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Geoelectrical Sounding For Groundwater
Interpretation In Oil Palm Plantation

[Z. B. Caniago?, R. Ekawital, Supanjani2, A. D. Nusantara? & Y.lI. Intara 2]

Abstract— Data on aquifer characteristic is an important
factor in studying groundwater, especially to determine the
capacity of groundwater, which can be stored in the soil layer
and how much that can be utilized. Geoelectrical survey was
applied to observed groundwater at oil palm plantation. The
research was conducted in PT. Bio Nusantara oil palm
plantation, Bengkulu Province, Indonesia especially at 2, 4, 7,
14 and 22 years of mature plant age (TM). As a comparison for
the mature plant age level, the survey was also performed at
the oil palm plantation farm—soccer field, oil palm plantation
farm-residential and oil palm plantation farm- secondary
forest. The result of electric survey on TM2 and TM4 showed
some rocks, clay and dry litter still existed. While at the depth
over than 4 m was dominated by a shallow aquifer. The dry
zone wasn’t found at site of TM7, TM14 and TM22, all sites
was in high soil humidity. The electric survey result at oil palm
plantation farm-soccer field indicated that able to maintain the
balance of soil-water availability, there is a shallow aquifer
zone at the residential site and a water scarcity at secondary
forest site.
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1.  Introduction

Ground water is all water found in a layer of soil or rock
beneath the subsurface which is can be as a future water
resources ( Todd and Mays, 2005; Saleem and El-Sayed,
2015). Groundwater comes from water lies in the soil
surface area (rainwater, lake water and so on) then moves in
to soil layer in recharge area and then flows to discharge
area (Sheriff, 2002; Mays, 2006). Water in the subsurface
will join to form a layer called the aquifer.

Dong, et al. (2013) and Suharto (1997) confirmed that
the availability of water sources is influenced by climate,
morphology, geology and natural vegetation factors in an
area. Vegetation in an area will help the process of water
absorption into the soil (Wahyudi and Moersidik, 2016). The
aquifers in the subsurface are helpful in maintaining soil
moisture levels as they affect production levels in the agri-
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culture in both seasonal and annual crops such as oil palm
(Subramaniam et al., 2014).

The characteristics of the aquifers are important factor to
study a ground water capacity in store and utilize in
subsurface of soil. According to the hydrological cycle, the
aquifer layer has a dual function as a storage and a conduit
medium (Smith et al., 2017).

The studies of the aquifer have been carried out, such as
the level of availability for the future as water source
(Wahyudi and Moersidik., 2016), pollutants in ground water
(Oni et al., 2017), bacterial contamination (Kovacic et al.,
2017; Elfadaly et al., 2017), chemical composition (Salem
and El -Sayed, 2015) etc. Aquifer investigation can be done
by using geoelectric method. This geophysics method is a
useful method of subsurface structure and thickness
investigation, poluttan infiltration, erosive mechanism
(Orlando,  2013; Mohamaden, 2016) etc. Geoelectric
methods as non-disturb method of the observed object result
an electrical resistivity value at each of soil depth (Mostafa
et al., 2017). The resistivity value will be inversely
proportional to the groundwater content (Abidin et al., 2017,
Bhatt and Jain, 2014). Based on the electrical resistivity
value, the aquifers area will be known. So in this paper will
be reported results of investigation of groundwater
characteristics in oil palm plantations using geoelectric
method with the Wenner-Sclumberger configuration.

n. Material and Method

This research was conducted in PT. Bio Nusantara,
Central Bengkulu Regency of Bengkulu Province,
information about geological properties was based on
geological map sheet of Bengkulu (0912) Sumatera scale of
1: 250.000 (Puslitbang Geologi, 1992). The geological map
shows that the geological characteristic of Central Bengkulu
Regency is dominated by sedimentary rocks and volcanoes,
breakthrough rocks and surface sediment. According to
Semi Detailed Map of Central Bengkulu Regency scale of 1:
50.000 update version (BBSDLP 2016) and field
verification indicated that the soil found in Central Bengkulu
Regency according to National Soil Classification
(SUBARDJA et al 2016) consisted of 8 orders with 15
suborders. The suitability according to Keys to Soil
Taxonomy (Soil Survey Staff, 2014) is presented in Table 1.
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Figure 1. Sounding research for groundwater level measurement using
geoelectrical method in PT. Bio Nusantara Bengkulu

Selected oil palm plantation sites were under replanting-
2 years of mature plant age (TM2), under-replanting-4 years
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mature plant age (TM4), 7 (TM7), 14 (TM14), 22 (TM22)
years mature plant age, and oil palm plantation- soccer field
border, oil palm plantation-residential border, and oil palm
plantation - secondary forest border.

