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Abstract: In recent years, soil degradation and decreasing orchard productivity in the sloping
orchards of the Three Gorges Reservoir Area of China have received considerable attention both
inside and outside the country. More studies pay attention to the effects of topography on soil
property changes, but less research is conducted from the landscape. Therefore, understanding the
effects of landscape positions and landscape types on soil properties and chlorophyll content of
citrus in a sloping orchard is of great significance in this area. Our results showed that landscape
positions and types had a significant effect on the soil properties and chlorophyll content of citrus.
The lowest soil nutrient content was detected in the upper slope position and sloping land, while the
highest exists at the footslope and terraces. The chlorophyll content of citrus in the middle and upper
landscape position was significantly higher than the footslope. The redundancy analysis showed
that the first two ordination axes together accounted for 81.32% of the total variation, which could be
explained by the changes of soil total nitrogen, total phosphorus, total potassium, available nitrogen,
available potassium, organic matter, pH, and chlorophyll content of the citrus. Overall, this study
indicates the significant influence of landscape positions and types on soil properties and chlorophyll
content of citrus. Further, this study provides a reference for the determination of targeted land
management measures and orchard landscape design so that the soil quality and orchard yield can
be improved, and finally, the sustainable development of agriculture and ecology can be realized.

Keywords: agriculture landscape; chlorophyll content of citrus; landscape position; soil proper-
ties; terraces

1. Introduction

The Three Gorges Reservoir Area of China is one of the most suitable ecological areas
for the growth of citrus. The citrus industry has achieved a dominant position in the
development of mountainous agriculture and rural economy in this area [1]. Currently, the
mountainous agriculture in this area is transforming from conventional farming systems to
suburban modern agriculture and leisure and sightseeing agriculture, and the ecosystem
service function contained in it has begun to attract attention [2]. Citruses are planted on
the sloping land along the Yangtze River and its tributaries because of cultivated land
tension in this area. For a long time, orchard managers have been ignoring soil conservation
practices, and indiscriminately using large amounts of fertilizers without considering soil
differences, which has led to serious problems such as chemical fertilizer pollution, soil
degradation, and orchard production reduction, and brought great harm to agricultural
production and ecological environment in the area [3–5].
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Soil properties, the most important factor determining soil quality, not only affect crop
output, but also have a significant impact on the cultivated land use and soil environmental
protection [6–8]. Several previous studies have confirmed the effects of terrain, land use,
hedgerows, and other environmental factors and management measures on soil quality in
the Three Gorges Reservoir Region [9]. Teng Mingjun et al. [10] found that topographical
factors are the main factors that cause the spatial heterogeneity of soil organic carbon
in the reservoir area. Shen Zhenyao et al. [11] found that load intensities of nitrogen,
phosphorus, and other non-point source pollutants were significantly different in soils with
different land-use patterns. Xu Feng et al. [12] showed that slope ecological engineering
with contour hedgerows could effectively control slope erosion and nutrient loss.

However, in the Three Gorges Reservoir Region, a fragile ecoregion and a developing
leisure and sightseeing agricultural area, there are a few studies on the change of soil
properties caused by the landscape. Each soil property has a respective spatial distribution
in the landscape. The landscape position affects the process of soil formation, so it is
considered to be one of the key factors affecting the changes of soil properties [13,14].
Simultaneously, landscape types also cause changes in soil spatial distribution. Arnaz’s [15]
study found that when sloping land transformed into terraced land, the slope’s length and
angle decreased significantly, resulting in a decrease in soil erosion and sediment yield.
Although soil properties are influenced by many factors, such as climate, parent material,
and biological factors, the influence of landscape types and landscape positions cannot be
ignored on the regional scale [16]. Therefore, in this area, soil-landscape analysis is crucial
to understand the spatial variation law of soil properties for determining targeted land
management interventions to improve soil quality, form a charming farmland landscape,
and achieve sustainable agricultural development [17].

Additionally, more researchers believe that it is best to combine soil analysis with leaf
analysis to comprehensively diagnose the soil quality and citrus nutritional status to guide
rational fertilization, improve citrus quality, and increase citrus yield. Mohesh et al. [18,19]
Showed that the chlorophyll content of plant leaves determines the photosynthetic ca-
pacity and nutritional status of leaves, which can be used as an indicator of plant health.
Haboudane et al. [20–22] point out that chlorophyll content in crops plays a key in precision
agriculture because it is related to nitrogen concentration in the leaf of a crop. It reflects
how the crop responds to nitrogen application, as well as being an important indicator of
photosynthetic activity, which determines crop yield. Therefore, it is necessary to assess
the comprehensive impact of environmental factors on soil and citrus trees in combination
with the changes of the chlorophyll content of citrus (CCC).

