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ABSTRACT

Precipitation infiltration is the most important process for soil water supply of vegetation in the arid regions. Higher infiltration rate is advan-
tageous for vegetation growth and maintenance in the arid areas. Four grassland types (Medicago sativa, Agropyron cristatum, Caragana
korshinskii and Stipa capillata) were selected in this study. Results showed that the infiltration capacity in the legume grasslands was about
30% higher than in the gramineous grasslands and the difference was significant (p< 0·05). Furthermore, the infiltration rate in legume shrub-
grassland was 16% less than the legume grasslands, but the difference was not significant (p> 0·05). The below-ground biomass, total po-
rosity, capillary porosity, soil organic matters and soil aggregate were the main factors to determine the soil infiltration rates. The capillary
porosity and soil aggregate of the top soil presented significant negative effects on soil infiltration rate (p< 0·05). The below-ground biomass
in 10–30 cm soil layer was the most important factor, which significantly and positively correlates with the soil infiltration rate (p< 0·01). It is
possible to conclude that the legume grasslands presented the higher soil infiltration rate and promoted precipitation infiltration in the studied
area. And the legume grasslands might be a more suitable option for vegetation restoration from the perspective of soil infiltration and water
supply in the arid regions. Copyright © 2016 John Wiley & Sons, Ltd.

key words: arid area; soil infiltration; soil characteristics; below-ground biomass; soil organic matters

INTRODUCTION

Precipitation infiltration is the most important process for
soil water supply in the arid regions (Leung et al., 2015).
The efficiency of the rainfall transform into soil water highly
depends on the infiltration capacity, and this process is very
important for soil water replenishment in water shortage re-
gions (Wang et al., 2007; Siltecho et al., 2015; Wang et al.,
2016). Thus, the research of soil infiltration capacity is a
vital issue for vegetation maintenance and sustainable
development.
Many engineering measures have been taken up to in-

crease infiltration and decrease runoff for preventing soil ero-
sion. Vegetation restoration is one of the most important and
effective measures to control soil and water loss (Yu et al.,
2015). The restoration of natural grasslands and the establish-
ment of artificial grasslands are very common in arid areas of
the world. Vegetation types play an important role in
influencing soil hydraulic properties (Mao & Cherkauer,
2009; Gonzalez-Sosa et al., 2010). Several studies have
found that runoff and soil erosion are highly related to plant
cover levels (McIvor et al., 1995; Podwojewski et al.,
2011). Grassland degradation leads to the reduction of

vegetation cover and thus soil erosion increased (Mchunu &
Chaplot, 2012). The effects of plant roots on reducing soil
erosion are also a crucial factor. Different grasslands cover
and roots distribution may result in modification of soil prop-
erties and then have a vital effect on infiltration (Angers &
Caron, 1998; Vervoort et al., 2001; Wang et al., 2007;
Bormann & Klaassen, 2008; Zhao et al., 2013; Yu et al.,
2015). Many studies have found that the main soil properties
influencing soil infiltration by grassland types were bulk den-
sity (BD) (Neris et al., 2012), soil organic matters (SOMs)
(Hu et al., 2009), initial water content (Wang et al., 2007),
soil aggregation (Abu-Hamdeh et al., 2006), porosity
(Kodešová et al., 2011), macropores (Wahl et al., 2003;
Weiler & Naef, 2003) and saturated hydraulic conductivity
(Alaoui et al., 2011). The steady infiltration rate (SIR) is sig-
nificantly and logarithmically correlated with SOMs and
macroaggregate (Franzluebbers, 2002; Zhao et al., 2013).
Alaoui (2015) has reported that the interaction between BD
andmacroporsity may also promote the soil water infiltration.
Cerdà (1996) has found that infiltration is 25% lower in wet
season than drought season, because of the increase of soil
moisture (Cerdà, 1997). On the contrary, some scholars have
reported that soil texture is not correlated with infiltration ca-
pacity, and soil BD has little or no relationship to water flow
through macropores (Meek et al., 1989; Fischer et al., 2014).
Different grass types, such as legume and Gramineae

