77 21,170.22

Amount of Erosion (108 t) 21.50 141.51 354.56 259.71 314.68 290.43

2005

Percentage of Area (%) 10.49 16.80 28.97 18.43 16.58 8.72
Average Erosion

Modulus (t·km−2 a−1) 550.09 1849.20 3605.69 6454.99 10,514.14 24,342.50

Amount of Erosion (108 t) 17.78 94.78 309.26 357.45 522.20 634.76

2015

Percentage of Area (%) 21.21 32.73 23.57 10.16 8.75 3.57
Average Erosion

Modulus (t·km−2 a−1) 490.06 1668.80 3550.04 6234.47 10,846.89 20,208.44

Amount of Erosion (106 t) 32.08 162.63 249.76 193.34 288.29 216.09

Table 3. Actual Soil Erosion Status in the Qinling-Daba Mountains in 1982, 1995, 2005, and 2015.

Year Erosion Degree
(t·km−2 a−1)

Slight
Erosion
<1000

Mild
Erosion

1000–2500

Moderate
Erosion

2500–5000

Intense
Erosion

5000–8000

Extremely
Intense
Erosion

8000–15,000

Severe
Erosion
>15,000

1982

Percentage of Area (%) 32.31 35.91 18.21 8.69 4.43 0.46
Average Erosion

Modulus (t·km−2 a−1) 415.34 1737.62 3468.91 6289.98 10,170.65 17,711.61

Amount of Erosion (108 t) 41.06 190.89 193.26 167.17 137.80 24.90

1995

Percentage of Area (%) 28.63 29.70 24.17 8.83 6.60 2.06
Average Erosion

Modulus (t·km−2 a−1) 437.76 1776.99 3439.53 6238.08 10,637.35 19,991.45

Amount of Erosion (108 t) 38.35 161.50 254.40 168.55 214.64 126.27

2005

Percentage of Area (%) 23.53 23.96 23.96 15.18 8.78 4.60
Average Erosion

Modulus (t·km−2 a−1) 450.16 1765.94 3554.62 6285.84 10,556.80 22,156.47

Amount of Erosion (108 t) 32.40 129.44 260.60 291.86 283.54 311.80

2015

Percentage of Area (%) 37.75 31.02 16.94 6.92 5.95 1.42
Average Erosion

Modulus (t·km−2 a−1) 423.47 1613.407 3495.46 6321.81 10,587.2 19,232.16

Amount of Erosion (106 t) 48.91 153.14 181.15 133.86 192.77 83.28

The total potential soil erosion in the Qinling-Daba Mountains in 1982, 1995, 2005, and
2015 were 1076.40× 108 t, 1382.40× 108 t, 1936.22× 108 t, and 1142.18× 108 t, respectively;
and the potential soil erosion moduli were 3517.65 t·hm−2, 4517.65 t·hm−2, 6327.52 t·hm−2,
and 3732.61 t·hm−2. Potential soil erosion is particularly affected by precipitation. In 2005,
due to the increase in precipitation, the corresponding potential soil erosion also increased
significantly. In terms of erosion intensity, the proportion of areas with a strong erosion
degree and above fluctuated from 7.12% in 1982 to 7.49% in 2015, showing a slight increase.

From 1982 to 2005, the degree of soil erosion in the Qinling-Daba Mountains deepened,
and the proportion of the actual soil erosion level above the intensity level increased by
14.98%, and the total amount of soil erosion increased by 554.56 × 108 t. Compared with
2005, the NDVI increased by 0.13 in 2015, and the changes in land use, such as cultivated
land and forest land, also affected artificial water and soil conservation measures, so the
actual soil erosion in 2015 decreased by 516.53× 108 t compared to 2005. In terms of erosion
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intensity, the proportion of areas with a strong erosion degree and above fluctuated from
13.58% in 1982 to 14.29% in 2015, showing a slight increase.

Compared with the amount of potential soil erosion, the amount of actual soil erosion
is not only affected by precipitation, but is also affected by vegetation coverage and artifi-
cial soil and water conservation measures. When controlling the amount of precipitation,
keeping it unchanged, the actual soil erosion in the Qinling-Daba Mountains decreased
by 5.59 × 108 t in 2015 compared with 1982. This shows that the soil conservation func-
tion of the ecosystem in the Qinling-Daba Mountains has been improved under human
intervention. On the one hand, the improvement of vegetation coverage is conducive to
a reduction in soil erosion and enhances the soil conservation function of the ecosystem.
On the other hand, the establishment of more soil and water conservation measures has
improved the soil and water conservation function of the ecosystem to a certain extent, and
this also means that more natural land is transformed into artificial land.