The purposes of this study are: (1) to evaluate the effects of landscape position and
landscape type on soil properties, including soil total nitrogen, total phosphorus, total
potassium, available potassium, available nitrogen, available phosphorus, soil organic
matter, and pH; and (2) to evaluate the effects of landscape position and landscape type
on CCC. This information provides a reference for knowing how the local ecosystem
works and assessing the impact of future landscape changes. It is not only helpful for
the determination of targeted orchard land management measures and the formation of
a good agricultural landscape but also related to the ecological environment safety and
sustainable development of the agricultural economy in the middle and upper reaches of
the Yangtze River.

2. Materials and Methods
2.1. Study Area

The study area is in the citrus orchard in Guo Jiagou, Fengjie County, Chongqing,
China (31◦06′ N, 109◦27′ E, Figure 1). Fengjie County, with an altitude ranging from
86 to 2123 m above sea level, is a mountainous landform in the eastern Sichuan Basin
and the mountainous area accounts for 88.3% of the total (Figure 1D). The Yangtze River
runs through the middle of Fengjie County, stretching 41.5 km, with Mei Xi River, Da Xi
River, Shi Sun River, Cao Tang River, Zhu Yi River, and other rivers. Fengjie County is
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a typical subtropical monsoon climate with four distinct seasons, abundant rainfall, and
long sunshine hours. Due to the influence of topography and landform, the vertical change
of climate is more obvious and forms a typical three-dimensional climate. The frost-free
period is about 287 days; average annual temperature is 16.3◦, average precipitation is
about 1150 mm, and average sunshine duration is 1639 h.
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Fengjie County is located in the core area of the citrus industrial belt in the middle
and upper reaches of the Yangtze River. As of March 2021, the citrus planting area of
Fengjie County has reached 246.7 km2, the output has reached 370,000 tons, and the
comprehensive output value has exceeded 3.5 billion yuan, accounting for about 20% of
the total agricultural output value. This has led to the income increase of 0.3 million people
in 24 towns and 70,000 households, and the employed population accounts for 28.4% of
the total population of Fengjie County. Citrus trees in the study area were planted in 1980;
the variety is Feng Yuan 72–1, the row spacing of citrus plants is 4 m × 4 m, and the height
of the canopy is 3–4 m. In 1990, part of the sloping land was changed to contour terraces,
and the slope of the surface was 5 degrees, showing a trend of high inside and low outside.
At present, in the study area the most agricultural landscape is sloping landscape, with a
few being terraced landscape.

The soil distribution in Fengjie County is shown in Figure 1C and Table 1. The soil
in the study area is mainly yellow soil, and the profile configuration is A–B–C type. The
thickness of the soil layer is generally more than 60 cm, and the color is yellow or brownish
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yellow. The content of silt is 36.9–44.38%, clay is 30%, and the texture is loamy clay. This
kind of soil has a deep soil layer, heavy texture, total porosity of about 59%, and strong
water and fertility conservation.

Table 1. Information about the geological structure, soils, and land use of the analyzed catchment.

Item Classification Area (km2) Proportion (%)

Soil
Purple soil 297.3 7.3
Yellow soil 3796.7 92.7

Yellow brown earth 5.1 0.1

Geography

≤500 m 636 14.1
501–1000 m 1820.1 40.3
1001–1500 m 1520.2 33.7
≥1501 m 537.3 11.9

Land use

Plowland 37,504 45.5
Forestland 33,575 40.7
Grassland 7608 9.2
Water area 333 0.4

Construction land 2399 2.9
Unused land 12 0.01

The data of soil and topography is from Fengjie County. The data of land use is from Chongqing.

