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ABSTRACT

A short-term studies of soil fauna on the low slope gradient under coconut plantation is not
well explored due to tedious and time taken for identification. This may ignore the baseline
information to understand the relationships between the abiotic factors. Therefore, the objective
of this study was to determine the effects of the slope position and sampling time on the
diversity indices of soil fauna under coconut cultivation planted in the low slope gradient area.
The study was conducted in December 2021 at the coconut farm, UiTM Perlis Branch,
Malaysia using a Randomized Complete Block Design with four replications. This coconut
farm lies on a low slope gradient ranging from 0° to 6°. In total, 96 pitfall traps were installed
within the coconut area based on three slope positions (i.e., S1-bottom, S2-middle and S3-top).
The soil fauna was collected three times (i.e., T1, T2 and T3) within a month of the study
period. The soil fauna specimens were identified up to family level and five of the soil fauna
indices (i.e, richness, abundance, Shannon-Wiener diversity index, Simpson’s reciprocal index
and evenness index) were calculated. As a result, 1,335 individuals from 10 orders and 15
families were identified in this study. The Formicidae (69.7%) and Scolopendridae (0.1%)
groups had the most abundant and lowest number of individual soil fauna found in the coconut
farm, respectively. Meanwhile, Termitidae (6.5%), Gryllidae (3.4%), Carabidae (2.8%),
Acrididae and Paradioxosomaridae (1.6%) and Alydidae (1.5%) are the most average of
individual soil fauna. Results showed that the abundance was significantly highest (41+8.4) at
the top position (S3) compared to the other positions and this might be caused by the
microclimate factor like moisture and temperature. Meanwhile, the sampling time of T3 shows
a significantly highest of richness (7£1.2), the Shannon-Wiener diversity index (1.2+0.3), and
Simpson’s reciprocal index (2.5+0.6) and this might be caused by management practices like
weed control. Overall, this coconut farm has moderate diversity with high variability of soil
fauna during the study.
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ABSTRAK

Kajian jangka pendek mengenai fauna tanah pada kecerunan rendah di ladang kelapa masih
tidak diterokai dengan baik kerana sukar dan mengambil masa untuk dikenal pasti. Ini mungkin
mengabaikan maklumat asas untuk memahami hubungan antara faktor abiotik. Oleh itu,
objektif kajian ini adalah untuk menentukan kesan kedudukan cerun dan masa persampelan
terhadap indeks kepelbagaian fauna tanah di penanaman kelapa yang ditanam di kawasan
kecerunan rendah. Kajian telah dijalankan pada Disember 2021 di ladang kelapa, UiTM
Cawangan Perlis, Malaysia menggunakan Reka Bentuk Blok Lengkap Rawak dengan empat
ulangan. Ladang kelapa ini terletak pada kecerunan yang rendah antara 0° hingga 6°. Secara
keseluruhan, 96 perangkap lubang telah dipasang di kawasan kelapa berdasarkan tiga
kedudukan cerun (iaitu, S1-bawah, S2-tengah dan S3-atas). Fauna tanah dikumpul sebanyak
tiga kali (iaitu, T1, T2 dan T3) dalam sebulan tempoh kajian. Spesimen fauna tanah telah
dikenal pasti sehingga peringkat famili dan lima daripada indeks fauna tanah (iaitu, kekayaan,
kelimpahan, indeks kepelbagaian Shannon-Wiener, indeks timbal balik Simpson dan indeks
keseragaman) telah dikira. Hasilnya, 1,335 individu daripada 10 order dan 15 famili telah
dikenal pasti dalam kajian ini. Kumpulan Formicidae (69.7%) dan Scolopendridae (0.1%)
masing-masing mempunyai bilangan fauna tanah individu yang paling banyak dan paling
rendah ditemui di ladang kelapa. Manakala Termitidae (6.5%), Gryllidae (3.4%), Carabidae
(2.8%), Acrididae dan Paradioxosomaridae (1.6%) dan Alydidae (1.5%) merupakan fauna
tanah individu yang rata-rata. Hasil analisis statistik menunjukkan bahawa kelimpahan adalah
yang ketara tertinggi (41+8.4) pada kedudukan teratas (S3) berbanding kedudukan lain dan ini
mungkin disebabkan oleh faktor iklim mikro seperti kelembapan dan suhu. Sementara itu, masa
pensampelan T3 menunjukkan kekayaan tertinggi yang ketara (7£1.2), indeks kepelbagaian
Shannon-Wiener (1.240.3), dan indeks timbal balik Simpson (2.5+0.6) dan ini mungkin
disebabkan oleh amalan pengurusan seperti rumpai kawalan. Secara keseluruhannya, ladang
kelapa ini mempunyai kepelbagaian sederhana dengan kebolehubahan fauna tanah yang tinggi
semasa kajian dijalankan.

