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• Soil moisture storages were mainly af-
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tively
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fected the coupled effects of land prepa-
ration and vegetation at 20–60 cm depth

• The coupled effects of land preparation
and vegetation are the key factors of soil
properties and stocks
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In semiarid terrestrial ecosystems, optimized eco-rehabilitation strategies, such as land preparations and plant-
ing vegetation, are keys to achieve a successful ecological restoration. Land preparations and vegetation are sup-
posed to have the coupled and respective impacts on soil ecosystem services, which are still unclear now. In this
study, eighteen experimental plots with six different combinations and repetitions of land preparations and veg-
etationwere built in the Chinese Loess Plateau in 2014 and soil moisture storages (SMS), soil carbon stocks (SCS)
and other soil nutrient stockswere calculated at 0–100 cm, also the effects of land preparations and planting veg-
etation on soil eco-hydrological services are analyzed by mathematical methods. The results show that leveled
ditches-M. sativa had the highest SMS (125 mm) while zig terraces-P. tabulaeformis had the lowest values
(88 mm). Fish-scale pits-P. tabulaeformis had the most SCS (9804 g/m2) and leveled ditches-M. sativa had the
lowest values (8163 g/m2). For soil nutrient stocks, leveled benches-C. microphylla and fish-scale pits-
P. tabulaeformis had the highest levels while leveled ditches-M. sativa had the lowest values. The partial redun-
dancy analysis (pRDA) and variation partitioning (VP) analysis indicated that soil nutrient stocks were most af-
fected by the coupling effects of land preparation and vegetation. SMS at surface (0–10 cm)weremainly affected
by precipitation (58.8%). Furthermore, SMS at subsurface (10–60 cm) and deep soil layer (60–100 cm) were af-
fected by the shared effects of vegetation and land preparation (61.3%), and vegetation (72.2%), respectively. The
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findings quantified the coupling and respective contributions of vegetation restoration and land preparation to
soil eco-hydrological services and demonstrate that the optimal combination of eco-rehabilitation strategies
can achieve a sustainable land restoration.

© 2018 Published by Elsevier B.V.
1. Introduction

Soil moisture deficit, scarce carbon stock and lack of nutrients are
ecological problems in arid and semiarid ecosystems around the
world. The Loess Plateau in China is a good example (Fu et al., 2017;
Chen et al., 2013; Chapman et al., 2009) where restoration strategies
were applied based on natural solutions (Keesstra et al., 2018). To im-
prove environmental quality and mitigate land degradation, many pro-
jects such as “Reducing Carbon Emissions from Deforestation and
Degradation” (REDD+) and “Grain-for-Green” project were carried
out (Chu, 2009; Haszeldine, 2009). The vegetation restoration and
eco-environments have been improved markedly, resulting in a clear
tend to prevent soil degradation (Xin et al., 2008; Vallauri et al., 2002;
Moreno-de las Heras et al., 2011). Unfortunately, water deficit and nu-
trient shortage in most water-limited areas have not been changed,
and becomes severe because of the global climate change (Wang and
Takahashi, 1999; Fu et al., 2000; Chen et al., 2010; Fu, 1989; Kimura
et al., 2005). This trend has caused higher attention all around the
world (Krichen et al., 2017; Koutsodendris et al., 2015).

As two kinds of fundamentalmeasures to improve soil water, carbon
and nutrient storages, land preparations and planting vegetation resto-
ration have respective and shared impacts on soil ecosystems (Knight,
2010; He et al., 2006; Jiao et al., 2010; Yu et al., 2017). Specifically,
land preparation can change the surrounded environmental conditions
and thus influence vegetation recovery (Mc Carthy et al., 2017). Land
preparation can block runoff paths, increase soil infiltration, improve
soil permeability and enhance soil properties (Jia et al., 2017a; Yang
et al., 2012; Feng et al., 2017). For example, there aremany studies indi-
cated that transforming natural slopes into terraces can reduce water
erosion, increase soil moisture and nutrient storages, ensure survival
rates and healthy growth of vegetation and thus increase biomass of
vegetation and store more carbon into soil ecosystems (Fang et al.,
2007; Zhao et al., 2011; Bailis and McCarthy, 2011). On the other
hand, vegetation also had a positive effect on improving rainwater col-
lection and reducing soil erosion due to redistribute rainwater and pro-
tect underlying surface from rainfall splash during the rainfall process
(Yu et al., 2008; Cecchi et al., 2006). For another, the underground
plant roots can hold soil in place from erosion (Olson, 1988; Zhao
et al., 2017), and they also can provide channels for water infiltration
and nutrient interaction (Vannoppen et al., 2016). So vegetation can im-
prove soil fertility quality, soil water-holding and anti-erosion ability,
which consequently enhance the efficacy of land preparations, and
change the sediment and water delivery and connectivity (Keesstra
et al., 2009; Masselink et al., 2017; Rodrigo-Comino et al., 2018a,
2018b).

In terms of the interactions between land preparation and vegeta-
tion, they also have respective and coupled effects on soil ecosystems
(Pulido et al., 2017a). Generally, land preparations have profound influ-
ences on soilmoisture, organic carbon and soil nutrients (Solomon et al.,
2000; Fu et al., 2011; Kong et al., 2009; Jaiarree et al., 2011). Soil can be-
come a sink for runoff water (or soil carbon) in those terraced sites,
rather than a source at natural slope conditions (Chen et al., 2010; Di
Prima et al., 2018a, 2018b; Rodrigo-Comino, 2018c). Also, effective veg-
etation cover may help to protect soil water or nutrients from loss.
Under some conditions vegetation produces a litter layer, which is ben-
eficial to save soil moisture and supply soil nutrient. Moreover, the in-
teractions between the root system and soil can improve soil ability
on retaining water and nutrients (Sardans and Penuelas, 2013) and
the aboveground part of the plant to control the soil and water losses
(Kirchhoff et al., 2017; Zhao et al., 2018).