2.2. Experimental Design

This study was conducted in August 2020 in the citrus orchard operated by Fengjie
County Agriculture Development Ecology Co., Ltd., Chongqing, China. Two adjacent
slopes with different landscape types were chosen to explore the effects of landscape
positions and landscape types on soil properties and CCC in the study area. One of the
slopes is a sloping landscape, the other is a contour terrace in the upper slope position,
and the middle slope and footslope positions are sloping landscapes. Refer to the research
methods of Brubaker et al. to divide slope landscape position [23]. The research is divided
into three parts (Figure 1E): the upper landscape position (US), the middle landscape
position (MS), and the foot of slope (FS). Landscape types are divided into sloping landscape
and terraced landscape. A total of representative 24 plots (4 m × 4 m) were selected based
on landscape positions and landscape types: 8 in the US, 8 in the MS, and 8 in the FS.
The landscape position, landscape type, and geographical location of each sampling plot
were recorded, and slope gradient, slope aspect, and elevation were measured. The basic
information of sample plots in different landscape positions is shown in Table 2.

Table 2. The basic information of sample plots in different landscape positions.

Landscape
Position

Geographic
Position Elevation (m) Slope (◦) Slope Aspect (◦) Number of

Plots
Dominant Landscape

Position

FS 31◦6′55” N
109◦27′24” E 210 19–23 302–355 8 slopes

MS 31◦6′52” N
109◦27′25” E 225 30–36 78–355 8 slopes

US 31◦6′49” N
109◦27′26” E 240 5–21 347–352 8 terraces, slopes

FS = the footslope position, MS = the middle slope position, US = the upper slope position.

2.3. Soil Sampling and Chlorophyll Content of Citrus

In August 2020, soil samples were collected for 24 plots by the diagonal sampling
method. After clearing the top litter, three individual soil samples (0–15 cm, one from the
center of the field, two from diagonal corners) were taken from a plot and mixed to get
1 sample. The samples were air-dried and sent to the Guangxi Academy of Agricultural
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Sciences to determine the contents of soil total nitrogen, total phosphorus, total potassium,
available nitrogen, available phosphorus, available potassium, organic matter, and pH.

The CCC, expressed as a chlorophyll content index (CCI) was measured using the
CCM-200 plus Chlorophyll Content Meter (OPTI–SCIENCES, Hudson, NH, USA) between
8:00 and 10:00 a.m. on 28 and 29 August 2020 (sunny cloudless). The measurement method
was to select well-developed and fully developed leaves from the upper, middle, and lower
locations of the south of a citrus tree. After measuring each leaf four times, the mean value
of chlorophyll content in the upper, middle, and lower tree locations was taken.

2.4. Data Analysis
2.4.1. Statistics Analysis

Statistical analyses were conducted using Excel 2016 (Microsoft, Redmond, WA, USA)
and SPSS 24.0 (IBM, Armonk, NY, USA). A descriptive statistic was performed to describe
the soil properties and CCC. Then, Pearson correlation analysis was used to show cor-
relations between soil properties. One-way ANOVA was used to examine the effects of
landscape position and landscape type on soil properties and CCC, and the least significant
difference method (LSD) was used to compare the mean values.

2.4.2. Redundancy Analysis Method

To find the most important environmental factors that affect the soil properties and
CCC in the experimental area, redundancy analysis (RDA) was carried for a constrained
ranking analysis based on the experimental data. A Monte Carlo permutation test was
used to find the relative importance of each environmental factors in explaining changes
in soil properties. Redundancy analysis is a direct gradient analysis technique. Through
community ranking, the community sample plots (species) investigated in an area were
arranged according to their similarity to analyze the relationships between various species
and the environment and effectively evaluate the impact of environmental variables on
species [24]. In this research, RDA was applied to find the relationship between species
variables (soil properties and CCC) and environmental variables (landscape positions and
landscape types, slope surface, gradient, and aspect).

It is worth noting that the gradient length should be measured by detrended corre-
spondence analysis (DCA) on the sample before constraint analysis. Since the first gradient
length was 0.6 < 3.0, RDA is the most appropriate method [25]. Before RDA analysis, two
data matrices (species data and environmental data) were built, and the environmental data
were encoded. In this study, landscape types were divided into two types: 1 represents the
sloping landscape and 2 the terraced landscape. Landscape position can be divided into
FS, MS, and US, represented by 1, 2, and 3, respectively. The experimental slope surface
was divided into the terraced field and sloping field, represented by 1 and 2, respectively.
The actual measured values were used to represent the slope and aspect.