Kata kunci: Kelimpahan, Cocos nucifera, indeks kesamarataan (Pielou), indeks Shannon-
wiener, indeks timbal balik Simpson

INTRODUCTION

Soil fauna plays an important role in ecosystem function through the mediation of
decomposition, nutrient cycling, and soil aeration. Their distribution in the ecosystem is
governed mostly by environmental conditions that filter communities according to functional
traits (Ellers et al. 2018) such as physiology (e.g. abiotic stress tolerance; Goberna et al. 2014),
morphology (e.g. body size) or behavioural (e.g. feeding strategy, trophic level). Some soil
fauna are variation to differences in soil because they forage, inhabit, and reproduce under
specific soil conditions (Menta & Remelli 2020). They may dispersal and adapt due to the
environmental conditions. Terrain slope gradient is one of the topography factors that affects
the biological indices of soil fauna. The structure and diversity in the soil fauna communities
may be significantly affected by the terrain slope gradient and may vary with time (He et al.
2012). This might be because the slope gradient has an influence on soil properties along the
slope positions due to the surface runoff process. This condition may also cause soil moisture
to vary. Consequently, this may influence the vegetation and surrounding environment (i.e.,
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microclimate) along the terrain. Most of the studies have been conducted in flat and hilly areas
that have a distinct slope gradient up to 25° (He et al. 2012). However, a few studies
(Kamarudin et al. 2024) have been discussed on the soil fauna diversity in the low slope
gradient area (slope = 0°-6°). This condition may limit the information of soil fauna in this
area.

Coconut (Cocos nucifera) is one of the most important industrial crops in Southeast
Asia. This crop has been cultivated on a flat and undulating area in the monoculture agrosystem
with minimal care. The coconut plantation is relatively low in diversity and diversity index of
soil fauna (Tang et al. 2006) compared to multicultural ecosystems like natural forests. This is
partially because the coconut plantation has monoculture practice and high soil acidity due to
agricultural management practices (Coleman & Wall 2015) and other environmental factors
(Tang et al. 2006) like canopy closure (Martius et al. 2004). However, not many studies of soil
fauna have discussed the effects of the low slope gradient in the coconut plantation, although
some studies have been identified to have a focus on soil fauna in this cultivation area. This is
because most of the coconut plantation has been cultivated on a flat area rather than undulating
area. This condition may limit the understanding of biological indices of soil fauna in the
coconut cultivation area as low slope gradient may alter soil condition. Understanding the soil
fauna in the coconut plantation can provide valuable insight into soil health, stability and
ecological function. This information is essential for effective land management, conservation
and sustainable farming practices.