4.1.2. Spatial and Temporal Characteristics of Soil Erosion in the Qinling-Daba Mountains

The estimation of soil erosion characteristics from the perspective of quantity and
structure ignores the spatial distribution of the soil erosion degree, and it is more beneficial
to formulate water and soil protection measures according to local conditions by combining
the time scale to verify the spatial distribution of actual soil erosion degree. As shown in
Figure 2, the actual soil erosion in the Qinling-Daba Mountains in 1982, 1995, 2005, and 2015
had an obvious spatial aggregation and spatio-temporal transfer. From the northeast to
the southwest, the soil erosion degree in the Qinling-Daba Mountains gradually deepened
and the range of oscillation continued. During the study period, the centroid of soil
slight erosion had the most significant spatial aggregation. Although the centroid of mild,
moderate, strong, and extremely strong soil erosion had obvious spatial migration, the
change was not large, while the centroid of severe soil erosion was located in the Qinling-
Daba Mountains. The southern foot is in a swinging state, with large inter-annual changes.
At the same time, in 1982, the center of gravity of each soil erosion level was relatively
concentrated. The moderate and lower levels were concentrated in the northeastern Qinling-
Daba Mountains, and the strong and above levels were concentrated in the southwest
of the Qinling-Daba Mountains. In other years, the soil erosion levels were relatively
concentrated in a discrete state. Therefore, accelerating the implementation of soil and
water conservation measures in the southern Qinling-Daba Mountains and strengthening
the dynamic observation of factors such as precipitation and vegetation coverage are more
conducive to the realization of the soil conservation function of the ecosystem in this region.

Figure 2. Mean–Center transfer map of actual soil erosion in the Qinling-Daba Mountains.

In order to more clearly show the spatial characteristics of actual soil erosion changes
in the Qinling-Daba Mountains in 1982, 1995, 2005, and 2015, the raster data of actual
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soil erosion in 1982 and 1995, 1995 and 2005, 2005 and 2015, and 1982 and 2015 were
superimposed respectively. In this way, the positive and negative changes in the amount
of actual soil erosion between the years can be obtained, as shown in Figure 3. It can
be seen that the actual soil erosion in the northeastern, central, and western parts of
the Qinling-Daba Mountains showed a downward trend from 1982 to 2015, and the soil
conservation function improved significantly, while the southern region generally showed
an upward trend, especially in parts of the southwest. Except for the decrease in the actual
amount of soil erosion from 1995 to 2005, it experienced an overall increase in other years.
At the same time, from the graphs of 1982–1995 and 1982–2015, it can be seen that the
actual positive and negative boundary of soil erosion presents a relatively smooth feature,
which is similar to the distribution of precipitation, indicating that the spatial variation
of precipitation intensity is relatively smooth. This greatly affects the realization of soil
conservation function in the Qinling-Daba Mountains. In general, compared with the
spatial characteristics presented in Figure 2, the southern Qinling-Daba Mountains is still a
key area for reducing soil erosion and improving soil conservation in the future.

Figure 3. Interannual variation of actual soil erosion in the Qinling-Daba Mountains.

4.2. Soil Conservation and Spatio-Temporal Characteristics in the Qinling-Daba Mountains

According to (3), the amount of soil and water conservation can be calculated in 1982,
1995, 2005, and 2015. Its spatial distribution is shown in Figure 4.

Figure 4. Spatial and temporal distribution of soil conservation (AC) in the Qinling-Daba Mountains.
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The total soil conservation in the Qinling-Daba Mountains in 1982, 1995, 2005, and
2015 were 321.33 × 108 t, 418.68 × 108 t, 626.59 × 108 t, and 349.08 × 108 t, respectively.
Combined with Table 2, due to the surge in precipitation in the study area in 2005, the
potential soil erosion in that year was higher than in other years, but under the control of
soil and water conservation measures, the soil conservation in 2005 was much higher than
in other years. From the spatial distribution of soil conservation, during the study period,
the high-value areas of soil conservation in the Qinling-Daba Mountains showed a trend
of gathering in the central and southern regions. In 1982, there were two high-value areas
of soil conservation in the northeast and southwest of the study area. With the passage of
time, the soil conservation capacity in the northeastern Qinling-Daba Mountains gradually
decreased, while the soil conservation capacity in the southern part gradually increased.