With the interaction of vegetation and land preparations, soil con-
servation ability can be improved to a maximum extent (Wei et al.,
2010; Lal, 2002). However, the coupled mechanisms and roles of them
on soil eco-hydrological services are rarely quantified and knowledge
gaps still remain (Houghton, 2002, 2003; Qin et al., 2015). Therefore,
we conducted the experiment based on local representative and pre-
vailing land preparations and vegetation in a typical semi-arid water-
shed of Loess Plateau, China. Since those land preparations and
vegetation had been implemented for several decades, also they had
been proved to have good water holding effects and ecological benefits
(Yang et al., 2018; Yu et al., 2016; Wei et al., 2007), we want to figure
out the combinations of local valid land preparation and vegetation res-
toration for optimal soil ecosystem management. Thus the hypothesis
and objectives of this study were: i) research how land preparations
and vegetation have the coupled and independent effects on soil and
water conservation and nutrient supply and; ii) find the more sustain-
able typical and long-term combination of land preparation and vegeta-
tion in study area in term of water and nutrient conservation during
ecological restoration.
2. Materials and methods

2.1. Study site

The experiments were conducted in the Longtan watershed (35°43′–
35°46′N, 104°27′–104°31′E, 16.1 km2, and altitude: 1840–2260m). It is a
small catchment of the Zulihe Basin located in the western of the Loess
Plateau, China (Fig. 1). The watershed belongs to a typical semi-arid cli-
matic zone, where the mean annual temperature and precipitation are
6.8 °C and 386 mm, respectively (Yu et al., 2016). The rainfall events are
mostly heavy rains or storms during warm-humid summers, which fur-
ther aggravate the ecological degradation in the study region (Wei et al.,
2009).

Extensive land preparation and vegetation restoration have
been conducted since the 1950s to improve soil moisture, soil nutrient
and local ecological environments (Yu et al., 2015). Different land
preparations, such as fish-scale pits, zig terraces, level ditches and
level benches, and planting vegetation, such as korshinsk peashrub
(Carananakorshinskii), purple alfalfa (Medicago sativa), Chinese arborvi-
tae (Platycladusorientalis) and Chinese pine (Pinus tabulaeformis Carr.),
have been widely used to improve soil properties and restore the de-
graded ecosystems (Chen et al., 2013; Yang et al., 2014). Themost com-
mon native species are common leymus (Leymussecalinus (Georgi)
Tzvel.), bunge needlegrass (Stipabungeana Trin.), Altai heterpappus
(Heteropappusaltaicus (Willd.) Novopokr.), and others.

The soil in this watershed is uniform and has a breakable soil struc-
ture (Fu et al., 1999; Han et al., 2016), which is composed of 50% silt
(0.02–0.002 mm), 39% clay (b0.002 mm) and 11% sand (2–0.02 mm)
(Yu et al., 2015; Yang et al., 2014). The sparse vegetation cover and tor-
rential rainstorms lead to severe drought and erosion, which are the
major concerns in the study areas (Wei et al., 2010). Therefore, appro-
priate coupled combinations of land preparations and vegetation resto-
ration are essential for improving the degraded ecosystems.



Fig. 1. Location of the study area and experimental sites.
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2.2. Experimental plot design

In order to reducewater and soil losses, enhance eco-environmental
quality and improve ecological restoration, various land preparations
Table 1
Basic geographical information and vegetation status of the experimental sites.

Study site Caragana
microphylla-level
benches

Prunus armeniaca-level
ditches

Platycladus
orientalis-zig ter

Study site
area (m2)

60 50 100

Coordinates N 35°45′12.61″ E
104°33′37.35″

N 35°43′31″ E 104°29′18″ N 35°43′30.5
104°29′29.7

Plant height
(m)

1.14 ± 0.30 1.97 ± 0.60 2.70 ± 0.4

DBH (cm) 1.06 ± 0.95 4.25 ± 0.66 4.72 ± 1.0
Bulk density
(g/cm3)

1.22 ± 0.04 1.21 ± 0.03 1.19 ± 0.0

Forest age
(years)

39 47 49

Main
vegetation
type

Cymbariadahurica,
Peganumharmala,
Stipabungeana,

Heteropappusaltaicu

Artemisia capillaris, Medicago
sativa, Leymussecalinus,

Artemisia sacrorum
Stipabungeana

Thymus mongo
Swertiadilu

Thermopsislanc
Stipabungea

Clay (%) 20.75 ± 4.03 17.38 ± 3.89 21.96 ± 3.7
Silt (%) 69.53 ± 3.26 71.84 ± 2.96 67.79 ± 2.9
Sand (%) 9.72 ± 1.37 10.77 ± 1.19 10.25 ± 0.8

Note: Soil texture classification: clay (b0.002 mm, %), silt (0.02–0.002 mm, %), and sand (2–0.0
and planting vegetation have been widely implemented since the
mid-19th century. Based on four local typical land preparation tech-
niques (i.e. leveled benches (Lb), leveled ditches (Ld), zig terraces (Zt)
and fish-scale pits (Fp)) and four typical species of planting vegetation
races
Pinus
tabulaeformis-zig
terraces

Platycladus
orientalis-fish-scale pits

Pinus
tabulaeformis-fish-scale
pits

50 100 50

7″ E
1″

N 35°44′11.01″ E
104°30′24.94″

N 35°44′11.01″ E
104°30′24.94″

N 35°44′24.69″ E 104°30′
39.11″

8 5.71 ± 0.41 1.49 ± 0.38 5.98 ± 0.53

2 8.71 ± 0.49 3.31 ± 0.37 8.97 ± 0.98
5 1.13 ± 0.04 1.27 ± 0.04 1.15 ± 0.04

45 49 45

licus,
ta,
eolata
na

Heteropappusaltaicus,
Cleistogeneschinensi,

Stipabungeana

Potentillabifurca,
Ajaniaparviflora,

Heteropappusaltaicus,
Stipabungeana

Heteropappusaltaicus,
Cleistogeneschinensis,

Artemisia frigida,
Leymussecalinus

0 18.38 ± 6.87 8.20 ± 0.73 11.72 ± 0.82
5 71.94 ± 5.18 70.12 ± 3.71 73.41 ± 3.63
8 9.68 ± 1.92 21.68 ± 3.98 14.87 ± 4.38

2 mm, %), which is according to the international standard.
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(i.e. korshinskpeashrub (C. korshinskii), purple alfalfa (M. sativa), Chi-
nese arborvitae (P. orientalis) and Chinese pine (P. tabulaeformis)) in
study regions, 18 experimental plots were built in 2014. Six combina-
tions of land preparation and vegetation specieswere designed for anal-
ysis, with three reduplicates. Specifically, six plotswere combinations of
leveled benches and C. korshinskii (Lb-C. korshinskii), fish-scale pits and
P. orientalis (Lb-P. orientalis), leveled ditches and M. sativa (Ld-
M. sativa), zig terraces and P. orientalis (Zt-P. orientalis), fish-scale pits
and P. tabulaeformis (Fp-P. tabulaeformis) and zig terraces and
P. tabulaeformis (Zt-P. tabulaeformis), respectively. The vegetation and
geographical status of experimental sites were summarized (Table 1).
Land preparations and planting vegetation restorations have been im-
plemented for many decades with the goals of soil and water conserva-
tion as well as soil property improvement.

