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ABSTRACT

Plants, water, and peat soil interact to form peatland ecosystems, which are composed of
these three interrelated elements. The water balance of peatlands is significantly influenced by
the capillarityof the peat soil. This study attempts to ascertain the impact of depth on applying
subsurface water retention technology (SWRT) membrane on capillary action based on
moisture of peat soil in differentland uses. A completely nested randomized design was utilized
in this investigation to avoid bias of thedifferent degree of decomposition between land uses.
The type of land use—namely, shrubs (PL1) andagricultural land (PL2) was the first account.
The position of the membrane (its depth), which was set at -20 cm (D1), -30 cm (D2), and -50
cm (D3) and in addition to a control treatment without membrane installation (DO0), was the
second account. Three times each experimental unit was repeated. The YL-100 soil moisture
content sensor, which is powered by Arduino, presented the research results. Arduino can
produce digital values with a range of 0 to 1023 by converting moisture values that were output
as analog signals into digital values using an analog to digital converter (ADC) with a resolution
of 10 bits. The outcome revealed that soil moisture content increasing up to the peat soil layer
of 5 to 10 cm until the fifth day of observation due to rainfall along our study that increased

the flux of waterflow into the peat soil.
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INTRODUCTION

Peatland is one form of swampland
typology based on the nature and characteristics
of the soil. Kalimantan Island has the second-
largest area of peatland after Sumatra with 4.54
million ha or 33.8% of all the peatland in
Indonesia. The smallest areas of peatlands are
in the provinces of South Kalimantan and East
Kalimantan with an area of 46,294 and 181,809
ha, respectively (Anda et al., 2021). The
existence of peat soil layers with bulk densities
less than 0.1 g cm? is one of the traits that
distinguish peatlands apart from other types of
land. Peat soil is a type of organic soil created
by the accumulation of plant detritus and
organic material that has only partially or not
decomposed yet. Low nutritional status, high
acidity (low pH), and some fragile physical
attributes are certain characteristics of peat
soils. The significant variation in rainfall has a
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significant impact on the composition ofsoluble
organic matter in wet tropical peatlands(Bispo
etal., 2016).

Capillary water in peatlands is essential
for keeping the peat soil's top layer moist and
supplying water to plants' roots when it enter
the dry season. In the dry season, capillary
movement could fail to reach the peat's topmost
layer, which would render hydrophobic on peat
soil. The inability of the surface of peat soil
particles to retain water after drying is known
as hydrophobicity. When the ratio of
hydrophobic to hydrophilic components rises,
hydrophobicity might result. According to
research by (Nugraha et al., 2016), a peat water
table of -80 cm marked the starting point of
hydrophobicity, which was accompanied by a
7.25% increase in the ratio of hydrophobic
groups. As shown by a reduction in the ratio of
hydrophobic groups by 11.69%, peat soil with
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peat water table of -30 cm did not experience
hydrophobicity.

The research also provided information
about how the capillarity of peat soil water
reduced at peat water table -80 cm, as indicated
by the lowest water content in the upper layer
of 37%. In contrast, peat soil capillary water at
TMA -30 cm can reach the greatest value of
water content in the surface layer to 308%. In
peatlands, a quite-deep reduction of peat water
table can interfere with the capillarity of soil
water. In line with this, Kurnain (2019) shown
that the maturity level of the peat has an impact
on how much moisture is present in the
acrotelm peat layer -the layer of soil that is
permanently placed above the peat water table
throughout the year.

Membrane technology for soil water
retention, or so-called soil water retention
technology (SWRT) as a solution to the issue of
soil water availability has been widely
proposed. Typical applications involve the
addition of asphalt in the root zone (Hansen &
Erickson, 1969), hydrophilic polymer gels
(Silberbush et al.,1993), clay in the top layer of
soil (Ismail & Ozawa, 2007), and the latest
SWRT application is the implementation of
impermeable polyethylene (PE)membranes in
the root zone (Churchman &Landa, 2014).

