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ABSTRACT

Soil moisture prediction models on a regional scale can be developed by looking for the relationship between water
balance and basic soil properties such as texture and organic matter. QOur previous research has obtained soil
dielectric properties measurement technology as an estimator of soil moisture that can be done quickly in the field. The
purpose of this study was to apply this technology in estimating the characteristics of soil moisture insitu in the field on
a district scale in Bengkulu Province. The research was conducted for three years in three different districts in
Bengkulu Province. The results of the third year to early October 2021 study showed that land under thicket stands
and oil palm had higher weekly groundwater fluctuations than under rubber. The highest impedace of groundwater
below the thickets and palms are present at depths of 0-20 cm and 0-10 cm, respectively. However thickets have
fluctuations in the depth of total groundwater (0-30 cm depth) that are higher than those of oil palms during three
months of measurement. In contrast, the soil moisture content profile under the rubber stand is relatively more stable
against the influence of weekly rainfall during the measurement. An analysis of the relationship between non-free
variables (field capacity moisture content, permanent wilting point and water available) and free variables (sand, dust,
clay and C-organic) will be carried out in November 2021
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8,951,829 tons of Palm Kernel Oil (PKO) production
INTRODUCTION (Biro Pusat Statistik, 2021).

In addition to abundant production, it also
produces waste in empty fruit bunches of 23% for
each ton of FFB. Of sufficient quantities, it should
be applied as a soil amendment to improve soil health
chemically (Irwansyah et al., 2023). The most
important climatic factors in the growth of oil palm
plants are rainfall, air temperature, air humidity, and
solar radiation. IRHO compiles the classification of
annual water deficits in oil palm cultivation into
several classes as follows (68): 0 — 150 mm (optimal),
150 — 250 mm (still appropriate), 250 — 350
(intermedier), 350 — 400 mm (limit, limit), 400 — 500
mm (critical), and >500mm (non-compliant). Palm
oil requires 5 hours of irradiation per day throughout
the year although preferably for several months there

Introduction to the different covering man-
agement systems such as species or varietas of refer to
the height and plant. Oil palm (Elaeis guineensis Jacq.)
is a plantation commodity that has a crucial role in
the Indonesian economy (Mangoensoekarjo &
Tojib, 2005). The Directorate General of Plantations
in 2018 reported that the progressive development
of the palm oil industry in Indonesia has soared
massively, especially the increase in land area and
oil palm production (Nasution et al., 2023). Long-
term investment in oil palm plantations is the basis
for the high interest of farmers to open up new land
for growing oil palm crops. In 2020, the area of
plantation oil palm land in Indonesia was
affordable 14,586,597 ha, with a production of . o o
44,759,147 tons of Crude Palm Oil (CPO) and are 7 hours of irradiation per day. The minimum
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temperature required for oil palm for vegetative growth is
200 °C and the annual average temperature is 22 —
23 °C for fruit production (Awotoye & Dada, 2011).

Today, more than 12 million tons of natural rubber
are produced annually, which are used in many industries
to produce commercial products such as gloves,
tires, balloons, rubber shoes, mattresses, swimming
caps, catheters and bottle caps (Jitkokkruad et al.,
2023; Husaini et al, 2023; Xu et al, 2023).
According to Law No. 41 of 1999 Forest is an
ecosystem unit in the form of a stretch of land
containing biological natural resources dominated
by trees in the natural fellowship of the
environment, which cannot be separated from each
other (Akbar & Najah, 2022).

Information about the moisture or moisture
content of the soil in the root layers is very important
in evaluating the availability of water for plants, the
rate of erosion and various other hydrological char-
acteristics. Groundwater is one of the physical proper-
ties that directly affects the growth of plants and oth-
er aspects of human life because water is the highest
component of plants and other living things. The
ability of the soil to store water is one of the indica-
tors related to the level of criticality of the land in
supplying water for plant growth, as well as absorb-
ing rainwater that falls to the surface so as not to
cause erosion and flooding. On a laboratory scale,
the research team has managed to find a close rela-
tionship between some of the basic properties of the
soil, such as texture and organic matter, and the soil
moisture content available to plants (Hermawan et
al., 2020). The results of the first and second years
of research (2019-2020) on the field scale showed
that the sand and clay content showed a fairly close
relationship with the water content of the field ca-
pacity and the available water content (Fitriani et al.,
2022).

Models of soil moisture prediction in the field
on a district scale can be developed by looking for
the relationship between water balance and basic
soil properties such as texture and organic matter.
But when implemented on a wide regional scale, the
study of the correlation between components of the
groundwater balance, such as moisture at saturated
conditions and permanent wilting points, with the
basic characteristics of such soils requires a very large
number of samples. Our previous research has ob-
tained soil dielectric properties measurement tech-
nology as an estimator of soil moisture that can be
done quickly in the field even though it is only on a
limited scale in one plantation area. The tool used in
the first year of this reported study showed more accurate
and stable performance than the tools produced in
previous studies (Hermawan et al., 2017).

