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Effects of Typical Soil and Stratification Thickness on Wa-
ter Infiltration Characteristics in Central Ningxia
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Abstract In order to compare the influence of different soil types and stratification on water infiltration capacity, two main types of soil in the desert
steppe, sierozem (S) and aeolian sandy soil (A), were selected, and infiltration simulation tests were conducted on homogeneous soil and layered soil
(layer thickness 5, 10, and 20 cm) , respectively. The results show that during the whole experiment, there was a small difference between S5A95 ( aeo-
lian sandy soil 95 em thick was covered with sierozem 5 e¢m thick) and SI0A90 (aeolian sandy soil 90 ¢m thick was covered with sierozem 10 cm thick)
in the wetting front process, infiltration rate and cumulative infiltration, but there was a significant difference between SSA95 and S20A80 (aeolian sandy
soil 80 cm thick was covered with sierozem 20 cm thick). In the initial infiltration stage, there was no significant difference between A5S95 ( sierozem
95 cm thick was covered with aeolian sandy soil 5 ecm thick) and A10S90 (sierozem 90 cm thick was covered with aeolian sandy soil 10 e¢m thick). How-
ever, with the increase of infiltration time, the wetting front process, A5595, A10S90 and A20S80 had significant differences in terms of wetting front
process, infiliration rate and cumulative infiliration. The infiltration capacity of A was significantly higher than that of S. Combined with linear R* value
and model parameters, the three infiltration models were comprehensively compared, and the fitting process and results of the general empirical model for
the infiltration process of homogeneous soil and layered soil showed good results. Three models were used to simulate the water infiltration process of lay-
ered soil with different textures, and the order of the effect is as follows: general empirical model > Kostiakov model > Philip model. Soil type and layer
thickness had a great influence on water infiltration process. When sierozem was covered with aeolian sandy soil 20 ¢m thick, the infiltration capacity was
the best. As aeolian sandy soil was covered with sierozem 10 c¢m thick, the infiltration effect was the worst. Therefore, once coarse graying occurs on the
surface of sierozem (the thickness of sand is more than 20 ¢cm) or when the content of fine particles overlying aeolian sandy soil ( the thickness of silt and
clay soil is more than 10 ¢m) during ecological restoration is high, the soil hydrological characteristics will change significantly, which may lead to chan-
ges in vegelation types and even ecosystem structure.
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As an important driving factor in arid and semi-arid areas,
soil water plays a significant role in soil — plant — atmosphere con-
tinuum ( SPAC), directly affecting gas exchange, energy cycle

1 The desert steppe in Ningxia is

and material flow in a region
located in an arid and semi-arid climate zone, and the availability
of water limits the function of grassland habitat system"’. Infiltra-
tion is the key process for rainfall or irrigation water to enter soil ,
and it is the central link of the "five kinds of water" transforma-
tion" | influencing the migration, storage and circulation of water
in soil’. As a key link in the ecohydrological cycle between the
interface of soil, vegetation canopy and atmosphere (SVAT)"’,
the physical and chemical characteristics and permeability coeffi-
cient of soil determine the effective infiltration efficiency of soil to
precipitation, and also affect the morphology of rainfall slopes and

gully flow and the erosion degree of surface soil .
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In nature, soil is mostly characterized by cross-distributed
layered structures, so soil profile structure’” also presents differ-
ent characteristics with the change of weathering, transport, depo-
sition and other processes, and soil profile structure is an impor-
tant parameter affecting soil water transport. In 1962, Chen Shuai

et al. ™

used the coupled hydrology — crop growth relationship
model to analyze the infiltration process of water in layered soil,
and found that soil heterogeneity and sudden changes in the verti-
cal interface of infiltration were important factors affecting its infil-
tration. In 1972, Hill et al. ™' put forward the phenomenon of
"a finger-shaped runner", which refers to the process of water
briefly lingering at the fine-coarse interface and then rapid infiltra-
tion when fine soil is located on top of coarse soil in the soil profile.