The main body of soil conservation work is mainly administrative units and the
scope of implementation is mainly based on administrative regions. The key areas for
soil conservation in Qinling-Daba Mountains can therefore be further shown from the
perspective of administrative divisions (see Figure 5). From the proportion of total soil
conservation, the amount of soil conservation per unit area in Hanzhong and Ngawa was
relatively low. However, the total soil area of these two regions was rather large, and
accounted for a vast proportion in the whole study area. In 2015, the soil conservation in
Hanzhong and Ngawa was 92.03× 108 t, accounting for 24.94% of the total soil conservation
in the study area; the proportion of the total soil conservation in Jingmen, Linxia, and
Xuchang was relatively low, and in 2015 their amount of soil conservation only accounted
for 0.16%, 0.21%, and 0.21% of the total, respectively. This is related to its relatively small
proportion of land area and its low total yield per unit area. The changes in soil conservation
in Chongqing, Ngawa, and Ankang was relatively large. During the study period, the
standard deviation of the total proportion ranked in the top 3 across all administrative
regions, the maximum change was more than 1 times, and in Chongqing it was 2.82 times.
From the perspective of soil conservation per unit area, the soil conservation per unit area
of Chongqing, Bazhong, Chengdu, and Dazhou is relatively high, and the soil conservation
per unit area of Jingmen, Linxia, Tianshui, and Dingxi is relatively high. In 2015, the soil
conservation per unit area in Bazhong reached 3532.08 t·hm−2, which was 15.90 times
that of Jingmen, which had the lowest value of soil conservation per unit area. The
cumulative maximum soil conservation amount per unit area was Chongqing, reaching
14,592.84 t·hm−2, which is 9.67 times the lowest value in Jingmen, and the difference is
quite obvious. In general, the proportion of total soil conservation and the soil conservation
per unit area in Chongqing were high, and this should be the enriched area of the soil
conservation function in the Qinling-Daba Mountains. The soil conservation per unit area in
Hanzhong and Ngawa was low, but the proportion of total soil conservation was relatively
high, and therefore large-scale soil conservation measures should be further promoted.
Chengdu, Deyang and other places had relatively high soil conservation per unit area,
while the proportion of total soil conservation was low, which was on the edge of the soil
conservation function of the Qinling-Daba Mountains. Although the land area of Chengdu,
Deyang and other places in the study area is relatively small, it should nevertheless continue
to maintain the current good soil conservation status.

Different ecosystems affect soil retention capacity through surface cover, material
exchange, etc. These details are shown in Table 4. The average strength of soil conser-
vation function in different ecosystems is in the order of forest ecosystem > farmland
ecosystem > grassland ecosystem > water body and wetland ecosystem > settlement ecosys-
tem > desert ecosystem > other ecosystems. Among these, the forest ecosystem is lush green
with vegetation, and the tree canopy has a great protective effect on the surface soil, which
weakens the denudation ability of rainfall. Compared with 1995, the rainfall surged further
in 2005 and the soil conservation function of different ecosystems was highlighted. The
soil conservation of farmland ecosystems and forest ecosystems increased by 90.79 × 108 t
and 95.48 × 108 t respectively. However, it is worth noting that the ways of realizing the
soil conservation function of the two ecosystems were quite different. In the farmland
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ecosystem, the establishment of a large number of soil and water conservation measures
improved the soil conservation function, while in the forest ecosystem the high vegeta-
tion coverage played that role. Moreover, the vegetation types were relatively superior,
which resulted in a strong soil conservation function. After the increase of rainfall, the
soil conservation of the settlement ecosystem decreased by 0.30 × 108 t. Therefore, the
over-exploitation of land through construction land greatly weakened the soil conservation
function of the ecosystem.

Figure 5. Soil conservation and its changes in different urban areas in the Qinling-Daba Mountains.

Table 4. Total soil conservation of different ecosystems in the Qinling-Daba Mountains.

Total Amount of Soil
Conservation (108 t) 1982 1995 2005 2015

Farmland Ecosystem 126.97 160.31 251.10 131.99
Forest Ecosystem 139.95 190.71 286.19 153.56