2.3. Data collection

2.3.1. Soil sampling and laboratory analysis
Soil moisture content across the vertical layers (i.e., 10 cm, 20 cm,

30 cm, 40 cm, 60 cm, 80 cm, and 100 cm)wasmeasured via the timedo-
main reflectometer (TDR) manufacturer (an electronic instrument
named TRIME-tube system that uses time-domain reflectometry to
characterize soil water contents) every two week (at the middle and
end of every month) during from May to October (growing season for
most local species) in 2014–2016. Three points from the upper, middle
and bottom positions at each study site were selected for soil moisture
determination, and themean values were represented the soil moisture
status (Feng et al., 2017).

Soil samples were collected in the growing season of 2015. Three
sampling points were selected randomly at every site and their mini-
mum distance was 3 m to minimize sampling error. Soil samples were
collected separately and taken to laboratory for analysis with a soil
auger at each the soil depths. At the same time, soil bulk density (BD,
g/cm3) was measured by the core method. As precipitation, the precip-
itation was recorded during growing seasons of 2014–2016 by an auto-
matic weather station (Vantage Pro 2).

In the laboratory, soil organic carbon (SOC, g/kg) was determined
using the K2Cr2O7 oxidation-reduction titration method (Walkley,
1947). Soil total nitrogen (TN, g/kg) were measured by the Kjeldahl
method (Sparks et al., 1996). Soil total potassium (TK, g/kg) and soil
total phosphorus (TP, g/kg) were determined with a flame mission
spectrophotometer and determined by the Bray and Kurtz method
(Bray and Kurtz, 1954), respectively.

2.3.2. Assessment of soilmoisture storage, soil carbon stock and soil nutrient
stocks

Soil moisture storage (SMS, mm), soil carbon stock (SCS, g/m2), soil
nitrogen stock (SNS, g/m2), soil phosphorus stock (SPS, g/m2) and soil
potassium stock (SKS, g/m2) were calculated:

SMS ¼
Xn

i¼1

θiBDiSTi� 10 ð1Þ

Ci ¼ CfiBDi 1−δ2mmð ÞVi ð2Þ

SCS ¼
Xn

i¼1

Ci ð3Þ

where i is the number of soil layer and n is the total soil layers. θi and Ti
represents the volumetric water content and soil depth in the i soil
layer. S represents the plot area. Ci represents soil carbon stock in the i
soil layer. BDi represents the bulk density in the i soil layer. 10 is the
transfer coefficient. Cfi represents the mass fraction of soil carbon in
the i soil layer. δ2mm represents the percentages of soil coarse particle
(diameter N 2 mm), and Vi represents the soil volume in the i soil layer.
SCS represents total soil carbon stock.

Using a similar method, soil nitrogen stock (SNS, g/m2), soil phos-
phorus stock (SPS, g/m2) and soil potassium stock (SKS, g/m2)were cal-
culated:

SNS ¼
Xi

i¼1

NfiBDi 1−δ2mmð ÞVi ð4Þ

SPS ¼
Xi

i¼1

PfiBDi 1−δ2mmð ÞVi ð5Þ

SKS ¼
Xi

i¼1

KfiBDi 1−δ2mmð ÞVi ð6Þ

where i is the number of soil layer. SNS, SPS and SKS represent soil nitro-
gen stock, soil phosphorus stock and soil potassium stock, respectively.
BDi represent the bulk density in the i soil layer. Nfi, Pfi and Kfi represent
themass fraction of soil nitrogen, phosphorus and potassium in the i soil
layer. δ2mmrepresents the percentages of soil coarse particle (diameter
N 2 mm), and Vi represents the soil volume in the i soil layer.

2.3.3. Assessment of respective and coupled influences of land preparation
and vegetation types

A partial redundancy analysis (pRDA) and a variation partitioning
analysis (VPA) were carried out to calculate the respective influences
of land preparation and vegetation types to soil moisture storage, soil
nutrient stock. In this study, soilmoisture storage and other soil nutrient
stocks (i.e. SCS, SNS, SPS and SKS) were included as species variables,
and land preparations (i.e. leveled benches, leveled ditches, zig terraces
and fish-scale pits) and vegetation (i.e. P. orientalis, P. tabulaeformis,
M. sativa and C.microphylla)were included as two sets of environmental
variables, while the other environmental variables (i.e. precipitation)
were included as the conditioning variables. Furthermore, variation
partitioning analysis was carried out to qualify the variation explained
by two sets of environmental variables or environmental variables,
expressed as R2 adjusted by the number of variables. The significance
of the fractions of variance calculated with variation partitioning was
tested through running a Monte Carlo permutation test (999
permutations).

2.4. Statistical methods

Descriptive statistical analysis (i.e. mean values ± standard devia-
tions) was used to detect the general values of soil properties (i.e. soil
bulk density, soil organic carbon and soil nutrient content), which
were carried out in Excel2007 (Microsoft, USA). The significance test
was analyzed by one-way ANOVA and multiple comparisons of means
were performed using Duncan test at P ≤ 0.05. Partial redundancy anal-
ysis (pRDA) and variation partitioning (VP) analysis were conducted in
CANOCO 5.0 (Microcomputer Power, USA), which used a Monte Carlo
permutation test (999 permutations). In addition, charts which
depicted the features of soil moisture storage and soil nutrient stocks
were drawn in Excel2007, and figures which depicted the influences
of land preparations and vegetation to ecosystem services were drawn
in Visio2013 (Microsoft, USA).

3. Result

3.1. Specific rainfall features and soil properties features

3.1.1. Specific rainfall features
In the Longtan watershed, precipitation as the only input source to

soil water, and daily total precipitation during the growing season was
recorded from 2014 to 2016 (Fig. 2). Since rainfall is a single supply of

https://en.wikipedia.org/wiki/Time-domain_reflectometry
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soil water, it has a vital influence on soil moisture storage. The total pre-
cipitation of growing season in 2014, 2015 and 2016 were 501.6 mm,
323.2 mmand 156.8mm, respectively. Since local average precipitation
during growing season is 227.7 mm, according to the ratios (R) of an-
nual rainfalls and the average for previous years, 2014 (R = 2.2), 2015
(R = 1.4) and 2016 (R = 0.7) should represent a wet, normal and arid
years, respectively. During the mentioned three years, the mean
monthly total precipitation from May to October were 53.1 mm,
50 mm, 81.1 mm, 61.2 mm, 55.7 mm and 26.1 mm, respectively. Thus
the middle period (July to September) was the rainy days of growing
season, which held 61% of total precipitation. It followed by the begin-
ning period (May and June) of growing season, which held 31% of
total precipitation. The October, which is end period of growing season,
had the least precipitation and it only held 8% of total precipitation of
growing season.