plants, have different vegetation cover and roots
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distribution at the similar natural environmental condi-
tions. Legumes are available for enhancing grassland pro-
duction and community diversity (Daniel et al., 1999),
improving soil structure, decreasing soil BD (Lal, 1996)
and increasing soil organic carbon storage with higher
above-ground and below-ground biomass (BGB) (Wu
et al., 2016a). Tab roots decay of leguminous would form
stable macropore; it is advantageous for rainfall infiltration
(Archer et al., 2002). Additionally, grasslands sustainable
development is commonly associated with soil water
availability in the arid region (Liu et al., 2010;
Rodriguez-Iturbe, 2000). Higher infiltration rate has accel-
erated rainfall converting and supplying to the soil water
that is conductive to rehabilitate and sustainable

development of grasslands in arid regions (Bochet et al.,
2006). Dabney et al. (2001) had summarized predecessor’s
research results that deep-rooted plants can effectively in-
crease the effective root depth and subsoil water storage
capacity. The infiltration rate is correlated with root char-
acteristics, and differences in rooting depth and size would
cause differences of water distribution and water infiltra-
tion rate (Archer et al., 2002; Leung et al., 2015). Conse-
quently, according to these issues, it is of great importance
to evaluate the infiltration capacity and soil water supply
capability under different grassland types in the arid
region. And the significant factors determining the
infiltration rates at different infiltration stages also need

Table I. Soil BD, TP, CP, NCP, SA (>0·25mm) and SOM (mean ± SD) at the depth of 0–30 cm of different grasslands

Soil
depth
(cm)

BD (g cm�3) TP (%) CP (%) NCP (%) SA (%) SOM (g kg�1)

Medicago sativa 0–10 1·28 ± 0·02 a 51·62 ± 0·70 c 24·80 ± 0·36 b 26·82 ± 1·06 b 61·46 ± 2·43 b 30·96 ± 3·72 a
10–20 1·40 ± 0·06 a 47·36 ± 2·21 b 26·99 ± 1·13 ab 20·37 ± 3·35 c 45·19 ± 10·13 b 29·75 ± 9·80 a
20–30 1·37 ± 0·07 ab 48·26 ± 2·52 bc 26·52 ± 1·29 b 21·74 ± 3·82 a 47·45 ± 2·75 a 16·37 ± 4·33 ab

Agropyron
cristatum

0–10 1·20 ± 0·02 bc 54·68 ± 0·72 ab 27·14 ± 0·43 a 27·54 ± 1·15 b 62·65 ± 5·20 b 30·27 ± 4·88 a
10–20 1·25 ± 0·02 b 52·88 ± 0·92 a 28·22 ± 0·55 a 24·66 ± 1·47 bc 43·09 ± 6·19 b 24·11 ± 3·69 ab
20–30 1·44 ± 0·11 a 45·53 ± 4·13 c 32·62 ± 2·48 a 12·92 ± 6·61 b 24·72 ± 2·51 b 20·61 ± 4·79 a

Stipa capillata 0–10 1·24 ± 0·02 ab 53·08 ± 0·7 bc 27·70 ± 0·41 a 25·39 ± 1·11 b 80·84 ± 13·40 a 31·77 ± 1·41 a
10–20 1·19 ± 0·04 b 55·27 ± 1·55 a 26·4 ± 0·92 ab 28·87 ± 2·47 ab 64·08 ± 3·81a 23·24 ± 0·47 ab
20–30 1·28 ± 0·01 bc 51·70 ± 0·56 ab 28·51 ± 0·33 b 23·18 ± 0·88 a 33·13 ± 11·05b 16·10 ± 0·12 ab

Caragana
korshinskii

0–10 1·14 ± 0·07 c 57·03 ± 2·67 a 24·78 ± 1·54 b 32·26 ± 4·21 a 51·55 ± 11·34 b 18·35 ± 0·54 b
10–20 1·16 ± 0·07 b 56·10 ± 2·76 a 25·31 ± 1·59 b 30·79 ± 4·35 a 48·42 ± 7·41 b 17·41 ± 1·17 b
20–30 1·21 ± 0·03 c 54·50 ± 1·27 a 26·23 ± 0·73 b 28·27 ± 2·01 a 24·68 ± 8·27 b 13·27 ± 0·41 b

BD, bulk density; TP, total porosity; CP, capillary porosity; NCP, non-capillary porosity; SA, soil aggregate; SOM, soil organic matter.
Values followed by a different letter at the same soil depth in different grassland are significantly different at the 0·05 level (LSD).