3. Results and Discussion
3.1. The Description of Soil Properties and CCC

Table 3 shows the statistical variables of soil properties and CCC under different
landscape positions and landscape types. The content ranges of soil properties and CCC
were as follows: CCC: 66.03–163.40, total nitrogen: 0.55–2.70 g/kg, total phosphorus:
0.19–1.75 g/kg, total potassium: 11.76–35.11 g/kg, available nitrogen: 30.60–185.50 mg/kg,
available phosphorus: 0.30–50.70 mg/kg, available potassium: 50.50–273.40 mg/kg, soil
organic matter: 9.30–51.00 g/kg, and soil pH: 5.73–7.54. The average content of soil
properties followed a decreasing order: available potassium > available nitrogen > available
phosphorus > soil organic matter > total potassium > total nitrogen > total phosphorus.
The coefficient of variation (CV) of soil properties and CCC ranged from 27.60% to 83.82%
(Table 3), showing medium variation (10%≤ CV≤ 100%), indicating that the soil properties
and CCC varied greatly in different landscape positions and types.
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Table 3. Descriptive statistics for soil properties and the chlorophyll content of citrus (CCC).

Item CCC TN
(g/kg)

TP
(g/kg)

TK
(g/kg)

AN
(mg/kg)

AP
(mg/kg)

AK
(mg/kg)

SOM
(g/kg) pH

Range 97.37 2.15 1.56 23.35 154.90 50.40 222.90 41.70 1.81
Minimum 66.03 0.55 0.19 11.76 30.60 0.30 50.50 9.30 5.73
Maximum 163.40 2.70 1.75 35.11 185.50 50.70 273.40 51.00 7.54

Mean 119.59 1.30 0.77 16.45 76.39 16.83 157.25 21.40 6.81
SD

CV (%)
33.72
28.20

0.60
46.15

0.51
66.23

4.54
27.60

38.67
50.62

16.40
61.40

63.66
40.48

11.67
54.53

0.58
83.82

SD = standard deviation, CV = coefficient of variation, TN = total nitrogen, TP = total phosphorus, TK = total
potassium, AN = available nitrogen, AP = available phosphorus, AK = available potassium, SOM = soil organic
matter, CCC = chlorophyll content of citrus.

3.2. Soil Properties Correlations

A significant correlation was found between many soil properties measurements
(Table 4). The content of total nitrogen (TN) was significantly positively correlated with total
phosphorus (TP), available nitrogen (AN), available phosphorus (AP), available potassium
(AK), and soil organic matter (SOM). SOM was significantly positively correlated with AN,
TP, AP (p < 0.01), and AK (p < 0.05). The increasing SOM can promote the activity of soil
enzymes, and promote the decomposition of plant and animal residues and humus, thus
releasing nitrogen and potassium [26]. Moreover, SOM has a significant promoting effect
on soil nutrient retention and nutrient supply capacity, which also suggests that the future
fertilization should be based on organic fertilizer, supplemented by fertilizer, to maintain
anthropogenic mellowing of soil, to meet the nutritional requirements of stable yield, high
yield, and good quality of citrus. Soil pH was negatively correlated with TN, AN, AK,
and SOM, and it was an important index reflecting soil parent material properties and
weathering and leaching conditions [27].

Table 4. Pearson correlation coefficients between soil properties.

TN TP TK AN AP AK SOM

TP 0.687 **
TK −0.058 0.096
AN 0.930 ** 0.584 ** −0.075
AP 0.744 ** 0.876 ** 0.089 0.737 **
AK 0.607 ** 0.458 * −0.094 0.660 ** 0.653 **

SOM 0.954 ** 0.699 ** −0.120 0.876 ** 0.744 ** 0.475 *
pH −0.537 ** −0.297 0.089 −0.582 ** 0.539 * −0.611 ** −0.420 *

* = 0.01 < p < 0.05, ** = 0.001 < p < 0.01.

