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Abstract: This study aimed to reveal the main environmental factors affecting PH, SOM, SOC, TN,
and AHN in mountainous areas of Beijing, using the Chaoguan Xigou watershed as the research
object. The relationship among pH, SOM, SOC, TN, AHN, topographic factors, and vegetation factors
was analyzed by correlation and redundancy analysis (RDA). The results showed that altitude was
significantly positively correlated with vegetation types in the study area (p < 0.01). Menhinnick
richness index (D), Shannon-Wiener diversity index (H), and Alatalo evenness index (E) ranged from
0.35-0.79, 0.86-1.73, and 0.39-0.7, respectively, indicating moderate variations. E was significantly
positively correlated with stand type (p < 0.05), altitude (p < 0.05), and H (p < 0.01). The variation
ranges of PH, SOM, SOC, TN, and AHN in soil were 5.78-7.13, 54.73-90.38 g /kg, 23.77-60.25 g /kg,
1.71-4.22 g /kg, and 95.64-223.26 mg/kg, respectively. All soil nutrient indexes had medium vari-
ation except for pH (weak variation). In this study, RDA results showed that altitude is the main
environmental factor affecting the soil pH, SOM, SOC, TN, and AHN in this area and could explain
25.9% of the total variance. However, the effects of factors associated with altitude on pH, SOM, SOC,
TN, and AHN need to be further studied.

Keywords: soil pH; SOM; SOC; TN; AHN; vegetation factors; topographic factors

1. Introduction

Soil is one of the five elements of the Earth’s physical geographic environment [1],
the link between other elements, and a key site for carbon and nitrogen cycles and other
biochemical reactions [2]. Fertility is the most basic characteristic of the soil, and soil nutri-
ents are an important chemical index for evaluating soil fertility and the mineral nutrient
composition necessary for plant growth [3]. As one of the key soil nutrients, soil organic
matter is the main component in the biogeochemical cycle in the terrestrial biosphere [4],
which is the basis of soil fertility. Soil organic carbon (SOC) is an important indicator of soil
quality [5]. As an energy material for microbial activities, it affects the availability of soil
nutrients [6]. Soil total nitrogen (TN) is the most important component of soil nutrients, and
essential nutrients for organisms [7], which have an important impact on the growth and
development of vegetation [8]. Soil pH affects the soil structure, humification process [9],
nutrients mobilization, and ion exchange in soil [10]. Therefore, analyzing soil nutrient
characteristics of forest land can provide insights into the forest community structure,
ecosystem process [11], and regional forest land management strategies.

Vegetation affects the availability of soil nutrients by changing the input of compounds
and organic matter in the form of litter and root exudates [12,13]. Changes in soil nutrient
availability caused by vegetation [14] affect the absorption and assimilation of nutrients by
vegetation [15]. As a result, this interaction may drive forest diversity and function [16].
In addition, forest soils suffer less human disturbance than other soils [17]. Geological
conditions [18], species richness [19], stand characteristics [20], and climatic conditions [21]
are the main factors that affect forest soils. Previous studies on the effects of biodiversity
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and vegetation types on soil nutrients showed consistent results [22,23]. These studies
indicated that species diversity is the main biological mechanism mediating positive regu-
lation between forest plants and soil [24,25]. The effects of different vegetation types on soil
nutrients vary [26,27]. However, various studies showed that topographic factors have dif-
ferent effects on soil nutrients. For instance, Seibert et al. [28] indicated that slope direction
significantly affects soil nutrients. Song et al. [29] showed that elevation, slope direction,
and slope position are the main topographic factors affecting the spatial heterogeneity of
regional soil nutrients. Deng et al. [30] found that the combination of different topographic
factors has different effects on soil nutrients. Therefore, it is necessary to analyze the
relationship between regional soil nutrients and topographic and vegetation factors.