Figure 1. Below-ground biomass at the depth of 0–30 cm (mean ± SD) for
different grassland types. Values with a different letter in the same soil
depth are significantly different at the 0·05 level. This figure is available

in colour online at wileyonlinelibrary.com/journal/ldr

Figure 2. Soil water content at the depth of 0–30 cm (mean ± SD) for
different grasslands. This figure is available in colour online at

wileyonlinelibrary.com/journal/ldr
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to be studied. Despite the known effects of soil character-
istics on soil infiltration, the knowledge is still lacking to
study the relationship between soil infiltration features
and soil characteristics under different grassland types in
the arid areas.
Therefore, in this point of view, the aims of this study are

to determine the effects of grassland types and the main soil
characteristics on soil infiltration features in arid area, to find
out the significant influence factors on infiltration rate and to
determine the suitable vegetation restoration in terms of
rainfall infiltration and soil water supply.

MATERIALS AND METHODS

Study Sites

This study was conducted in the Key Field Observation
Station of Ecological Environment of the Ministry of Agri-
culture on the Loess Plateau, which is located in the
Gongjiawan of Lanzhou city of Gansu Province in China
(36°01′N, 103°45′W). This area belongs to the arid hilly
and gully regions on the Loess Plateau. The altitude of
the study area ranges from 1698 to 1823m. Mean annual

precipitation is 324·5mm, most of which falls between
July and September. The annual evaporation is approxi-
mately 1450·0mm and the sunshine duration is 2651·4 h.
The mean annual air temperature is 9·3 °C, the lowest tem-
peratures being �23·1 °C and the highest temperatures be-
ing 39·1 °C. The growing season is from April to
September. Mainly, soil type is the loessal soil, and the
field moisture capacity is about 19·3–22·6%. The native
grassland ecosystem is mainly dominated by Stipa
capillata in this area.

Experimental Design

Based on field survey of grassland types on the Loess Pla-
teau, we selected three typical artificial grasslands
(Medicago sativa, Agropyron cristatum and the Caragana
korshinskii shrub-grassland) that were widely planted in this
area. The main natural grassland (S. capillata) was selected
in this study. M. sativa grassland is a quality perennial le-
gume grassland, A. cristatum grassland is a perennial
Gramineae grassland, and C. korshinskii grassland is the
good shrubs for improving grassland ecosystem, which are
widely planted in this area. Each grassland type has three
parallels. M. sativa and C. korshinskii were belonging to
the leguminosae and very common artificial vegetation in
the arid region of the Loess Plateau. A. cristatum and S.
capillata were the gramineous grasslands that were widely
occurred in this area, while S. capillata was the typical na-
tive grassland.
The test of infiltration process was conducted in June; we

randomly selected three parallel (1m×1m) quadrats in each
plot, harvested the grasses at the soil level and put into an
envelope, then weighed fresh and dried at 75 °C for 48 h as
above-ground biomass. We used 9-cm diameter root augur
to measure BGB at the depth of 0–100 cm and every 10 cm
intervals, and three parallel were sampled for each plot.
Three samples were taken at the same layer and then mixed
to create a single sample. Using a 2 mm sieve to separate the
plant roots from soil. The separated roots were dried at 75 °C
for 48 h and then weighed.

Soil Sampling and Analysis

Surface soil samples were collected at the depth of 0–30 cm
and every 10 cm intervals. In each plot, three samples were
randomly collected, and three soil cores were randomly
taken with a stainless cylinder for laboratory assays of soil

Figure 3. Soil infiltration rates under different grasslands. This figure is
available in colour online at wileyonlinelibrary.com/journal/ldr

Table II. Soil infiltration rates (mean ± SD) of different grasslands

AIR (mmh�1) SIR (mmh�1) IR I (mmh�1) IR II (mmh�1) IR III (mmh�1)

Medicago sativa 37·49 ± 8·38 a 26·87 ± 6·90 a 66·00 ± 9·50 a 36·80 ± 9·21 a 29·23 ± 7·78 a
Agropyron cristatum 27·31 ± 4·69 b 20·27 ± 4·24 ab 43·53 ± 5·40 c 27·80 ± 4·90 ab 22·23 ± 4·38 ab
Stipa capillata 24·31 ± 1·15 b 14·60 ± 1·11 b 50·27 ± 2·66 bc 23·47 ± 1·32 b 17·03 ± 1·30 b
Caragana korshinskii 31·49 ± 2·86 ab 21·00 ± 2·42 ab 56·53 ± 3·45 ab 31·70 ± 3·10 ab 24·00 ± 2·65 ab

