
Media Konservasi, 29 (4) 609-619 

RESEARCH ARTICLE  

Media Konservasi,  2024, 4 https://doi.org/10.29244/medkon.29.4.609 https://journal.ipb.ac.id/index.php/konservas i  

 

 

 

Article Info: 

Received 26 February 2024 

Revised 18 July 2024 

Accepted 7 August 2024 

 

Corresponding Author: 

Ivan Khofian Adiyaksa 

Department of Forest 

Conservation and Ecotourism 

IPB University 

E-mail: ivankhofian14@gmail.com 

© 2024 Adiyaksa et al. This is an 

open-access article distributed 

under the terms of the Creative 

Commons Attribution (CC BY) 

license, allowing unrestricted 

use, distribution, and 

reproduction in any medium, 

provided proper credit is given 

to the original authors. 

 

 

 

 

Exploring Soil Biota and Chemical Dynamics in Palm Oil 
Cultivation: Insights from Cikabayan, Bogor  

Ivan Khofian Adiyaksaa, Rahayu Widyastutib, Dwi Putri Wulandaria and Ervizal A M Zuhuda 

a Department of Forest Resource Conservation and Ecotourism, Faculty of Forestry and Environment, IPB University, 

Darmaga Campus, Bogor 16680, Indonesia 
b Department of Soil Science and Land Resources, Faculty of Agriculture, IPB University, Darmaga Campus, Bogor 16680, 

Indonesia  

Abstract  

Soil biological properties sometimes escape attention from environmental studies, especially regarding 

land use change. Several studies on diversity have been conducted in palm oil. However, most of the 

studies only focus on certain genera or order and have not yet depicted the micro-ecosystem in the soil. 

This study aims to analyze the interaction between soil biological properties and soil chemical properties 

through a correlation study using Randomized Block Design (RBD) to simplify the system in the micro-

ecosystem. The result showed that most soil microbe parameters have complex and different interactions 

with soil chemical properties. Soil biological properties, such as the total microbes (TM) and Azotobacter 

(Az), significantly correlated toward phosphate and potassium, respectively. Furthermore, mesofauna and 

macrofauna have a negative and weak correlation with pH and a negative and moderate correlation 

towards Phosphate (P) content in the soil. This negative and moderate correlation strength happened due 

to increased soil acidity, leading to a higher chance of H2PO4- interacting with metal ions, resulting in a 

high risk of toxicity. Soil chemical properties have complex interactions with soil biological properties, and 

each will affect the others to balance the chemical cycling in the soil. Thus, this study showed the 

importance of preserving the natural balance of cultivated areas, in this case, palm oil plantations, so that 

the well-preserved ecosystem will give its benefits.  
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1. Introduction 

Living organisms on the soil sometimes escape from attention regarding environmental 
change studies. The research mostly focuses on visible fauna and flora as indicators of a highly 
preserved or disrupted ecosystem. However, it has become a basic knowledge that the 
ecosystem works as a complex cycle in the environmental study. Soil biological properties, 
for instance, have an important role in regulating soil chemical and physical properties that 
help various plants, as the food source for herbivores, to grow [1–5]. Researchers have shown 
much evidence to support this claim, such as termites (Blattodea), earthworms 
(Ophisthopora), and ants (Hymenoptera), ranging from their movements to their feeding 
behavior, which has implications for soil aggregation and porosity [6,7].  

Moreover, microbes in the soil also have an important role in the nutrient cycle known to be 
important for plant growth and organic material decomposition [8,9]. This shows the 
importance of soil biological properties' role in the micro-ecosystem, affecting the 
ecosystem's living things. According to the explanation above, soil biological properties rely 
on the environment around them; thus, any changes will affect their existence and activity. 