Grassland Ecosystem 69.46 88.68 128.67 80.60
Water and Wetland

Ecosystem 4.07 4.01 6.65 3.66

Settlement Ecosystem 2.26 3.41 3.11 2.23
Other Ecosystems 0.20 0.26 0.30 0.43

On the basis of the above analysis, the distribution of soil conservation function of
different vegetation types in the same-level ecosystem was further analyzed. The results
are shown in Table 5. The soil conservation function of different vegetation types is in the
order of crops > shrub > broad-leaved forest > coniferous forest > grass > meadow > grass-
land > coniferous and broad-leaved mixed forest > alpine plant > swamp, and the average
soil conservation capacity is 128.36 × 108 t, 106.22 × 108 t, 99.97 × 108 t, 52.12 × 108 t,
34.26 × 108 t, 21.59× 108 t, 1.65× 108 t, 0.73× 108 t, 0.56× 108 t, 0.02× 108 t. On the whole,
the soil conservation function of vegetation in the same ecosystem was quite different.
The soil conservation function of coniferous and broad-leaved mixed forest was weaker
than that of broad-leaved forest and coniferous forest and the soil conservation function of
grassland was weaker than that of grass and meadow. This may be related to the internal
vegetation composition. Water bodies, wetland ecosystems and farmland ecosystems had
certain differences due to statistical calibers, but from the perspective of vegetation types,
they can show more refined soil conservation functional characteristics, and crops with a
high soil conservation may be associated with higher potential soil erosion (related [13]).
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Table 5. Total soil conservation of different vegetation types in the Qinling-Daba Mountains.

Total Amount of Soil
Conservation (108 t) 1982 1995 2005 2015

Coniferous Forest 40.42 50.62 72.01 45.43
Coniferous and Broad-leaved

Mixed Forest 0.64 0.66 0.94 0.69

Broad-leaved Forest 85.31 93.63 142.24 78.68
Shrub 75.52 101.70 157.28 90.39

Grassland 1.53 1.66 2.15 1.24
Grass 19.33 36.66 55.86 25.18

Meadow 16.33 20.87 27.26 21.90
Swamp 0.02 0.01 0.02 0.02

Alpine Plant 0.46 0.57 0.61 0.60
Crops 93.25 127.89 194.54 97.77

The relationship between soil conservation and slope, elevation, and vegetation cov-
erage was expressed, and the results are shown in Figure 6. The elevation and slope of
the Qinling-Daba Mountains were negatively correlated with the total amount of soil con-
servation, while the vegetation coverage was positively correlated with the total amount
of soil conservation. The total amount of soil conservation showed a trend of “short
rise and long fall” with the increase of elevation. Among them, when the elevation of
the Qinling-Daba Mountains was between 1000 m and 1500 m, the total amount of soil
conservation was the largest. When the elevation was 1500 m, the soil conservation per
unit area reached 2115.25 t·hm−2. The elevation of 1500–3500 m may be affected by soil
properties and vegetation structure. The area of soil conservation decreased; the total soil
conservation on the slope classification was similar to the elevation classification. When
the slope was 10◦, the total soil conservation reached a peak value of 177.06 × 108 t. As
the slope become steeper, the total amount of soil retention decreased gradually, and the
soil retention function became weaker. The soil conservation per unit area increased with
the increase of the slope, mainly due to its large potential of soil erosion; the relationship
between the vegetation coverage and the total soil conservation showed a trend of “long
increase and short decrease”. When the vegetation coverage reached 70%, the total amount
of soil conservation reached a peak value of 346.57 × 108 t, and the further increase in
vegetation coverage caused the total amount of soil conservation to decrease, which may
be due to errors in calculation and NDVI is easily saturated in areas with high vegetation
coverage, resulting in the vegetation Exponential Compression Phenomenon. After the
vegetation coverage reached 30%, the soil conservation per unit area decreased slightly,
which was perhaps caused by the differences in vegetation types and its structures. In
general, soil conservation decreased with the increase in slope, and increased with the
increase in vegetation coverage. Increasing vegetation protection and increasing green
areas are beneficial to improve the soil conservation function of the ecosystem.

4.3. Nutrients of Soil Conservation and Spatial Distribution in the Qinling-Daba Mountains

Nutrients of soil conservation is an important part of ecosystem soil conservation.
At present, there are few studies on the assessment of soil nutrient conservation in the
Qinling-Daba Mountains and the changes over the years are rare. Therefore, this part of the
research has a high novelty. Using (4), the retention of N, P, and K elements in Qinling-Daba
Mountain soil was estimated, and the results are shown in Figures 7 and 8.

During the study period, the average retentions of N, P, and K elements in the Qinling-
Daba Mountains were 75.57× 104 t, 25.35× 104 t, and 737.28× 104 t, respectively (Figure 7).
The spatial distribution of the three elements was consistent, but the spatial retentions
were different. The spatial distribution peak point for soil N element is clearly located in
the southwest of the study area, while the total soil P and total K are clearly distributed
in the southwest and south. There were also differences in the distribution of low-value
areas of soil elements. The central area had the lowest nutrients for soil conservation, and
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there were two low-value areas of N in the northeast and north-central areas, while the
distribution of K was relatively uniform.