AIR: average infiltration rate (0–90min); SIR: steady infiltration rate (75–90min); IR I, IR II and IR III: average infiltration rates during stages I (0–15min),
II (15–45 min) and III (45–75min).
Values followed by a different letter in the same column were significantly different at the 0·05 level (LSD).
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moisture and BD. A total of nine samples were used for
laboratory analyses of organic matter content. Moist soil
samples were air-dried at room temperature and large roots
were removed.
The measurement of SOM content was determined by ox-

idation with potassium chromate method (Walkley & Black,
1934). Soil BD was measured by a soil bulk sample with a
5-cm diameter and a 5-cm-high stainless steel cutting ring
(three replicates). Soil aggregate stability was measured by
using a soil aggregate analyser and can measure the percent-
age of wet sieve aggregates. Using cutting ring method to
determine the soil capillary water content (Wc). Soil total
porosity (TP), capillary porosity (CP) and non-capillary
porosity (NCP) were calculated with the following
Equations 1–3 (Jiao et al., 2011).

TP ¼ 1� BD
ds

� �
�100 (1)

Where: TP is the total soil porosity (%); BD is the soil bulk
density (g cm�3); ds is the soil particle density (g cm�3), in
the study ds is 2·65 g cm�3.

CP ¼ WC�BD
V

�100 (2)

NCP ¼ TP � CP (3)

Where: CP is the soil capillary porosity (%); Wc is the soil
capillary water content (%); V is the volume of soil core
(cm3); NCP is the non-capillary porosity (%).

Infiltration Measurement

The automatic soil infiltrability measurement system was ap-
plied to determine the complete infiltration processes of dif-
ferent vegetation types (Sun et al., 2013; Mao et al., 2016;
Wu et al., 2016b). This method was used for measuring in
situ infiltration process. We cut the full standing vegetation
off at ground level and removed the litter from the soil sur-
face before measuring. This experimental device includes a
peristaltic pump, a computer, a camera, a peristaltic
pumpsilicone tube and a tripod. The peristaltic pump with a
peristaltic pumpsilicone tube was used to supply the constant

water flow at a fixed speed to the soil surface, and the design
water supply quantity was 2Lh�1. The tripod was used to fix
the camera. A computer connected with the camera and
installed a specific designed software for data measurement.
The camera was used to record the advancing processes of
wetted soil surface area every 3 min, and the total measure-
ment time was 1.5 h. Mathematical models were used to
compute the soil infiltrability from the recorded changes in
wetted soil surface area. The infiltration rates at different
moments were calculated as follows (Lei et al., 2007;
Mao et al., 2011):

in ¼ q� ∑
n�1

j¼1
ij ΔAn� jþ 1

Δ An n ¼ 1; 2; 3;…ð Þ (4)

Where: in is the soil infiltration rate at time n (mmh�1); q
is the water flow rate (L h�1); ΔAn is corresponding
increased wetted area at the soil surface within time tn
and tn� 1 (mm2).
According to the dynamic process of infiltration, we di-

vided the process into three different stages (Wu et al.,
2016). At the start of the 15-min infiltration rate diminished
rapidly, what we called the fast infiltration stage, and took
the average infiltration rate of 0–15min as the infiltration
rate of this stage (IR I). Afterwards, the decrease of infiltra-
tion rate became gently in 15–45min, what we called the
stable change stage, and took the average infiltration rate
of 15–45min as the infiltration rate stage II (IR II). Simi-
larly, in 45–75min the infiltration rate remained stable
and as the third stage of the infiltration process (IR III).
We took the last 15min average infiltration rate as the
SIR and 0–90min average infiltration rate as the average
infiltration rate (AIR).