Commonly, the sampling interval for soil fauna in ecological studies can be weekly or
monthly for short-term studies and annual or bi-annual for long-term studies, depending on the
study purpose. However, only a few of them were discussed on soil fauna biodiversity in a
short time. This is because the collection of soil fauna is tedious and takes time for
identification. Thus, the collection of soil fauna at a certain period is more practical. However,
this may ignore the important information that can be used to understand the interrelationships
between the abiotic factors of their environment and the landscape. Moreover, the presence of
soil fauna in the soil is one of the soil quality components that is important for the functioning
of the agricultural ecosystem to sustain productivity. Thus, knowing the biological indices of
soil fauna is one of the baselines for understanding and evaluating the environmental quality.
Therefore, the objective of this study was to evaluate the effect of low slope gradient and
sampling time on the biological diversity indices of soil fauna under coconut cultivation in a
short-term study.

Materials and Methods

Study Site and Farming Practices

This study was conducted at the coconut farm (Figure 1) located in the Universiti Teknologi
Mara (UiTM), Perlis Branch, Arau Campus, Malaysia (6°27°11.9” N, 100°16°50.7” E). The
Matag coconut (Cocos nucifera cv. Matag) trees have been planted at 8.23 m x 8.23 m of
planting distance in the triangular system. The coconut area is 10 acres (4.05 ha) with a total
of 446 coconut trees. Currently, the trees were 16 years old (planted in 2005) when the study
was done. The main types of soil in this coconut area are the Terap series (Typic Hapludults)
and Jitra series (Rhodic Hapludults) in the north and south parts, respectively. Both soil series
originated from pedimented materials, which are formed on pediplains developed from iron-
rich shale parent materials. This coconut farm lies on a low slope gradient ranging from 0° to
6°.
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Figure 1. a) Location of Perlis, b) Location of study site. The distribution of pitfall traps
within the coconut farm. Note: Slope position: S1 = bottom; S2 = middle, and
S3 =top

This coconut tree received approximately 1.1 kg of urea per tree, given that the total
fertilizer applied was 500 kg in 2021. This fertilizer was applied using a broadcast method. The
undergrowth was controlled using both chemical and mechanical applications. The weeds
growing between the trees were controlled using herbicides, i.e., glyphosate and metsulfuron
methyl, which are sprayed once every three months. During the study, the herbicide was
applied between the first and second samplings of soil fauna. Meanwhile, the weeds growing
between the rows were manual weeding by using a mower attached to the tractor at a frequency
of once every two months. The last slashing was done a week before the first sampling of soil
fauna was carried out. The falling of coconut fronds was arranged between the trees once every
three months.

Weather Conditions at Study Site

Generally, Perlis State has a tropical monsoon (Am) climate according to the K&ppen-Geiger
Classification System (Kottek et al. 2006), as this state is located in the northern part of
Peninsular Malaysia, near the Malaysia-Thailand border. This state has had an average annual
temperature of 27.4°C and a mean annual precipitation of 1,893.7 mm over the past 30 years
(1990-2021). The weather conditions during the field sampling are shown in Figure 2, where
the total rainfall was 52 mm and the mean temperature was 26.9°C (min = 24.1°C; max =
31.4°C) (MMD 2022).
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Figure 2. Weather status in December 2021. Note: T1 = first sampling (6th December),
T2 = second sampling (24th December), and T3 = third sampling (28th

December) in 2021

Soil Fauna Sampling

The experiment was designed based on a randomized complete block design. In this study, two
factors were tested with four replications (i.e., blocks). The factors were slope position and
sampling time. The area in the south part of the coconut farm was chosen to conduct this study
because it has a clear and uniform slope pattern of 6°. The traps were installed based on three
slope positions (i.e., S1 = bottom, S2 = middle, and S3 = top) along the terrain. This area was
divided into 12 sub-plots, and each sub-plot was installed with 8 pitfall traps. In this study, the
soil fauna that has been trapped in 96 traps was collected at each of three sampling times: T1
= first sampling (6th December), T2 = second sampling (24th December), and T3 = third
sampling (28th December) in 2021. The sampling times were randomly chosen depending on
the weather condition. Meanwhile, the interval days of samplings were chosen to evaluate how
soil fauna might change in the short period of time.

