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Abstract: The cultivated land area in China is approaching the red line of farmland protection. The
newly reclaimed land will become a vital reserved land resource, and it possesses a large exploratory
potential. Newly reclaimed soil usually has low productivity with poor physical and chemical
properties as well as weak fertility, and it is prone to serious soil erosion. The effects of corn straw
biochar and rice husk biochar (at the mass ratio of 2%, 4%, and 8%) on the soil infiltration process
and soil moisture distribution in the soil profile were studied. The results showed that the infiltration
duration was prolonged, and the wetting front migration distance and infiltration rate were decreased
under biochar addition treatments, except under the low addition rate for rice husk biochar. The
Philip model and Kostiakov model accurately described the water infiltration process of the newly
reclaimed soil with both kinds of biochar. The two kinds of biochar used in this study affected both
the initial infiltration rates and stable infiltration rates, and water infiltration was more sensitive to
rice husk biochar and its addition rate. The moisture in the soil profile after infiltration was simulated
using a one-dimensional algebraic model. The surface soil moisture was improved with both kinds
of biochar addition, and the water retention ability was enhanced with an increased biochar addition
rate. In conclusion, corn straw biochar with a high addition rate is beneficial for inhibiting soil
water infiltration and improving weak water retention ability in the newly reclaimed area, which is a
recommended choice for efficient soil construction in newly reclaimed land.

Keywords: wetting front migration; cumulative infiltration; Philip model; soil moisture;

infiltration rates

1. Introduction

According to the data of the third National Land Survey, the cultivated land in China
decreased by 7.33 million ha by the end of 2019. Compared with the 135.33 million ha
of cultivated land at the end of 2009, there was an average annual decrease of more than
0.67 million ha, and the cultivated land area was approaching the red line of farmland
protection at 120 million ha [1]. Newly reclaimed land, as a vital reserved land resource,
possesses large exploratory potential. However, newly reclaimed soil usually has low
productivity with poor physical and chemical properties, serious soil erosion, and weak
fertility. Therefore, it is of great scientific significance to improve its water and fertilizer
conservation ability, thereby increasing the cultivated land resources, protecting food
security, and guaranteeing the sustainable development of agriculture. Biochar, also called
black gold for agriculture, is a carbon-rich material made from organic waste under a no-
oxygen environment and is known to contain 40—75% carbon. Biochar is mainly composed
of C, H, O, and N, followed by ash (such as K, Ca, Na, Mg, Si, etc.) [2,3]. It is widely
used in agriculture and has a vital role in soil improvement. The biochar, bacillus subtilis,
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and a water-retaining agent were used for soil amendment in the Loess Plateau. The
results showed that this biochar had the best improvement effects, and there was a great
application potential for biochar to improve the poor soil water holding capacity and
low fertility of the Loess Plateau’s soil [4]. A study by Yang et al. revealed that biochar
addition significantly improved soil organic carbon storage and stimulated root density
and apple yield. Overall, the economic benefit of applying biochar was positive among all
the soil amendments [5]. It can be seen that biochar is an economical and convenient soil
amendment as a recycled product of agricultural and forestry wastes. Therefore, it is with
urgently necessary to study biochar application in newly reclaimed land.

It has been reported that a clear understanding of water movement and distribution
enhances soil moisture retention and water use efficiency, and further benefits dryland
agriculture [6]. Infiltration is the critical factor that induces soil water loss and determines
the soil water balance as well as the efficient utilization of irrigation water [7]. Therefore,
it is necessary to determine the infiltration process of newly reclaimed land with soil
amendment, which is important for its highly efficient utilization. Li et al. determined
that the infiltration capacity of clay loam can be significantly improved by adding biochar
(at a ratio of 4%) to the surface soil, but biochar addition had no significant effect on soil
evaporation [8]. The study by Zhan et al. showed that the application of potato stem
biochar to a chestnut field significantly improved soil infiltration capacity [9]. Wang et al.
studied the effects of biochar on Holecal soil and found that applying biochar slowed down
the soil infiltration rate [10]. To sum up, the effects of biochar on soil infiltration are not
conclusive, and they probably vary with soil type, biochar type, addition rate, and the
particle size of the biochar. Most of the former studies focused on the soil’s response to
treatment with or without biochar application; however, studies on the biochar addition
rate are inconclusive, and there are few results available for biochar types. Furthermore,
many conclusions were obtained from cultivated soil, and there are few results for newly
reclaimed soil.