The geoelectrical survey was conducted using a 46
channel Resistivity-Induced Polarization meter X612-EM
made by MAE-Italy (Figure 1). This method located
electrodes with 4 m space and 100 m width. Electrodes were
placed parallel (2 m) from rows of oil palm tree, covering 10
oil palm trees. Data processing of the result geoelectrical
measurement was done using software ERTLAB dan
software view Lab3D.

TABLE 1. SOIL IN CENTRAL BENGKULU REGENCY, BENGKULU

color indicating high groundwater content especially for
purple color which assumed as shallow aquifer.

Orders Suborders Subgrup
Organosol Organosol Sapric Typic Haplosaprists
Aluvial Aluvial Sulfic Sulfic Endoaquents %
Aluvial Gleic Typic Endoaquents
Regosol Regosol Distric Typic Udipsamments -
Latosol Latosol Gleic Aquic Dystrudepts
Latosol Oksic Oxic Dystrudepts Figure 2. Geoelectrical measurement result of TM2 site
Cambisol Cambisol Gleic Aquic Dystrudepts TABLE 3. GEOELECTRICAL RESULT OF TM2 (3°36°45.84”SL AND
Cambisol Litic Lithic Dystrudepts 102°17°24.087EL)
Cambisol Distric Fluventic Dystrudepts Typic
Dystrudepts Depth Resistivity Soil Layer Color
Gleiosol Gleisol Sulfiidic Sulfic Endoaquepts (m) (Qm) Configuration
Gleisol Distric Typic Endoaquepts 0-16 300 Assumption: Red
Gleisol Eutric Typic Endoaguepts combination
Nitosol Nitosol Distric Typic Paleudults between sand and
Podsolic Podsolic Kandic Typic Kanhapludults sandy rocks as
Podsolic Haplic Typic Hapludults well as woody
dry litter (dry
Source: Semi Detail Map of Central Bengkulu Regency scale of 1: 50.000 organic)
update version (BBSDLP 2016). 1.6-35 | 155 Assumption: Yellow Orange
combination
n. Results and Discussions petween hard
shard, sand and
The type of soil found in the study sites was cambisol. sandy rocks and
Cambisol was the developed soil, indicated by the A-Bw-C also porous
horizon layer on well drained soil, and the A-Bg-C horizon limestone ~
. L . ] . . 35-5 73.7 Assumption: silty | Green
layers in the inhibited - drained soil (Table 1). Cambisol soil clay
found at various levels was classified as Cambisol Gleic, 5-15.7 | 27.9 Clay, loam and Blue-
Cambisol Litic, and Cambisol District. soft shard
36-11 | 16.7 Preatic layer Purple

The soil texture at the study site as depicted in Table 2
showed high clay content in which clay soil didn’t only had
a large surface but also contained of electric charge. Electric
charge makes clay enable to bind water or plant nutrient on
its surface. This causes clay is able to store water more.
However, clay is also an impermeable layer if beneath the
soil surface.

Each soil surface has a slope that causes groundwater
movement. The free groundwater surface has a hydraulic
gradient, then water will move toward a direction that has a
low gradient. Groundwater movement can be determined by
groundwater flow pattern. Groundwater flow is groundwater
that moves into the space between the permeable soil.
Geoelectrical or vertical electric sounding is conducted to
determine the condition of the subsurface based on
resistivity value.