Many cases and issues related to land changes in Indonesia, including palm oil plantations. 
According to Indonesia Statistic [10], there has been an increase in palm oil plantations in 
Indonesia from 14.59 million hectares in 2020 to 14.62 million hectares in 2021. Despite the 
negative stigma of palm oil, it is wise to view this problem as an asset that requires extensive 
care and maintenance to achieve sustainability. Some studies have shown that palm oil 
plantation has relatively high biodiversity levels based on Shannon-Weaver’s diversity index 
[11–13]. However, none of the studies have been able to depict the micro-ecosystem of palm 
oil holistically. This becomes a gap in knowledge of the palm oil plantation micro-ecosystem. 

https://doi.org/10.29244/medkon.29.4.609
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This study would also bring benefits to future palm oil plantations, one of them being to 
increase palm oil productivity with the hope of reducing land expansion and increasing 
advanced research and technology on palm oil plantations, which is more eco-friendly. Thus, 
this study aims to analyze the interaction between soil chemical properties consisting of soil 
acidity, nitrogen, phosphate, potassium, and organic matter essential to plants with soil 
biological properties, including microbes and soil fauna. The study was conducted at the 
Experimental Palm Oil Plantation, Cikabayan, IPB University, Dramaga, Bogor. 

2. Materials and Methods 

2.1. Research design and research parameters 

The research was carried out from May to November 2023 in Cikabayan Experimental Palm 
Oil Plantation, IPB University, Dramaga, Bogor, using a 12-years-old palm oil tree as a sample 
unit. The location has not been fertilized since 2020 or during the pandemic; however, it has 
always been used as a fertilizer research site, either chemical-based or organic-based. 

Randomized Block Design (RBD) was used in this study as the experimental design, consisting 
of three blocks, with each block containing 27-unit samples. Thus, 81-unit samples were 
being used in this environmental study. The block study area was placed in the Experimental 
Palm Oil Plantation, where two blocks were situated not far from the residential area, and 
the other was placed far from the residential area. Unit samples were selected systematically 
and alternately (9.2 m distance from each tree) to prevent mixing from microbe movement 
through soil pores and soil water movement [14]. There were also criteria for choosing a tree 
as the unit sample. The tree must actively produce fruit and be healthy without deformation 
or defect. 

 

Figure 1. A sample of block design. Each block consists of 27-unit samples with a 9.2 m distance for each sample. 

2.2. Data collection and data extraction 

The analyzed microbial parameters include Total Microbe (TM), Total Fungi (TF), Azotobacter 
(Az), Phosphate Solubilizing Microorganism (PSM), and Cellulose Degrading Microorganism 
(CDM). On the other hand, the soil chemical properties that were being tested along with the 
microbe parameters include soil acidity (pH), Nitrogen (N), Phosphate (P), Potassium (K), and 
Organic Carbon (OC). Soil samples were collected from the oil palm at a distance of 1 m from 
the tree. Composite soil samples were taken for analysis of both microbial and chemical 
properties. Microbial samples were collected from each unit within every block, resulting in 
a total of 27 samples. For soil chemical analysis, samples were taken diagonally across each 
block to represent the left, right, and middle sections, resulting in 9 samples. The soil 
chemical samples were sent to the Division of Soil Chemistry and Fertility at Bogor 
Agricultural University (IPB), while the microbial samples were sent to the Division of Soil 
Biotechnology at the same university for further analysis. The methods used are detailed in 
Table 1. 
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Table 1. Medium and method used in chemical and microbial properties analysis 

 

Mesofauna and macrofauna were only collected in Block 1 with the consideration that the 
block is far from a settlement, thus disturbance from human activity such as litter and landfills 
could be minimized. Mesofauna and macrofauna were collected at 06:00–09:00 WIB by 
collecting soil plates using ± 15.9 cm soil pipe with 10 cm soil depth. Visible mesofauna and 
macrofauna were also collected and put in a preservation jar filled with alcohol 70%. This 10 
cm depth was chosen due to the high activity of soil biological properties compared to a 
deeper depth [24]. Every sample then was taken to the Soil Biotechnology Laboratory in the 
Department of Soil Science and Land Resources for extraction and testing. Soil plates were 
then put in a Berlese funnel extractor for extraction meanwhile microbes were tested in the 
laboratory. 

 
Figure 2. Berlese funnel extractor. The pipe is covered with white cloth and netting fabric at the bottom. The pipe is then put 

in a funnel, where a jar is filled with trimethylene glycol (C6H14O4) as the preservation liquid. 

