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Capillary Action of Water on Peat Soil Applied SWRT Membranes in Different Land Uses 

Muhammad Imam Nugraha1), Ahmad Kurnain2)*
1)Program Studi Agroekoteknologi, Fakultas Pertanian, Universitas Lambung Mangkurat
2) Program Studi Ilmu Tanah, Fakultas Pertanian, Universitas Lambung Mangkurat
Jl. A. Yani Km 35.5, Banjarbaru, Kalimantan Selatan, 70714
*Korespondensi Penulis: akurnain@ulm.ac.id
Submisi: ……, Review: ……, Diterima (Accepted): …..

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 capillarity of 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 different land uses. A completely nested randomized design was utilized in this investigation to avoid bias of the different degree of decomposition between land uses. The type of land use—namely, shrubs (PL1) and agricultural 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 (D0), 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 water flow 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-3 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 significant impact on the composition of soluble organic matter in wet tropical peatlands (Bispo et al., 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 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.
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 a microcontroller. 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 (I/O) with the digits 0 to 13. It also has six analog input pins with the symbols A0 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 (210) potential click values. In other words, this Arduino can translate input voltages between 0 V and operating voltage (5 V or 3.3 V) into 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).

		………… (1)
Description:
U 	= Soil moisture’s voltage (mV)
Δ	= 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.	Comment by Agustian Agustian: Jelaskan tingkat kematangan gambut pada pada kedua jenis penggunaan lahan yang digunakan, karena ini Faktor utama dalam rancangan percobaan yang dipakai. 

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 without membrane installation (D0). Each experimental unit was repeated 3 (three) times.	Comment by Agustian Agustian: Disarankan tidak menggunakan rancangan percobaan Faktorial dalam penelitian ini, karena pada ke-2 jenis penggunaan lahan tingkat kematangan gambut tidak sama.
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 (α) 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-4th to 7th, 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 could actively 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 closed to 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 mobile porosity, 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 research, we found that peat soils that had undergone agricultural land uses over seven
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 land used. That differing results consequently triggered variation level of decomposition had been caused by changes in drainage and vegetation cover (Könönen et al., 2015)Shrubs (PL1)
Agricultural land (PL2)
(a)*
Shrubs (PL1)
Agricultural land (PL2)
(b)*
Note: 	Soil moisture at 0-5 cm (a) and 5-10 cm (b); Membrane treatment        D-0 (●), D-20 (■), D-30 (▲) and D-50 (♦)
[bookmark: _Ref135104524]Figure 1. The distribution of moisture in peat soil at 0-10 cm

Differentiation of distribution on moisture of peat soils was also mentioned on some previous researches. In the temperate climate region, the most decomposed peat samples release less than 10% of their water to 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 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).[bookmark: _Ref135104532]Figure 2. The distribution of moisture in peat soil at 10-20 cm
Note: 	Soil moisture at 10-15 cm (c) and 15-20 cm (d); Membrane treatment        D-0 (●), D-20 (■), D-30 (▲) and D-50 (♦)
Shrubs (PL1)
Agricultural land (PL2)
(c)*
Shrubs (PL1)
Agricultural land (PL2)
(d)*

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, alteration in the physical and chemical characteristics of the peat soil itself had an impact on water availability in peat soils as well (Könönen 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 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 porosity and 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.
CONSCLUSION
The results showed soil moisture content increased up to the peat soil layer of 5 to 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 quick oxidation if not effectively managed by proper technology.	Comment by Agustian Agustian: Dalam hal ini tidak bisa digunakan rancangan Faktorial karena tingkat kematangan gambut pada PL1 dan PL2 tidak sama. Rancangan Faktorial hanya bisa digunakan pada percobaan dimana tingkat kematangan kedua penggunaan lahan adalah sama. Disarankan untuk tidak menggunakan rancangan percobaan dalam penelitian ini!!
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Soil moisture's voltage (mV)