3.3. The Effect of Landscape Positions on Soil Properties and CCC

Most soil properties and CCC were significantly different in landscape positions
(Table 5). The results of multiple comparisons showed that the CCC among the three land-
scape positions showed the order of MS > US > FS, and the CCC at the FS was significantly
different from the US and MS (p ≤ 0.001, Figure 2). Vladimir et al. [28] showed that under
the same photosynthetic photon flux density, the fluorescence intensity excited by blue
light is 2.5 to 3 times that of red light. Blue light significantly promoted the formation
and accumulation of chlorophyll [29,30]. In the mountainous environment, the landscape
position directly affects the illumination conditions, and the solar radiation at the FS is
lower than the MS and US. Therefore, the CCC at the US and MS is extremely significantly
higher than that the FS. At the same time, sunlight may also affect the formation of local
microclimates, and differences in microclimates can affect the distribution of plant commu-
nities, which in turn affects the growth and development of citrus trees [31]. Additionally,
a study by Qiang Fu et al. [32,33] showed that in the soil at a depth of 0–20 cm, the higher
the landscape position, the greater the soil moisture content, and chlorophyll content is pos-
itively related to soil moisture. Therefore, the significant differences of CCC in landscape
positions may be caused by many reasons.
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Figure 2. Variations of soil properties and CCC in different landscape positions. (a) Changes of citrus
chlorophyll content; (b) Changes of total nitrogen content; (c) Changes of total phosphorus content;
(d) Changes of total potassium content; (e) Changes of available nitrogen content; (f) Changes of
available phosphorus content; (g) Changes of available potassium content; (h) Changes of soil organic
matter content; (i) Changes of pH.
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Table 5. Mean comparisons of soil properties by landscape positions of the study site.

LS CCC
Soil Properties

PHTN
(g/kg)

TP
(g/kg)

TK
(g/kg)

AN
(mg/kg)

AP
(mg/kg)

AK
(mg/kg)

SOM
(g/kg)

FS 85.80 1.62 1.06 17.25 94.93 27.25 204.30 25.40 6.10
MS 150.88 1.53 0.91 16.96 98.08 19.85 244.40 21.73 6.51
US 141.96 0.70 0.40 14.64 33.25 10.18 121.85 11.05 7.27
F 37.57 *** 6.15 * 1.73 4.36 * 6.64 * 0.80 14.90 ** 3.67 11.53 **

* = 0.01 < p < 0.05, ** = 0.001 < p < 0.01, *** = p < 0.001. Abbreviations as in Table 3.

The soil pH value is extremely significantly correlated with the landscape position
(p < 0.01), manifested as a decrease along the downslope. Due to the citrus orchard being
located on the slope of the Three Gorges Reservoir area, the topography has an impact
on soil nutrient loss. The leaching or loss of base ions, especially calcium ions, makes the
soil acidified [34]. On the contrary, the TN and TK accumulate along the downslope. The
multiple comparison results showed that the contents of total nitrogen and total potassium
were the lowest in the US position and tended to be the highest at FS position. The content
in the US is significantly lower than the FS (p < 0.05). This result is consistent with the
research conclusion of Hu Chenxia et al. and may be due to the nutrient deposition in the
US and the production and residue of plants [35]. The contents of AN and AK were the
highest content in the MS, and significantly higher than those in the US (p < 0.05, p < 0.01,
respectively). It could be due to better temperature and moisture in the MS than in the
US, or better light conditions than at the FS [36]. Although the difference of TP, AP, and
SOM among landscape positions was not significant (p > 0.05), they generally tended to
accumulate along the downslope, which was consistent with the fact that TN, AN, TK,
and AK had lower values on the US and higher values at the FS. Zhang Jianhui et al. [37]
showed that the main erosion process in a medium-long slope (40–110 m) was water
erosion, and soil nutrients were carried from the upper slope to the foot slope by surface
runoff, leading to a decrease in soil quality in the US position.

In general, most soil properties and CCC in orchards have significant correlations
among landscape positions. Specifically, most soil properties show a higher value in the
MS and FS and lower in the US [38]. The lowest levels of other soil properties, such as soil
organic carbon, were also usually found in the US position [39]. The soil properties of the
US were worse than those of the MS and FS position. However, unsustainable land use in
the upper landscape position has an impact on the lower slope area. The soil nutrient loss
is the main reason for the decline of soil quality and non-point source pollution. Therefore,
the balance and improvement of soil quality is the critical factor to achieve sustainable
agricultural development [40–42]. Xue Zhijing et al. [43] suggested that the high vegetation
cover can reduce runoff and soil loss, and then maintain soil nutrients better. Additionally,
the effects of tillage erosion cannot be ignored. One solution is to reduce tillage on uphill
sites. The other solution is more appropriate to this area to improve the soil fertility by
intercropping and applying green manure or organic manure in the US. Applying biological
organic fertilizer instead of chemical fertilizer can reduce the emission of nitrogen dioxide
and thus improve the acidification and eutrophication of surface water [44]. Therefore, the
effects of landscape positions on soil properties and CCC should be further studied.