The water use efficiency and eggplant
production increased by 6% and 52%,
respectively, as a result of Almasraf & Salim,
(2018) research, which positioned the SWRT
membrane at a depth of -35 cm in sandy loam
soil. Additionally, irrigation water savings in
SWRT membranes ranged from 44% instead of
those in conventional membranes. Hommadi et
al., (2021) the use of SWRT membranes on clay
soil can cut water use by 7% and result in 15%
higher okra yields than when no SWRT
membranes were used.

The efficiency of membranes to enhance
crop quality is the main focus of most recent
researches on soil water retention, yet the
membrane was never applied in peat soils
which had distinctive characteristics and
climate. Therefore, the objective of this study
was to ascertain the impact of depth on
applying a SWRT membrane on capillary
action based on the moisture of peat soil in
different land uses.
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MATERIAL AND METHODS

Material

In the preliminary research, the character
of the peat soil was measured to see the
maturity of the peat soil used as a treatment. the
study used the von Post methods to see the
maturity of peat soil. Peat can be broken down
into the following categories based on its level
of maturity (Agus & Subiksa, 2008): (1) Sapric
(highly decomposed) peat refers to peat that had
undergone substantial weathering, the parent
material is no longer discernible, dark brown to
black in color, and when squeezed off, the fiber
content is only 15% (2) Hemic peat (moderately
decomposed) was semi-rotted peat, brown in
color, had a fiber content of 15-75% when
squeezed off, and still contains some
discernible parent material. (3) Fibric (raw)
peat had not yet weathered, was still
recognizably the original material, brown in
color, and when the peat soils were squeezed off
>75% of the fiber remains still.

The other main research material was an
impermeable polyethylene membrane. This
type of membrane was commonly used as a
surface of coating material so that water did not
pass it through, for example, it was used as a
surface coating for the bottom of water
reservoirs and water storage, or water ponds for
fish farming. The type of membrane used in this
research is HDPE (high density polyethylene)
with a thickness ranging from 0.3-0.5 mm. The
tools used in this research include an Arduino
Uno R3 moisture probe and supporting
equipment such as: knives/spoons, markers,
plastic bags; label paper, cloth, and GPS
(Global Positioning System).

Soil moisture was measured at voltage
resolution using the soil moisture sensor YL-
100, supported by Arduino as amicrocontroller.
This circuit board or IC (integrated circuit)
features a 16 MHz ceramic resonator, a USB
port, a power plug, an ICSP header, a reset
button, and 14 digital input/output (1/0) with
the digits 0 to 13. It alsohas six analog input pins
with the symbols AQ to A5. The Analog to
Digital Converter (ADC) function of the
ATmega328 microcontroller allows analog
signals to be transformed into digital values.
The 10-bit resolution of this microcontroller
allows for a total of 1024 (2%°) potential click
values. In other words, this Arduino can
translate input voltages between 0V and
operating voltage (5 V or 3.3 V) into
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integer values between 0 and 1023. To express
soil moisture, These ADC reading were
translated back to voltage following based on
equation of (Bengtsson, 2013).

U= 2ixlooo ............ (1)
Description:

U = Soil moisture’s voltage (mV)
A = ADC reading or integer value (0-1023)
n = bit of resolution on Arduino

Research Procedure

The research was conducted in
peatland, located on Landasan Ulin Utara
Village, Subdistrict of Banjarbaru Utara,
Banjarbaru City, South Kalimantan (-3° 24'
43.7826"; 114° 43" 14.3538"). The
experiment had been conducted for three
months, starting from August to October
2020. Two different land uses, shrubs (PL1)
and agricultural land (PL2), were chosen
for this study's treatment. PL1 had a hemic
degree because when it was squeezed off,
its fiber content was 50% and it was brown
in color, but PL2 had a sapric degree since
its fiber content was only 10% and it was
black in color. For each type of land use,
experimental plots measuring 150 cm long
by 120 cm wide were created. The
membrane is installed in the soil of
experimental plots at a depth according to
the treatment. The soils that had been
installed with the membrane was allowed to
stand for one month to allow the soil to
recover. Furthermore, moistures of peat
soils were carried out for 11 days using an
Arduino Uno R3 moisture probe at every 5
cm interval of soil depth up to 20 cm.