The Miyun Reservoir, located in the mountainous area north of Miyun County in
the suburbs of Beijing, is the largest reservoir in North China and the most important
source of surface water in Beijing. The upper reaches of the basin have mountainous areas,
complex terrain, and various soil and vegetation types. These factors significantly affect soil
nutrient characteristics. The Chaoguan Xigou watershed is located upstream of the Miyun
Reservoir, and it is one of the catchment areas of the Miyun Reservoir. The watershed has
typical natural environment and vegetation types. This study comprehensively analyzed
the topographic characteristics, vegetation characteristics, and pH, soil organic matter
(SOM), soil organic carbon (SOC), total nitrogen (TN), and alkali-hydrolyzable nitrogen
(AHN) characteristics of the watershed using the typical vegetation community in the
Chaoguan Xigou watershed. This study aimed to determine: (1) the vegetation distribution
characteristics of the watershed; (2) the pH, SOM, SOC, TN, and AHN status of the
watershed; and (3) the main influencing factors of pH, SOM, SOC, TN, and AHN in the
watershed. Therefore, this study provides a theoretical basis for regional soil management
and sustainable forest management.

2. Materials and Methods
2.1. Study Sites

The study was conducted in the Chaoguan Xigou watershed (117°06' E, 40°40’ N),
Miyun District, Beijing (area, 889.02 hm?) (Figure 1). Mountains surround the study area
on three sides, and the outlet is the Chaohe River, forming a fully closed basin. The whole
basin is low in the east and high in the west. It has an altitude of 210~1158 m and an average
slope of 25°. Inceptisols are the major soil type in the study area. The average thickness of
the soil is about 20 cm, belonging to a thin soil layer. The bedrock in the area is limestone
and the parent material is mostly hard. The area has a typical warm temperate semi-humid
continental monsoon climate. The study area belongs to the middle mountain area, with an
average annual rainfall of 600~900 mm, of which 70% of the rainfall is concentrated in July,
August, and September. The area has an average annual temperature of 9~11 °C, with four
distinct seasons and the same period of rain and heat.
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Figure 1. Location of the study area and distribution of the sampling sites. (a) Remote Sensing Image
of China, the red area represents Beijing; (b) remote sensing image of Miyun District, Beijing, the
red area represents Chaoguan Xigou watershed; and (c) topographic map of Chaoguan Xigou and
distribution of sampling points.
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2.2. Sample Plot Layout

Two horizontal and two vertical conceptual large-scale transects were determined in
the watershed using the limited random sampling method based on the field investigation
and comparative analysis of forest vegetation types in Miyun District. Permanent plots
were established on four conceptual transects and 22 typical representative fixed plots
were selected for forest vegetation investigation (Figure 1c). Sample plot information
is shown in Table 1. The elevation and slope of the study area were 226.2-762.4 m and
5-38°, respectively. The forest types of arbor forests in the basin could be divided into four
categories: coniferous forest (Type I), coniferous and broad-leaved mixed forest (Type II),
broad-leaved forest (Type III), and broad-leaved mixed forest (Type IV). In March 2008, a
sampling area of 50 m x 50 m was set up in each plot. Soil samples were collected from
the surface of the soil below the litter layer. Soil samples of 0-10 cm depth were taken at
intervals of 5 m. A total of 121 points were sampled in each plot. The samples were packed
in soil bags and taken to the laboratory for further analyses.

Table 1. Basic information of the 22 selected sample plots.