Figure 6. Soil conservation of different slopes, elevations, and vegetation coverage in the Qinling-
Daba Mountains: (a) Relationship between soil erosion and slope; (b) Relationship between soil
erosion and elevation; (c) Relationship between soil erosion and vegetation coverage.

Figure 7. Spatial distribution of N, P, and K nutrients of soil conservation in the Qinling-Daba Mountains.



Sustainability 2022, 14, 5829 13 of 19

Figure 8. Spatial distribution of nutrients for soil conservation in the Qinling-Daba Mountains.

As can be seen from Table 6, the effects of different vegetation types on differ-
ent nutrients of soil conservation are different. Among them, the retention capacity of
soil N, P, and K elements per unit area of different vegetation is in the order of alpine
plants > coniferous and broad-leaved mixed forest > meadow > shrub > coniferous
forest > grass > grassland > broad-leaved forest > crops > swamp; alpine plants > mixed
coniferous and broad-leaved forest > grasses > shrubs > meadows > coniferous
forests > grasslands > crops > broad-leaved forests > swamps; alpine plants > grasses
> mixed coniferous and broad-leaved forests > shrubs > meadows > crops > coniferous
forest > broad-leaved forest > grassland > swamp. Other factors are closely related. Due
to the vast area of shrubs and broad-leaved forests in the Qinling-Daba Mountains, some
river valleys and basins are relatively important food production areas, and the crop area
is also large, and their contribution rates to the nutrients of soil conservation capacity in
the study area are all greater than 20%. The contribution rate is more than 70%. From the
perspective of forest land, the total amount of nutrients of soil conservation of broad-leaved
forest was higher than that of coniferous forest, but the unit retention capacity of the two
was equivalent; although the overall nutrients of soil conservation of mixed coniferous
and broad-leaved forest were lower, the unit retention capacity was lower in the forest
land. The highest was higher by an average of 32.80%. From the perspective of grassland,
the total amount of P and K retained by the grass was higher than that of the meadow
and grassland, but the total amount of N retained was lower than that of the meadow;
grassland, grass, and meadow had little difference in the unit retention capacity of soil
nutrients for N and P elements, but in terms of K element, grass was 38.94% higher on
an average than grassland and meadow. In general, there are differences in the ability
of different vegetations to maintain different soil nutrients. Reasonable interplanting of
vegetation will help to maintain soil nutrients, and at the same time will also strengthen
the protection level of plants in alpine regions, thereby improving the material production
capacity of the ecosystem.

In terms of the overall nutrients of soil conservation in the Qinling-Daba Mountains
(see Figure 8), there were big differences between 1982, 1995, 2005, and 2015. The total
amount of nutrients of soil conservation were 637.76 × 104 t, 822.22 × 104 t, 759.42 × 104 t,
and 689.73 × 104 t, respectively. The spatial distribution characteristics of nutrients of soil
conservation in the Qinling-Daba Mountains were significantly different between years.
The spatial distribution of soil nutrients in 1982 was relatively uniform, but there were two
clusters in the northeast and in the southwest. In 1995, 2005, and 2015, the soil nutrient
accumulation area in the northeast gradually shifted to the central and southern parts, and
the soil nutrient accumulation in the southwest was the most significant in 1995 and 2015.
This result is similar to that of related studies [48]. The loss of soil nutrients in the eastern
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Qinling-Daba Mountains is not conducive to the future production and life of the region.
Therefore, the establishment of suitable soil nutrient conservation measures will have a
positive significance for the future development of the region.

Table 6. Nutrients of soil conservation of different vegetation types in the Qinling-Daba Mountains.

Vegetation Type

N P K

Total
Amount of

Nutrients of
Soil Conser-

vation
(104 t)

Percentage
(%)

Amount of
Nutrients of
Soil Conser-
vation per
Unit Area

(t·a−1)

Total
Amount of

Nutrients of
Soil Conser-

vation
(104 t)

Percentage
(%)

Amount of
Nutrients of
Soil Conser-
vation per
Unit Area

(t·a−1)

Total
Amount of

Nutrients of
Soil Conser-

vation
(104 t)

Percentage
(%)

Amount of
Nutrients of
Soil Conser-
vation per
Unit Area

(t·a−1)