3.1.2. Soil properties features
Soil BD, SOC, TN and TP differed among each combinations of land

preparations and vegetation species, whereas soil TK was similar
among them (Table 3). First, zig terraces-P. tabulaeformis had the lowest
BD (1.13 g·cm−3, the average of 0-1m soil layer) among different com-
binations, while fish-scale pits-P. orientalis had the highest one
(1.27 g·cm−3) among them. Second, fish-scale pits-P. tabulaeformis
had the highest soil organic carbon (9.23 g·kg−1), while the fish-scale
pits-P. orientalis had the lowest one (6.75 g·kg−1). Third, leveled
benches - C. microphylla (0.64 g·kg−1) had the highest total soil nitro-
gen (TN) while the lowest TN content was found in zig terraces-
P. orientalis (0.36 g·kg−1). Then, soil total phosphorus (TP) was highest
for leveled benches-C. microphylla (1.52 g·kg−1) and lowest for zig
terraces-P. orientalis (0.93 g·kg−1). Soil total potassium (TK) were sim-
ilar among different combinations of land preparations and vegetation
species, which were all around 21.3–24.2 g·kg−1. Finally, all the soil
properties had the feature of surface-aggregation, which led to the
main differences between the different treatments can be found at sur-
face soil layers (normally upper 30 cm, Table 3) and less pronounced
with increasing soil depth.

3.2. Soil moisture storage, soil carbon and nutrient storages under different
combinations of land preparation and vegetation

Fig. 3 provided soil moisture storages of six combinations of land
preparations and vegetation in Longtan watershed. It showed that soil
moisture storage differed across different combinations, as well as dif-
ferent soil layers. Overall, in the 0–1 m soil layers leveled ditches-
M. sativa had the highest soil moisture storage (125 mm) compared
with other combinations, and then followed by fish-scale pits-
P. orientalis (121 mm), zig terraces-P. orientals (116 mm), which were
significantly higher than leveled benches-C. microphylla (99 mm, P b

0.05). Finally, fish-scale pits-P. tabulaeformis and zig terraces-
P. tabulaeformis had the least soil moisture storages, which were
90 mm and 88 mm within 0–1 m soil layers, respectively (P b 0.05).
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Fig. 2. Daily rainfall features of gr
Across all the combinations of different land preparations and vege-
tation, soil moisture storage of six soil layers were calculated, which
were 0–10, 10–20, 20–40, 40–60, 60–80 and 80–100 cm, respectively.
Among them, 20–40 cm had the largest influence to cumulated soil
moisture storage from all soil layers, which accounted for 21.4%
(137 mm within 20–40 cm) of cumulated soil moisture storage in
0–1 m (638 mm in total). It followed by 40–60, 60–80 and
80–100 cm, which were 131.57 mm, 121.61 mm, 120.55 mm and
accounted for 20.6%, 19.1% and 18.9%, respectively. The shallow soil
layers (0–10 and 10–20 cm) had the least influence to 0–1 m soil mois-
ture storage, which were 59.86 mm (9.4%) and 67.68 mm (10.6%),
respectively.

The values and significance of each soil nutrient stocks among differ-
ent combinations of land preparations and vegetation were shown in
the Fig. 4 (P b 0.05). Different combinations of land preparation and veg-
etation affected soil carbon stocks differently (Fig. 4a). In 0–1 m soil
layer, fish-scale pits-P. tabulaeformis had the largest soil carbon stock
(9804 g/m2) among six combinations, while leveled ditches-M. sativa
had the least one (8163 g/m2) among them. Between those two combi-
nations, soil carbon stocks of other combinations ranked from high to
low values as follows: leveled benches-C. microphylla (9590 g/m2),
fish-scale pits-P. orientalis (8506 g/m2), zig terraces-P. orientalis
(8266 g/m2) and zig terraces-P. tabulaeformis (8226 g/m2). The soil car-
bon stocks of fish-scale pits- P. tabulaeformis and leveled benches-
C. microphylla were significantly higher than other combinations
(Fig. 4a, P b 0.05).

In addition, soil nutrient stocks were compared with each other
among different combinations of land preparations and vegetation
(Fig. 4b, c and d). At first, soil nitrogen stock (SNS) ranked from highest
to lowest values as follows: leveled benches-C. microphylla (721 g/m2),
fish-scale pits-P. tabulaeformis (671 g/m2), leveled ditches-M. sativa
(563 g/m2), zig terraces-P. tabulaeformis (502 g/m2), fish-scale pits-
P. orientalis (435 g/m2) and zig terraces-P. orientalis (396 g/m2). Sec-
ondly, soil phosphorus stock (SPS) was largest for leveled benches-
C. microphylla (1847 g/m2) and least for zig terraces-P. orientalis
(1064 g/m2). Besides four others, fish-scale pits-P. tabulaeformis, zig
terraces-P. tabulaeformis, fish-scale pits-P. orientalis and leveled
ditches-M. sativa had similar soil phosphorus stocks which were
1680 g/m2, 1636 g/m2, 1625 g/m2 and 1462 g/m2, respectively. Finally,
soil potassium stocks (SKS) were abundant and similar among different
combinations of land preparations and vegetation (Fig. 4d), and the
amount of soil potassium stocks were around 26,000–30,000 g/m2. Spe-
cifically, the soil potassium stocks of leveled benches-C. microphylla,
leveled ditches-M. sativa, fish-scale pits-P. orientalis, fish-scale pits-
P. tabulaeformis, zig terraces-P. orientalis and zig terraces-
P. tabulaeformis were 25,970 g/m2, 27,306 g/m2, 30,415 g/m2,
26,793 g/m2, 27,986 g/m2 and 25,653 g/m2, respectively. Over all,
leveled benches-C. microphylla had the most SPS and SNS values,
followed by fish-scale pits-P. tabulaeformis, while the SKSs were similar
among different combinations because of the adequate and similar soil
potassium (Table 3).
-8-1  2015-9-1  2015-10-1  2016-4-1  2016-5-1  2016-6-1  2016-7-1  2016-8-1  2016-9-1  2016-10-1  2016-11-1
/ /----

owing season in 2014–2016.