2.3. Data analysis 

Data were then analyzed to get information on the microbe population, mesofauna and 
macrofauna population, mesofauna and macrofauna diversity, and correlation between soil 
chemical properties and soil biological properties. Total plate count (TPC) was used to count 
microbe colony form due to microbe introduction from a certain dilution. The formula follows 
Ekamaida [19] with CFU ml-1 (Colony Forming Unit per Mililiter) as the unit. The formula is as 
follows: 

𝐶𝐹𝑈 ⁄ 𝑚𝑙 = 𝑁/(𝑉𝑖 ×  𝐷) (1) 

N is the sum of the colonies formed, Vi is the inoculum volume, and D is the degree of dilution 
used for the test. 

No Chemical and microbial properties Medium Method 

1 Soil acidity H2O FAO [15] 
2 Nitrogen - Kjeldahl [16] 
3 Phosphate - Spectrophotometry [16] 
4 Potassium - Atomic Absorption Spectrophotometer (AAS) [17] 
5 C organic - Spectrophotometry [18] 
6 Total microbe Nutrient Agar [19] Total Plate Count  
7 Total fungi Rose Bengal [20] Total Plate Count 
8 Azotobacter  NFM [21] Total Plate Count 
9 Phosphate-solubilizing microorganism Pikovskaya [22] Total Plate Count 

10 Cellulose-degrading microorganism CMC [23] Total Plate Count 
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Spearman correlation was used in this study to identify the probability of the relation of two 
variables that exist together. Spearman Correlation scales from –1 to 1, where –1 means the 
variables have a negative correlation, 0 means no correlation, and 1 means the variables have 
a positive correlation. The strength of the correlation lies on a scale of 0.4 ≤ r (s) < 0.6 for the 
positive scenario and vice versa for the negative value. The formula will follow Obilor and 
Amadi [25], however, for Spearman Correlation, average rank was done before calculating 
with the formula [26] as follows: 

ρ = 1 – 
6 ∑ di

2

n(n2 – 1)
 (2) 

A T-test was then carried out to identify the significance of the Spearman Correlation result. 
This significance test is important to check the hypothesis used in this study where at least 
one or more soil chemical properties variable correlates with soil biological properties. The 
formula of the T-test is following Obilor and Amadi [25] as follows: 

t = r √
n – 2

1 – r2 (3) 

The Shannon-Weaver Diversity Index was also used in this research to show the diversity of 
mesofauna and macrofauna in palm oil plantations. The assumption in this study was that 
every individual as a sample is taken randomly from a big community, and every species is 
covered in the sample. The formula will follow Maguran [27] as follows:  

H' = – ∑ pi ln pi (4) 

where pi
 is a portion of the sum individual from order -i per total of all individuals found. The 

index will show low diversity if the value is below 1.5, considered high if the value is more 
than 3.5, and medium if the value lies between 1.5 ≤ H’ ≤ 3.5 [27]. 

3. Results 

3.1. Soil chemical profile 

The soil chemical properties test was carried out to gain information about Nitrogen (N), 
Phosphate (P), Potassium (K), Organic Carbon (OC), and soil acidity (pH). Tabel 2 shows the 
soil's chemical properties profile. It shows that pH in the study area varied and 
was considered acidic. Block 3 had the most acidic soil, whereas Block 1 had the highest pH 
compared with the other two. OC content in Block 2 was medium, whereas the other two 
blocks had low OC content. The N content went linearly with the pH in the soil and was a 
medium amount. The data showed that N content in the study area exceeded the amount 
of palm oil needed to grow. According to Tiemann et al. [28], the optimal N content for palm 
oil lies between 0.15–0.25%. 

Table 2. Soil chemical properties profile on every block 

Block N (%) P (ppm P2O5) K (cmol K kg-1) OC (%) pH 

B1 0.30 63.54 0.23 2.07 4.76 
 0.34 57.72 0.22 1.38 5.50 
 0.35 41.19 0.24 2.20 4.58 

B1 x̄ *0.33 54.15 0.23 1.88 *4.95 

B2 0.34 253.88 0.17 2.51 4.02 
 0.35 183.60 0.28 1.92 4.50 
 0.26 35.84 0.19 1.63 4.47 

B2 x̄ 0.32 157.77 0.21 *2.02 4.33 

B3 0.16 775.96 0.21 1.91 4.27 
 0.25 173.53 0.29 1.35 4.15 
 0.32 10.19 0.24 1.90 4.09 

B3 x̄ 0.24 *319.89 *0.25 1.72 4.17 

Note: *) the highest test result, N = Nitrogen, P = Phosphorous, K = Potassium, OC = Organic carbon, pH = Soil acidity 
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3.2. Mesofauna and macrofauna profile 