In layered soil, geological forces and biological activities will
change soil structure and composition, resulting in a large gap be-
tween the water infiltration process of layered soil (heterogeneous)
and homogeneous soil'”’. The water flow theory of Darcy’s law in
hydrology can no longer describe the water infiltration and redistri-
bution of layered soil well. Domestic and foreign scholars have
also carried out a large number of experiments and theoretical

studies on the water transport process and infiltration rule in lay-
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ered soil "', Romano et al. ' proposed that the structure com-
posed of upper coarse soil and lower fine soil can effectively in-
crease the infiltration capacity of soil water, retain water and pre-
vent evaporation. Hillel et al. '’ and Zhao Peilun'™*’ pointed out
that for the layered soil composed of upper fine grained soil and
lower coarse grained soil, the water capacity of fine grained soil
increased due to the effect of capillary water in the soil.

Ren Lidong et al. ""*’ proposed that the infiltration perform-
ance of layered soil was the best when the layer thickness reached
5 em. A large number of field experiments have proved that the
main water of herbaceous plants is from soil at a depth of 10 —20
cm, and in years with less rainfall, herbaceous plants have a sig-
nificant impact on soil water at a depth of 0 =20 cm'"*™"7). At
present, most studies on the water infiltration of uneven layered
soil focus on the changing characteristics under different layering
order and layering quantity, and there are few studies on the influ-
ence of the type and layering thickness of layered soil on the infil-
tration process of soil water. Among them, Huang et al. '"* ™ se-
lected interlayered coarse layered soil ( different layer combina-
tions and quantity) to conduct field soil water infiltration experi-
ments, which has certain reference significance. However, soil
hydrological process is a comprehensive coupled process involving
multiple factors, and the influence of different types and layers of
layered soil on water infiltration needs to be explored more.

The zonal calcareous soil formed in the desert steppe of
Ningxia accounts for 25.2% of the soil area of Ningxia'*''. Rain-
fall, topography and human activities have led to large-scale de-
sertification of desert steppe in Ningxia, forming a large number
of sand-covered lime soil and even aeolian sand soil. In the past
40 years, especially in the past 20 years of ecological govern-
ance, the soil has gradually recovered in the remarkable recovery
of vegetation, and the fine-grained soil layer on the surface of soil
has gradually formed and thickened. The change of hydrological
characteristics caused by the change of soil surface structure is
extremely important for scientific desertification control and vege-
tation restoration. Therefore, the water infiltration of typical si-
erozem and aeolian sandy soil in the desert steppe belt of central
Ningxia was studied through an indoor soil column test, and the
water infiltration process and changing rule of layered soil with
different layer thickness were analyzed. Three models were used
to analyze the difference of water infiltration process and reveal
the infiltration capacity of layered soil. It provides theoretical ba-
sis for the environmental protection and ecological restoration of

desert steppes.

1 Materials and methods
1.1 Experimental samples Typical soil samples were selected
from Yanchi County, Ningxia Hui Autonomous Region, and the
region belongs to the desert steppe belt in the middle of Ningxia.
The collected soil was sierozem and aeolian sandy soil, and the
sampling depth was 0 — 40 cm. After the collected soil samples

were naturally air-dried, vegetation roots and large impurities were

removed from the soil , and the soil was ground by a 2 mm sieve
for reserve use. The basic information of the sampling area is

shown in Table 1.

Table 1 Basic situation of the sampling area

Percentage of soil particles of different sizes // %

Soil type

o pe Clay Silt Sand
Sierozem 40.27 £0.30  29.19+0.49 31.52+0.72
Aeolian sandy soil 8.29 +0.04 19.73 £0.74 71.97 £0.79

1.2 Experimental apparatus The main instruments used in
the soil column infiltration test included soil columns, Markov bot-
tles, glass tubes and stands. The Markov bottles were 10 em in
outer diameter, 9 c¢m in inner diameter, 50 c¢m in height, and
3 179.25 c¢m’ in volume. The soil columns were 3.8 cm in radius,
and 100 cm in height. The outer diameter of the glass tubes was
0.8 cm, and their inner diameter was 0. 6 cm. The material of the
soil columns and Markov bottles: transparent PE pipes 10 mm
thick. A water inlet was at the top, and a water outlet was at the
bottom.