Statistical Analysis

Statistical analysis was conducted by using SPSS 18·0 soft-
ware (SPSS, 2009). One-way analysis of variance was used
to examine the difference significant of soil characteristics
and infiltration rate under different grassland types. Signifi-
cant differences were evaluated at 0·05 level. Correlation
analysis was used to study the relativity between infiltration

Table III. Matrix showing correlations between soil characteristics and infiltration rates of AIR, SIR, IR I, IR II and IR III

SOM10 SOM20 SOM30 SA10 SA20 SA30 BD10 TP10 CP10 NCP10 BD20 TP20

AIR 0·09 0·662a 0·248 �0·215 �0·034 0·57 �0·027 0·027 �0·780b 0·386 0·307 �0·307
SIR 0·142 0·680a 0·384 �0·250 �0·160 0·529 �0·020 0·020 �0·717b 0·351 0·352 �0·352
IR I 0·049 0·559 �0·054 �0·110 0·153 0·653a 0·129 �0·129 �0·752b 0·258 0·316 �0·316
IR II 0·067 0·648a 0·288 �0·234 �0·050 0·513 �0·101 0·101 �0·777b 0·438 0·260 �0·260
IR III 0·112 0·672a 0·356 �0·237 �0·104 0·517 �0·071 0·071 �0·741b 0·400 0·295 �0·295

AIR: average infiltration rate; SIR: steady infiltration rate; IR I, IR II and IR III: average infiltration rate in stages I, II and III. SOM10, 20 and 30: soil organic
matters at the depths of 0–30 cm; SA10, 20 and 30: soil aggregate (>0·25mm) at the depths of 0–30 cm; BD10, 20 and 30: bulk density at the depths of
0–30 cm; TP10, 20 and 30: soil total porosity at the depths of 0–30 cm; CP10, 20 and 30: soil capillary porosity at the depths of 0–30 cm; NCP10, 20 and 30:
soil non-capillary porosity at the depths of 0–30 cm; VWC10, 20 and 30: soil water content at the depths of 0–30 cm; BGB10, 20 and 30: below-ground
biomass at the depths of 0–30 cm.
aCorrelation is significant at the p< 0·05;
bCorrelation is significant at the p< 0·01.
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rates and soil characteristics. Stepwise multiple regression
was used in determining the primary influence factors of soil
characteristics on soil infiltration rate.

RESULTS

Soil Characteristics

The BD and TP had contrary variations among the four
grassland types (Table I). The highest TP and NCP were
found in C. korshinskii shrub-grassland than in other grass-
land types. The CP was significantly higher in A. cristatum
and S. capillata grasslands than in M. sativa and C.
korshinskii grasslands (p<0·05, Table I). SOM content
was lowest in C. korshinskii shrub-grassland (18·35± 0·54).
At soil depth of 0–20 cm, S. capillata grassland was im-
proved soil aggregate formation significantly than other
three grasslands (p<0·05, Table I). The proportion of mac-
roaggregates (>0·25mm) was highest in S. capillata grass-
land (80·84%), falls by about 18% in M. sativa and A.
cristatum grassland and by 29% in C. korshinskii shrub-
grassland. At soil depth of 0–10 cm, the highest BGB
(1043·9 gm�2) was found in M. sativa grassland, followed
by A. cristatum (803·2 gm�2) and S. capillata grassland
(380·4 gm�2); the lowest BGB was found in C. korshinskii
shrub-grassland. While at soil depth of 10–20 cm, the differ-
ence between A. cristatum, S. capillata and C. korshinskii
was not significant (p>0·05, Figure 1) but significantly
lower than M. sativa (p< 0·05). At soil depth of 20–30 cm,
the BGB in M. sativa grassland and C. korshinskii shrub-
grassland land (p>0·05) was approximately four times of
that in A. cristatum and S. capillata grasslands. At depth of
0–30 cm, soil water content increased with the depth of soil
layer under the different grassland types (Figure 2). Soil un-
der A. cristatum grassland had higher soil water content than
those of the M. sativa, S. capillata grassland and C.
korshinskii shrub-grassland (Figure 2).

Infiltration Rate under Different Vegetation Types

The infiltration rate decreased significantly at the initial
stage and then gradually tends to be stable (Figure 3). The
AIR in the M. sativa grassland (37·49± 8·38mmh�1) had
no significant difference with C. korshinskii shrub-grassland
(31·49± 2·86mmh�1) (p> 0·05) but was about 30% higher
than in the A. cristatum (27·31 ±4·69mmh�1) and S.
capillata (24·31 ±1·15mmh�1) grasslands (Table II). For
SIR, the highest value was observed in M. sativa grassland
(26·87± 6·90mmh�1), followed by C. korshinskii shrub-

grassland (21·00 ±2·42mmh�1) and A. cristatum grassland
(20·27 ±4·24mmh�1); the differences were not significant
in the three grasslands (p> 0·05), while significantly higher
than S. capillata grassland (14·60± 1·11mmh�1). Similar
changes were also observed for IR I, IR II and IR III. The
IR I was higher in S. capillata grassland than in the A.
cristatum grassland.