The pitfall trap was installed by digging a hole similar to the size of the plastic cup (size
= 9.5 cm x 12.0 cm). Then the cup was placed in the hole, and 100 ml of 75% ethanol was
filled into the cup. The upper part of the plastic cup was kept at the same level as the ground
surface. The trap was covered with a plastic plate (size = 12 cm x 10 cm) to protect it from
rainfall by hanging a plastic plate using three wooden sticks. These traps were left in the farm
for 24 hours. The pitfall traps have been widely used to sample litter- and surface-soil fauna
(Fauzi et al. 2023; Kamarudin et al. 2024; Work et al. 2002). This method collects surface-
active soil fauna that falls into the cups filled with preservative. The method yields comparative
estimates when used with caution, although it is difficult to estimate the absolute population
(Coleman & Wall 2015). The collection of soil fauna was preserved in 75% ethanol for
identification.
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Soil Fauna Identification

All the collections of soil fauna were screened and identified up to the family level, following
the key to identification from Triplehorn and Johnson (2005). This identification process was
done manually using the naked eyes.

Soil Fauna Indices

The richness was counted based on the total number of families presented in Equation 1.

Richness =} the number of families present [Equation 1]

The abundance was generated based on the total number of individuals per family presented in
Equation 2.

Abundance =}’ the number of individuals per family [Equation 2]

The diversity index was calculated based on the Shannon-Wiener diversity index (H’)
presented in Equation 3.

H’=-3 pilog pi [Equation 3]

The evenness (pielou) index (J) was calculated based on the Shannon-Wiener diversity index
over the natural logarithm of richness, i.e., the total number of families in the sample (Equation
4).

J=H’/ In(richness) [Equation 4]

The Simpson’s reciprocal index (sometimes called as dominance index) was also calculated
based on Equation 5.

Ds=1/>pi’ [Equation 5]
where pi is the proportion of the total sample represented by family i. The proportion

was calculated by dividing the number of individuals in family 7 by the total number of samples.

Statistical Analysis

The two-way analysis of variance (ANOVA) was computed using R version 4.0.2 (R

Development Core Team 2022) to determine the differences between the tested factors. The
mean comparison was calculated using Tukey’s HSD.
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RESULTS AND DISCUSSION

A total of 1,335 individuals of soil fauna were collected from this study site. From the sample
collection, a total of 15 families of soil fauna (Figure 3) have been successfully identified in 10
taxonomic orders: Araneae, Blattodea, Chilopoda, Coleoptera, Hemiptera, Hymenoptera,
Opisthopora, Orthoptera, Polydesmida, Scolopendromorpha, and Thysanoptera. These results
were lower than the ones reported by Araujo et al. (2018) and Tang et al. (2006). Araujo et al.
(2018) collected 34,982 specimens from 16 orders in a coconut farm in northeastern Brazil
using the same pitfall trap method. The difference might be mainly caused by management
practices due to the use of organic fertilizer (i.e., cow manure) and the soil type of Fluvic
Neossol in the Araujo et al. (2018) study. Organic fertilizer has been known to be better at
increasing soil organic matter and enhancing soil fauna (Zhou et al. 2022) than synthetic
fertilizer. While the soil type of Fluvic Neossol generally known as alluvial soil has different
soil characteristics than the soil type in this study which may affect the present of soil fauna
(Burton et al. 2022). Although the soil properties were not analysed in this study, the Jitra series
soil often has fine and medium subangular blocky structures, a high clay content with moderate
nutrient contents, and low organic matter (DOA 2018) which makes it less fertile than alluvial
soil.
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Figure 3. Total number of individual and families of soil fauna collected at the coconut

farm. Note: T1 = first sampling (6th December), T2 = second sampling (24th
December), and T3 = third sampling (28th December) in 2021