Experimental Design

This study used a completely nested
randomized design to prevent bias from
different degrees of decomposition between
land uses. The first factor was the type of
land use, namely: shrubs (PL1) and
agricultural land (PL2). The second factor
was the location (depth) of the membrane,
which was placed at the depth of the peat
layer, namely: -20 cm (D1), -30 cm (D2),
and -50 cm (D3) plus a control treatment
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without membrane installation (D0). Each
experimental unit was repeated 3 (three)
times.
Analysis data

An analysis of the data was done with
the water content of peat soils as the
primary parameter. The Least Significant
Difference (LSD) test was conducted with
a significant level (a) of 5% after the
analysis of variance. STAR (Statistical
Tool for Agricultural Research) software
was used to conduct the statistical analysis
for this study.

RESULTS AND DISCUSSION

Distribution of Peat Soil Moisture on Depth
of 0-20 cm

The distribution of peat soil moisture is
the utmost importance for hydrological
regulation because they are regulating the
dynamics of nutrients on peatland ecosystems.
In this research, the moisture of peat soil
measured every 5 cm and presented down to -
20 cm below the surface.

The results indicated that mostly on the
observation day-4" to 7", there was a high
dynamics distribution of moisture in peat soil.
Soil moisture was distributed due to water
movement in the pores of the peat soil. The total
porosity of peat soils consists of both fairly
large, between-particle pores that couldactively
convey water and largely remain closed, and
impassable pores constructed from plant cell
remnants obtained from plant detritus(Hayward
& Clymo, 1982; Kremer et al., 2004). Peat was
shown to have permeable and interconnected
macropores, enclosed or closedto some degree
of pores, and impassable or discrete pore spaces
using scanning electron microscopy (SEM).
The dual-porosity phenomenon seen in
macroscopic peat sample scales was caused by
these micro-scale pore structures. One sort of
porosity is called mobileporosity, and the other
was called immobile porosity since it contains
immobile water portion (Hoag & Price, 1997,
Rezanezhad et al., 2012; Rezanezhad et al.,
2017).

The arrangement of peat soil pores
was highly differentiated by the level of
decomposition of peat soils. In this
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research, we found that peat soils that had
undergone agricultural land uses over seven
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climate region, the most decomposed peat
samples release less than 10% of their water to
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Figure 1. The distribution of moisture in peat soil at 0-10 cm

years (PL1) had a high level of decomposition,
or sapric peat. Meanwhile, the peat soils that
has recently experiences openness and has
shrubs as they cover (PL2) had a moderate level
of  decomposition.  These  level  of
decomposition of peat soils took charge on the
gradient of distribution of moisture that
exhibited PL1 in sapric level tended to have
higher dynamic distribution of peat soils
whereas the PL2 in moderate level of
decomposition (hemic condition) had more
moderate distribution of moisture (Figure 1
and Figure 2). The properties of peat soils from
from surface down to the 40-45 cm layer varied
significantly depending on the type of landused.
That differing results consequently triggered
variation level of decomposition had been
caused by changes in drainage and vegetation
cover (Kondnen et al., 2015)

Differentiation of distribution on
moisture of peat soils was also mentioned on
some previous researches. In the temperate
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drainage, whereas undecomposed peat with
high fiber content and a high active porosity
loses up to 80% of its saturated water content to
drainage (Letts et al., 2000). Similar to
temperate region, Kurnain (2015) also
confirmed that tropical peat soils that are more
compacted, have lesser total porosity, are
highly decomposed, and comprise more micro-
pores. The water also will be held in place by
the micro-pores more firmly and release at a
slower rate as a result. Compared to the
subsurface layer of peat soils (50-100 cm), the
distribution moisture of peat soils in surface
layer (0-50 cm) is more dynamic and the higher
level of decomposition of peat soil which had
more micro-pores tend to release water slower
than peat soils with the lower level of
decomposition (Indahyani et al., 2017;
Sajarwan et al., 2021).

The SWRT membranes are beneficial for
peat soil capillarity as well. In order to assess
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Figure 2. The distribution of moisture in peat soil at 10-20 cm

the capillarity in the present study, SWRT
membranes have been installed in accordance
with the peat water table from previous
research. Peat soil moisture could reach the
surface if the peat water table was 40 cm below
the surface (Peraturan Pemerintah RI, 2016).
Previous research states that peat soil moisture
on the surface was still maintained if the peat
water table was 50 cm below the surface
(Nugraha et al., 2016).