1.3 Experimental design The experiment was carried out in
the Key Laboratory of Restoration and Reconstruction of Degraded
Ecosystems in Northwest China, Ministry of Education ( Ningxia
University ). Different soils were combined and filled into the
soil column tubes (Fig. 1). A total of 8 treatments were set up,
and each treatment had 3 replicates, so there were a total of
24 soil columns. Among them, there were 6 kinds of layered soil
columns, and the stratified thickness was 5, 10 and 20 cm,
respectively.

1.4 Test process

1.4.1 Process of infiltration test. Before the test, the air tight-
ness of Martensier bottles should be checked. In case of gas leak-
age, petroleum jelly can be applied to seal them, and a scale line
of 0 —50 cm can be set on the outside of the Markov bottles to vis-
ually record the change of water level ™'’

Before loading the soil, to eliminate the dominant flow on the
wall of the soil columns, petroleum jelly was smeared evenly on
the inner wall. A scale line of 0 — 100 cm was pasted on the wall
of soil columns to observe the infiltration process of wetting front.
The bulk density of the soil was 1.4 g/c¢m’ , and the bottom end of
soil columns was built with ashestosed wire gauze and gauze to
prevent the leakage of soil particles. In the soil column pipes, the
distance was 20 ¢cm, and the soil tamper was used for compaction.
In order to effectively avoid structural water pressure sudden
change at the interface, the soil layer was bristled with a brush af-
ter each compaction and filled to 1 m. Finally, a filter paper was
used to cover the surface of the soil to facilitate the uniform infil-
tration of soil water.

In the experiment, in order to reduce the atmospheric evapo-
ration of topsoil water, the interior of the laboratory was shaded,
and windows and other vents were closed. When infiltration be-
gan, a stopwatch was used to record time. The water level of
Markov bottles and position of wetting front were recorded continu-
ously after 0 =5 min (1 time/30 s), 5—15 min (1 time /1 min),
15 =30 min (1 time/3 min), 30 =60 min (1 time/5 min) , 60 —
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120 min (1 time/10 min) , and after 120 min (1 time/30 min).
FEach experiment was repeated three times.

The final wetting front distance was the average distance of 3
wetting front points read from 3 directions of soil columns respec-
tively. The average of soil infiltration rate 5 min before infiltration

was as the initial infiltration rate'™’.
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Fig.1 Soil stratification structure map
1.4.2 Infiltration models.

(1) Kostiakov formula .

f(t) =at’

In the formula, f(¢) is infiltration rate (mm/min) ; ¢ is time
(min); @ and b are model parameters obtained by the experi-
[24]

(2) Philip formula.
F(1) =0.55:7"% +f.

In the formula, f(¢) is infiltration rate (mm/min); S is a
model parameter obtained by the experiment; ¢ is time (min); A

ment

is the steady infiltration rate of soil (mm/min).

(3) General empirical formula™"

JS(1) =a, +b,f™"

In the formula, f(¢) is infiltration rate (mm/min) ; ¢ is time
(min); a,, b, and n are model parameters obtained by the
experiment.

(4) Linear fitting model ™

I=ax,

i=b/x,

In the formula, [ is the cumulative infiltration amount

(mm); i is the infiltration rate (mm/min); x, is the distance
of wetting front; a and b are model parameters obtained by the
experimentiz}i .
1.5 Data analysis
Excel was used for graph drawing, and linear fitting was performed
with Origin9. 3. One-way ANOVA was performed on the data, and
SPSS 18.0 was used for the statistical analysis of the data, with
the significance level of 0.05.