Coniferous
Forest 10.96 14.50 2.97 3.35 13.21 0.91 91.86 12.46 24.92

Coniferous and
Broad-leaved
Mixed Forest

0.19 0.25 4.05 0.05 0.20 1.10 1.39 0.19 29.66

Broad-leaved
Forest 17.51 23.17 2.53 5.79 22.85 0.84 165.98 22.51 24.02

Shrub 19.37 25.63 3.15 6.11 24.09 0.99 178.98 24.28 29.07
Grassland 0.34 0.45 2.72 0.11 0.44 0.89 2.87 0.39 23.10

Grass 4.35 5.76 2.78 1.64 6.47 1.05 52.85 7.17 33.73
Meadow 5.37 7.11 3.46 1.46 5.75 0.94 39.70 5.38 25.58
Swamp 0.01 0.01 2.05 0.00 0.01 0.33 0.03 0.00 8.71

Alpine Plant 0.18 0.24 5.52 0.04 0.17 1.32 1.24 0.17 37.73
Crops 17.29 22.88 2.17 6.80 26.82 0.85 202.38 27.45 25.36

5. Discussions
5.1. Reliability of the Calculation Results of the Soil Maintenance Function in the Qinling-
Daba Mountains

This paper calculates the number of potential soil erosion, actual soil erosion, soil
retention, and soil nutrient retention in the Qinling-Daba Mountains in 1982, 1995, 2005,
and 2015. The results were similar to the existing studies. For example, Rao calculated the
spatial characteristics of the ecosystem soil conservation function in the Sichuan Province,
and found that the average soil retention strength of Bazhong, Dazhou, Guangyuan, and
other places were high and constituted the most important soil retention area [49], which
was consistent with the results. At the same time, Chen calculated the soil conservation
function level of the soil in Shangluo city in the Qinling-Daba Mountains area, and found
that the actual number of soil erosion and potential soil erosion in Shangluo around 2010
were 1.21109 t and 3.4107 t [50] respectively, which were similar to the estimated results of
this paper, indicating that the results were reliable.

5.2. Factors Affecting the Soil Conservation Function in the Qinling-Daba Mountains

According to the RUSLE model, under the premise of K and LS, the soil conserva-
tion function of the ecosystem is mainly affected by precipitation, vegetation, and soil
conservation measures. From the results of this paper, precipitation, vegetation, and soil
and water conservation measures have an impact on the soil conservation function of
the Qinling-Daba Mountains, but from the perspective of the impact degree, it should
be precipitation > vegetation > soil and water conservation measures. From the perspec-
tive of precipitation, it is obvious that due to the large increase of precipitation in 2005,
the proportion of the actual soil erosion in the Qinling-Daba Mountains increased by
14.98%, and the total soil erosion increased by 554.56 × 108 t. At the same time, when the
control precipitation remained unchanged, the actual soil erosion in 2015 decreased by
5.59 × 108 t compared with 1982, but in fact, the amount of soil erosion in 2015 increased
by 38.03 × 108 t compared with 1982, which demonstrates the intensity of precipitation.
From the perspective of vegetation status, the improvement of vegetation coverage means
that vegetation can reduce the scour effect of precipitation on soil, and its litter and roots
also enhance the amount of soil retention. Although different vegetation types vary in soil
conservation ability, this study found that mixing different types of vegetation into different
types of ecosystems may have a positive effect on soil conservation function. At the same
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time, there is also a relationship threshold between vegetation coverage and soil retention
quantity, which may cause a decrease in soil retention quantity, which provides some ideas
for plantation planting and vegetation restoration. In terms of soil and water conservation
measures, the results showed that the amount of potential soil erosion in the Qinling-Daba
Mountains in 2005 was the highest in the study period, but the number of soil conservation
was also the highest. On the basis of the slight improvement of vegetation coverage, the
improvement of soil and water conservation measures caused by land use changes such as
forest land and cultivated land is the key factor in the amount of soil conservation.

For the Qinling-Daba Mountains area, the large inter-annual change in precipitation
means that it faces difficulty in changing the climatic conditions, which brings great
uncertainties and challenges to the soil conservation work. With the gradual increase of
extreme precipitation, the role of the Qinling-Daba Mountains as an ecological barrier in
the north and south of China has also been negatively affected by [51]. Thus, in addition
to strengthening the precipitation monitoring and forecasts in key areas, a reasonable
improvement in vegetation coverage across the Qinling-Daba Mountains, improvements in
the combination effect between different ecosystems and similar ecosystems, and at the
same time attention paid to land consolidation and waste land development, measures for
the prevention or reduction of soil erosion area also important to improve soil ability in
the future.