Fig. 3. Comparisons of soil moisture storage in 0–100 cm soil layer under different combinations of land preparation and vegetation. *Abbreviations of land preparations are as follows: Lb,
Ld, Fp and Zt are leveled benches, leveled ditches, fish-scale pits and zig terraces. Different lower-case letters indicate significant differences among each combinations at P b 0.05.
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3.3. The influence of precipitation, land preparations and vegetation onwa-
ter conservation services

The variation partitioning (VP)was used tomeasure the indepen-
dent and shared influences of land preparations, vegetation and pre-
cipitation to soil moisture storages in each soil layer (Fig. 5). In
0–10 cm soil layer, precipitation accounted for most of the explained
variation of soil moisture storage (58.8%, P b 0.01), followed by the
shared influence of land preparation and vegetation (27.7%, P b
Fig. 4. Comparisons of soil nutrient storages in 0–100 cm soil layer under different combination
phosphorus stock; (d) soil potassium stock. Abbreviations of land preparations are as follow
respectively. Different lower-case letters indicate significant differences among each combinat
0.01). Besides, in this soil layer the influence of vegetation (13.4%)
to SMS are larger than that of land preparation (0.3%). In 10–20 cm
soil layer, vegetation as the most influence factor accounted for
35.8% of soil moisture storage variation, followed by precipitation
(27.6%, P b 0.01) and shared influence of land preparation and vege-
tation (27.4%, P b 0.01). In 20–60 cm soil layers, vegetation had the
most influences to the soil moisture storages, where its overall influ-
ences (independent plus shared influence) were 88.8% and 67.1%, re-
spectively. Notably, in 20–40 cm soil layer, the coupled influence of
s of land preparation and vegetation. *(a) soil carbon stock; (b) soil nitrogen stock; (c) soil
s: Lb, Ld, Fp and Zt are leveled benches, leveled ditches, fish-scale pits and zig terraces,
ions at P b 0.05.



Fig. 5.Variation partitioning analysis differentiated the influences of land preparation, vegetation and precipitation to the soilmoisture storage (SMS) in each soil layer.*The data represent
percentages of variation explained by the factors. Note that the shared variation can be negative in some cases because of suppressor variables or two strongly correlated predictors with
strong, opposing effects on the response (Legendre and Legendre, 2012); REs means residuals, which indicate the unexplained part of variation.
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land preparation and vegetation was the highest value of influence
to SMS among all factors and soil layers, which accounted for 61.3%
(P b 0.01) explained variation of soil moisture storage. At last, in
60–100 cm soil layers, vegetation still were the largest contributor
of soil moisture storage, which accounted for 68.8% (P b 0.01) and
75.5% (P b 0.01) of total explained variation, respectively. This
showed that vegetation should be the predominant effect in the
deeper soil layer (60–100 cm).

3.4. The influence of land preparations and vegetations on the soil nutrition
supply services

To comprehensively evaluate the influence of land preparation and
vegetation to soil nutrient stocks, the partial redundancy analysis
(pRDA) based on these two groups were performed firstly (Fig. 6). For
soil carbon stock (SCS), land preparation explained more variation
than vegetation, while the shared influence of land preparation and
vegetation can explain 61.1% of total influence. This showed the coupled
effect and interaction of land preparation and vegetation play the lead-
ing role in reserving soil carbon. However, the analysis results were not
significant (P N 0.05). For soil nitrogen stock (SNS), vegetation, with
36.5% of explained variation (P b 0.05), had more influence than that
of land preparation (11.7%, P b 0.05) to SNS, while the shared influence
of land preparation and vegetation was larger than both of them, which
accounted for 51.8% of explained variation (P b 0.01). For soil phospho-
rus stock (SPS), land preparation and vegetation explained similar var-
iation (28.5% and 31.1%, respectively, P b 0.05), which were lower than
that explained by the interaction of them (40.4%, P b 0.01). Finally, for



Fig. 6. Variation partitioning analysis differentiated the influences of land preparation and
vegetation to the soil nutrient storage (SNS).Note: REsmeans residuals, which indicate the
unexplained part of variation; the shared variation can be negative in some cases because
of suppressor variables or two strongly correlated predictorswith strong, opposing effects
on the response (Legendre and Legendre, 2012).
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soil potassium stock (SKS), the vegetation explained 77.1% of SKS varia-
tion, which showed it was the major influencing factor in this case (but
no significance, P N 0.05). Compared with it, land preparation explained
15.9% of SKS variation and 38.8% for their shared influence and
interaction.

From the results of variation partitioning (VP), between vegetation
and land preparations, vegetation playedmore important role in reserv-
ing soil nutrient, especially soil nitrogen and soil potassium. Overall, the
most dominant factor in soil carbon and nutrient stockswas the coupled
effects and interactions of land preparation and vegetation.

4. Discussion

4.1. The effects of land preparation and vegetation on water conservation

Land preparation and planting vegetation have been observed as the
key roles in controlling erosion, improving environmental conditions in
drylands (Chen et al., 2007a, 2007b; Fu, 1989; Martínez-Hernández
et al., 2017; Rodrigo-Comino et al., 2017). Therefore, assessing the im-
pacts of different combinations of land preparations and vegetation on
soil ecosystem is definitive to find a management strategy that has the
highest potential to achieve ecological restoration, soil and water con-
servation and eco-hydrological services (Cerdà et al., 2018). In our
study, soil moisture storages were different among each combination
of land preparations and vegetation types (Fig. 3). For land preparations,
the reasons mainly were the various underlying surfaces of land prepa-
ration methods (Table 2;Wei et al., 2016; Chen et al., 2017). Land prep-
arations change the underlying surfaces by transforming natural slopes
into terraces (Table 2), which improves the soil environment and soil
conditions (such as soil aeration, soil porosity, soil aggregate composi-
tion and stability) to absorb and retain soil moisture, and enhances
soil moisture storage capacity and other soil conditions (i.e. soil bulk
density, soil texture and soil physicochemical properties and nutrient
status) (Legates et al., 2011; Wei et al., 2016). In addition, the water
and sediment connectivity (such as runoff paths) was also changed by
the land preparations (Parsons et al., 2015). In general, land prepara-
tions can reduce the runoff and water erosion and save more soil mois-
ture during the rainfall events, because they buffered against the kinetic
energy of raindrops, cut off and prolong runoff paths, reduce the con-
nectivity and increase the soil infiltration (Mcdonagh et al., 2014;
Parsons et al., 2015). Finally, the eco-environmental conditions would
get better after the land preparations, such as the denser and larger veg-
etation cover, which can reduce the soil evaporation by reducing the
solar radiation, but also may increase water uptake and interception
(Metzger et al., 2014). As a result, the hydrologic balance of the soil eco-
system is changed after land preparations, so the soil moisture storages
differed after various land preparations.