Correlation between the Infiltration Rate and Soil
Characteristics

The infiltration rates were significantly and positively corre-
lated with the SOM at depth of 10–20 cm (p<0·05,
Table III). Infiltration rates showed weakly and negatively
related to the aggregate stability at depth of 0–20 cm. More-
over, at depth of 10–30 cm infiltration rates, were positively
correlated with BGB (p<0·01). In this study, the BD, TP,
NCP and VWC were not significantly correlated with infil-
tration rates (p> 0·05), whereas CP was significantly and
negatively correlated with the IR I (p<0·05). We also con-
cluded that the main factors that affected soil infiltration
rates were TP10, CP10, BGB20, BGB30, SOM30 and SA20
(Table IV). The SOM30 and BGB30 were thought to be the
positive main influencing factors of AIR and IR III. The
values of AIR and IR III were both increased with the in-
creasing of SOM30 and BGB30. Similarly, for SIR and IR
II, the BGB20 was the most important factor. The CP10
and NCP10 were negative factors for IR I.

DISCUSSION

Revegetation improved soil characteristics by reducing BD
and increasing TP, CP and SOMs (Jiao et al., 2011), attrib-
uting to the accumulation of fresh plant residues in surface
soil as well as decomposed root residues in subsurface soil
(Zhao et al., 2013). Soil characteristics were closely associ-
ated with soil infiltrability (Cerdà, 2001). The combined ef-
fects of both structural and topsoil textural porosities
increase infiltration and reduce the runoff generation
(Alaoui et al., 2011). In the present study, we found that
the main soil characteristics influenced infiltration rates
were BGB, TP, CP, SOMs and soil aggregate. Roots
played a most important role in effects soil infiltration,
and higher infiltration rate was related to higher BGB.
Our results suggested that the infiltration rate was in-
creased with increasing BGB at depth of 10–30 cm. More-
over, the infiltration rates were higher in legume grasslands
than gramineous grasslands. We also found that BGB was

Table III. (Continued)

CP20 NCP20 BD30 TP30 CP30 NCP30 VWC10 VWC20 VWC30 BGB10 BGB20 BGB30

AIR �0·373 �0·135 �0·241 0·241 �0·625a 0·423 �0·167 �0·022 �0·165 0·438 0·893b 0·912b

SIR �0·237 �0·211 �0·073 0·073 �0·451 0·243 �0·019 0·146 0·035 0·560 0·830b 0·825b

IR I �0·497 �0·106 �0·421 0·421 �0·845b 0·632a �0·318 �0·245 �0·464 0·259 0·913b 0·926b

IR II �0·365 �0·100 �0·239 0·239 �0·581a 0·403 �0·171 �0·014 �0·134 0·417 0·855b 0·893b

IR III �0·300 �0·147 �0·146 0·146 �0·498 0·309 �0·088 0·077 �0·030 0·497 0·839b 0·853b
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higher in legume grasslands than gramineous grasslands.
Additionally, in shrub-grassland, the majority of the roots
concentrated in the upper 10–30 cm of the soil (Costantini
et al., 2015). These results were in agreement with previ-
ous findings regarding the legume grasslands would in-
crease and gramineous grasslands would decrease the
infiltration rate (Meek et al., 1989; Fischer et al., 2014).
Previous study has found that in legume grasslands decay
of tap roots leave many large channels that increasing infil-
tration rate (Meek et al., 1989; Devitt & Smith, 2002).
During the growing season, infiltration rate decreased as
tap roots of leguminous fill old root channels, over time in-
filtration rate increased as roots decay and forming stable
macropores, eventually this process would reach an equi-
librium point and produce higher infiltration rate (Archer
et al., 2002; Bodner et al., 2008). On the contrary, in gra-
mineous grasslands, fibrous roots tend to grow more
densely in clumps within top soil layers and decrease infil-
tration rate by clogging soil pore space and forming a
dense network reducing water movement (Archer et al.,
2002), which suggested that legume grasslands with tap
roots and higher BGB would promote water infiltration
compared with gramineous grasslands.
In our study, TP was the vital factor for stable change