After the experimental data was sorted out,

2 Results and analysis

2.1 Variation characteristics of wetting front It can be seen

from Fig. 2 that 8 different soils and stratified soil columns had dif-
ferent characteristics of wetting front processes. Within 0 —20 min
after the beginning of infiltration, the wetting front curves of
S5A95 and S10A90 overlapped, that is, there was a small differ-
ence in the wetting front curves as 5 — 10 c¢m sierozem covered ae-
olian sandy soil. The wetting front process of S20A80 was lower
than the previous two, proving that the wetting front process was
inversely proportional to the thickness of sierozem. When sierozem
was overlaid with aeolian sandy soil, the overall wetting front
process was higher than that of the first 4 soil columns. Among
them, the wetting front process of A10S90 was 32% higher than
that of A5S95, and that of A20S80 was 68% higher than that of
A5S95. After the infiltration was conducted for 60 min, there was
a very significant difference between A, S5A95, S10A90 and
S20A80 (P <0.01), and the height of wetting front was 64.72,
34.26, 26. 81 and 19. 57 cm, respectively. That of S, A5595,
A10S90 and A20S80 was 19.45, 24.75, 26.07, and 35.30 cm,
respectively, and there were very significant differences among all
treatments (P <0.01), but there was no significant differences
between A5S95 and A10S90. At 120 min, the position of wetting
front process in each treatment was as follows: A (77.40 cm) >
S5A95 (61.03 cm) >SI0A90 (46.81 cm) >S20A80 (33.24 cm),
A20S80 (41.07 em) > A10S90 (31.78 em) > A5S95 (30.87 cm) >
S (27.63 cm). It can be seen from the above results that the mi-
gration speed of wetting front rose significantly with the increase in
the thickness of aeolian sandy soil on sierozem. In the initial stage
of infiltration, there was no difference between the treatments with
sierozem covered with aeolian sandy soil 5 and 10 c¢m thick (P >
0.05), but there was a significant difference between the former
and homogeneous sierozem (P <0.01). In the stable stage of in-
filtration, there was no significant difference in the migration
process of wetting front between sierozem covered with aeolian
sandy soil (5 and 10 cm thick) and homogeneous sierozem (P >
0.05), but there was significant difference in the migration
process of wetting front between sierozem covered with aeolian
sandy soil 20 ¢m thick and homogeneous sierozem (P <0.05).
However, with the increase of the thickness of sierozem on aeolian
sandy soil, the migration speed of wetting front declined signifi-
cantly. In the initial stage of infiltration, there was no significant
difference between between sierozem covered with aeolian sandy
soil 5 and 10 c¢m thick. Subsequently, there were extremely signif-
icant differences in the migration process of wetting front between
aeolian sandy soil covered with sierozem (5, 10 and 20 cm thick)
and homogeneous aeolian sandy soil (P <0.01).

The variation law of wetting front process with time showed
the same trend; the slope of wetting front gradually decreased with
time, and the curve of wetting front was steep in the initial stage of
infiltration. With the increase of infiltration time, when the wet-
ting front crossed the interface, the migration velocity (slope) of
wetting front reduced rapidly, changing from non-uniform advance
to uniform advance, and the curve of wetting front gradually flat-
tened. As can be seen from Fig.2, the wetting front curves of S,
A5595, A10S90 and A20S80 were relatively gentle, while those of
A, S5A95, S10A90 and S20A80 were steep. Soil configuration,

namely soil structural form, is the arrangement of soil layers, and
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affects the transport of soil water flow and solute’'. The wetting
front migration process of aeolian sandy soil was 3 times that of si-
erozem, mainly because sierozem is dry and has large matrix po-
tential ™. However, the porosity of aeolian sandy soil is large,