The effects of different vegetation types on soil moisture conditions
were also compared in this study. Based on the results of this compari-
son, plots withM. sativa proved to have the highest soil moisture stor-
age (0–1 m), followed by plots with P. orientalis, C. microphylla and
P. tabulaeformis. The reason for the differences in their impacts on soil
moisture storage lies in the differences in aboveground (i.e. canopies
and branches) and underground segments (i.e. root systems) among
the various vegetation types (Boer and Puigdefábregas, 2005). First, dif-
ferent vegetation (with different aboveground and underground struc-
tures) have different water consumption strategies, larger root systems
tend to consume more water resource (Wei et al., 2010; Yang et al.,
2014). Furthermore, a larger plant biomass is always accompanied
with more evapotranspiration and water absorption by canopies and
roots (Cecchi et al., 2006), which induces more water consumption
(Jackson et al., 2000). For example, in this study, the P. tabulaeformis
had the largest biomass and the least soil moisture storage (Fig. 3). Sec-
ondly, different vegetation types had different impacts on water reten-
tion capacity due to different aboveground and underground structures
(Duan et al., 2010). Specifically, during rainfall events, the diverse
aboveground segments and structures would have different rainfall re-
distribution processes (Xia et al., 2009). In the case of drying weather,
vegetation can decrease soil evaporation by providing shade and



Table 2
Specific landscapes (management approaches and vegetation types) of experimental plots.

Study site Caragana
microphylla/level
benches

Prunus
armeniaca/level
ditches

Platycladusorientalis/zig
terraces

Pinus
tabulaeformis/zig
terraces

Platycladusorientalis/fish-scale pits Pinus tabulaeformis/fish-scale pits

Engineering
measures

A 3.5–4.0-m
natural slope was
transformed into

a 1.0–1.5-m
terrace with a
length of 1.8 m

A 3.5–4.0-m
natural slope was
transformed into a
0.5–1.5-m ditch
surface with a
length of 1.8 m

A 2.0-m natural slope
was transformed into a
1.0–1.5-m terrace with
an opposite slope angle

of 5–8°

A 2.0-m natural
slope was

transformed into a
1.0–1.5-m terrace
with an opposite
slope angle of 5–8°

Half-moon-shaped pits were
excavated by using a triangle and

stagger arrangement (fish
scale-like pattern) along a slope.
The diameter, length and width of
the fish-scale pits were 135, 80,

and 50 cm, respectively.

Half-moon-shaped pits were
excavated by using a triangle and

stagger arrangement (fish
scale-like pattern) along a slope.
The diameter, length and width of
the fish-scale pits were 135, 80,

and 50 cm, respectively.
Build time Since 1950s Since 1950s Since 1950s Since 1950s Since 1950s Since 1950s
Artificial
vegetation
types

Vegetation
included

39-year-old
Caragana

microphylla with
a plant coverage

of 50%

Vegetation
included

47-year-old
Prunus armeniaca

with plant
coverage of 40%

Vegetation included
49-year-old

Platycladusorientalis
with plant coverage of

40%

Vegetation
included

45-year-old Pinus
tabulaeformis with
plant coverage of

35%

Vegetation included 39-year-old
Platycladusorientalis with plant

coverage of 35%

Vegetation included 45-year-old
Pinus tabulaeformis with plant

coverage of 45%
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protection from solar radiation, which is depend on the canopy condi-
tions of plants (Zhou et al., 2016). Additionally, multiple studies indi-
cated that the root systems also played an important role in soil and
water status (Mao et al., 2016; Yan and Zhang, 2015). At last, different
root systems of vegetation may have diverse interactions with soil sur-
roundings, which lead to different impacts on soil aggregation and
properties and thus on infiltration and water holding capacity (Zhao
et al., 2017; Burylo et al., 2012; Di Prima et al., 2018a, 2018b). Therefore,
the soil moisture conditions are changed with different vegetation
types.
Table 3
Variations in bulk density (BD), soil organic carbon (SOC), and soil nutrient content (TN, TP an

Combination of land preparation and vegetation Depth/cm BD/g·cm−3

Leveled benches-C. microphylla 0–10 1.22 ± 0.07
10–20 1.16 ± 0.02
20–40 1.18 ± 0.03
40–60 1.26 ± 0.02
60–80 1.27 ± 0.05
80–100 1.22 ± 0.03

Fish-scale pits-P. orientalis

0–10 1.29 ± 0.02
10–20 1.31 ± 0.05
20–40 1.26 ± 0.04
40–60 1.22 ± 0.06
60–80 1.26 ± 0.02
80–100 1.26 ± 0.01

Leveled ditches-M. sativa

0–10 1.15 ± 0.02
10–20 1.21 ± 0.08
20–40 1.22 ± 0.02
40–60 1.24 ± 0.04
60–80 1.22 ± 0.03
80–100 1.22 ± 0.02

Zig terraces-P. orientalis

0–10 1.15 ± 0.10
10–20 1.17 ± 0.05
20–40 1.20 ± 0.08
40–60 1.17 ± 0.01
60–80 1.17 ± 0.04
80–100 1.26 ± 0.01

Fish-scale pits-P. tabulaeformis

0–10 1.01 ± 0.03
10–20 0.97 ± 0.03
20–40 1.15 ± 0.08
40–60 1.25 ± 0.08
60–80 1.24 ± 0.01
80–100 1.25 ± 0.05

Zig terraces-P. tabulaeformis

0–10 0.96 ± 0.02
10–20 1.08 ± 0.11
20–40 1.17 ± 0.03
40–60 1.16 ± 0.06
60–80 1.19 ± 0.02
80–100 1.20 ± 0.01

Note: Data represent means and standard deviations (S.D.). Abbreviations of soil nutrient conte
potassium, respectively.
The most effective soil moisture storages were found in the
20–40 cm soil layers (Fig. 4), and they gradually decrease with increas-
ing depth except for the surface soil layer (0–10 cm). The soil infiltration
processes can explain this soil water distribution after a rainfall event
that governs differential supply of soil water to each soil layer. In
semi-arid systems like in the Chinese Loess plateau this process
weakens with depth (Appels et al., 2011). The surface soil layer
(0–10 cm) had the low soil moisture storage because the soil evapora-
tion is high at surface soil layer due to the intense sunlight radiation
(Diaz et al., 2007).
d TK) among the different combinations of land preparation and vegetation types.