stage of infiltration rates, and the increased soil porosity
would improve infiltration capacity (Fischer et al., 2014).
Conversely, the CP had a negative effect on infiltration rates
of the fast infiltration stage. The CP in gramineous grass-
lands was greater than in legume grasslands. Indeed, a de-
crease in infiltration rate is expected if capillary matric
fluxes through pores prevail over gravity-driven fluxes. On
the other hand, CP has a positive effect on water-holding ca-
pacity of soil (Zhao et al., 2002).
In our results, SOMs promoted a higher water infiltration

in the soil at remained stable stage, and native grasslands
had the lowest SOMs and infiltration rates, compared with
artificial grasslands. SOMs decreased soil BD and increased
soil porosity (Yang et al., 2014), thereby conducive to

improving the infiltration capacity. Moreover, soil aggregate
was higher in native grasslands than artificial grasslands in
the top soil, the presence of legumes decreased the soil ag-
gregate (Pérès et al., 2013). As a result, the infiltration rate
was higher in artificial grasslands than in native grasslands.
In contrast to other studies results (Neris et al., 2012; Zhao
et al., 2013), we found that soil aggregate had a negative ef-
fect on infiltration rates in remained stable stage. Addition-
ally, the effect of soil aggregate in reducing infiltration
rates was largely in gramineous grasslands than legumes
grasslands. Some studies suggested that water-stable aggre-
gates render soil water repellency (Rawitz & Hazan, 1978;
Giovannini & Lucchesi, 1983; Capriel et al., 1995). And
water repellency would reduce the infiltration rate (Doerr
et al., 2000). The cumulative infiltration curve is specific
for soil water repellency (Di Prima et al., 2016). The soil
water repellency was lower in legumes grasslands than gra-
mineous grasslands (Figure 4). Namely, soil aggregate have
a negative effect on infiltration rate. Thereby, the higher
BGB, SOMs and lower CP and soil aggregate were in fa-
vour of water infiltration. The increase in infiltration was
of a great importance to promote plant growth and decrease
soil erosion in arid environments.

CONCLUSIONS

In the arid regions, legume grasslands showed high infiltra-
tion capacity. Higher infiltration capacity of soil was related
to increasing BGB, TP, SOMs and lower CP and soil aggre-
gate. Legume grasslands have higher BGB, TP and SOMs
than gramineous grasslands; moreover, these factors im-
proved soil infiltration capacity. The results indicated that le-
gume grasslands have greater infiltration rate than
gramineous grasslands. In water-restricted regions, it is crit-
ical to select the restoration species that are in favour of pro-
moting rainfall infiltration and enhancing soil water storage.
Overall, legume grasslands have more adaptability and sus-
tainability in the arid areas.

Table IV. Multiple-regression equations between infiltration rates
(AIR, SIR, IRI, IRII and IRIII) and soil characteristics

Regression equation R2

AIR Y1= 9·933 + 0·038 BGB30 + 0·679 SOM30 0·992
SIR Y2= 14·933 + 0·013 BGB20 0·830
IRI Y3 = 306·897� 7·691 CP10� 1·859NCP10 0·863
IRII Y4 = -39·319 + 0·018 BGB20+ 1·131 TP10 0·935
IRIII Y5 = 6·021 + 0·033 BGB30 + 0·793 SOM30

� 0·074 SA20
0·991

AIR: average infiltration rate; SIR: steady infiltration rate; IR I, IR II and IR
III: average infiltration rate in stage I, II and III. BGB20 and 30: below-
ground biomass at the depths of 10–20 and 20–30; SOM30: soil organic
matters at the depths of 20–30 cm; TP10: soil total porosity at the depths of
0–10 cm; CP10: soil capillary porosity (>0·25mm) at the depths of
0–10 cm; NCP10: soil non-capillary porosity at the depths of 0–10 cm;
SA20: soil aggregate at the depths of 10–20 cm.
The multiple-regression equations of IRI and soil characteristics were de-
termined at the depth of 0–10 cm; AIR, SIR, IRII and IRIII were determined
at the depth of 0–30 cm.

Figure 4. Cumulative infiltration curves for different grasslands. This figure
is available in colour online at wileyonlinelibrary.com/journal/ldr
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