The specific purpose of this study is to apply
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dielectric technology in estimating soil moisture
characteristics insitu in the field on a district scale in
Bengkulu Province. The urgency of this study is the
need for a model to predict soil moisture characteristics
that have been tested at the district scale through basic
soil characteristics. The benefit of the study is the
availability of information on soil moisture characteristics
for land management purposes related to land suitability
for certain commodities, as well as irrigation and
erosion control measures that need to be carried out
on agricultural land.

MATERIALS AND METHODS

This research was conducted from June to
October 2021 under adjoining stands of shrubs, rubber,
and palm oil in Talang Tengah Village, Pondok
Kubang District, Bengkulu Tengah Regency, Bengkulu.
Map is located in within a three kilometer weather
and soil analysis at the Soil Physics Laboratory of
the Bogor Soil Research Center.

Soil profile observation

Soil profile observations were carried out at
three research sites, namely under the stands of
shrubs, rubber and oil palm in Talang Tengah I
Village, Pondok Kubang District, Bengkulu Tengah
Regency (Figure 1). Thus, there are three profiles
observed at the study site. The soil is dug up with
dimensions (length, width, depth) of 1 x 0.5 x 0.3 m,
the upright cross-section of the soil is described
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Figure 1. Map of this year research location in Pondok
Kubang District, Central Bengkulu Regency, Bengkulu
Province

quantitatively and qualitatively. The profile description
includes the border and thickness of the horizon, soil
color, texture, structure, consistency and root of the
plant in each layer. Characteristics of cover vegetation
(such as staple plants and understory plants) were
also observed around the excavated profiles.
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Measurement of moisture Content in the field

The moisture content of the field soil was
measured using a Dielectrometer (Figure 6) at each
layer of 5 cm to a depth of 30 cm. The measured
value is the dielectric property in the form of ground
electrical impediency (Z, kilo ohm units) measured
by connecting the part of the cable that appears on
the ground surface with a Dielectrometer tool developed
from the second year of research (Figure 5). The Z
value is then converted into groundwater content
(8, g/ g units) using the model, namely:

0=az" (1)

constants a and b are established by performing a
regression analysis between the Z and 0 values of
the disturbed soil instance on the same measurement
day. The Z measurements are performed once a week
to describe the redistribution of precipitated water
within the soil profile during the drying period
(discharge phase, July-October 2021 period). After the
tool is calibrated in the laboratory, the Z values are
further converted using the equation:

0=0,68.2" (2

Figure 2. Dielectrometer tool to measure moisture content
in the field

Measurement of moisture content in the laborato-
rium

The main observation variables in the labora-
tory consist of soil profile characteristics (boundary,
thickness, horizon name, color, texture, structure,
consistency and root of plants in each layer), in-situ
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moisture content, field capacity moisture content,
permanent wilt point moisture content, pore distribution,
moisture content available to planting,, volume weight,
and ground-water profile. The supporting variables in
this study are particle size distribution, texture class,
soil organic matter content, vegetation type and
characteristics, and weather conditions.

RESULTS AND DISCUSSION

Description of the research location

The research area has been described in
detail which includes geographical position,
village, sub-district, altitude from sea level, and
land units as presented in Table 1. The land obser-
ved and sampled is thickets and agriculture located
in community-owned plantation crop cultivation
areas. Administratively, the land under study is loca-
ted in the area of Talang Tengah Village 1. Pondok
Kubang District, Bengkulu Tengah Regency. The
research site included in the coastal area is located
at an altitude of about 10 m from sea level.

Description of soil profile

Soil profiles at the three study sites are
presented in Figure 4. The soil profile at the site of
the thicket and rubber has a black soil layer to a
depth of 30 cm indicating the high content of
organic matter. On the other hand, the soil profile in
oil palm fields is lighter because it has a lower
organic matter content. The distribution of root is
also deeper on the soil under thickets and rubber,
while under the palm it is found only at a depth of
0-20 cm. Such differences in soil profile are likely
to affect the characteristics of groundwater between
thickets and rubber and oil palm.

The results of the research implementation
that have been achieved in the third year (Year
2021) include field data, data analysis results, as
well as mandatory external achievements and
additional outputs. The field data that has been
obtained is electrical impediency measurement data
that has been converted to soil moisture content data
at various depths. The highest water content at all
three sites occurred on July 13, 2021 because the
weekly rainfall at the time of measurement reached
240 mm (Figure 5). In contrast, the lowest groundwater
content was obtained on August 1, 2021 because
no rain fell in the last one before the measurement.
The pattern of changes in groundwater profile as in
Figure 5 is in line with the results of the study in
the previous two years (Hermawan et al., 2016),
and its relationship with rain according to the
findings (Klik et al., 2015).