In this study, the Formicidae (n = 931) and Scolopendridae (n = 2) showed the most
abundant and lowest number of individuals, respectively, among the collected specimens. The
second highest number of individuals was Araneidae (n = 119), followed by Termitidae (n =
87), Gryllidae (n = 46), Carabidae (n = 37), Acrididae and Paradioxosomatidae (n = 21), and
Alydidae (n = 20). Meanwhile, the Thripidae, Aphididae, Ptinidae, Macrothelidae, Blattidae
and Lumbricidae contained less than 20 number of individuals. The abundance of Formicidae
in the coconut farm has been reported by Araujo et al. (2018). The presence of the Formicidae
group provides insight into the presence of other organisms, since many Formicidae members
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can maintain obligate interactions through trophic and symbiotic interactions with plants and
other animals (Alonso & Agosti 2000). Although the population of Formicidae can be an
excellent ecological indicator in the ground layer, they must be evaluated for relative
proportions and diversity (Gerlach et al. 2013). This is because they are poor indicators of
richness. The most common Formicidae species that can be found in the coconut cultivation is
Dolichoderus thoracicus (Azhar & Musa 1988), Nylanderia yerburyi, Oecophylla smaragdina
and Pheidole sp. (Dias & Peiris 2015). Large number of debris in coconut crowns serve as
suitable nesting sites and natural habitats for Dolichoderus thoracicus (Azhar & Musa 1988).

The result of the slope position on soil fauna indices showed that only abundance shows
a significant difference along the terrain slope (Table 1). Similar results on the effects of slope
position on soil fauna diversity were reported by Jiang et al. (2021). They reported that relative
abundance of microbial community was different in different slope positions. In this study, the
number of soil fauna was highest at S3 (41£8.4) compared to S2 (37+6.5) and S1 (34+8.6).
However, no significant difference was detected in the interaction between slope position and
sampling time. In this study, Araneidae and Formicidae were the most common families found
along the terrain slope. Meanwhile, among the collected families, Blattidae and Scolopendridae
were the groups that have not been caught on S3. Regardless of their family, the number of
individual soil fauna was found significantly higher at the top position. This significant might
be due to its local climates (i.e., microclimates) especially moisture and temperature of soil
surface. Basically, this low slope gradient area is facing to the west which indicates that this
area received more solar radiation in the evening. Although this study did not measure
microclimates, the influence of slope aspect on temperature has been reported elsewhere (Alice
et al. 2015). In this study, Araneidae and Formicidae were the most common groups found
along the terrain slope. It is well known that Formicidae are social insects that live together in
colonies (Lee & Foster 1991) and can thus be found scattered on the study site. Araneidae and
some species of Formicidae are predators. The presence of Araneidae in the agricultural area
is a good sign, as this group consumes the pests. However, the presence of Formicidae in the
agricultural area needs to be given attention as this group has a mutualistic relationship with
Aphididae (Flatt & Weisser 2000), one of the common crop pests in agriculture. Blattidae is a
soil-burrowing insect (Maekawa et al. 2003) while Scolopendridae is a generalist feeder that
plays an important role as one of the top carnivorous invertebrates in soil ecosystems (Siriwut
et al. 2016). Both Blattidae and Scolopendridae were found on S1 and S2, respectively.

Table 1. Analysis of variance (ANOVA) of soil fauna indices
Soil fauna indices Slope (S) Time (T) SxT
Richness 0.696™ <0.001*** 0.809™
Abundance 0.047* 0.171" 0.070"™
Diversity index 0.873™ 0.001** 0.735™
Avenness 0.758™ 0.131™ 0.546™
Reciprocal index 0.684" 0.004** 0.807"

*, ** *** indicates significant difference at p < 0.05, 0.01, 0.001 respectively while ns shows
insignificant difference at p 2 0.05