5.3. The Particularity of Soil Conservation Function in the Qinling-Daba Mountains Area

Due to its geographical location and landform conditions, the land around the Qinling-
Daba Mountains has a certain particularity in soil conservation compared with other
mountains in China. First, there are many mountains in the northern and southern regions
of China, especially in the northeast and in the southwest, which matches the prevailing
wind direction of the monsoon in China. The precipitation law of the windward slope
and the leeward slope is more obvious [52]. The Qinling-Daba Mountains is an east–west
mountain range in China, and is in the transition zone of humid and semi-humid areas
in China. The intensity and distribution rules of precipitation are not very clear, and the
difference between the eastern and western regions is also not clear. This shows that
soil retention functions in the Qinling-Daba Mountains should not only pay attention to
the space change of precipitation intensity, but should also pay attention to the natural
environmental differences between the regions. The results of this study also show that
Qinling-Daba Mountains soil erosion constitutes both an agglomeration and an expansion
trend in terms of the eastern mountain soil nutrient loss, which has increased year by year.
Secondly, as the main part of the north–south transition zone in China, its soil conservation
function also shows the characteristics of transition. According to Zhu Qing’s study on
the Loess Plateau in the north of the Qinling-Daba Mountains, the annual average actual
and potential soil erosion moduli of the Yanhe River basin are 31,783 t·km−2a−1 and
624,015 t·km−2a−1 [53], which greatly exceeds the unit area erosion moduli of the Qinling-
Daba Mountains. Moreover, the study of some small basins in the south of the Qinling-Daba
Mountains shows that the soil erosion moduli are about 500.177–12,521.968 t·km−2a−1 [54],
and its numerical range is smaller than that of the Qinling-Daba Mountains. This shows
that the amount of soil erosion in the north and south sides is increasing from the south to
the north. Combined with the results of this study, the soil erosion degree in the south of
the Qinling-Daba Mountains is lower, the soil erosion degree in the north is higher, and
the soil erosion degree in the Qinling-Daba Mountains is in the middle level. The soil
erosion degree presents transitional characteristics in the Qinling-Daba Mountains. Once
the soil conservation function of the Qinling-Daba Mountains is destroyed, the transitional
characteristics will be affected, resulting in an increase in the amount of soil erosion in the
Qinling-Daba Mountains, affecting the stability of the natural environment. Although there
are some differences in soil structure, it also reflects the important role of the Qinling-Daba
Mountains as an ecological barrier, that is, increasing the ecological protection measures
can limit the boundary line in areas with severe soil erosion.
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6. Conclusions

The soil conservation function of the ecosystem is affected by the internal structure
of the ecosystem, among which precipitation, topography, soil, and human disturbance
are the most significant. Considering the above-mentioned influencing factors, the soil
conservation function of the Qinling-Daba Mountains was evaluated and analyzed in the
hope of improving the soil conservation capacity of the Qinling-Daba Mountains and to
build a strong barrier to maintain the ecological security of the north–south transition zone
in China. The conclusions of this research are as follows:

• The inter-annual variation of soil erosion in Qinling-Daba Mountains is noticeable, and
there are obvious spatial and temporal agglomeration characteristics in the northeast
and south, and in the northeast–southwest direction. During the study period, soil
erosion in the Qinling-Daba Mountains fluctuated greatly throughout the year. Soil
erosion in the Qinling-Daba Mountains has a clear spatial aggregation phenomenon
and a temporal and spatial transfer phenomenon, and the soil erosion degree gradually
deepens from the northeast to the southwest. The centroid of slight soil erosion was
significantly concentrated in the northeast, while the centroid of the severe soil erosion
area oscillated at the southern foot of the Qinling-Daba Mountains. The area with
increased erosion was concentrated in the south of the study area, and the erosion was
reduced in the northeast and in the central and western parts of the study area. This
conclusion shows the key areas for soil erosion control in the Qinling-Daba Mountains.

• The high-value areas of soil conservation in the Qinling-Daba Mountains moved
from the northeast and the southwest to the central and southern regions. Hanzhong
and Ngawa were the key areas to strengthen soil conservation measures. In 1982,
there were two high-value areas of soil conservation in the northeast and southwest
of the study area. With the change of time, the soil conservation in the northeast
gradually decreased, and the soil conservation in the central and southern parts
gradually increased. During the study period, the soil conservation per unit area in
Hanzhong and Ngawa was relatively low, and the total soil conservation accounted for
a relatively high proportion, which should be the key remediation areas for promoting
soil conservation measures in the future. Chongqing is rich in soil conservation
functions in the Qinling-Daba Mountains. Chengdu, Deyang and other places belong
to the marginal areas of the soil conservation function of the Qinling-Daba Mountains.
This conclusion shows the key areas for improving the soil conservation function in
the Qinling-Daba Mountains in different periods.

