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Abstract. In order to study the influence of the initial moisture content on the parameters of the infiltration
model using an indoor soil column test method, and the relationship between the initial moisture content
and each model parameter was analyzed by using the Green-Ampt model, the Kostiakov model, and the
Horton model. The results show that there is a certain relationship between the initial water content and the
parameters of the infiltration model. Based on comprehensive considerations, the Kostiakov model is the
best surface irrigation infiltration model, and the Kostiakov model has the best effect when the observation
time is not less than 80 minutes to simulate the soil infiltration process.

1 INTRODUCTION

The process of soil infiltration determines the amount of
precipitation or irrigation water entering the soil, which
is not only related to the amount of water supplied to the
crop in the current season, but also to the amount of deep
water used by the crop after water supply. The study of
soil infiltration characteristics is of great significance in
agricultural science and tehnology. Soil infiltration is
affected by factors such as initial soil moisture content,
soil texture, and water depth.

This article aims to analyze the effects of soils with
different initial moisture content on infiltration model
parameters for indoor soil column tests under changes in
initial moisture content and cumulative water content.
The purpose is to prove the qualitative relationship
between the initial moisture content and the parameters
of each infiltration model.

2 Materials and methods

2.1 Experimental method

The testers took soil from the Tianjin Agricultural
College's farmland test base and selected soil at the same
depth from the ground (to ensure the same soil texture).
After air drying, rolling, and passing through a soil sieve
with a 2mm aperture, the purpose of uniform mixing is
achieved. We assume that the moisture content of the
soil after air-drying is 1.5%, and the initial soil moisture
content levels of the four soils are set at 6%, which are
7.5%, 13.5%, 19.5%, and 25.5%, respectively. The soil
column used in the test was formed by bonding a 7cm-
high base with three soil columns 20cm, 20cm, and
30cm in height, all of which were 10cm in diameter.
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Before the test, according to the assumption of air-dried
soil moisture content, set soil moisture content, ideal soil
dry weight, ideal water weight, actual soil dry weight,
actual soil weight, soil column volume (10cm diameter,
60cm high cylindrical volume), soil Bulk density
(1.4g/cm?) calculate the amount of water to be added and
the amount of soil to be taken, and measure them. Use a
tray balance to weigh the required dry soil weight, place
it in a large enough container, and mix the four groups of
water and soil evenly. Then cover it with a plastic
tarpaulin and keep it sealed. Before loading the soil
column, use medical tape to mark every Scm to facilitate
the measurement of the wetting front. After the soil
moisture is evenly distributed, divide it into 12 layers
(S5cm each) according to the design bulk density
(1.4g/cm?®), weigh the soil weight added to each layer,
and load it into the test soil column (the foundation is
filled with sand).

Before the experiment, the soil column was irrigated
so that the water level was 5 cm above the soil surface,
and the time was counted when the water no longer
dropped significantly. When the water surface is
significantly lower than the Scm mark, start adding water
so that the water surface reaches the mark, and record
the time and amount of water added to measure the
wetting front. The test ended after 12 hours.

2.2 Analytical methods

There are many formulas for estimating the infiltration
rate, which can be divided into semi-theoretical and
semi-empirical models and empirical models. The
commonly used semi-theoretical and semi-empirical
models are the Green-Ampt model and the Philip model.
The more widely used empirical models are the
Kostiakov model and the Horton model.
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The Green-Ampt infiltration formula, which is
specifically expressed as
t=_1-{l(t)—_bln(l+l(t)'l°)} (D
i i b

b is the parameter of the Green-Ampt formula and i. is
the stable infiltration rate. The soil infiltration
characteristics can be calculated as long as the soil
saturation conductivity and the suction force of wetting

peak surface are obtained.

The Kostiakov infiltration model can effectively
describe the infiltration process in the short-term range,
but it is not suitable for long-term infiltration study. It is
expressed as

I(t) = Kz® + f,z(mm) 2

The three parameters of the Horton model are
determined based on the measured data. It can present
the infiltration of soil factors to the affect of
infiltration.It is expressed as

i(t)zic_f—(io_ic)'eiﬂt (3)
and
I(t)zict_;(io_ic)'eﬂt+;(i0_ic) (4)

In the formula: i is the initial infiltration rate.
Philip's infiltration model is

i@z%ﬁ“+A (5)

and
I(t) = St"* + At (6)

which is only applicable to the case of one-dimensional
vertical infiltration of homogeneous soil.

The total infiltration water and infiltration speed were
calculated based on the accumulated time, cumulative
water addition and wetting front value recorded in the
test, and the simulation values were calculated according
to the three infiltration model formulas. Calculate the
square error between the simulated value and the actual
value, and use programming solve to minimize the
square error to calculate the optimal parameters.