The study showed that palm oil plantations had low mesofauna diversity, according to the 
Shannon-Weaver index’s value of around 1.06. There were three most common mesofauna 
taxa found in the study, with Mesostigmata as the most found order Table 1. On the other 
hand, the number of macrofauna was relatively higher than mesofauna, around 288 
individuals. However, the diversity index analysis showed a relatively lower diversity (0.77) 
than mesofauna. At least four orders hold predator roles in the study, including Araneae, 
Chilopoda, Hymenoptera, and Pseudoscorpionida. Hymenoptera became the most common 
taxa for macrofauna found in the study with nearly 200 individuals. 

Table 1. Mesofauna and macrofauna diversity index in experimental palm oil plantation Cikabayan, Bogor 

Taxa Number of individuals H' 

Mesofauna 

Collembola 18 1.06 
Mesostigmata* 23  
Oribatida 11  
Total 52  

Macrofauna 

Araneae 17 0.77 
Blattodea 4  
Chilopoda 11  
Coleoptera 17  
Dermaptera 1  
Diplopoda 1  
Diplura 1  
Diptera (larvae) 2  
Hemiptera 5  
Hymenoptera* 175  
Isoptera 3  
Lepidoptera (larvae) 1  
Nemiptera 1  
Oligochaeta 7  
Opiliotida 1  
Orinoptera 1  
Orthoptera 31  
Pauropoda 3  
Pseudoscorpionida 3  
Psocoptera 2  
Thysanoptera 1  
Total 288  

Notes: *) The most common genera found 

 

3.3. Correlation of microbial and soil chemical 

The correlation between microbe parameters and soil chemical properties is shown in Table 
2. The Spearman correlation showed that every microbe parameter interacts differently with 
soil chemical properties. The result showed that two parameters, TM and TF, have negative 
and strong correlation strength with Nitrogen. Moreover, Az showed positive and moderate 
strength with nitrogen but had negative and moderate strength with phosphate. 
Furthermore, PSM showed a negative and moderate strength towards K but had positive and 
moderate strength toward OC. Lastly, CDM showed positive and moderate strength toward 
pH. T statistic was also conducted and showed no significant result on every parameter (p-
value > 0.05) except for TM with P and Az with K. 
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Table 2. Spearman correlation on microbial parameters with soil chemical properties 

Rep pH N (%) 
P (ppm 
P2O5) 

K (cmol 
K kg-1) 

OC 
(%) 

Population Density 

TM 
(105 CFU 

ml–1) 

TF 
(103 CFU 

ml–1) 

Az 
(103 CFU 

ml–1) 

PSM 
(103 CFU 

ml–1) 

CDM 
(103 CFU 

ml–1) 

1 4.76 0.30 63.54 0.23 2.07 20.25 111.00 1.00 0.75 3.00 
2 5.50 0.34 57.72 0.22 1.38 6.50 2.50 2.50 0.50 0.00 
3 4.58 0.35 41.19 0.24 2.20 6.25 2.75 36.00 0.00 0.00 
4 4.02 0.34 253.88 0.17 2.51 5.50 3.25 1.25 2.50 0.00 
5 4.50 0.35 183.6 0.28 1.92 2.75 0.00 7.50 0.00 0.00 
6 4.47 0.26 35.84 0.19 1.63 5.05 0.75 9.00 0.00 0.00 
7 4.27 0.16 775.96 0.21 1.91 12.50 28.80 6.00 0.00 0.00 
8 4.15 0.25 173.53 0.29 1.35 60.38 271.25 1.00 0.00 0.00 
9 4.09 0.32 10.19 0.24 1.90 12.50 12.50 7.00 0.00 0.00 

r (pH)     –0.05 –0.30 0.13 0.11 0.41 
r (N)     –0.60 –0.63 0.41 0.18 –0.14 
r (P)     *0.02 0.22 –0.43 0.26 0.00 
r (K)     0.32 0.18 *–0.01 –0.51 0.00 
r (OC)     –0.34 –0.10 0.15 0.41 0.27 

Notes: *) T-test showed significant result with p-value < 0.05, Rep = Repetition, N = Nitrogen, P = Phosphorous, K = Potassium, OC = Organic carbon, pH = Soil acidity, 

TM: Total microbe, TF = Total fungi, Az = Azotobacter, PSM = Phosphate-solubilizing microorganism, CDM = Cellulose-degrading microorganism. 