100 Q —&—3S
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—<O— S20A80
5 F

Wetting front Il cm

and its matrix potential and adhesion are lower than those of si-
erozem. Therefore, in the initial stage of infiltration, the migration
of wetting front process of sierozem and aeolian sandy soil was dif-
ferent under the same stratified treatment.
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Fig.2 Variation trend of soil wetting front
Table 2 Power function fitting parameters and soil infiltration characteristics
Treatment Initial infiltration 1-h cumulative Stable infiltration Average Fittine formula R
rate // mm/min infiltration // mm rate // mm/min infiltration // mm/min °
S 27.56 £2.93 a 334.25 £57.69 a 2.90£0.51 a 15.23£1.72 a Y =2.68:"% 0.99
A5595 30.43 £8.89 a 363.93 £48.15 a 3.56 £0.14 a 16.99 +4.51 a Y=5. 152" 0.98
A10S90 37.31 £4.55 a 393.60 £38.68 a 3.21£0.55 a 20.26£2.35 a Y =6. 244" 0.98
A20S80 41.28 £4.90 ab 518.65 +38.85 ab 4.69 £0.45 ab 22.99 £2.67 ab Y =6. 1424 0.96
A 41.74 +5.18 b 864.13 £203.17b 14.53+4.12 b 28.14 +4.65 b Y =4.506"% 0.99
S5A95 27.00 £3.62 a 389.36 £31.37 a 5.25+0.53 a 16.13£2.23 a Y =2.02:%%8 0.99
S10A90 29.32+7.29 a 380.88 +71.66 a 4.79 +£0.88 a 17.05 £4.09 a Y =2, 142%9 0.98
S20A80 26.59 £2.31 a 327.89 £59.08 a 3.95+1.00 a 15.27 £1.66 a Y =2.262%% 0.99

Note: Different lowercase letters after the data in the same column indicate significant differences between treatments at the 5% level.

In order to analyze the variation characteristics of wetting front
over time, the power function is used to fit it;

H=at
where H is the distance of wetting front (c¢m) ; ¢ is time (min) ; a
is the infiltration depth of wetting front per unit time; b is the at-
tenuation degree of wetting front processm'ﬂ After the fitting,
the order of a value in different treatments is as follows; A20S80 >
A10S90 > > AS5S95 > A > S20A80 > S10A90 > S5A95 > S; the or-
der of b value in different treatments is as follows: S5A95 >
S10A90 > A > S20A80 > S > A20S80 > A5595 = A10S90. The ex-
perimental results show that a value, b value and infiltration rate
were positively correlated with the thickness of aeolian sandy soil
on sierozem, that is, they rose with the increase of the thickness of
aeolian sandy soil. With the increase of the thickness of sierozem
on aeolian sandy soil, a value increased, while b value declined.
When the thickness of sierozem on aeolian sandy soil was 5, 10
and 20 cm, the infiltration rate was higher than that of homogene-
ous sierozem. The correlation coefficient R’ of the eight treatments
was 0.96 —0.99, showing high reliability.
2.2 Variation characteristics of cumulative infiltration In
the experiment, cumulative infiltration was used to measure the
soil infiltration capacity before infiltration saturation was stable ™’ |

and the stable infiltration rate was used to express the soil infiltra-
tion capacity after infiltration saturation was stable. It can be seen
from Fig. 3 that cumulative infiltration increased greatly in the ini-
tial stage of infiltration. With the passage of time, after the infil-
tration stabilized, the infiltration rate began to decrease, and the
slope of the cumulative infiltration curve increased first and then
decreased. The difference between treatments S and A was very
significant (P <0.001)™". The order of cumulative infiltration in
different treatments is as follows; A20S80 > A10S90 > A5S95 > S,
and the differences were very significant (P <0.001). When the
infiltration was conducted for 30 min, the order of cumulative infil-
tration in different treatments is as follows: A (573.76 mm) >
S10A90 (253.71 mm) >S5A95 (249.47 mm) >S20A80 (238.87 mm).
When the infiltration time was 60 min, the order is as follows: A
(864.12 mm) >S5A95 (389.36 mm) >SI10A90 (380.88 mm) >
S20A80 (327.89 mm), A10S90 (380.88 mm) <AS5S95 (387.24 mm)
< A20880 (510.17 mm) ™. During the whole infiltration process,
the cumulative infiltration of sierozem rose with the increase in the
thickness of the overlying aeolian sandy soil. When the thickness
reached 20 c¢m, the cumulative infiltration was significantly higher
than that of homogeneous sierozem (P <0.05), and the cumula-
tive infiltration of layered sierozem was higher than that of homoge-
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neous sierozem. The cumulative infiltration of layered aeolian
sandy soil was lower than that of homogeneous aeolian sandy soil.
In the initial stage of infiltration, the cumulative infiltration of aeo-
lian sandy soil covered with sierozem 5 cm thick was the largest.
After 60 min, the cumulative infiltration of aeolian sandy soil grad-
ually decreased with the increase in the thickness of the overlying
sierozem, but there was a very significant difference between dif-