3 Results and discussion

3.1 Effect of initial moisture content on
infiltration rate and cumulative infiltration
process

After the test, the soil in the two soil boxes was taken out
every 5 cm previously set, and the actual data of the four
soil columns were obtained. The actual initial water
contents of the four soil columns were 6.3%, 11.0%,
14.5%, 19.6%. Through the subsequent series of data
analysis, the relationships shown in Fig.1 and Fig.2 are
obtained. We can clearly find that the initial water
content has similar effects on the infiltration rate and
cumulative infiltration process. On the one hand, the soil
column with an initial moisture content of 19.6% has the
slowest change in infiltration rate and cumulative
infiltration volume with time and is also the slowest

when compared with the other three soil columns.
However, a soil column with an initial water content of
6.3% has the fastest infiltration rate and cumulative
infiltration volume over time and the fastest comparison
with the other three soil columns. In the longitudinal
comparison, the soil columns with different initial
moisture contents showed an increasing trend with time.
On the other hand, when the four soil columns are
compared horizontally, with the increase of the initial
water content, their infiltration rate and cumulative
infiltration rate change more slowly with time, and they
gradually decrease. In addition, the maximum and
minimum values of infiltration rate and cumulative
infiltration water were obtained in two soil columns with
an initial water content of 6.3% and an initial water
content of 19.6%, respectively.
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Fig. 1. Relationship between infiltration volume and time at
different initial moisture contents.
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Fig. 2. Relationship between cumulative water addition and
time at different initial water cuts.

3.2 Effect of initial moisture content on
parameters of infiltration model

3.2.1 Effect of initial water content on parameters
of Green-Ampt infiltration model

The actual cumulative time obtained through
experiments is compared with the simulated cumulative
time calculated by formula (1), then sum the square of
the difference between them, and solve it in excel, and
minimize the sum by changing the parameter values. The
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data obtained from the four soil columns were subjected
to the same operation, and the relationship between the
different initial moisture content and the parameters b
under this formula was obtained. The results are shown
in Fig. 3:
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Fig. 3. Influence of different initial moisture content on
parameter b.

It can be seen from Fig. 3. that the parameter b has a
significant linear negative correlation with the initial
water content, and the correlation coefficient reaches
0.9012. That’s means the parameter b decreases with the
increase of the initial water content.

3.3 Effect of initial moisture content on
parameters of Kostiacov infiltration model

The actual cumulative infiltration amount obtained
through experiments is compared with the actual
cumulative infiltration amount calculated by formula (3),
then the square of the difference between them is
summed, and use the same method described above to
minimize the sum. Combining the four soil columns, we
can see that f0 is always 0, so we don't consider the
effect on f0, and the experimental results show that the
initial water content has little effect on the parameter a.
Therefore, the influence on parameter a can be ignored
in the analysis, and parameter a can be regarded as a
constant. The relationship between the parameter K and
the initial water content is shown in Fig. 4:
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Fig. 4. Influence of different initial moisture content on
parameter ic.
It can be obtained from Fig. 4. that the parameter K
has a significant linear negative correlation with the

initial moisture content, and the correlation coefficient is
0.9957. That is means the parameter K decreases as the
soil moisture content increases.

3.4 Effect of initial water content on parameters
of Horton infiltration model

The actual cumulative infiltration amount obtained
through experiments is compared with the actual
cumulative infiltration amount calculated by formula (5),
then the square of the difference between them is
summed, and use the same method described above to
minimize the sum. Combining 4 soil columns, we can
get the influence of different initial water content on the
parameters ic, i0 and B under this formula. The results
are shown in Fig. 5, Fig. 6, and Fig. 7:
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Fig. 5. Influence of different initial moisture content on
parameter ic.
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Fig. 6. Influence of different initial moisture content on
parameter i0.
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Fig. 7. Influence of different initial moisture content on
parameter 3.



E3S Web of Conferences 189, 01011 (2020)
ASTFE 2020

https://doi.org/10.1051/e3sconf/202018901011

From Fig. 5, Fig. 6, and Fig. 7, the parameters ic, i0,
and B are significantly negatively correlated with the
initial moisture content. Among them, the absolute value
of the slope of the image in Fig. 6 is the largest, followed
by Fig. 5, and finally Fig. 7, and the correlation
coefficient also shows the same law. That is means the
decreasing trend of i0 with the increase of the initial
water content is the most obvious, and the decreasing
trend of B is the second, and the decreasing trend of B is
the last.

3.5 Influence of initial water content on
parameters of Philip infiltration model

The actual cumulative infiltration amount obtained
through experiments is compared with the actual
cumulative infiltration amount calculated by formula (5),
then the square of the difference between them is
summed, and use the same method described above to
minimize the sum. Combining 4 soil columns, we can
get the influence of different initial moisture content on
the parameters S under this formula. The results are
shown in Fig. 8 :
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Fig. 8. Effect of different initial moisture content on parameter
S.

It can be obtained from Fig. 8 that the parameter S
and the initial moisture content have a significant linear
negative correlation, and the correlation coefficient is
0.9745. That’s means the parameter S decreases as the
initial moisture content increases.

4 Conclusion

In the three models, most of the affected parameters
decrease with increasing initial water content. According
to the fitting effect, the Kostiacov infiltration model
formula is better, because there is only one affected
parameter, and the linear correlation coefficient between
this parameter and the initial water content is the largest,
and the effect of the initial water content can be better
observed.
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