3.4. Correlation of mesofauna and macrofauna and soil chemical 

Mesofauna and macrofauna data were filtered based on soil chemical properties samples to 
analyze the correlation between these two variables. A total of nine samples were taken and 
compared from the filtered data. The result showed that both mesofauna and macrofauna 
have a negative and moderate strength correlation with P but have a positive and moderate 
strength towards N while the rest were weak (Table 3). T-statistics were also used but showed 
no significance for every soil chemical property. 

Table 3. Spearman Correlation on mesofauna and macrofauna in experimental palm oil plantation, Cikabayan, Bogor 

Rep pH 
N 

(%) 
P 

(ppm P2O5) 
K 

(cmol K kg–1) 
OC 
(%) 

Number of individuals 

Mesofauna Macrofauna 

1 4.76 0.30 63.54 0.23 2.07 0 10 
2 4.76 0.30 63.54 0.23 2.07 0 20 
3 4.76 0.30 63.54 0.23 2.07 0 1 
4 5.50 0.34 57.72 0.22 1.38 1 14 
5 5.50 0.34 57.72 0.22 1.38 0 33 
6 5.50 0.34 57.72 0.22 1.38 6 9 
7 4.58 0.35 41.19 0.24 2.20 6 6 
8 4.58 0.35 41.19 0.24 2.20 2 10 
9 4.58 0.35 41.19 0.24 2.20 0 20 

r (pH)      –0.06 –0.05 
r (N)      0.55 0.42 
r (P)      –0.55 –0.42 
r (K)      0.06 0.05 
r (OC)      0.06 0.05 

Note: Rep = Repetition of the sample, N = Nitrogen, P = Phosphorous, K = Potassium, OC = Organic carbon, pH = Soil acidity 

4. Discussion 

4.1. Soil chemical profile 

The high N nutrient in the oil palm plantation may cause an imbalance in soil chemical 
properties. This excess and unused N will leach by rain, resulting in more acidic soil due to 
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the release of hydrogen ion (H+) [29,30]. This acidic soil may disturb the chemical system in 
the soil, such as phosphate that plants can absorb. Thus, to reduce damage to the soil, it is 
wise to use a proper dose of fertilizer and gradually check the nutrient content before 
applying fertilizer on a mass scale, such as in oil palm plantations. 

The P content showed the opposite result. Phosphorous in acidic soil usually comes in a small 
quantity [31]. It happened due to acidic soil preventing this existing phosphate from 
interacting with soluble water and blocking it to form dihydrogen-phosphate (H2PO4

–), an 
easily absorbed form of phosphorous. This high existing phosphorous in the soil will interact 
with free cation minerals such as aluminium (Al), iron (Fe), and any other minerals in the soil, 
creating more acidic soil and becoming harder to dissolve in water, leading to inaccessibility 
for plants [32,33]. The lack of P content in this soil may be due to a lack of 
liming or less phosphate in the soil parent material. Soil parent material and residue from 
previous fertilizers may also determine the chemical properties of the soil, especially P [34]. 

Furthermore, the concentration of K and OC content in the study area were considered 
moderate and high, respectively [28]. This high concentration of OC may also promote a 
higher acidity level in the soil through the decomposition process, releasing organic acid. This 
condition will lead to lower soil acidity in the study area. 