Sample Plot Slgpe Altitude Dominant Tree Species
) (m)
Chinese pine (Pinus tabuliformis Carr.), Ailanthus (Ailanthus altissima
1 Al 30 274.0 (Mill.) Swingle),
Populus (Populus davidiana Dode)
2 A2 28 011 Spiraea pubescens (Spiraea pubescens Turcz.),
' Vitex negundo (Vitex negundo L. var. heterophylla (Franch.) Rehd.)
3 A3 5 329.6 Ailanthus (Ailanthus altissima (Mill.) Swingle)
Prunus sibirica (Armeniaca sibirica (L.) Lam),
4 Ad » 3205 Goldenrain tree (Koelreuteria paniculata Laxm)
5 A5 33 395.1 Quercus wutaishanica (Quercus wutaishansea Mary), Chinese pine
’ (Pinus tabuliformis Carr.)
6 Bl 30 226.2 Platycladus orientalis (Plfztycladys.orzentalzs (L.? Franco), Robinia
pseudoacacia (Robinia pseudoacacia L.)
7 B2 20 338.3 Robinia pseudoacacia (Robinia pseudoacacia L.)
8 B3 35 386.8 Quercus Mongolica (Quercus mongolica Fisch. ex Ledeb)
9 B4 30 430.0 Quercus Mongolica (Quercus mongolica Fisch. ex Ledeb)
Vitex negundo (Vitex negundo L. var. heterophylla (Franch.) Rehd.),
10 B5 % 396.7 Grewia biloba (Grewia biloba G. Don)
Spiraea pubescens (Spiraea pubescens Turcz.),
1 B6 2 4058 Vitex negundo (Vitex negundo L. var. heterophylla (Franch.) Rehd.)
Vitex negundo (Vitex negundo L. var. heterophylla (Franch.) Rehd.),
12 B7 35 571.2 Ziziphus jujuba (Ziziphus jujuba Mill. var. spinosa (Bunge) Hu ex H. F.
Chow)
13 C1 35 226.2 Chinese pine (Pinus tabuliformis Carr.)
14 C2 15 364.8 Chinese pine (Pinus tabuliformis Carr.)
15 3 5 625.2 Quercus wutaishanica (Q'u.ercus wut{zzshansefz Mary), Tilia mandshurica
(Tilia mongolica Maxim.)
Tilia platyphyllos (Tilia platyphyllos Stop.),
16 Ca 3% 662.0 Tilia mandshurica (Tilia mongolica Maxim.)
17 cs5 25 580.0 Tilia platyphyllos (Tilia platyphyllos Stop.),

Tilia mandshurica (Tilia mongolica Maxim.)
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Table 1. Cont.

Sample Plot 5121” Altitude Dominant Tree Species
) (m)
Acer Truncatum (Acer truncatum Bunge),
18 6 38 603.8 Tilia mandshurica (Tilia mongolica Maxim..)
Tilia platyphyllos (Tilia platyphyllos Stop.),
19 7 3% 7624 Acer Truncatum (Acer truncatum Bunge)
Ailanthus (Ailanthus altissima (Mill.) Swingle),
20 D2 30 654.1 Evodia daniellii (Tetradium daniellii (Bennett) T. G. Hartley)
Tilia platyphyllos (Tilia platyphyllos Stop.),
21 D3 30 612.5 Mountain elm (Ulmus davidiana Planch. var. japonica (Rehd.) Nakai)
” Da 40 5729 Evodia daniellii (Tetradium daniellii (Bennett) T. G. Hartley), Carpinus

turczaninowii (Carpinus turczaninowii Hance)

2.3. Indoor Experiment

The soil samples were air dried and impurities were removed. The pH, soil organic
matter (SOM), soil organic carbon (SOC), total nitrogen (TN), and alkali-hydrolysable
nitrogen (AHN) were then measured. The soil was sieved through a 2 mm sieve for pH
detection, through a 0.25 mm sieve for SOM, SOC, and TN detection, and through a 1 mm
sieve for AHN detection. The pH was determined at a soil and water ratio of 2.5:1 via
a potentiometer method [31]. The SOM was determined using a potassium dichromate
sulfate oxidation volumetric method [32]. The SOC was measured by total organic carbon
analyzer (TOC-L CSH) [33]. The TN was determined via a potassium sulfate-copper
sulfate—selenium powder and nitrogen analyzer. The AHN was determined using the
alkaline hydrolysis diffusion method [34].