1600

g —hr— S
—— S5A95
—&— S10A90
—O— S20A80

1200

Cumulative infiltration /| mm

200
Time // min
Fig.3 Changing trend of cumulative infiltration
2.3 Fitting analysis of soil water infiltration process Gener-

al empirical, Kostiakov and Philip models'™’ were adopted to fit
the soil water infiltration process (Table 3) to understand the soil
water infiltration process of different types, so as to determine the
applicability of the infiltration models.

In the Kostiakov model, a represents the initial permeability
of soil, ranging from 25.25 to 92. 21 here. That of homogeneous
sierozem was smaller than homogeneous aeolian sandy soil
(80.62 <70.80) , and the difference was significant (P <0.05).
In the layered soil, a value rose with the increase of the thickness
of aeolian sandy soil on sierozem, namely A20S80 > A10S90 >
A5S95. This rule did not appear when aeolian sandy soil was cov-
ered with sierozem of different thickness. The larger the a value
was, the larger the slope of the infiltration curve was, and the fas-
ter the instantaneous infiltration rate decayed. The order of instan-
taneous infiltration rate is as follows: A20S80 > A10S90 > A >
S5A95 > A5895 >S > S20A80 > S10A90. In the Kostiakov model ,
b represented the attenuation degree of infiltration rate, ranging
from —0.72 to —0.37, and there was no obvious rule. R* was all
above 0.947, indicating that the simulation results of soil water in-
filtration characteristics in central and eastern Ningxia using Kos-
tiakov model were highly reliable.

In the Philip model, A is the steady infiltration rate of soil,
and S stands for soil infiltration capacity. The larger the S value
was, the stronger the soil infiltration capacity was. The soil infil-
tration capacity of different treatments is as follows; A >S5A95 >
S20A80 > S > A20S80 > A10S90 > A5S95 > S10A90, and the cor-
relation coefficient R* was above 0.925. The results show that the
infiltration capacity rose with the increase of the thickness of aeoli-
an sandy soil on sierozem. There was no change when the aeolian
sandy soil was covered with sierozem. As the thickness of sierozem

ferent treatments (P <0.01). The difference of soil physical and
chemical properties and particle size characteristics was the main
reason for the great difference of cumulative infiltration between si-
erozem soil and aeolian sandy soil under the same thickness. The
results of this study were consistent with those of Gao Haiying et
al. ™" and Xiao Qian et al. ™.

1 600
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on aeolian sandy soil was 10 cm, the infiltration capacity of soil
water could be significantly reduced.

In the general empirical model, a, represents initial infiltra-
tion rate, and b, represents stable infiltration rate. In the initial
stage of infiltration, the simulated value differed greatly from the
measured value, but the general empirical model could fit the sta-
ble infiltration stage well. When the thickness of aeolian sandy soil
on sierozem reached 20 c¢m, the infiltration rate increased signifi-
cantly. The infiltration rate significantly reduced as the thickness
of sierozem on aeolian sandy soil was 10 cm, which is consistent
with the results of previous studies. In the general empirical mod-
el, the determination coefficient R* was above 0.948, and the fit-
ting effect was the best. The order of the fitting effect of the three
models on soil water in the eastern arid region of Ningxia was as fol-
lows: general empirical model > Kostiakov model > Philip model.
2.4 Analysis of the linear regression of soil combinations and
infiltration models By the linear regression fitting of the wetting
front process and cumulative infiltration obtained by the soil column
experiment, it can be seen that there was a good linear relationship
between cumulative infiltration and wetting front process, infiltration
rate and wetting front reciprocal, and wetting front square and infil-
tration time (Fig.4). As shown in Table 4, a value was positively
correlated with the thickness of aeolian sandy soil on sierozem. The
fitting coefficient ranged from 0. 942 to 0. 998, so the fitting effect
was good. When sierozem was covered with aeolian sandy soil
(A5895, A10590, and A20S80), the simulation coefficient Ra” of
cumulative infiltration and wetting front process was above 0. 993.
The order of b value of different treatments is A > A20S80 > A105S90
> A5595 > S5A95 > S20A80 > S > S10A90. Coefficient b indicated
infiltration rate. It can be seen from the table that infiltration rate
was positively correlated with the thickness of aeolian sandy soil on
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sierozem, and the maximum infiltration rate was still lower than that
of homogeneous aeolian sandy soil as the thickness was 20 cm.
However, the infiltration rate of soil water decreased significantly