4.2. Mesofauna and macrofauna profile 

Mesostigmata, Collembola, and Oribatida have an important role as decomposers in the 
ecosystem [12,35–37]. These organisms will decompose further degraded organic materials 
by macrofauna and other bigger organisms then replenish the organic matter in the soil to 
sustain the soil chemical cycle in the ecosystem and trigger microbe activity [38]. Further, 
Collembola also acts as a biocontrol to prevent fungi pathogens from infiltrating plants [37]. 
In most studies, Collembola usually dominates the study area; however, Mesostigmata 
dominates the study area in this study. this may be due to the lack of fungi as a feeding source 
of Collembola, whereas Mesostigmata, one of many mite genera, may strive to find another 
resource as a host. A study conducted by Sanders and van Veen [5] showed a high diversity 
of ants, leading to a high diversity of Collembola, Mesostigmata, and Oribatida. The crumbles 
from the feed become the food source of these organisms, then further degrade before being 
released into the chemical cycling in the ecosystem. 

On a larger scale, Hymenoptera became the most found mesofauna in the area. This is due 
to the natural role of ants, which have multiple roles in an ecosystem. Hymenoptera can act 
as a predator and decomposer. As predators, ants work in groups to hunt their prey and bring 
them to their nest to feed the colony. Ants also degrade and gather insects or small organism 
corps as decomposers [39]. Besides ants, other predators such as Araneae, Chilopoda, and 
Pseudoscorpionida were also found in the area. This high predator diversity was driven by a 
wide variety of prey genera in the study area. Even though the diversity index value of 
macrofauna was relatively low, it must be highlighted that the Shannon-Weaver index is 
bound to the evenness of species. Thus, the value will show a low number as long as one 
species is dominant in the study area. 

4.3. Correlation of microbe and soil chemical 

The Spearman Correlation on Table 2 showed TM, TF, and CDM have a negative correlation 
towards N content, and the correlation's strength was quite varied. On the other hand, only 
TM and TF showed a negative correlation result and a relatively weak strength of correlation 
with OC. OC and N are two essential nutrients for any organism to survive. They play an 
important role in promoting growth and increasing biomass. Several studies regarding this 
theory claim fungi are more efficient in N cycling than bacteria. Thus, there would be a 
shifting phenomenon in the N-deficient soil where fungi dominate bacteria [40]. 
Furthermore, A study about fungi occupation has also been explained by Wichern et al. [8] 
Bacteria will struggle to thrive in acidic environments, while fungi will modify their hyphae 
slightly to survive. In the previous discussion, it was already explained how excessive N can 
also affect soil acidity by releasing H+ from leach. Another study conducted by Ren et al. [41] 
This finding was also strengthened by the addition that the amount of rainfall reduction may 
also reduce bacteria biomass in the soil but not significantly affect the existence of fungi.  
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According to these theories, this result strengthened the theory and showed that there is a 
maximum requirement of N for the microbe to grow, and excessive N in the soil will not be 
used by either the organisms or plants. An observation study from [42] showed that 
degradable C would temporarily immobilize N to be absorbed by fungi. Thus, the more N and 
OC content in the soil may not be used optimally when they exceed the requirement of 
microbe or plant to grow; in this palm oil study, N content mostly lies in the range of > 0.25% 
(very high), and OC mostly lies in the range of 0.15–0.25% (high) [28]. This resulted in a 
negative correlation for N and OC in TM and TF. 

Among all the microbe parameters used in the test, only Az showed a negative correlation 
with moderate strength toward P content in the soil. Allen [43] showed that P and Ca 
(calcium) are essential nutrients for Azotobacter to thrive. However, the interaction between 
H2PO4

– can only occur in neutral or slightly alkali soil with a pH ≤ 7, whereas the pH in the 
study area had a pH of 4.02–5.50, which is acidic. Thus, minerals that can interact with free 
H2PO4

– are mostly from metals such as Al, Fe, Mg, and more. This resulted in a higher 
detrimental risk of interaction between H2PO4

– and metal ions. Thus, this resulted in a 
negative correlation with moderate strength between Az and P content in the soil. 

The result above showed that Az and PSM have a negative correlation regarding different 
strengths with K in the soil. Azotobacter showed a significant result based on a t-test with 
negative and weak. K and Zn (zinc) are two essential minerals Azotobacter needs to promote 
plant growth. However, this interaction and enzymatic process result in soil acidification [4]. 
This increase in acid in the soil may slowly lower the survival chance of Azotobacter, resulting 
in a negative correlation. The weaknesses of the strengths showed that this process did not 
drastically drop the Azotobacter population due to the soil buffer that helps to prevent the 
free fall of the soil pH. On the other hand, PSM has a negative and moderate strength with K. 
It is because the process of solubilizing phosphate K is less needed, resulting in a negative 
correlation. 