2.4. Data Analysis

The diversity of different sites was analyzed using the Menhinnick richness index (D),
Shannon-Wiener diversity index (H), and Alatalo evenness index (E). The three indexes
were calculated as follows:

S
D = N (1)
H=—Y,_ pixlnp b
5-1
E= e -1 ®)

where S represents the total number of species in the sample plot; N represents the num-
ber of all species in the plot; and p; represents the abundance ratio of each species. In
Equation (3), D represents the Simpson index, calculated as follows:

o S NiX(Ni—l)
D*Zizl NX(N—l) (4)

IBM SPSS Statistics (Version 26.0, IBM Corp., Armonk, NY, USA) was used for all
statistical analyses. Correlation analysis was performed after uniformity and normal
distribution tests. Canoco (Version 5.0, Microcomputerpower, Ithaca, NY, USA) software
was used for detrended correspondence analysis (DCA) and redundancy analysis (RDA) to
assess the relationship between environmental variables and soil nutrient content. Origin
(Version 2021, OriginLab, Northampton, MA, USA) was used for graphic drawing.
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3. Results
3.1. Analysis of Watershed Topography and Vegetation Characteristics

The statistical analysis of the species diversity index of 16 tree plots (Figure 2) showed
that the variation ranges of D, H, and E were 0.35-0.79, 0.86-1.73, and 0.39-0.7, respectively
(average, 0.62, 1.37, and 0.54, respectively). The maximum values of D and H appeared
in the D3 sample plot, while the maximum value of E appeared in the C4 sample plot.
The minimum values of D and H appeared in sample B2, while the minimum value of
E appeared in sample C1. CV < 10%, CV = 10-100%, and CV > 100% represented weak
variation, medium variation, and strong variation, respectively, based on the division of
coefficient of variation. The coefficients of variation of D, H, and E were 17.9%, 18.0%, and
14.7%, respectively, indicating moderate variation.
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Figure 2. Species diversity map of 16 tree sample plots. The orange, green, and blue bars represent

the Menhinnick richness index (D), Shannon-Wiener diversity index (H), and Alatalo evenness
index (E), respectively.
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Altitude was significantly positively correlated with vegetation type (Table 2) (p < 0.01).
In this study area, vegetation type changes from coniferous forest to broad-leaved mixed
forest with increasing altitude. D was significantly positively correlated with stand type
(p < 0.05), altitude (p < 0.05), and species diversity index (p < 0.01), indicating that the
evenness of broad-leaved mixed forest was significantly higher than that of other stands.
D and H and H and E were significantly positively correlated (p < 0.01). However, D was
not significantly correlated with E. H and E were also not significantly correlated with
stand type and altitude.

Table 2. Correlation analysis between topographic factors and vegetation factors.

Stand Type Slope Elevation = Menhinnick Shannon-Wiener Alatalo
Stand Type 1 0.008 0.738 ** —0.008 0.402 0.549 *
Slope 0.008 1 0.276 —0.001 —0.142 —0.087
Elevation 0.738 ** 0.276 1 0.124 0.483 0.573 *
Menhinnick —0.008 —0.001 0.124 1 0.710 ** 0.145
Shannon-Wiener 0.402 —0.142 0.483 0.710 ** 1 0.751 **
Alatalo 0.549 * —0.087 0.573 * 0.145 0.751 ** 1

** Indicates a significant correlation at p < 0.01 (two-tailed); and * indicates a significant correlation at p < 0.05
(two-tailed).

3.2. Characteristics of pH, SOM, SOC, TN, and AHN in the Study Area

The variation ranges of pH, SOM, SOC, TN, and AHN were 5.78-7.13, 54.73-107.89 g/ kg,
23.77-60.25 g/ kg, 1.71-4.22 g /kg, and 95.64-223.26 mg/kg, respectively (average values;
6.53,76.20 g/kg, 42.20 g/kg, 3.18 g/kg, and 156.47 mg/kg, respectively) (Figure 3). The
pH, SOM, SOC, TN, and AHN values were maximum in Al, C6, D3, B3 A5, respectively.
All soil nutrient indexes belonged to medium variation except for pH (weak variation).