SOC/g·kg−1 TN/g·kg−1 TP/g·kg−1 TK/g·kg−1

11.71 ± 0.29 1.12 ± 0.09 1.62 ± 0.09 22.36 ± 0.31
10.32 ± 1.99 0.88 ± 0.16 1.59 ± 0.14 21.80 ± 0.60
8.06 ± 2.17 0.62 ± 0.39 1.36 ± 0.39 20.04 ± 2.15
7.11 ± 1.95 0.46 ± 0.26 1.50 ± 0.02 19.99 ± 0.50
6.38 ± 0.13 0.36 ± 0.15 1.49 ± 0.11 22.95 ± 2.06
6.75 ± 0.70 0.41 ± 0.24 1.58 ± 0.07 21.11 ± 1.79
7.22 ± 0.68 0.60 ± 0.06 1.23 ± 0.28 24.82 ± 0.30
6.31 ± 0.33 0.40 ± 0.02 1.38 ± 0.16 24.88 ± 0.84
6.24 ± 0.50 0.32 ± 0.02 1.06 ± 0.30 24.39 ± 1.36
5.67 ± 0.13 0.29 ± 0.01 1.39 ± 0.07 23.91 ± 0.99
5.82 ± 0.13 0.28 ± 0.02 1.44 ± 0.08 22.96 ± 0.77
9.21 ± 3.66 0.28 ± 0.02 1.26 ± 0.21 24.58 ± 2.13
9.29 ± 1.07 0.79 ± 0.10 1.43 ± 0.15 22.86 ± 0.65
5.97 ± 0.22 0.56 ± 0.12 1.41 ± 0.41 23.00 ± 0.73
6.41 ± 0.44 0.48 ± 0.22 1.32 ± 0.13 21.98 ± 1.71
6.50 ± 0.27 0.38 ± 0.08 1.19 ± 0.34 23.73 ± 1.28
6.52 ± 0.34 0.31 ± 0.02 0.99 ± 0.29 22.35 ± 0.49
6.52 ± 0.13 0.45 ± 0.21 1.10 ± 0.29 21.04 ± 1.85
9.00 ± 1.07 0.67 ± 0.09 1.36 ± 0.23 24.70 ± 0.58
7.04 ± 0.46 0.34 ± 0.04 0.88 ± 0.57 21.90 ± 1.45
6.93 ± 0.64 0.32 ± 0.06 0.78 ± 0.34 22.52 ± 1.90
6.74 ± 0.34 0.30 ± 0.05 0.78 ± 0.06 22.80 ± 1.35
6.59 ± 0.26 0.26 ± 0.02 0.76 ± 0.41 24.43 ± 2.56
6.44 ± 0.22 0.27 ± 0.02 1.01 ± 0.43 24.25 ± 1.75
13.97 ± 1.44 1.07 ± 0.11 1.26 ± 0.15 23.47 ± 0.31
11.72 ± 1.81 0.84 ± 0.13 1.06 ± 0.74 22.40 ± 0.43
9.36 ± 2.74 0.67 ± 0.23 1.46 ± 0.12 23.37 ± 0.60
6.78 ± 0.46 0.47 ± 0.22 1.55 ± 0.04 21.66 ± 1.13
7.22 ± 1.60 0.41 ± 0.23 1.55 ± 0.18 22.52 ± 1.12
6.34 ± 0.26 0.34 ± 0.05 1.37 ± 0.21 23.46 ± 0.82
10.64 ± 0.83 0.91 ± 0.15 1.35 ± 0.19 21.36 ± 0.81
8.35 ± 1.45 0.52 ± 0.07 1.45 ± 0.09 20.90 ± 0.76
7.22 ± 0.71 0.44 ± 0.10 1.18 ± 0.35 21.96 ± 0.08
6.46 ± 0.25 0.42 ± 0.06 1.37 ± 0.21 22.50 ± 0.26
6.61 ± 0.13 0.32 ± 0.04 1.57 ± 0.08 22.30 ± 0.38
6.39 ± 0.33 0.30 ± 0.01 1.59 ± 0.11 23.63 ± 0.57

nt are as follows: TN, TP and TK are soil total nitrogen, soil total phosphorus and soil total
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4.2. The variation of soil nutrient stocks under different land preparations
and vegetation types

During the processes of ecological restoration and environmental
improvement in the Loess Plateau, the vegetation restoration with
land preparations played a very meaningful role in maintaining and
supplying soil nutrients in soil ecosystems (Chen et al., 2007a, b). Be-
cause of climate and plant physiological activity, large amounts of dry
branches and fallen leaves formed a plant litter layer (McDowell and
Sharpley, 2002), which gradually decompose, releasing nutrients in
the soil (Feng et al., 2016) and increasing the soil organic matter
(Rossi et al., 2009; Tesfahunegn et al., 2011). Furthermore, other nutri-
ent elements such asN, can befixed to the soil to increase theN soil con-
tent by biological nitrogen fixation (Erkossa et al., 2005). These
processes were found to bemore rapid and efficient after land prepara-
tions, as land preparations can loosen soil which enhances soil aeration,
which increases physiological activities of soil organism (e.g. soil micro-
organism), and accelerates nutrient decomposition (Bocchi et al., 2000).
Therefore, landpreparations and vegetation have an important effect on
soil nutrient accumulation and circulation. Our results showed that the
fish-scale pits-P. tabulaeformis had the largest soil carbon stock
(9803.71 g/m2) compared to the other combinations of land prepara-
tion and vegetation, while leveled ditches-M. sativa had the smallest
carbon stock (8162.74 g/m2). For soil nutrient stocks, the leveled
benches-C. microphylla and fish-scale pits-P. tabulaeformis had the larg-
est stock while leveled ditches-M. sativa had the smallest stock of all
combinations.

In our study, P. tabulaeformis and C. microphylla had the largest soil
carbon and nutrient stocks, due to the higher soil carbon and nutrient
(especially nitrogen) soil content. P. tabulaeformis had the highest bio-
mass compared to the other vegetation types, such as leaves and
branches, therefore, it has a thicker forest litter that is composed of
dry and fallen leaves and branches, which provided more material to
produce and transform into soil nutrient (Jackson et al., 2000; Xia
et al., 2009). Additionally, C. microphylla, which is a leguminous plant,
has the capacity to fix nitrogen (Prieto et al., 2012). Therefore,
P. tabulaeformis and C. microphylla had better soil carbon and nutrient
stocks. Moreover, the most suitable land preparation will strengthen
the advantages of nutrient accumulation since it will modify the soil
processes and landforms (Ziadat and Taimeh, 2013).

At last, to assess the soil nutrient distribution of each soil layer, the
contents of soil nutrients in each profile was studied. It showed that
the distribution had obvious properties of surface-aggregation
(Table 2 and Fig. 4), which means that all nutrient content profiles de-
ceasewith increasing depth, due to the processes of soil nutrient cycling
that gradually slows down with increasing soil depth (Burylo et al.,
2012). Therefore the differences of nutrient stocks and variations
among the surface soil layers were larger than in the deeper layers, as
the soil in deeper soil layers had stable nutrient stocks and slownutrient
cycles. For this surface-aggregation and hierarchical conditions, many
scholars have showed the similar results (Luca et al., 2018; Fonte
et al., 2014).