It is beneficial to reduce soil water loss and determine soil water balance to understand
the process of soil water infiltration. Wang et al. established a vertical one-dimensional
algebraic infiltration model, which fully focused on the soil infiltration process, and pro-
posed a computational model for soil water redistribution after infiltration [11]. Zhao
et al. found that a one-dimensional algebraic infiltration model had good applicability
in severely saline—alkali soils during micro-saline water infiltration experiments, and it
accurately simulated the moisture in the soil profile when the soil depth was less than
35 cm [12]. Wang et al. found that a one-dimensional algebraic model effectively de-
scribed the distribution of soil moisture in sandy soil under different planting years using
one-dimensional soil column infiltration experiments [13]. However, the application of
a one-dimensional algebraic infiltration model in soils with biochar addition has rarely
been reported. Therefore, we investigated soil water infiltration with two different types
of biochar (corn straw biochar and rice husk biochar) and three addition amounts (a mass
ratio of 2%, 4%, and 8%) using soil column simulation experiments in the laboratory, where
the treatment without biochar application was set as the control (CK). We hypothesize
that biochar amendment will improve the soil infiltration performance and promote water
retention as well as soil moisture in the soil profile. The aims of this work are (1) to inves-
tigate the impact of biochar and addition amount on soil infiltration, (2) to simulate the
infiltration procedure and characterize the parameters, and (3) to verify the applicability
of one-dimensional algebraic models for simulating soil moisture in the soil profile with
biochar addition.

2. Materials and Methods
2.1. Test Soil and Biochar Preparation
The tested soil was collected from the Agricultural Soil and Water Environment and

Ecology experimental site at Yangzhou University. As a new experimental site, the former
soil was uncultivated land with low productivity, which can be defined as reclaimed land.



Water 2023, 15, 2985

30f13

The soil was collected at the top 0-25 cm as a “Z” form; large gravel was moved, the soil was
air-dried and then sieved through 2 mm. Soil particle size composition was measured using
a Malvern laser particle size analyzer (MS-3000); clay was 4.38%, silt was 32.76%, and sand
was 62.86%, which belonged to sandy loam according to international classification. The
soil bulk density was 1.37 g-cm 2, the soil available nitrogen content was 32.08 mg-kg~?,
the soil organic matter content was 7.20 g-kg !, the saturated water content was 38.05%,
and the saturated hydraulic conductivity was 8.07 x 10~* cm-s~!. Two types of biochar
were bought from Henan Lize Environmental Protection Technology Co. LTD, which
originated from corn straw and rice husk, respectively, and were pyrolyzed at 600 °C for
12 h; the characteristics of the two kinds of biochar are listed in Table 1.

Table 1. The characteristics of biochar.

Variet The Origin Appearance Size Water Ash Organic
y Material PP (mm) P Content (%) Content (%) Carbon (%)
Corn straw biochar Corn straw Black powder 0.15 9 3 10 40
Rice husk biochar Rice husk Black filamentous powder 1 8 8 10 50

2.2. Experimental Design

The experiment was carried out in the laboratory of Agricultural Soil and Water
Environment and Ecology, Yangzhou University, from April to June of 2021. The raw
materials of biochar, corn straw and rice husk are easy to derive, and have sufficient
reserves in the research area. In addition, biochar derived from plants was reported to have
a better performance and higher carbon content [14]. Therefore, the corn straw biochar (A)
and rice husk biochar (B) were chosen to be tested in this study. In the experiment, biochar
addition rates were 2%, 4%, 8% of dry soil mass; seven treatments were set as A2 (2% corn
straw biochar), A4 (4% corn straw biochar), A8 (8% corn straw biochar), B2 (2% rice husk
biochar), B4 (4% rice husk biochar), B8 (8% rice husk biochar) and the soil without biochar
addition was set as the control (CK). There were four replicates for each treatment.