D-0	1	2	3	4	5	7	9	11	1	2	3	4	5	7	9	11	681.31510416666663	710.7204861111112	698.0251736111112	621.8532986111112	620.76822916666663	631.0763888888888	577.1484375	646.7013888888888	697.37413194444446	715.49479166666663	684.02777777777783	645.7248263888888	680.33854166666663	610.24305555555554	603.2986111111112	698.67621527777783	D-20	1	2	3	4	5	7	9	11	1	2	3	4	5	7	9	11	683.59375	724.609375	656.14149305555554	709.30989583333337	621.41927083333337	679.25347222222217	592.44791666666663	652.99479166666663	706.16319444444446	713.8671875	620.65972222222217	629.34027777777783	643.88020833333337	607.31336805555554	467.23090277777777	727.64756944444446	D-30	1	2	3	4	5	7	9	11	1	2	3	4	5	7	9	11	675.67274305555554	652.23524305555554	672.74305555555554	700.30381944444446	735.3515625	650.93315972222217	634.5486111111112	631.94444444444446	698.67621527777783	716.90538194444446	681.74913194444446	664.71354166666663	839.51822916666663	605.14322916666663	492.62152777777777	662.00086805555554	D-50	1	2	3	4	5	7	9	11	1	2	3	4	5	7	9	11	710.82899305555554	691.84027777777783	662.76041666666663	635.5251736111112	564.12760416666663	590.49479166666663	615.66840277777783	656.14149305555554	712.34809027777783	699.11024305555554	700.1953125	671.44097222222217	611.328125	601.88802083333337	553.4939236111112	668.51128472222217	Observation on day-


Soil moisture's voltage (mV)



D-0	1	2	3	4	5	7	9	11	1	2	3	4	5	7	9	11	665.69010416666663	722.98177083333337	689.88715277777783	670.1388888888888	618.48958333333337	637.80381944444446	593.5329861111112	649.4140625	706.59722222222217	703.77604166666663	681.8576388888888	632.37847222222217	687.82552083333337	618.27256944444446	549.47916666666663	644.42274305555554	D-20	1	2	3	4	5	7	9	11	1	2	3	4	5	7	9	11	710.28645833333337	726.01996527777783	683.48524305555554	728.19010416666663	661.45833333333337	651.69270833333337	609.1579861111112	678.16840277777783	708.87586805555554	742.73003472222217	658.52864583333337	654.94791666666663	883.13802083333337	628.25520833333337	479.92621527777777	666.12413194444446	D-30	1	2	3	4	5	7	9	11	1	2	3	4	5	7	9	11	673.93663194444446	668.61979166666663	657.66059027777783	723.19878472222217	622.39583333333337	667.42621527777783	624.7829861111112	663.8454861111112	726.3454861111112	721.78819444444446	738.28125	643.12065972222217	642.578125	616.53645833333337	554.6875	727.10503472222217	D-50	1	2	3	4	5	7	9	11	1	2	3	4	5	7	9	11	719.18402777777783	682.50868055555554	686.41493055555554	664.60503472222217	615.55989583333337	626.84461805555554	639.10590277777783	650.6076388888888	715.49479166666663	722.00520833333337	697.0486111111112	688.15104166666663	672.20052083333337	633.7890625	564.88715277777783	663.62847222222217	Observation on day-


Soil moisture's voltage (mV)



D-0	1	2	3	4	5	7	9	11	1	2	3	4	5	7	9	11	695.96354166666663	727.86458333333337	776.04166666666663	639.97395833333337	639.97395833333337	666.88368055555554	603.84114583333337	667.86024305555554	708.2248263888888	689.2361111111112	637.9123263888888	637.36979166666663	696.94010416666663	591.36284722222217	560.87239583333337	651.25868055555554	D-20	1	2	3	4	5	7	9	11	1	2	3	4	5	7	9	11	728.7326388888888	762.9123263888888	686.5234375	706.2717013888888	789.38802083333337	631.29340277777783	634.22309027777783	677.08333333333337	715.0607638888888	737.5217013888888	640.95052083333337	670.46440972222217	877.60416666666663	619.79166666666663	543.29427083333337	670.35590277777783	D-30	1	2	3	4	5	7	9	11	1	2	3	4	5	7	9	11	704.96961805555554	708.87586805555554	678.16840277777783	670.24739583333337	636.39322916666663	667.2092013888888	638.23784722222217	642.46961805555554	734.375	734.80902777777783	726.12847222222217	650.49913194444446	660.48177083333337	624.34895833333337	597.54774305555554	676.9748263888888	D-50	1	2	3	4	5	7	9	11	1	2	3	4	5	7	9	11	725.04340277777783	697.4826388888888	689.6701388888888	682.4001736111112	599.93489583333337	653.1032986111112	647.2439236111112	672.74305555555554	723.4157986111112	702.69097222222217	702.1484375	661.3498263888888	747.39583333333337	628.47222222222217	561.95746527777783	661.8923611111112	Observation on day-


Soil moisture's voltage (mV)
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