4.3. The respective and coupled influences of land preparation and vegeta-
tion to ecosystem services

As shown in the above-mentioned discussion, different land prepa-
rations and vegetation have different impacts on soil ecosystems, such
as soil water, carbon and nutrients stocks (Rossi et al., 2009). Further-
more, land preparation and vegetation have interactions with each
other (Yu et al., 2018). Specifically, land preparations can increase soil
moisture and beneficial soil properties, and affect vegetation growing
conditions by improving the soil environment (Hammad et al., 2004),
which had the positive effects on vegetation. Also, vegetation coverage
can reduce soil evaporation, increase soil infiltration and soil water-
holding capacity, and promote the soil and water conservation benefits
(Cecchi et al., 2006). Lastly, the land preparation and vegetation cover
affects the connectivity ofwater and sediment transfer, which is also en-
hancing the water availability and reduces the risk of soil loss due to
water erosion (Mekonnen et al., 2017). Therefore, since they interact
with each other, there exists a shared benefit from both of them to the
soil ecosystem. To analyze the shared and respective influences of all
benefits to the soil ecosystem services, statistical methods (i.e. the par-
tial RDA and variance partitioning) were used in this study, and we
found that the dominant factor affecting the variations of soil stocks var-
ied for different soil layers and conditions.

For soil moisture storage (SMS), the precipitation was also consid-
ered as a factor that affects the variations of SMSs, because it is the
only input source to soil water in study region. Accordingly the pRDA
and VP analyses showed that in the surface layer (0–10 cm), the precip-
itation was the most dominant factor that affects the SMSs. In the sub-
surface soil layers (10–60 cm), the combination of land preparation
and vegetation was found to have the most important role in affecting
the SMSs (Fig. 5), the reasonwhy they had themost dominant influence
in these soil layers is the land preparation could loose soil and affect soil
water and propertieswithin limited soil layers (Tengia et al., 2016). Uni-
formly the root systems were always themost flourishing at subsurface
soil layers (10–60 cm) in general, where had the strongest interaction
effects between root systems and land preparation (Yuan et al., 2017).
Therefore, their shared influences were the most dominate factor to af-
fect soil ecosystem at these soil layers. Finally, in the deep soil layers
(60–100 cm), the effects of vegetation were dominant at this case
(Fig. 5), which indicate the root system canmainly affect the soil condi-
tions in deep soil layers and the effects of land preparations cannot in-
volve such deep layers.

For soil carbon stocks, the land preparation had the more influence
which can explain 96.4% variations (P N 0.05). However, among this
total explain rate, the combination of land preparations and vegetation
accounted for 66.4%, which means land preparation has a dominant in-
fluence on the carbon stocks but it needs to be grouped together with
vegetation to achieve the most effects (Zhao et al., 2018). At last, for
soil nutrient stocks, the results were similar with that of soil carbon
stocks. Namely the combined influences of land preparations and vege-
tation were the most explanatory to the variations of soil nutrient
stocks. The reason why soil carbon and nutrient stocks were more af-
fected by their shared effects is land preparation and vegetation both
need each other to get their best ecological benefits (Ding et al., 2016).

Improve and enhance the ecosystem services by ecological restora-
tionmeasures is the importantway to achieve sustainable development
goals (SDGs). When human activities inevitably intervene and develop
the natural ecosystem, how to achieve the optimal ecological restora-
tion effect became the goal of land preparations and vegetation restora-
tions (Fu et al., 2017). Our study found that the land preparation and
vegetation had their impacts on soil system and its mutual influences,
but the negative effects of this result should be considered and taken
more attention. For instance, there are also studies showed that in-
creased soil water storage of terraces has contributed to the increasing
water scarcity in the region (Jia et al., 2017b; Yang et al., 2012). Because
the long-term vegetation restoration and land preparationsmay lead to
increased transpiration, increased root water absorption, and intercep-
tion of rainfall redistribution process, which leads to the opposite eco-
logical effects: soil water reduction. In fact, as two important water
and soil conservation measures, land preparation and planting vegeta-
tion are initially reasonable choices to improve ecological restoration
and alleviate water deficit, but their impacts on the eco-hydrological
process after long-term implementation is still worth paying attention
to and discussing. Finally, it is very important to rationally select the
eco-rehabilitation strategies and achieve sustainable development
goals (SDGs) according to the actual environmental situations
(Keesstra et al., 2018; Solomun et al., 2018).

Above all, there are differences and hierarchical characteristics
among different soil ecosystem under conditions of land preparations
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and vegetation. Based on different combinations of land preparation
methods and vegetation restoration, this result compares and summa-
rizes the conditions and situations of soil nutrient stocks, in order to in-
vestigate the mechanisms of interaction among land preparation,
vegetation and soil eco-systems, and find a dominant environmental
factor affecting the soil ecosystems. The results can be theoretic guides
for tree species selected, proper land preparations and manual ecologi-
cal reconstruction, which is useful for reasonable eco-environmental
restoration in fragile agro-ecosystems. Our results can improve the re-
sponse of ecosystems to abandonment (Cerdà et al., 2018), or soil resto-
ration (Rodrigo-Comino, 2018c) if a proper restoration strategy is
applied.

5. Conclusion

Soil moisture storage, soil carbon and nutrient stocks of different
combinations of land preparations and vegetation were analyzed. The
leveled ditches-M. sativa had the most soil moisture storage and the
fish-scale pits-P. tabulaeformis had the largest soil carbon stock. For
soil nutrient stocks, the leveled benches-C. microphylla and fish-scale
pits-P. tabulaeformis had the higher ones than other combinations. Soil
moisture storages in the soil surface layer (0-10 cm) and subsurface
layer (10-60 cm)wasmore affected by precipitation and the coupled ef-
fect of land preparation and vegetation, respectively, and itwasmore af-
fected by vegetation in deeper soil layer (60-100 cm). Vegetation had
more influences on soil nutrient stocks (36.5% to SNS, 31.1% to SPS
and 77.1% to SKS, respectively) than land preparations (11.7% to SNS,
28.5% to SPS and 11.9% to SKS, respectively). The coupled effects of
land preparation and vegetation were the most important factor deter-
mining the soil material stocks. Leveled ditches had the best soil mois-
ture storage compared to all other land preparations, meanwhile
P. tabulaeformis and C. microphylla had the best soil carbon nutrient
stocks. These results provide scientific support to land managers to de-
cidewhich combination of land preparations and vegetation types have
the best potential to restore the fragile semi-arid ecosystems.
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