2.3. Infiltration Experiment

A specially designed transparent polymethyl methacrylate cylinder with an inner
diameter of 100 mm and a height of 400 mm was used for one-dimensional vertical infiltra-
tion. The cylinder was vertically fixed, and a scale with mm was attached on the side, with
a valve installed at the bottom. Vaseline was evenly applied to the inner wall of the cylinder
to reduce the pipe wall effect on soil water infiltration. Two layers of 100 mesh gauze sand
and a layer of filter paper were placed at the bottom of the column before filling to prevent
the loss of soil particles and facilitate ventilation. The soil and biochar were mixed evenly
according to designed mass ratio, stood at room temperature for 24 h, and then filled up
with a bulk density of 1.37 g-cm 3. As biochar is usually applied at the surface soil layer
in the field [15], biochar was added to a depth of 0-250 mm of the soil column, and the
rest of the column was filled with only the soil. The column was filled layer by layer in
50 mm intervals; each layer of mixture (biochar and soil samples) or soil was calculated
and weighed separately, then mixed evenly, and loaded into the soil column. The soil was
disturbed between layers to prevent stratification during infiltration. The top of the soil
was covered with a filter paper to prevent erosion.

During the experiment, a Mariotte bottle was used to supply water and maintain a
constant head at 40 mm. The Mariotte bottle was also a transparent polymethyl methacry-
late cylinder, measuring 100 mm in inner diameter and 600 mm in height. It had an outlet
that connected to the external air through an air intake tube at the bottom. The infiltra-
tion amount and the wetting front were recorded every 30 s for the first 3 min, 1 min for
3-10 min, every 2 min for 10-20 min, every 4 min for 20-60 min, and then every 5 min
until the end of the experiment. Time recording ended and water supply stopped when
the wetting front migrated nearly to the bottom of soil column (300 mm); this moment was
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considered the end of the experiment, and the time duration was recorded as the water
infiltration duration. The total water loss in the Mariotte bottle could be considered the
cumulated infiltration amount.

The soil column was destroyed after the end of infiltration; soil samples were taken
using 5 cm soil layers, and then dried in an oven to determine soil moisture at each depth.

2.4. Model Simulation

The relationship between the wetting front migration distance and the infiltration
time can be described as the power function F = at’, where F is the wetting front migration
distance (mm), ¢ is the infiltration time, min, and a and b are the dimensionless empirical
constants. The a value indicates the wetting front migration distance within the first unit of
time, and the b value indicates the attenuation of the wetting front’s advance process [16].

The infiltration process was fitted using the Philip model [17] and the Kostiakov
model [18]. The Philip model is expressed as follows:

I(t) = St + At 1)
The Kostiakov model is expressed as follows:
I(t) = Kt" @)

where I(t) is the cumulative infiltration, mm; S is the sorptivity, mm-min~%5; A is the steady
infiltration rate, mm-min—!; and ¢ is the infiltration time, min; K > 0 and 0 < n’ < 1 are
dimensionless empirical constants.

Simulating soil water content accurately plays a very important role in agricultural
water management, determining irrigation system and improving crop yield during agri-
cultural research [19]. In order to study the relationship between the one-dimensional
vertical water infiltration process and soil water content at profile, and to predict the soil
moisture distribution with biochar addition, the moisture in the soil profile was simulated
using a one-dimensional algebraic model and its applicability in biochar-amended soil
was verified.

The soil water retention curve can be described with the following equation [20]:

0—6, [(h\" .

0s — 0, (h) @)
where 6 is the soil water content (cm>-cm™3), 6, is the saturated water content (cm3-cm™3),
0, is the residual water content (cm3-cm™3), Iid is the air entry suction (cm), % is the soil
water suction corresponding to the water content 6, and N is a parameter. The Richards
equation has been used widely to describe soil water movement. For one-dimensional

vertical infiltration into soil, the governing equation and the initial and boundary conditions
are as follows:

6 9 30\ 9K(0)

Fri az(D“’)az) & @)
9(2, 0) = 91'
0(0,1) = 6,
9(00, i’) = 91'

where D(0) is the diffusivity, 8; is the initial soil water content (cm3-cm™3), t is time, and z is
the vertical coordinate, positive downward. The rest of the symbols are the same as above.

Based on the above equations, Wang et al. derived an algebraic model to describe the
soil water infiltration properties as follows [21]:

0s — 6,

I:
14w
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Z ®
6 = (1—Zf> (0 — 6,) + 6, (6)

where I is the cumulative infiltration(cm); zfis the generalized wetting front depth (cm); and
parameter « is the comprehensive shape coefficient of the soil water content distribution in
terms of Equations (5) and (6). The rest of the symbols are the same as above.

