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Water seepage rate in composted soil
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ABSTRACT

ARTICLE INFO

Water infiltration is one important factor for plant growth. Water that
cannot seep into the pores of the soil creates a pool of water so that soil
permeability is low. From these conditions, it is necessary to conduct
research to determine the rate of water seepage in the soil. This study
aims to analyze. The rate of water seepage on the ground by utilizing the
difference in floating voltage. Based on the difference in floating voltage,
two-dimensional modeling of the stress distribution and the distribution
of water infiltrate time into the ground using the method of adding
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water repeatedly. The sample in this study consisted of 2 types of soil, Fl(?atlng Voltége
S . . Soil Permeability
compost and sand. Land with high permeability can increase the rate of .
. . . . Water Infiltration Rate
infiltration thereby reducing the rate of water. The results of this study
Water Seepage

concluded that the pore size and particle arrangement greatly affect the
rate of water seepage. This is an open access
article under the CC BY

license.
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1. INTRODUCTION

The expansion of agricultural land in Indonesia is currently experiencing many obstacles due
to the conversion of productive land into non-agricultural activities such as housing [1], industry [2],
and business [3]. This is one of the drivers of biodiversity loss. To expand agricultural land
commodities, land use is directed towards less fertile marginal lands [4, 5].

Soil, water, and air are important aspects of life, especially in the agricultural sector.
Therefore, the condition of land, water, and air must always be maintained so that they can be used
according to their function [6-8]. One aspect that can influence soil fertility is the rate of water seepage
(permeability) in the soil. Each type of soil has different permeability capabilities [9, 10]. In
agricultural exploration, the parameters of porosity and permeability are critical in water infiltration.
This is because porosity is the main variable for determining the amount of fluid reserves contained in
soil [11-13]. At the same time, permeability is a variable that determines the extent of the soil's ability
to drain water in porous media or soil [14, 15]. Measuring the rate of water seepage is very important
in the agricultural sector, for example, the entry of water into the soil, the movement of water to plant
roots, the flow of drainage water, and the evaporation of water on the soil surface, these things greatly
influence soil permeability [16-18]. The ability of the soil to absorb water is reflected in the vegetation
on the surface of the soil. Vegetation function can effectively reflect the soil's ability to maintain or
increase infiltration rates and indicate the ability to hold water or water retention capacity. The type of
soil that is classified as fast in absorbing water is compost soil because compost soil contains organic
material that has a high water-holding capacity [19, 20].

Previous research was conducted by Siregar et al. (2013), from the results of analysis and
measurements of permeability rates in the laboratory and field, it can be categorized that the
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permeability rate in andepts and ultisol soils is relatively slow and the permeability rate in inceptisol
soils is classified as moderate. Thus, inceptisol soil has a greater permeability rate than andepts and
ultisol soil. The greater permeability rate in inceptisol soil is caused by the soil's porosity being greater
than the porosity in andepts and ultisol soils. The soil permeability rate value using the laboratory test
method is 1.34 cm/hour on andepts soil, 3.20 cm/hour on inceptisol soil, and 1.06 cm/hour on ultisol
soil [16].

This modeling of water seepage into the soil was carried out to determine the rate of seepage
into the soil based on the method used. The benefit of modeling water seepage in the ground is to
know the amount of water and the direction of the water that will seep as well as the water tension in
the ground due to the seepage so that water users can get an idea of how to conserve water resources in
the ground so that they are maintained. This research aims to analyze the pattern of seepage
distribution and the length of the wet zone in sandy soil and compost soil through laboratory
observations using the floating voltage method and then compare the results.

2. RESEARCH METHODS

The materials used are water, sand, and compost. The tools used are plastic cups that will be
used for soil media, scales as tool for weighing soil, rulers as a tool for measuring soil height,
measuring cups used to measure water volume, multimeters used to measure voltage in soil, and
Arduino which is connected to a laptop. to analyze the rate of water seepage entering the soil pores.

The research was carried out in a laboratory using sand and compost soil samples. Seepage
rate measurements were carried out using the floating voltage method. The research used 2 samples
with 3 tests. The parameters observed in this research are soil mass, soil volume, water volume, and
the rate of water seepage into the soil.