Table 3 Analysis of soil water infiltration models

when the thickness of sierozem on aeolian sandy soil was 10 e¢m
(P <0.01), indicating that the sierozem with a thickness of 10 cm
could effectively maintain the low infiltration rate of soil water.

Kostiakov model

Treatment

Philip model

Empirical model

@ // mm/min

b // mm/min

RZ

S // mm/min

A // mm/min

RZ

a; //mm/min b, //mm/min

n

R2

S
A5395
A10590
A20S80
A
S5A95
S10A90
S20A80

70. 80
74.59
83.39
92.21
80.62
75.18
25.25
70.61

-0.62
-0.58
-0.72
-0.51
-0.48
-0.68
-0.37
-0.65

0.995
0.996
0.995
0.993
0.983
0.993
0.947
0.997

151.22
74.59
83.39
92.21

166. 19

160.71
45.63

151.62

-5.56
-0.58
-0.72
-0.51

3.96
-7.22

2.91
-6.33

0.98

0.996
0.995
0.993
0.993
0.958
0.925
0.980

-0.48
-0.65
2.75
-6.92
-1.75
2.54
-1.88
0.55

71.35
75.68
79.69
99.26
88.59
71.91
27.04
69.94

0.61
0.57
0.78
0.44
0.44
0.74
0.32
0.66

0.995
0.996
0.998
0.998
0.995
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Table 4 Linear regression coefficient

Treatment

Coefficient

a

Determination

coefficient Ra®

b

Coefficient

Determination

coefficient Rb>

S
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A
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17.212
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14.667
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0.987
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3 Discussion

In the early stage of soil infiltration, the convergence of soil
water infiltration curves is large, because the soil is dry and the
water potential gradient is large, and the molecular force plays a
leading role. In the initial stage of infiltration, matrix potential is
the main factor affecting the cumulative infiltration and advance

"', and soil infiltration mainly depends on the

rate of wetting front' ™
surface adsorption of soil particles in the middle and later sta-
ges'™!. Therefore, in the first few minutes of infiltration, the infil-
tration rate and the cumulative infiltration of different treatments
were larger, but the difference was not significant. With the
change of time, the upper soil water tended to be saturated, and
matrix potential decreased. Capillary force and gravity became the
main forces, and cumulative infiltration and wetting front process
gradually became stable™’ | which was consistent with the re-

(32,3
search results of most scholars™®! .

However, the wetting front
process, infiltration rate and cumulative infiltration of homogenous
aeolian sandy soil were significantly higher than those of homoge-
nous sierozem. The difference of water infiltration characteristics
between sierozem and aeolian sandy soil was related to their physi-
cal and chemical properties. The sand content of aeolian sandy soil
is high, and average porosity is large. The clay content of sierozem
is high, and it is dominated by small pores. Soil has a large specif-
ic surface area, strong adsorption capacity for water, and good wa-

ter retention’"’

/ [28]

Xiao Qian et a also pointed out that soil texture and
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structure had a great influence on water infiltration parameters
when studying characteristics of soil water infiltration in loess are-
as. Different soil types also affect its infiltration characteris-

. [36-38
tics” !