If the initial soil water content is low, let 8, = 6;; then, Equations (5) and (6) become
as follows:

0s — 6;
I=3% @)
24
V4
0= (1—) (65— 6;) +6; )
Zf

The symbols are the same as above. 6s and 6i can estimated easily based on the soil
texture and initial conditions. The coefficient & can be estimated experimentally. If the
relationship between I and zf is obtained via an experiment, « may be determined based on
Equation (7), and then the soil water content at any vertical coordinate z can be obtained
using Equation (8).

The root mean square error (RMSE) and coincidence index (D) are calculated using
Equations (9) and (10), respectively [22]. They are selected for simulation error analysis,
which included the compassion between the observed moisture in the soil profile and
simulated ones.

_ il e A
RMSE = E;(Sl 0;) 9)
3 (Si—0y)?
D=1- i=1 (10)

é(fsi—@ +0;-0|)*

where §; is the predicted soil water content (cm3.cm™3), O; is the measured ones, O is mean
value of the measured ones, and 7 is sample size. RMSE is used to evaluate the deviation
between the simulated values and the measured ones. The closer the RMSE is to 0, the more
accurate the model simulation is. The coincidence index (D) is between 0 and 1; the higher
the value, the more accurate the simulated values, and the better the model prediction.

2.5. Data Analysis

Data were calculated and processed using Microsoft Excel 2010. A one-way ANOVA
was applied to test the difference of each treatment, and conducted using the SPSS 20.0.
Multiple comparisons of mean annual values were performed using the least significant
difference (LSD) at p < 0.05. Figures were created using Origin 8.0.

3. Results
3.1. Effects of Biochar Addition on Soil Water Infiltration

The migration of the wetting front in reclaimed soil with biochar addition is shown in
Figure 1. It can be seen from Figure 1 that the wetting front moved quickly in the initial
stage and then slowly migrated to stable. In contrast, wetting front migration was only
promoted by lower rates of rice husk biochar treatment (B2). When the wetting front
reached 300 mm (bottom of soil column), the duration of water infiltration was 228 min for
CK. Compared to CK, the duration under A2, A4, A8 was increased by 35.0%, 46.0% and
59.1%, respectively.
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Figure 1. Wetting front migration distance with infiltration time.

Parameters a and b of the fitting function between the wetting front migration and the
infiltration time are listed in Table 2. The coefficients of determination R? all exceeded 0.9,
and reached an extremely significant level (p < 0.01), indicating a perfect fitting performance.
The a value decreased with a raise of maize straw biochar, while initially decreasing and
then increasing with an increase in rice husk biochar addition. Compared to CK, rice husk
biochar promoted wetting front migration, while maize straw biochar limited it within the
first unit of time (30 s). By taking the first derivative of that function, the value of a x b
can roughly describe the migration rate of the wetting front. It can be found that except
B2 and B8, the values of a x b were all lower than that under CK, which indicates that the
wetting front migrated slowly with increasing rates of biochar. Additionally, it migrated
more slowly with increasing rates of maize straw biochar than that with rice husk biochar.

Table 2. The fitting parameters of wetting front migration and infiltration time.

Treatment a b axb R?
CK 22.994 0.471 10.830 0.999
A2 20.278 0.462 9.368 0.993
A4 18.279 0.482 8.810 0.999
A8 15.971 0.489 7.810 0.999
B2 27.289 0.442 12.062 0.997
B4 24.191 0.431 10.426 0.994
B8 25.373 0.450 11.418 0.997

To sum up, maize straw biochar and medium addition of rice husk biochar could
increase infiltration duration, and retard wetting front migration, which would be beneficial
for improving the fast infiltration and weak water retention capacity of reclaimed land.