The findings demonstrated that in both
PL1 and PL2 treatments, membranes put 20 cm
(D-20 cm) and 30 cm (D-30 cm) below the
surface were effective at preserving the
moisture content of peat soil. Rainfall was able
to be retained below the surface by the SWRT
membrane, which served as an artificial peat
water table in this research, allowing it to rise
to the surface in a capillary action. The natural
water table in peatlands fluctuated depending
heavily on variations in rainfall (Wakhid &
Zainudin, 2019). Apart from rainfall impact,
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alteration in the physical and chemical
characteristics of the peat soil itself had an
impact on water availability in peat soils as well
(Kénonen et al., 2015). These membranes
markedly raised the volumetric water content in
plant root zones, enhancing agricultural yield
and water usage efficiency. The membrane
boosted cucumber and green bell pepper yields
by 20% and 24%, respectively, while also
increasing volumetric water content to 15%
and 18% simultaneously (Smucker et al., 2018).
This study represented soil moisture’s voltage
resolution data. A soil's natural electric field

(electric potential), resistance
(conductivity), electroosmosis, and dielectric
constant were examples of physical and
electrical characteristics of soils. Each
component of soil (solids, liquids and gases)
possessed a distinct capacity to hold electrical
charge, known as its dielectric constant. While
the dielectric of each of these varies, they all
generally had low dielectric properties when

https://doi.ora/10.25077/isolum.20.2.1-54-61.2023


https://doi.org/10.25077/jsolum.20.2.1-54-61.2023

Capillary Action of Water on Peat Soil: (Nugraha dan Kurnain): 54-61

compared to water. We might therefore relate
the volumetric water content to the fact that the
only other substances that significantly
influenced the soil's ability to store charges
when the dielectric sensor measured them were
water and air. Dielectric constant and
conductivity are independent in theory.
However, in reality, diffuse transport and
electrode polarization commonly interact with
one another, particularly in composites,
especially soil in this subject, where there is
also interfacial polarization at the matrix
contact. Due to an increase in ion conduction-
related polarization, the value of the dielectric
constants has increased as well (Ahamad &
Varma, 2010). Therefore, by figuring out the
dielectric constant, the goal of monitoring the
soil moisture could be achieved (Prasasti et al.,
2012; Yu et al., 2021).

Similar mechanisms, such as porosityand
tortuosity occurring in the identical pore
structures, drive the flow of both electrical
current and water in porous media. It was useful
to use soil electrical conductivity measurements
to forecast hydraulic conductivity in
unsaturated soils because soil electrical
conductivity was easily measured. Prior studies
employed a simplified methodology that
simultaneously measured electrical
conductivity and water content. Due to the
inclusion of effective porosity or tortuosity
factors in the electrical conductivity, the
determination of the hydrodynamic parameters
of soil samples can be done more quickly than
using the Mualem-van Genuchten model
(Doussan & Ruy, 2009; Mualem, 1976). Even
the other previous research Niu et al. (2015)
with their electrical conductivity model had a
smaller error rate of results with a root mean
square deviation (RMSD) value of 0.28
compared to the Mualem-van Genuchten model
which had RMSD value of 0.97.

In this study, there was no significant
effect of the moisture content of the membrane-
treated soil to the soil without the membrane. It
was suspected that there were still many
environmental factors that influenced the
treatment during the study. One of them was the
source of water input that is still high from the
rain that continues to occur for five days from
the first day of the study and another factor was
the high groundwater level so that soil moisture
even though the membrane was not installed
would still be maintained until the surface of the
soils.

https://doi.ora/10.25077/isolum.20.2.1-54-61.2023

p-ISSN 1829-7994
e-ISSN 2356-0835

CONCLUSION

The results showed soil moisture content
increased up to the peat soil layer of 5to 10 cm
until the fifth day of observation that due to
rainfall over the course of our study, which
increased the flux of water flow into the peat
soil. Peat soils near the surface that are in
frequent touch with the top environment have
greater resilience due to interaction of
membrane depth and land use type, which could
make them more susceptible to quickoxidation
if not effectively managed by proper
technology.
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