Figure 2 shows a sounding result of groundwater height
level in the TM2 site of oil palm plantation of PT Bio
Nusantara, Bengkulu. Table 3 presents several color zones at
0-1,6 m of surface depth. Red and yellow color were thought
due to distribution of rocks, clay and dry litter during
replanting while at the deeper side showed blue and purple
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Figure 3 indicates a curve for TM4 under replanting.
There were four colors compositions indicating that there
were five different color zones at each sounding
measurement point at TM4 site (Table 4). The top layer was
dominated with red color and the resistivity was 799 Qm
indicating clay and woody litter (dry organic as under
replanting residue) located at a depth of 0 - 1.36 m below
the surface. That soil layer was easily dry as the oil palm
canopy of TM4 hasn’t optimally coverred the soil from hot
weather. The next layer was hard shale, sand and sandy
rock, and porous limestone at 3.6 m to 7.5 m depth. The
third layer was water saturated sandy clay at 5.7 mto 11. m
depth. The last layer was sandy clay layer which detected at
11 m to 15.7 m depth, this layer had enough water. Sand and
sandy rocks layer only occurred at 3.54 m to 11 m depth and
there was a mixed layer between loam and sand or silty
loam which could also be thought as a groundwater carrier
layer of shallow aquifer or preatic zone.

In more detail, it can be seen that the curve shows some
surface layer (0-0.05 m depth) with green and blue color
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distribution. This indicates root activity of the oil palm in

storing water surface.

TABLE 2. SOIL TEXTURE ANALYSIS RESULT

Plant Location Depth Layer Texture USDA
cm
(cm) CrudeSand | FineSand | Dust | Clay
%

™2 0-20 8 3 49 40 sandy clay
336°45.84”SL 20-40 4 2 20 74 clay
102 17°24.08”EL 40-60 3 1 20 76 clay
TM 4 0-20 6 3 36 55 clay
3 3({’53:-30” SL 20-40 6 3 31 60 clay
10217°24.57” EL 40-60 8 3 35 54 clay

™7 0-20 3 2 57 38 sandy clay

it 20-40 3 2 42 53 sandy clay
} 40-60 2 1 40 57 clay

T™M 14 0-20 8 4 49 39 sandy clay
i()327136’2166 355],'; EL 20-40 14 7 38 41 clay
) 40-60 12 6 30 52 clay
™™ 22 0-20 4 8 22 66 clay
3383.28” SL 20-40 1 2 28 69 clay
102 15°10.96” EL 40-60 1 1 29 69 clay
Oil palm plantation — soccer field: 0-20 5 7 23 65 clay
338°21.38” SL 102 15°51.87” EL 20-40 2 4 25 71 clay
40-60 2 2 25 71 clay
Oil palm - residential: 3 36°53.58” SL 0-20 7 3 33 57 clay
102'17°18.77” EL 20-40 7 3 35 55 clay
40-60 8 3 35 54 clay
Oil palm plantation — secondary 0-20 7 6 27 60 clay

- 2°2K9 9 Oq1xs ¢

leo[est. 336°23.93” SL 102°15°33.15 5020 B 7 58 58 Clay
40-60 12 4 38 56 clay

Model Resistivity

Figure 3. Geoelectrical measurement result of TM4 site

TABLE 4. GEOELECTRICAL RESULT OF TM4
(336°53.30”SL AND 102 17°24.57”EL)

Depth(m) Resistivity Soil layer Color

(Qm) configuration

0-36 799 Assumption clay Red
soil

36-57 419 Assumption: mixed
between hard shard,
sand and sandy
rocks as well as

porous limestone.

Yellow-orange

57-11 206 Assumption: sand Green
or water saturated
gravel

11.0-15.7 | 84.3 Silty clay Blue-

36-11 16.7

Preatic layer Purple
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Analysis result of vertical electric sounding of TM7 is
shown in Figure 4. The curve shows water surface height
level corresponds to the oil palm tree location. Figure 4
shows no red color, where it equals to 1.24 103 ohm-m
indicating dry zone. Even at the depth over 3 m from the
surface area, violet color was found with a high thickness
+ 9 m. The color in Table 5, indicates preatic
groundwater which means that the root system makes a
channel role as nature biopori which can absorb and store
water runoff become groundwater. This can increase soil
fertility by maintaining soil humidity needed by nutrients
and avoid the erosion of the soil surface due to water
runoff.