The cumulative infiltration (CI) dynamics are shown in Figure 2A, and the CI at
10 min, 60 min and 150 min is showed in Figure 2B, respectively. The Cl increased rapidly
at the initial stage, and then slowly stabilized; the cumulative infiltration curves were steep
and showed a high coincidence at the beginning. It can be seen from Figure 2B that the CI
at 10 min began to disperse; the CIs with corn straw biochar were significantly lower than
the others, and ranged from 32.8 m (A8) to 35.3 mm (A2). The CI under CK, B2 and B8
at 60 min was significantly higher than that under the other treatments. In the rice husk
biochar group, the CI under medium addition (B4) was significantly lower than that under
B2 and BS8. At the end of infiltration, the CI under A8 was significantly higher than that
under other treatments, as the soil was almost saturated; thus, there was a slight but not
significant difference in cumulative infiltration among other treatments except A8.
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Figure 2. (A) The cumulative infiltration dynamics under different biochar varieties and addition
rates. (B) The specific cumulative infiltration at different infiltration times. Notes: The different
lowercase letters on each set of columns indicate significant differences at this time (p < 0.05).

3.2. The Relationship between Cumulative Infiltration and Wetting Front Migration

The cumulative infiltration (CI) and the wetting front migration distance (Zy) was
quantified as CI = n"Z, with n” being the shape coefficient. The fitting results are listed in
Table 3. The value of n” reflects the variation of cumulative infiltration with unit wetting
front migration distance. The determination coefficient R? of the regression was over 0.99,
which indicating a good linear relationship between them. The n” value ranged from 0.3229
to 0.3629, as shown in Table 3. Compared to CK, the n” value varied, declining at first
and then increasing with an increased addition rate of both kinds of biochar. The n” value
was highest under A8 and lowest under B4, which revealed that over the course of a unit
wetting front migration distance, the cumulative infiltration was greatest with 8% maize
straw biochar, while it was lowest with 4% rice husk biochar.
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Table 3. Fitting coefficient of the relationship between cumulative infiltration and wetting front
migration distance.

Item CK A2 A4 A8 B2 B4 B8
Coefficient n'/ 0.3364 0.3284 0.3233 0.3629 0.3317 0.3229 0.3288
Determination coefficient R 0.9930 0.9981 0.9954 0.9998 0.9993 0.9982 0.9991

3.3. The Simulation of the Infiltration Process

The infiltration process was simulated using the Philip model [17], and the fitting
results are listed in Table 4. The determination coefficient R? of the regression was over 0.995,
indicating that the Philip model accurately simulated the water infiltration of reclaimed
soil with different biochar types and their application.

Table 4. The fitting results of the Philip model.

Treatment Sorptivity Stable Infiltration Rate Determination Coefficient
S/(mm-min—0-5) A/(mm-min—1) R?
CK 6.282 a 0.066 ab 0.995
A2 4.690 ¢ 0.010 e 0.998
A4 4.856 ¢ 0.018 d 0.998
A8 3.980 d 0.031 ¢ 0.999
B2 5.548 b 0.009 e 0.996
B4 4.756 ¢ 0.016 d 0.999
B8 6.197 a 0.076 a 0.999

Notes: the different lowercase letters indicate a significant difference at p < 0.05.

The fitting results of the Philip model are listed in Table 4. In the initial stage, the
infiltration rate was dominated by a large soil matrix potential, and mainly manifested
as the sorptivity. It can be seen from Table 4 that the sorptivity under the treatments was
lower than CK, indicating that the biochar addition retarded the sorptivity. Then, the
infiltration gradually developed to a stable stage, and the stable infiltration rate began to
play a dominant role. The stable infiltration rates were significantly lower than that under
CK except B8, which also reflected the retarding effects of biochar on soil water infiltration.
With the increase in the corn straw biochar addition rate, the sorptivity increased first
and then decreased, while an opposite tendency was observed with rice husk biochar
addition. The stable infiltration rate was enhanced by the increase in both kinds of biochar
addition rates; it varied widely with increasing the addition rate of rice husk biochar, and
increased extremely obviously under B§, being almost 8.4 times of that under B2. Thus, it
can be estimated that soil water infiltration is more sensitive to rice husk biochar and its
addition rate.

The fitting results of the Kostiakov model are listed in Table 5; the determination coef-
ficient R? of the regression was over 0.997, indicating a satisfying simulation performance.
According to the fitting results, the K values of the biochar treatments were lower than that
of CK, and reached a significant level (p < 0.05) except for the case of B8, indicating that the
biochar addition was beneficial for inhibiting initial soil water infiltration. As the addition
rate of biochar increased, the K values first increased and then decreased in corn straw
biochar, while an inverse tendency was observed with the addition of rice husk biochar,
indicating that the soil water infiltration will be differently affected by different biochar
types, and the suitable addition rate threshold for each kind of biochar is different.