The correlation analysis (Table 3) showed that SOM was significantly positively corre-
lated with SOC (p < 0.01), TN (p < 0.05), and available nitrogen (p < 0.01). The SOC was
also significantly positively correlated with TN (p < 0.01) and AHN (p < 0.01). The TN
was significantly positively correlated with AHN (p < 0.01). However, pH was slightly
negatively correlated with TN and AHN.

Table 3. Correlation analysis of pH, SOM, SOC, TN, and AHN.

pH SOM SOC TN AHN
pH 1 0.202 0.049 —0.387 —0.209
SOM 0.202 1 0.801 ** 0.564 * 0.692 **
SOC 0.049 0.801 ** 1 0.685 ** 0.651 **
N —0.387 0.564 * 0.685 ** 1 0.718 **
AHN —0.209 0.692 ** 0.651 ** 0.718 ** 1

** Indicates a significant correlation at p < 0.01 (two-tailed); and * indicates a significant correlation at p < 0.05
(two-tailed).
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Figure 3. The status map of pH, SOM, SOC, TN, and AHN of 16 sampling sites. (a) pH; (b) soil organic
matter (SOM); (c) soil organic carbon (SOC); (d) total nitrogen (TN); and (e) alkali-hydrolyzable
nitrogen (AHN).
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3.3. Main Influencing Factors of pH, SOM, SOC, TN, and AHN

The correlation analysis (Table 4) also showed that soil nutrients were not significantly
correlated with the slope in the study area. In contrast, SOC (p < 0.01) and AHN (p < 0.01)
were significantly positively correlated with altitude. Stand type was significantly positively
correlated with SOC (p < 0.05). Moreover, stand type was slightly positively correlated with
other nutrients. The Menhinnick index was significantly positively correlated with SOM
(p < 0.05). Furthermore, the Menhinnick index was slightly correlated with other factors.

Table 4. Correlation analysis of soil nutrients, topographic factors, and preparation factors.

pH SOM soC TN AHN
Slope 0.135 0.307 ~0.014 ~0.060 0.450
Elevation 0.229 0.484 0.600 * 0.265 0.504 *
Stand Type 0310 0.472 0.587 * 0.265 0.240
Menhinnick —0.087 0.508 * 0.197 0.210 0.204
Shannon- 0.286 0.490 0.413 0.146 0.134
Wiener
Alatalo 0.345 0.379 0.419 —0.041 0.014

* indicates a significant correlation at p < 0.05 (two-tailed).

3.4. RDA Analysis

The DCA axis and environmental variables were compared using stepwise multiple
regression. The DCA results showed that the length of the four ranking axes was less than 3,
and the response of the element data to environmental variables was linear. Therefore, RDA
was used to determine the environmental factors affecting PH, SOM, SOC, TN, and AHN.
The RDA ranking of corresponding PH, SOM, SOC, TN, AHN and environmental factors
at each sampling point is shown in Figure 4. Altitude, slope, vegetation type, Menhinnick
index, Shannon-Wiener index, and Alatalo index were taken as environmental variables,
while soil nutrient content was selected as a response variable. The interpretation rate of
all environmental factors to the total variance was 44.70%. The first two axes to the total
variance were 44.24%, indicating that environmental factors impact PH, SOM, SOC, TN,
and AHN. VPA analysis was conducted to determine the main influencing factors of soil
nutrient content (Table 5). Altitude, slope, Alatalo index, Menhinnick index, stand type and
Shannon-Wiener explained 25.9%, 9.8%, 4.8%, 3.5%, 0.6%, and 0.2% of the total variance,
respectively. This result shows that altitude has a dominant effect on PH, SOM, SOC, TN,
and AHN in the study area.

Table 5. Correlation analysis of soil nutrients.

Name Explains (%)
Elevation 259
Slope 9.8
Alatalo 4.8
Menhinnick 3.5
Stand Type 0.6

Shannon-Wiener 0.2
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Figure 4. Samples—species—environmental variables triplot of RDA analysis. The blue arrows
represent the environment and response variables, while the black circle represents sampling sites.