35



36

Hermawan, Putri, Agustian, Hasanudin

Table 1. Summary of three location

Sample Coordinate

Variables
Shrub Harvest Palm Oil
) 3°41° 497 S 3°42°03” S 3°41°55” S
Coordinates 0 0 0
102" 19’ 22” E 102°19° 03” E 102°19° 03” E

Vallage Talang Tengah I, Pondok Talang Tengah I, Talang Tengah I, Pondok

& Kubang Pondok Kubang Kubang
Province Central of Bengkulu Central of Bengkulu Central of Bengkulu
Pt of Bengk- 15 15 km 15 km
u City
Latitude 10 m 10 m 10 m
Vegetive Shrub Harves Palm oil
Age of Current 15 years of study 20 years

Figure 3. Three level of soil darkness for the contribution of soil carbon
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Figure 4. A relation between slow-drainage pores and
particle density of study soils

The results of field data analysis show temporal
fluctuations in water depth in the soil profile as pre-
sented in Figure 6. The amount of water stored in
the soil profile was consistently higher under the
bush than under rubber and oil palm during the three
months of measurement. These findings reinforce the
growing assumption in communities that there has
been a reduction in water resource stocks when for-
est and scrub areas are cleared into plantations such
as oil palm. However, this finding also shows that
the reduction in water resources in plantation areas
is not only caused by oil palm commodities but also
occurs in rubber commodities. That is the main point
of the decline in water resources is the transition of
forests and shrubs to plantation land without differ-
entiating the commodities cultivated.
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Figure 5. Rainfall and temporal changes into weekly soil
water content

Figure 5 above shows that weekly soil moisture un-
der thicket stands and oil palms is more volatile ac-
cording to rainfall fluctuations than below rubber
stands. In other words, the presence of water in vari-
ous layers within the soil profile of the shrub and oil
palm is more volatile following the rain event than in
the profile of rubber soil. The phenomenon of fluc-
tuations in soil clearance in different layers under
different stands can be explained from the pore size
distribution data. The soil profile under the scrub stand has an
average total porosity of 61.2% in six layers, below
the rubber stand on average 61.4%, and below the oil
palm an average of 55.8%. However, temporal fluctua-
tions in soil moisture seem to be more influenced by
the moisture content available to plants, the higher the
water content available, the more stable the presence
of water in the soil when there is a change in rainfall.
Under the bush, the average available moisture content
in the profile is only 13.6% while below palm oil it is
13.7%, much lower than the average available mois-
ture content of 15.3% below the rubber stand. The higher
volume of water available to plants under rubber caus-
es its content per soil volume to not change much
when rain occurs or does not occur in one week.

In the third year of research implementation, the
research output in the form of a prototype of a Die-
lectrometer tool measuring soil moisture content has
worked well and its performance in the field is much
more stable than the tool produced in the previous
two years of research (2019 and 2020). The tool de-
veloped in 2021 has three alternatives to moisture
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data storage. First, the data is not stored but rather
displayed directly on the digital screen of the tool
and recorded manually. Second, data is sent to the
internet of things (IoT) and stored in cloud storage,
then downloaded via mobile phones and laptops.
Third, data is sent via IoT and can be used to operate
mechanical systems remotely, for example to open
and close irrigation water taps automatically. The
use of dielectric sensors to determine soil moisture
has also been carried out by previous researchers
(Kargas et al., 2017).

The 4th Generation Dielectrometer tool
produced in 2021 has been successfully integrated
with the irrigation network system so that water
feeding can be carried out automatically according
to the level of soil dryness. When the water content
is close to 50% of the field capacity condition, the
irrigation water tap will open, and will close again
when the groundwater content has risen close to the
field capacity. The performance of the tool has
been running well.

CONCLUSION

Soil moisture prediction models on a regional
scale can be developed by looking for the relation-
ship between water balance and basic soil properties
such as texture and organic matter. The results of
the third year to early October 2021 study showed
that land under thicket stands and oil palm had high-
er weekly groundwater fluctuations than under rub-
ber. The highest temporal fluctuations of groundwa-
ter below the thickets and palms are present at
depths of 0-20 cm and 0-10 cm, respectively. How-
ever thickets have fluctuations in the depth of total
groundwater (0-30 cm depth) that are higher than
those of oil palms during three months of measure-
ment. In contrast, the soil moisture content profile
under the rubber stand is relatively more stable
against the influence of weekly rainfall during the
measurement.
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