Table 5. The fitting results of the Kostiakov model.

Treatment K n' Determination Coefficient R?

CK 7393 a 0.439 ¢ 0.997
A2 4.958 ¢ 0.483 b 0.998
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Table 5. Cont.

/

Determination Coefficient R?

Treatment K n
A4 5.303 b 0.473b 0.999
A8 3.612d 0.539 a 0.999
B2 5.927b 0.482b 0.999
B4 5.055 ¢ 0.479b 0.999
B8 7.153 a 0.438 ¢ 0.999

Notes: 1’ is a dimensionless empirical constant, the different lowercase letters indicate a significant difference at
p <0.05.

3.4. The Simulation of Moisture in the Soil Profile

The one-dimensional algebraic model was used to simulate soil moisture in profile
after infiltration; the simulated soil moisture and observed values are shown in Figure 3. It
can be observed that the soil moisture in profile was decreased with a soil depth increase. In
the 0-15 cm soil layer, the simulated values were essentially consistent with the measured
ones, while the simulated values were smaller than the measured ones in the 15-35 cm
soil layer. The soil moisture in the 0-15 cm layer under treatment with biochar was much
higher than that under CK; in addition, that in the 0-10 cm layer increase with an increase
in biochar application. At the end of infiltration, the surface soil moisture (0-5 cm) was
highest under A8, with 0.52, and lowest under CK, with 0.43.

Soil moisture (cm*-em™)
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Figure 3. The simulated moisture and measured values in the soil profile under different treatments.

The root mean square error (RMSE) and coincidence index (D) are listed in Table 6. The
RMSE between the simulated values and the observed ones ranged from 0.174% to 0.767%,
and the D value under each treatments ranged from 0.543 to 0.756. The results revealed
that the one-dimensional algebraic model could simulate the dynamics of soil moisture in
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profile with biochar addition. It should pointed out that the RMSE under treatments with
biochar addition was much higher than that of CK. Except for A8 and B4, the D value under
other treatments with biochar was lower than that of CK, which indicates that the accuracy
of the one-dimensional algebraic model will decrease with the application of biochar to
soil. Generally, the D value ranged more widely in the rice husk biochar group than in the
corn biochar group, and it was relatively high under A8 with 0.7258 and B4 with 0.7125,
respectively. This verified that the performance of the one-dimensional algebraic model
would also be affected by biochar type and addition rates, especially with rice husk biochar.

Table 6. Simulation accuracy analysis of soil moisture under different biochar additions.

Coefficient CK A2 A4 A8 B2 B4 B8
RMSE /% 0.1737 0.4519 0.5213 0.3907 0.4132 0.3516 0.7668
D 0.6688 0.6589 0.6156 0.7258 0.5430 0.7125 0.5765

4. Discussion

Infiltration is a critical process that influences soil moisture distribution and determines
soil water balance, as well as irrigation water efficient utilization. Biochar addition could
improve the soil’s physical properties, such as soil bulk density, soil porosity and soil
aggregate [23,24], thereby influencing the soil water infiltration process. In this study, the
infiltration process of each treatment varied in extremely similar ways and the cumulative
infiltration curves were highly coincidental at the initial infiltration stage. This could be
explained by the fact that the soil was dry, with a low water content and a high soil matric
potential at the initial stage of infiltration, the soil water infiltration was mainly dominated
by soil conditions, and thus less affected by biochar addition. With the extension of time,
the infiltration duration was prolonged, and the wetting front migration was postponed
with biochar, except in the case of a low addition rate of rick husk biochar. In addition, the
high addition rate of maize straw biochar was beneficial for inhabiting rapid infiltration
and improving the weak water retention capacity of newly reclaimed soil, which was in
accordance with findings of former researchers [25,26]. This might be explained by the fact
that the specific surface area and total pore volume of corn straw carbon are larger than
that of rice husk carbon, and its large specific surface area and porous characteristics lead to
a more significant increase in the adsorption capacity, ultimately inhibiting water transport.
In addition, there were also many results reporting that biochar addition could promote
water infiltration [27-30], which is contrary to the results from our research. This might be
explained by different soil textures, as the tested soil in this study was sandy loam with a
high proportion of sand. The biochar particle may block large pores in the soil, zigzagging
the soil water infiltration path and thereby retarding infiltration process.