Figure 4. Geoletrical measurenment of TM7 site
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TABLE 5. GEOELECTRICAL RESULT OF TM7 (3'37°24.48”SL

AND 102°14°33.69”EL)

Depth (m) Resistivity Soil Layer Color
(Qm) Configuration
0-3.9 324 Predicted: sand or Green
water saturated
gravel and wet
organic manure
3.9-157 139 Silty clay Blue-
7.8-15.7 34.4 Preatic layer Purple

Figure 5 is analysis result of TM14 site. TM14 is the
most productive crops age and oftenly used as reference
of water wasteful usage by oil palm tree. Based on the
sounding curve in Table 6, dry zone appears on the
surface area at 0-2 m zone (red and yellow color). This
indicates that the use of water by mature oil palm group
only actives in the surface zone of the soil, whereas in the
depth zone > 2 m the soil tend to be damp (blue color)
and even indicates a shallow aquifer (purple in zone 3,92
m - 15,7 m) . Based on the depth, aquifer is divided into
two, namely, a shallow aquifer with a depth of less than
50 m below the soil surface and deep aquifer at a depth of
more than 50 m (Todd and Mays, 2005).

Figure 5. Geoelectrical measurement result of TM14 site

TABLE 6. GEOELECTRICAL RESULT OF TM14 (3'37°3.26”SL
AND 102°16°16.35”EL)

Depth(m) Resistivity Soil Layer Color
(Qm) configuration
0-2 304 Assumption: clay Red
soil
0-2 161 Assumption: Yellow Orange
mixed of hard
shard, sand and
sandy rocks and
porous limestone
0-2 80.8 Assumption: sand | Green
or water saturated
gravel
2-354 36.7 Silty clay Blue-
3.54-15.7 | 10.3 Preatic layer Purple

The next stage was measurement result at TM22 site
i.e. a group of oil palm tree which will be replanted
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(Figure 6) at PT. Bio Nusantara. The result showed the
absence of dry zone (red or yellow), all parts appear in a
high soil moisture condition. At the soil surface zone, the
water usage activity of TM22 tends to be stable where as
root system and organic residue has been able to maintain
the equilibrium of the groundwater availability. On the
measurement curve, it can be seen purple color at 7.84 m
-15.7 m depth which is peratic zone or shallow aquifer
(Table 7). The older of the plant, the canopy will become
wider and the plant become taller. In addition, the growth
space and soil under the tree will become damper thus
preatic zone is detected. Shallow aquifer at the mature
plants is caused by mechanism of water balance by
planting distance system and root system of the
productive plant.

Figure 6. Geoelectrical measurement result of TM22

TABLE 7. GEOELECTRICAL RESULT OF TM22 (3'38°3.28”SL
AND 102°15°10.96”EL)

Depth (m) | Resistivity Soil Layer Color
(Qm) configuration
0-3.54 89.4 Assumption: sand or Green
water saturated gravel
and wet organic litter
354-15.7 | 337 Silty clay Blue-
759-15.7 | 2.37 Preatic layer Purple

Furthermore, as a comparison, there has been
measurement of vertical electric sounding at certain
locations in PT Bio Nusantara i.e. between oil palm
plantations with soccer field, between oil palm
plantations with residential, and at the location between
oil palm plantations with secondary forest. The result of
the measurement analysis on the oil palm plantation-
soccer field in PT Bio Nusantara showed quite stable
value where the distribution of water scarcity only
occurred on the surface layer while at the subsequent
depth was quite aqueous / damp where the aquifer zone
tend to be too shallow (Figure 7 and Table 8). It was
presumably due to the near measurement location (about
400 m) with the Lemau river (Lemau watershed). On the
measurement curve it also indicated the same thing that
oil palm plant can maintain the balance of crop water
usage and surrounding environment, so that the
surrounding grassland is still able to keep the soil
moisture condition (Figure 7).
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Figure 7. Geoelectric measurement result in oil palm field and soccer

field

TABLE 8. GEOELECTRICAL RESULT OF OIL PALM AND

SOCCER FIELD

(338°21.38”SL AND 102" 15’ 51.87” EL)

Depth Resistivity Soil Layer Color
(m) (Qm) Configuration
0-1 281.0 Assumption: soil | Red
clay
0-4 95.2 Assumption: Yellow Orange
mixed of hard
shard, sand and
sandy rocks and
porous
limestone
0-4 49.8 Assumption: Green
sand or water
saturated gravel
4-39.2 | 212 silty clay Blue-
5-39.3 | 3.08 Preatic layer Purple

The next comparison was measurement on oil palm
field with residential in PT Bio Nusantara (Figure 8). The
result showed red and yellow color at several surface
spots found in residential. However, obvious shallow
aquifer zone was found at 5.88 m- 11.8 m depth (Table
9). This shallow aquifer zone was used by resident to
make wellbore for household water usage (Figure 9).