The stable infiltration time and rate of light sieroz-
em™' | sandy loam, sandy soil'®’ | silty sandy loam'"'" and silty
clay loam'" are different. Ji Hengying et al. "’ found that the wa-
ter infiltration of homogeneous soil and layered soil in loam and
sandy soil in the Loess Plateau region was significantly different af-
ter 20 — 30 min of infiltration, decreasing firstly and then increas-
ing. The main reason was that the uneven texture of layered soil
causes the abrupt change of soil water potential at the interface.
When soil water permeates to the soil interface, a stagnant state
appears, and the infiltration curve becomes linear; the infiltration
rate tends to stabilize after the wetting front passes through the in-
terface ™. During the infiltration of layered soil in loess areas, the
wetting front will also be disturbed due to the change of soil
pores .

In this study, it is found that in the soil layer structure of
"upper coarse sand and lower fine particles" , the infiltration ca-
pacity of soil water was the highest when the thickness of coarse
sand was 20 cm. In the soil layer structure of "upper fine particles
and lower coarse sand" , the soil permeability reduction effect was
the best as the thickness of fine particles was up to 10 em. Differ-
ences in soil type and structure are the key reasons for differences

. . s - [9,46]
in soil water infiltration"

. When the upper layer is covered with
fine particles, the pores available for water flow and interconnec-
tivity will decrease, and the curvature of water flow will increase,
resulting in soil permeability reduction and increase of water reten-
. [22,47 -48]

tion

of Li Yi et al. """ (the effect of infiltration reduction was the best

when the soil layer was 10 — 15 c¢m away from the soil surface).

. The result of this study was consistent with the result

General empirical model, Philip model and Kostiakov model
were selected to simulate the water infiltration process of layered
soil with different textures. The results show that the general em-
pirical model had a very good fitting effect on the homogeneous si-
erozem and aeolian sandy soil, and the correlation coefficient
reached 0.99. The Kostiakov model had a better fitting effect on
the layered structure of sierozem covered with aeolian sandy soil,
with the coefficient of 0.99. For the layered structure of aeolian
sandy soil covered with sierozem, the fitting coefficient was slightly
lower, ranging from 0.94 to 0.99, but it was still higher than that
of Philip model”"’. This was consistent with the research results of

many scholars'*' .

4 Conclusions

(1) When sierozem was covered with aeolian sandy soil 5 and
10 cm thick, there was no significant difference in the wetting front
process, infiltration rate and cumulative infiltration in the whole
infiltration stage. As sierozem was covered with aeolian sandy soil
20 c¢m thick, there was a significant difference. When aeolian
sandy soil was covered with sierozem 5 and 10 cm thick, there was
no significant difference in the wetting front process, infiltration
rate and cumulative infiltration in the initial stage of infiltration. In

the stable stage of infiltration, there was a significant difference in

the wetting front process, infiltration rate and cumulative infiltra-
tion as aeolian sandy soil was covered with sierozem 5, 10 and
20 cm thick. The wetting front process, (initial, stable, and aver-
age ) infiltration rate and cumulative infiltration of homogenous ae-
olian sandy soil were significantly higher than those of homogenous
sierozem.

(2) According to R* value and model parameters, the three
infiltration models were comprehensively compared, of which the
general empirical model had the best fitting effect on homogeneous
soil. The order of their simulation effect on different types of lay-
ered soil was general empirical model > Kostiakov model > Philip
model.

(3) The infiltration increase was the largest when sierozem
was covered with aeolian sandy soil 20 cm thick ™', That is, after
a long period of desertification of sierozem, when the thickness of
upper aeolian sandy soil reached more than 20 ¢cm, the soil hydro-
logical characteristics fundamentally changed, and the surface lay-
er would not become the water center anymore. When the thick-
ness of sierozem on aeolian sandy soil was 10 cm, the effect of in-
filtration reduction was the best. In the process of ecological resto-
ration, the accumulation of surface fine soil reaches this depth,
and the hydrological characteristics of aeolian sandy soil also
change, which may no longer be suitable for the growth of deep-
rooted shrubs, and vegetation succession happens. Therefore, soil
type and layer thickness have a significant influence on soil infil-
tration process.
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