In the early infiltration stage, due to the dry soil and large matrix potential, soil water
infiltration was mainly dominated by the action of intermolecular gravity and coulomb
force. As time passed, the infiltration gradually entered the stable stage. Both the Philip
model and the Kostiakov model accurately simulated the water infiltration process of newly
reclaimed soil with added biochar. Both the fitted sorptivity and the stable infiltration rates
under treatments with biochar addition were mostly lower than those under CK, which
indicates that the reducing effects of biochar on infiltration rate existed both in the initial
infiltration rates and in the stable infiltration rates. Zou et al. also revealed the addition
of biochar significantly reduced the initial infiltration rate in the early infiltration stage in
Aeolian sand soil [31]. With the extension of time, the migration distance of the wet front,
and the cumulative infiltration and infiltration rates of biochar treatment were lower than
that of the CK. Li et al. studied the effects of maize straw biochar for infiltration in saline
soil from Hetao irrigation district. Te results showed that biochar addition inhibits the
initial infiltration rate; when the soil reached saturation, the stable infiltration rate with
biochar addition was much higher than that under CK, and the biochar enhanced the soil
permeability in the later infiltration period [32]. The difference might be caused by different
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soil textures and soil salinity values, in addition to the fact that the addition rate in their
study was much lower, with only 1% and 2% of dry soil mass.

According to simulated sorptivity and stable infiltration rate, the soil infiltration
performance was largely influenced by rice husk biochar addition (both the sorptivity
and the stable infiltration rate varied widely). In addition, the sorptivity showed an
opposite trend with the addition of two different kinds of biochar, which indicated that
biochar with different source materials could have widely different roles in influencing the
characteristics of soil infiltration. Therefore, subsequent studies should pay more attention
to the performance of the used biochar and trace the mechanism of biochar influence on
soil water infiltration and distribution at the initial preparation stage.

Biochar addition enhanced surface soil moisture after infiltration. The average mois-
ture in the soil profile with biochar addition was higher than that under CK. In addition,
the higher the biochar application, the better the soil water content situation at profile,
which was consistent with Huang et al.’s [23] and Zeng et al.’s results [33]. This might be
induced by the huge specific surface area and porosity of the biochar, and its hydrophilic
structure, including carboxyl, hydroxyl, and aliphatic double bonds, which give biochar a
strong adsorption and water holding capacity [34]. Liu et al. [35] reported a dissatisfactory
simulation of the one-dimensional algebraic model in the deeper soil layers. In our study,
despite the one-dimensional algebraic model being able to simulate the soil moisture at
surface depth (0-15 cm) well, the simulated soil moisture was much smaller than the
measured values in the 15-35 cm soil layer. It is worth noting that soil moisture was
mainly concentrated in the 0-20 cm layer with a high addition of corn straw biochar, while
the peak of soil moisture under a high addition of rice husk biochar was deeper, around
15-25 cm. This indicated that corn straw biochar was more conducive to soil water conser-
vation at a root depth; however, we should be cautious of deep leakage occurrence when
using rice husk biochar.

5. Conclusions

The tested soil was sandy loam from newly reclaimed land; it is prone to soil erosion
during heavy rainfall, which will increase the soil nutrients’ loss possibility. The main
conclusions are as follows: (1) The soil water infiltration process was improved by biochar
addition; the positive effect of corn straw biochar was better than that of rice husk biochar,
and the effect was enhanced with an increase in the corn straw biochar addition rate.
(2) The Philip model and Kostiakov model accurately describe the water infiltration process
of the newly reclaimed soil with biochar. The retarding effects of biochar on the infiltration
rate were reflected in both the sorptivity and stable infiltration rates. (3) The surface soil
moisture was improved with the addition of both kinds of biochar, and the soil moisture
in the soil profile with biochar addition could be simulated using a one-dimensional
algebraic model.

In summary, corn straw biochar with a high addition rate is beneficial for inhibit-
ing soil water infiltration and improving water retention ability in newly reclaimed soil,
which is a relatively recommended choice for an efficient soil construction in newly
reclaimed land.
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