According to the testimony of the residents around PT
Bio Nusantara, their bore well (Table 9) has never
experienced water drought except during long dry season
in every 5 or 10 years period (el nino).

21

Model Resstivity
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Figure 8. Geoelectrical measurement in oil palm field and residential

TABLE 9. GEOELECTRICAL RESULT OF OIL PALM
PLANTATION AND RESIDENTIAL (3°36°53.58”SL AND

102°17°18.777EL)

Depth Resistivity Soil layer Color
(m) (Qm) configuration
0-4 1007 Assumption: Yellow Orange
mixed of hard
shard, sand sandy
rocks and porous
limestone
0-5.88 638 Assumption: sand | Green
176 - or water saturated
235 gravel
0-176 141 Silty clay Blue-
5.88 — 4.42 Preatic layer Purple
11.8

Final measurement for comparison purpose was
conducted in oil palm plantation-secondary forest in PT
Bio Nusantara ring area (Figure 10). The result in Table
10 showed red and yellow color distribution indicating
water scarcity, however this water scarcity was located in
secondary forest location. This confirms that proper oil
palm planting distance and oil palm root system are able
to form a good balance of water for the surrounding
environment.

Figure 10. Geoelectrical measurement result in oil palm and secondary
forest site

Measurement point of oil palm plantation - secondary
forest was seen at 3.54 m depth where it was dominated
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with clay acting as impermeable layer (Table 10). Sand
and sandy rocks layer only occurred at 4 m -12 m depth
and there were also loam and silty or silty loam layer
which presumably acted as groundwater carrier layer i.e.
shallow aquifer or preatic zone.\

TABLE 10. GEOELECTRICAL RESULT OF OIL PALM -
SECONDARY FOREST (3'36°23.93”SL AND 102°15°33.15”EL)

Depth Resistivity Soil layer Color
(m) (Qm) configuration
0-354 800 Assumption: mixed | Red
of clay and wooden
litter dry organic)
3-4 415 Assumption: mixed Yellow-Orange
of hard shard, sand
and sandy rocks and
also porous
limestone
4-759 198 Assumption: sand or | Green
water saturated
gravel
354 - 76 Silty clay Blue-
15.7
4-12 7.43 Preatic layer Purple

iv. Conclusion

The type of soil found in the study site was cambisol.
Cambisol is a developed soil, indicated by A-Bw-C
horizon layer on well drained soil, and A-Bg-C horizon
layer on inhibited drained soil. The soil texture at the
study site showed that high clay content with clay texture
didn’t only have a large surface but also contained of
electric charge. Electrical charge gives clay properties to
bind water or plant nutrient on its surface. This makes
clay to store more water. But clay is also an impermeable
layer when it appears below ground level.

The result of vertical electric sound curve analysis on
TM2 and TM4 which used to be under-replanting area
showed rocks distribution, clay and dry litter (under-
replanting residue) thus showing red and yellow color
indicating water scarcity. At the next depth, blue color
dominated and purple color indicating high groundwater
especially purple color which presumably thought as
shallow aquifer. At the measurement analysis in TM7,
TM14 and TM22, dry zone didn’t found, all parts of soil
had high moisture. At the soil surface, water usage
activity on oil palm TM22 was stable indicating that the
root system and plant organic residue were able to
maintain plant water availability balance.

As a comparison, the oil palm site which compared
with soccer field showed no different vertical electric
sounding curve result. This confirmed that oil palm
plantation was able to maintain the balance of water
usage of the plants and surrounding environment. Thus,
soccer field grown with grass was able to maintain the
soil moisture. At the oil palm plantation-residential,
result showed red and yellow color in several surface
spots in which generally found in residential. However,
uniquely, it was found obvious shallow aquifer at 5,88 —
11,8 m depth which then used by residents to make
wellborr for their household water needs. At oil palm
plantation-secondary forest, the result showed red and
yelllow color indicating water scarcity, but this condition
occurred at secondary forest site. This further confirmed
that proper planting distance and root system of oil palm
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was able to maintain good water balance for surounding
area.

The older of the oil palm tree makes canopy getting
wider and the height getting taller. In addition, the
growing space and the soil consition below the tree gets
damper thus reatic zone is detected or shallow aquifer
under the oil palm tree produces mature age which
presumably caused by water balance mechanism between
planting distance system and root system of the mature
tree on that site.
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