3.4. The Effect of Landscape Types on Soil Properties and CCC

Some soil properties of different landscape types in the same landscape position
(US) in the orchard were significantly different (Table 6). The mean value of TN and TK
ranged from 0.70–1.08 g/kg and 14.64–17.68 g/kg, respectively. Multiple comparison
results showed that the TN and TK contents in terraced fields were significantly higher
than in sloping fields (p < 0.05). The contents of AN, AP, and other nutrients that could
be directly absorbed by crops in terraced fields were significantly higher than those in
sloping (p ≤ 0.001), and the contents of AN and AP in terraced fields were 77.08% and
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217.58% higher than those in sloping, respectively. Although there was no significant
difference in TP, AK, SOM, and pH among different landscape types (p < 0.05), further
observation showed that their contents in terraced fields were still higher than those
in sloping, indicating that the difference of landscape types did lead to the changes of
soil properties.

The research conclusion is consistent with Fu Bojie et al. [45]. The soil properties of
sloping land being lower than terraces may be the combined action of water erosion and
tillage erosion. Xu Chang et al. [46,47] showed that rainfall and surface runoff were the
impetus of soil nutrient loss. Compared with the sloping field, the slope length and angle
of the terraced orchard were significantly reduced, which resulted in the reduction of soil
erosion caused by the topography and the better preservation of soil nutrients. At the same
time, it reduces water body pollution caused by soil particles, nitrogen, phosphorus, and
other elements in farmland under the scouring effect of rainwater and runoff. Furthermore,
effects of contour tillage on soil movement (translocation and erosion) were examined
by Zhang Jianhui et al. in the steep hillslopes of the Sichuan basin using a physical
tracer method. The results showed that tillage significantly affects soil migration on
sloping land. The tillage erosion rate under contour tillage was 77% lower than that under
downslope tillage [48]. In the future farming of sloping, especially at the top and upper
slopes with high soil property variability, it is necessary to consider the cultivation method
of contour terraced fields, which is conducive to soil conservation and has a charming
farmland landscape [49]. Bo Sun et al. [50,51] indicated that excessive application of
nitrogen fertilizer and pesticides is considered to cause water pollution in the Yangtze River
basin. The solution is to reduce the loss of soil nutrients and maintain a good farmland
ecosystem. Therefore, compared with slope land, terrace farming with good ecological,
landscape, and economic benefits is a more suitable farming method for farmland in the
Yangtze River Basin. At that time, the charming terraced orchard and the beautiful Yangtze
River will become a brilliant and unique scene, which will make the leisure and sightseeing
agriculture in this region develop better. Moreover, Shimbahri et al. [52] conducted a study
on the effect of terraces on soil water content in an arid area of Ethiopia. The results showed
that terraces do have good performance in soil and water conservation. Thus, we should
also pay attention to the impact of landscape types on soil water content in future research,
which is very important for arid and semi-arid regions in the world.

Table 6. Mean comparisons of soil properties by landscape types.

LT CCC
Soil Properties

PHTN
(g/kg)

TP
(g/kg)

TK
(g/kg)

AN
(mg/kg)

AP
(mg/kg)

AK
(mg/kg)

SOM
(g/kg)

Slope 141.96 0.70 0.40 14.64 33.25 10.18 121.85 11.05 7.27
Terrace 139.83 1.08 0.99 17.68 58.88 32.33 127.05 19.28 7.49
F value 0.05 6.43 * 10.41 7.17 * 30.69 *** 45.22 *** 0.10 3.97 3.02

* = 0.01 < p < 0.05, *** = p < 0.001.

3.5. Redundancy Analysis (RDA)

Through redundancy analysis, we obtained the relationship among soil properties
and CCC and environmental variables. The significance of the constraint ordination was
tested by the Monte Carlo permutation test (499 permutations were performed). The results
showed that the tests on the first and second constraint axes were obvious (p = 0.028 and
0.002, respectively). The first and second constraint axes together explain 81.32% of the
relationship between the species variables and environmental variables. Therefore, we
chose the first two constraint axes with high and significant eigenvalues to draw a biplot
for observation and then tried to explain it.