4. Discussion
4.1. Distribution of Vegetation in Watershed

Changes in altitudes and slopes cause water and heat distribution differences, resulting
in gradient changes in vegetation distribution patterns [35]. In this study, the vegetation
type transformed from coniferous forest to broad-leaved mixed forest with increasing
altitude (Table 2). Our previous understanding was that the vegetation community is
transformed from evergreen broad-leaved forest to coniferous broad-leaved mixed and
coniferous forests with increasing altitude and decreasing temperature [36]. This difference
may be due to the huge mountain flood and debris flow in the basin, which severely
damages most of the vegetation [37]. After that, various approaches were used to conduct
vegetation restoration, such as mountain closure and afforestation, aerial seeding, and
afforestation [37], which resulted in the difference between the distribution of vegetation in
this area and that of natural forest.

Biodiversity includes diversity of genetics, species, and ecosystems [38], of which
species diversity is the carrier of genetic diversity and the component of ecosystem diver-
sity [39]. Species diversity includes species abundance and evenness. In this study, species
diversity of trees was comprehensively measured using the Menhinnick richness index
(D), Alatalo evenness index (E), and Shannon-Wiener index (H). Meanwhile, the variation
ranges of D, H, and E were 0.35-0.79, 0.86-1.73, and 0.39-0.7, respectively (Figure 2), which
were lower than the variation ranges reported in other studies [40], possibly due to the
debris flow disaster mentioned above [37] or the failure to consider understory shrubs and
herbs. D and E were significantly positively correlated with H, indicating that [ can reflect
the richness and evenness of species in the study area, similar to previous studies [41,42].
Additionally, E significantly increased with increasing altitudes and vegetation community
change (p < 0.05). This result indicates that the vegetation distribution in broad-leaved
mixed forest was more uniform, and H also showed the same change, consistent with
previous studies [43]. However, this relationship was not significant.
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4.2. The Status of pH, SOM, SOC, TN, and AHN in the Watershed

The soil in the study area was weakly acidic or neutral, and the variability of soil
pH value was weak based on the national grading standard of soil nutrient content [44].
Previous studies have shown that the soil pH value in Beijing mountainous area is above
6.0 [45,46], and the coefficient of variation of soil pH value is lower than that of SOM, SOC,
TN, and AHN [47]. However, the change of soil pH value greatly affects the availability
of soil nutrients and the nutritional status of vegetation [48]. The SOM was significantly
positively correlated with SOC (p < 0.01) (Table 3). The content of SOM and SOC in
broad-leaved forest were higher than those in coniferous forest. However, previous studies
have shown that litter mixing can promote decomposition in coniferous and broad-leaved
mixed forest [49,50], so that the SOC content of coniferous and broad-leaved mixed forest
is significantly higher than that of deciduous broad-leaved mixed forest and broad-leaved
forest [51]. The main reason for this difference is that the influence of vegetation type and
altitude should also be considered in this study. Moreover, soil organic matter and soil
organic carbon increased gradually from east to west on the whole watershed scale [52,53].

Herein, TN content was high in all plots except for Al (Figure 3d). This was consistent
with previous research [54]. The content of AHN was high in plots A5, D2, and D3. More-
over, the content of AHN was slightly high in C1, C3, C4, C6, and B3, and medium in other
remaining plots (Figure 3). TN (p < 0.05) and AHN (p < 0.01) were significantly positively
correlated with SOM. In summary, the SOM was rich and the degree of maturation was
high, so the contents of TN and AHN were high in this region. In addition, the sample plot
survey found that there were many shrubs and herbs in the understory, such as Lespedeza
(Lespedeza bicolor Turcz.) and Alfalfa (Medicago sativa L.). These shrubs have the ability to
absorb, fix, and convert nitrogen. This may also be a reason for the high content of TN
and AHN. In addition, the TN content first gradually increases, then decreases from east
to west in study area [52,53]. The AHN content showed regional changes. The content
of AHN increased gradually from east to west, but decreased in the lower altitude of the
easternmost part of the study area [52,53]. In conclusion, although the study area has good
soil nutrient status, the AHN content is low in low-altitude areas. Therefore, nitrogen-fixing
plant species should be introduced in the area [55] to improve the AHN content [56] and
soil nutrient status [57,58].