Soil samples were taken from 2 types of soil. For each type of soil, 3 tests were carried out.
Testing on each type of soil aims to determine the rate of seepage with each watering. The water
seepage rate is measured using an Arduino program connected to a multimeter. After that, 50 ml of
water is added to sample 1's soil media, then the water will seep through the soil pores. To find out if
water has entered the ground, you can look at the water movement graph, where if the graph decreases
drastically, then the water has entered a predetermined limit.

Figure 1. The range of tools used.
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3. RESULTS AND DISCUSSIONS

Different types of soil on various agricultural lands show different results. In Figure 2 the rate
of water seepage in sandy soil is very slow, in test 1 the soil's ability to absorb water is 0.167 cm/s, and
water has seeped through the soil pores. According to Hardjowigeno (2003), one of the factors that
influences soil porosity values is soil texture. Soils that contain more sand have macro pores (larger
pore size) but have small pore spaces so their porosity is low. Porosity greatly influences the seepage
rate, where the smaller the porosity, the smaller the water seepage rate, and vice versa [21]. Sandy soil
contains more sand than compost soil.
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Figure 2. Results of water seepage rate analysis in test 1.

In the second test (see Figure 3), the sandy soil absorbed water more slowly, namely 0.04
cm/s, this was because the soil was at its optimum water content so that it reached the densest state.
The permeability will decrease with increasing density levels and will reach the smallest value at
optimum water content [22]. In dense soil, the influence of water on the soil is very small. The denser
the soil, the slower the seepage rate will be.
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Figure 3. Results of water seepage rate analysis in test 2.

In the third test using sand soil samples (see Figure 4), the seepage rate was faster than in the
second test. The third test seepage rate is 0.05 cm/s. At a higher water content, the level of soil density
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will decrease because the soil pores become filled with water so that the water absorbs more quickly.In
general, it can be seen that water permeation in compost soil is faster than in sand soil. The seepage
rate in the first test was 0.185 cm/s, in the second test 0.07 cm/s, and the third test 0.04 cm/s. The rate
of water seepage is also influenced by the amount of organic material found in the soil. By adding
compost to the soil, the soil will become loose so it is easier to carry water into the soil. Soil with a lot
of organic material content has a higher ability to hold water so that the seepage rate increases [23].
This is to the statement of Hakim et al (1986) [24] which states that organic materials influence the
physical properties of soil, including increasing the ability to hold water, turning the color of the soil
from brown to black, stimulating aggregate granulation, and solidifying it, and reducing plasticity,
cohesion, and properties. Another bad thing about clay.
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Figure 4. Results of water seepage rate analysis in test 3.

After conducting a correlation test for the relationship between the rate of water seepage in
samples of sand soil and compost soil, it was concluded that the rate of water seepage in sand soil was
longer than in compost soil. This is because sandy soil has low porosity. With low porosity,
permeability is also low.

0.2
0.18

» 0.16
0.14
0.12

0.08
0.06

Water seepage rate (cm/s
=
ey

g

0.02

1 2 3
Figure 5. Rate of water seepage in compost soil.
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Composted soil has a denser soil density so it absorbs water quickly. The seepage rate is also
influenced by the amount of organic material contained in the soil. From the graph above it can be said
that permeability will decrease with increasing soil density. At the first watering, the soil is in the
compaction phase so the soil is at the highest level of permeability. In the second watering, the water
content in the soil is at an optimum state so that little water is absorbed by the soil, so the seepage rate
is longer because the soil is already dense. In the third test, the water will seep more quickly because
the soil pores are filled with water so the soil is wet/saturated [25].

4. CONCLUSION

The water seepage rate in test 1 of the sand soil sample was 0.167 cm/s, in test 2 it was 0.04
cm/s and in test 3 it was 0.05 cm/s. while the rate of water seepage in the compost soil, namely in test
1 was 0.185 cm/s, in test 2 it was 0.07 cm/s and in test 3 it was 0.04 cm/s. A good water seepage
pattern for agricultural land is compost soil because compost soil has a loose soil texture so water can
seep quickly. The pattern of water seepage in sandy soil takes quite a long time. Sand soil has small
porosity which can be seen from the size of the sand particles. Soil density also affects permeability.
The higher the soil density, the greater the soil permeability, and vice versa.
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