The RDA ordination diagram is explained below: environmental variables (explana-
tory variables) in red arrows indicate species variables (response variables) with blue. The
angle between the arrow of the environmental variables and response variables reflects
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the correlation (but not the meaning of the angle between the response variable): when
the angle is acute, the correlation is positive; correlation is negative when the angle is
greater than 90 degrees. The length of the line between the red arrow (environmental
variables) and the origin is directly proportional to the degree of correlation between an
environmental factor and the distribution of community and species. The angle between
the arrow of the environmental variable and the constraint axis represents correlation.
The smaller the angle is, the greater the correlation will be. If it is orthogonal, it will be
irrelevant. The blue arrow (species variable) points from the origin to the corresponding
coordinate of the species score. The direction the arrow points to indicates the direction
in which the abundance of the species has increased. The correlation between species
and environmental variables was displayed by a perpendicular projection of the species
arrow-tips onto the line overlaying the environmental arrow. The longer the projection, the
higher the correlation.

The results of the RDA ordination diagram (Figure 3) show that Axis1 is positively
correlated with slope gradient and aspect. The first constraint axis is mainly interpreted
as slope gradient and aspect because of the length of the arrow. The second ordination
axis (Axis2) has a great negative correlation with landscape position. Therefore, the second
ordination axis is mainly interpreted as landscape position. The CCC is highly correlated
with landscape position, followed by slope gradient, and negatively with aspect. The
highest negative correlation with landscape positions is TN, followed by TK, AN, SOM,
and TP. Although most soil properties are significantly affected by landscape positions, the
influence of slope and aspect cannot be ignored.

In the RDA ordination diagram, slope gradient and aspect are the main determinants
of Axis 1 (Figure 3). TN, TP, AN, AK, and SOM are positively correlated with slope
gradient and negatively with aspect, which is in keeping with the research conclusions
of Holden et al. [53]. Although the heterogeneity of soil properties is influenced by many
factors, such as climate, soil parent material, and biology, many soil properties changes
can be attributed to topography [54]. The movement and accumulation of soil solutions
are significantly affected by slope gradient and aspect, leading to spatial differences in soil
properties [55].
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The correlation between CCC and slope gradient and aspect may be related to solar
radiation. The slope aspect, a topographic factor that changes regional microclimate, deter-
mines the solar radiation amount received by the slope surface [56]. Smith’s [57] research
shows that many environmental changes are related to solar radiation. Sun Ying et al.
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showed that the chlorophyll content in plants also had a relationship with light inten-
sity [58,59]. Therefore, in this study, with the change of slope gradient and aspect,
the amount of solar radiation probably changes accordingly, which could lead to the
CCC changes.

4. Conclusions

In conclusion, our study clearly shows significant changes in soil properties and CCC
among different landscape positions and landscape types in the Three Gorges Reservoir
Area. Most soil properties showed the highest content in the footslope and terraced
landscape and the lowest in the upper slope and sloping. The CCC in the footslope
was significantly less than in the MS and US location. In addition to the strong effect
of landscape, the well-known principle that spatial heterogeneity of soil properties is
affected by topographic factors such as slope gradient and aspect was also confirmed
in this research. These results indicated that the changes of soil properties and CCC in
this area were mainly affected by landscape position, landscape type, and topography.
For Fengjie County to develop suburban modern agriculture and sightseeing agriculture,
determining the targeted land management measures of orchards to change the farmland
landscape and orchard planting layout is more in line with the requirements of regional
development [60]. It can not only improve the soil quality and yield of orchards and reduce
the unnecessary nutrient waste and non-point source pollution caused by orchards, but also
provide ideas for the landscape design of orchards to realize the sustainable development
of agriculture and ecology in this area.

It is necessary to carry out similar and larger scale research in other catchments such
as the Yellow River basin or citrus planting areas such as Southern Jiangxi, China to deter-
mine the complex influence law between soil–landscape–crop under different soil parent
materials, climate, geographical conditions, etc., and formulate the applicable regional
eco-agricultural transformation scheme. In addition, this study has the same reference
value for the development of sustainable agriculture in other tropical and subtropical
countries such as India and Nigeria. However, our research method has some limitations,
such as the research on the spatial distribution of soil properties being weak. Therefore, we
summarized several lessons for future researchers to conduct further study. 1. More soil
physical properties, such as soil bulk density, aeration, permeability, and adhesion, can be
included in soil analysis. 2. More response variables can be included in leaf analysis, such
as chlorophyll a, chlorophyll b, carotenoids, leaf area, specific leaf index, etc.
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