4.3. Main Factors Affecting the Contents of pH, SOM, SOC, TN, and AHN in Watershed

This study assessed the main environmental factors affecting pH, SOM, SOC, TN,
and AHN by analyzing the relationship among slope, elevation, vegetation type, species
richness, species diversity, and species evenness and ranking them through RDA. The RDA
results (Figure 4, Table 5) showed that altitude was the main environmental factor affecting
pH, SOM, SOC, TN, and AHN in this area and could explain 25.9% of the total variance. The
content of pH, SOM, SOC, TN, and AHN increased with increasing altitude. However, the
changes in SOC (p < 0.05) and AHN contents (p < 0.05) were the most significant (Table 4),
consistent with previous studies in this area [52,59]. Previous studies found that, in this
area, the soil moisture, temperatures, litter thickness and dry weight of the sample plots
above 600 m were significantly higher than those below 600m [60]. These environmental
conditions inhibit microbial activity and slow litter decomposition, which is conducive to
the accumulation of soil organic carbon [61]. In addition, previous studies also showed that
the forest stands of sample plots above 600 m in this region were generally composed of
trees, shrubs, and grass [60]. However, the stands below 600 m are single and simple in
structure [60]. This is also an important indicator that altitude is a major factor affecting
pH, SOM, SOC, TN, and AHN in this region. Previous studies indicated that altitude is a
key factor affecting the physical and chemical properties of soil [62]. The altitude change
may combine with the environmental factors, such as temperature [63], precipitation [64],
light [65], atmospheric pressure [64], and soil acidity and alkalinity [65], and change the
soil type, soil parent material [66], and the content and effectiveness of soil nutrients [67].
However, the effects of other factors caused by altitude on pH, SOM, SOC, TN, and AHN
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were not considered in this study. This is a shortcoming of this study, and the influence of
these factors on soil should be further studied in the future.

5. Conclusions

In this study, the characteristics of vegetation distribution, soil nutrient status, and
main factors affecting soil nutrient content in Chaoguan Xigou basin, a typical basin
upstream of the Beijing Miyun Reservoir, were analyzed. In summary, vegetation types
change from coniferous forest to broad-leaved mixed forest with increasing altitude. The
species evenness and diversity indexes increase with increasing altitude. However, the
species richness index, diversity, and evenness indexes are lower at high altitude areas than
in other places, possibly due to: (1) debris flow in the basin; and (2) shrubs and grasses
under the forest are not considered. The soil in the study area was weakly acidic or neutral.
The content of SOM, SOC, and TN were in good condition. The content of SOM and SOC in
broad-leaved forest were higher than those in coniferous forest. This reminds us that SOC
and SOM are the result of the comprehensive action of multiple factors. However, AHN
content was low in low-altitude areas. There are two reasons for the high content of TN
and AHN: (1) the content of soil organic matter in the study area is high and mature; and
(2) there are many shrubs and herbs in the understory, which can promote the absorption,
fixation, and transformation of N. However, the AHN content was low in low-altitude
areas. Therefore, the introduction of nitrogen-fixing species needs to be considered. In
this study, RDA analysis showed that altitude could explain 25.9% of the total variance,
indicating that altitude is the main environmental factor affecting pH, SOM, SOC, TN, and
AHN in the watershed. Combined with previous studies, we believe that this is due to the
obvious changes of soil moisture, temperature, litter thickness, litter dry weight, and stand
structure with the change of altitude in the study area. In addition, the change of altitude
may be combined with environmental factors such as temperature, precipitation, light, and
atmospheric pressure to change soil type, soil parent material, and soil nutrient content
and availability. The effects of these factors on pH, SOM, SOC, TN, and AHN need to be
further studied.
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