Meanwhile, richness, the Shannon-Wiener diversity index and Simpson’s reciprocal
index only show a significant difference during the sampling times (Figure 4). The number of
families in T1 (n = 441.0) is low compared to T2 (n = 5£1.2) and T3 (n = 7+1.2). The
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Formicidae, Termitidae, Araneidae, Gryllidae, Carabidae, Alydidae, and Acrididae were the
most common families of soil fauna that were caught during T3. The Shannon-Wiener diversity
index increased from the sampling times of T1 (0.8+0.2), T2 (0.9+0.2) and T3 (1.2+0.3). This
indicates that both sampling times of T1 and T2 show low diversity (H’<1), while T3 shows
moderate diversity (1<H’<3) (Fauzi et al. 2023) of soil fauna. The Simpson’s reciprocal index
shows the significant values at T1 (1.8+0.3), T2 (1.9+0.4), and T3 (2.5+0.6). Basically, this
index has the lowest value of 1, and the highest value is equal to the number of families. The
evenness (pielou) index shows no significant difference along the terrain slope (S1 = 0.6+0.1,
S2 =0.640.1, and S3 = 0.6+0.1), sampling time (T1 =0.6+0.1, T2 =0.6+0.1, and T3 =0.6+0.1)
and their interaction. All the values indicate moderate evenness with high variability of soil
fauna (0.4<J<0.6) (Fauzi et al. 2023).
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Figure 4. Comparison of slope position and sampling time on selected of soil fauna

indices. Note: S1 = bottom, S2 = middle, and S3 = top; T1 = first sampling (6
December), T2 = second sampling (24th December), and T3 = third sampling
(28" December) in 2021

The effects of sampling time on richness, the Shannon-Wiener diversity index, and
Simpson’s reciprocal index are similar to the ones reported by He et al. (2012). Although the
sample collection was done within a month, a significant difference can be observed between
the time samplings. The difference between T1 and T2 might be due to the sampling being
done on the third and fourth days after raining, while T3 was done on the eighth day after
raining (Figure 2), thus resulting in a significant difference. Therefore, the sampling time after
a rainy day needs to be considered, as there might be a difference after a week. Rainfall is one
of the environmental parameters that was discovered to be among the most significant factors
that negatively affecting soil fauna populations, which can reduce the diversity of soil fauna
(Coyle et al. 2017) due to the sensitivity of water content (Liu 2012). Therefore, many soil
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fauna like Formicidae, Termitidae, Araneidae, Gryllidae, Carabidae, Alydidae, and Acrididae
were collected during T3 compared to T1 and T2.

Besides that, other extrinsic environmental disturbances like management practices can
also affect the diversity of soil fauna (Cole et al. 2008; Coyle et al. 2017). According to Wardle
et al. (1995), the soil-associated macrofauna was usually linked to high weeds. In this study,
the diversity indices (except abundance) show an increasing value from the first to third
samplings. Although weed slashing and herbicide application were applied a week before and
after first sampling, respectively, there were no significant difference between the weed
slashing and herbicide application on soil fauna diversity in this area (Sulaimin 2022).
Similarly, de Santo et al. (2019) found metsulfuron-methyl herbicides did not significantly
affect the soil fauna, instead the soil management was the primary influencing factor.
According to Lavelle et al. (2006), the biodiversity of soil fauna is highly sensitive to any
disturbance since the soil environment is their habitat and the source of their food.

CONCLUSION

As a conclusion, 10 orders belonging to 15 families of soil fauna were recorded in this study,
with the total number of soil fauna was 1,335 specimens. Among the identified groups,
Formicidae is the common ground-dwelling arthropod that can be found in the coconut farm,
and Scolopendridae is the limited soil fauna that can be found in this farm. Meanwhile,
Termitidae, Gryllidae, Carabidae, Acrididae, Paradioxosomaridae and Alydidae are the most
average of individual soil fauna. The abundance was significantly affected by the slope
position, while richness, the Shannon-Wiener diversity index, and Simpson’s reciprocal index
were significantly affected by sampling time. Both the slope position and sampling time did
not affect the evenness index. Overall, this coconut farm has moderate diversity with high
variability of soil fauna during the study. Further research should consider examining both soil
physicochemical and microclimate at the study site.
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