• The total amount of soil conservation in the Qinling-Daba Mountains was negatively
correlated with elevation and slope, and was positively correlated with vegetation
coverage. The total amount of soil conservation shows a trend of “short rise and long
drop” with the increase of elevation. The total amount of soil conservation was the
largest when the elevation was between 1000 m and 1500 m. When the elevation
exceeded 3500 m, the amount of soil conservation began to decline. The spatial
quantitative relationship between slope and total soil conservation was similar to
elevation, and the total soil conservation reached a peak when the slope was 10◦, and
then gradually decreased as the slope became steeper. The relationship between the
vegetation coverage and the total amount of soil conservation showed a trend of “long
rise and short drop”. With the increase of vegetation coverage, the total amount of
soil conservation was also found to increase. When the vegetation coverage reaches
70%, the total amount of soil conservation reached its peak, and then the total amount
of soil conservation perhaps dropped sharply due to calculation errors or vegetation
index compression. This conclusion showed the correlation between soil conservation
function and some natural environment factors in the Qinling-Daba Mountains, which
was helpful to provide a basis for engineering measures.

• Forest ecosystem and farmland ecosystem have a strong soil conservation capacity in
the Qinling-Daba Mountains, but there are differences in the means of its realization;
the composition and structure of different vegetation types in the same ecosystem
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affects soil conservation capacity. The forest ecosystem is mainly affected due to
high vegetation coverage and relatively superior vegetation types, resulting in strong
soil conservation function, while the farmland ecosystem is mainly affected with the
establishment of a large number of soil and water conservation measures. The soil
conservation capacity of the settlement ecosystem has weakened its soil conservation
function due to the development of construction on the land. The soil conservation
functions of different vegetation types are different. The soil conservation functions of
mixed coniferous and broad-leaved forests is significantly weaker than that of broad-
leaved forests and coniferous forests, and the soil conservation function of grasslands
is significantly weaker than that of grasses and meadows. The soil holding capacity
varies significantly. This conclusion is helpful to formulate soil conservation and
protection measures from the perspective of different ecosystems or the composition
of vegetation structures within different ecosystems.

• The soil nutrients in the Qinling-Daba Mountains are mainly concentrated in the
southwest and south of the region, and the nutrient loss is more serious in the eastern
region. Alpine plants have the strongest unit nutrients of soil conservation capacity,
while shrubs, broad-leaved forests, and crops contribute more to the total nutrients of
soil conservation. The spatial distribution of the three elements was consistent. The
peak area of soil N was concentrated in the southwest. The soil P and K elements were
concentrated in the southwest and southern regions, while the central region was the
low value region of nutrients of soil conservation. There are differences in the effect of
different vegetation types on nutrients of soil conservation. Alpine plants have the
strongest ability to maintain soil N, P, and K elements, but shrubs, broad-leaved forests
and crops have a large area. The cumulative contribution rate of nutrient retention
capacity exceeded 70%. The analysis of soil nutrients in this conclusion enriches the
research content of soil conservation function evaluation, and grasps the nutrient
changes caused by soil erosion and conservation from a more microscopic perspective.

At the same time, there are still some deficiencies in this paper. The estimation
of average soil conservation can show the strength of the soil conservation function of
the Qinling-Daba Mountains ecosystem to a certain extent, which has a certain practical
significance. However, the estimation of soil conservation is affected by many factors, and
the average index is not enough to reflect the dynamic changes of the soil conservation
function of the ecosystem and the correlation with other influencing factors. Future research
will measure the soil conservation function of the ecosystem on a long-term scale, will more
deeply explore its correlation with many influencing factors, and will strive to propose
sustainable strategies to improve the soil conservation function of the ecosystem.

Because the Qinling-Daba Mountains are located on the north–south boundary in
China, with abundant precipitation and lush vegetation, the soil erosion is dominated
by hydraulic erosion, but soil erosion also includes wind erosion, freeze–thaw erosion,
and gravity erosion. A more comprehensive consideration of soil erosion in the area will
be undertaken. At the same time, the terrain conditions and surface environment of the
Qinling-Daba Mountains are complex, and monitoring data with better accuracy will
improve the accuracy of the estimation.
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