According to this data and discussion, soil chemical properties have complex interactions 
with microbes. The interactions were quite diverse depending on the needs and 
requirements of microbes to do their activities. However, some notes require further 
attention. For instance, soil acidity is important in the cycle of soil nutrients and the activity 
of soil biological properties [44–46]. This study also showed that soil acidity also affected 
many factors. Some are organisms' ability to survive and H2PO4

– to interact with soil minerals. 
Soil pH becomes lower when ammonia acid (NH4

+) is present in the soil excessively, 
restraining phosphate from forming soluble compounds, damaging the natural pH buff of the 
soil, and resulting in the disturbance of soil microbial activity. This condition then will lead to 
infertility of the soil. 

4.4. Correlation of mesofauna, macrofauna, and soil chemical 

Table 3 showed that OC has positive and weak correlation strengths. This may be due to 
mesofauna and macrofauna movements and feeding behavior to forage their food from a 
further distance [47,48]. Hymenoptera is a good example of this in this study due to its 
multiple roles in the ecosystem. Mesofauna and macrofauna show slightly similar results, 
showing a negative correlation between pH and P. However, most mesofauna and 
macrofauna studies claim that mesofauna and macrofauna usually prefers alkali soil to live 
in, which means that a higher pH will result in more mesofauna and macrofauna [49].  

The result showed the opposite condition despite a weak correlation strength. According to 
Geissen et al. [47], this happened due to the difference in soil chemical properties in 
temperate and tropical climates. It shows that in tropical soil, mesofauna and macrofauna, 
especially invertebrates, were highly active and abundant in the population in a pH range 
between 3.8 to 4.0 compared to the ones in temperate climates. This shows a vigilant 
adaptation of mesofauna and macrofauna in tropical soil to thrive. This study gave a further 
range and contribution to the previous study that in a small pH range of 4.02–5.50, still 
considered acidic, the density tended to show an increment the more acidic the soil and 
showed reduction the more alkali the soil became. This finding strengthens the previous 
statement in the discussion above that pH and P content, as soil buffers, become some of the 
variables that hold an important role in tropical soil [46]. 
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The correlation between P and mesofauna and macrofauna showed how P content also 
highly contributed to the ecosystem and the living [43]. The free H2PO4

– may interact with 
metal minerals in the soil, causing unavailability or toxicity to mesofauna and macrofauna. 
Aluminum content in acidic soil will increase in number, which leads to an increase in the 
chance of toxicity toward mesofauna and macrofauna. This is why this study showed that 
over-flowing existing P may harm living in micro-ecosystems. Furthermore, important 
microminerals, such as Mg2+, will also form a strong bond with phosphate, which leads to low 
availability of the required minerals [43]. However, it is wise to believe that each taxon 
requires a different and specific pH range and other nutrients to survive before jumping to a 
general conclusion. Thus, a further study about the range of pH as the basic requirement of 
living this mesofauna and macrofauna, especially in tropical soil, is highly needed to 
understand how big a change in land use or any small changes in the soil could affect the 
diversity of mesofauna and macrofauna. Thus, conservation efforts to preserve soil biological 
properties can be done in protected areas or productive lands to increase land productivity. 

5. Conclusion 

The study has shown how soil chemical properties may influence soil biological properties 
and vice versa through complex interactions and mechanisms. This study showed that the 
crucial factors of soil chemical, phosphate, and soil acidity were important in the oil palm 
plantation. Soil acidity determines how organic phosphate forms (H2PO4

–), a water-soluble 
form, bonds with other soil metal minerals or calcium, which leads to the ability of soil to 
buffer the change of acidity from soil chemical reactions, for instance, nitrogen fixation and 
microbe activities. Thus, keeping the balance of soil acidity and regularly using high 
phosphate fertilizer may help conserve and sustain the soil system, especially in terms of soil 
biological and soil chemical aspects. This soil maintenance may help to conserve the soil and 
increase the environmental value of oil palm plantations. 
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