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Abstract. Forest areas are where the most advanced water and air cycles occur and cannot be replaced by any 

man-made products. For this reason, Indonesians' lives and forest lands are inextricably linked as economic 

resources. Deforestation also occurs at a considerable rate in East Kutai Regency. Changes in the area of forest 

land, which is continuously decreasing, followed by a growth in land area for other uses, including mining and 

plantations, serve as examples of this circumstance. To determine whether the conversion of this area is genuinely 

balanced between measures to protect the environment and the health of the soil and its economic value, more 

research must be done. One way to find out is to examine soil respiration in several locations. The purpose of the 

research was to compare soil respiration levels in three types of land cover in East Kutai Regency. The data 

collection method involves taking 0 – 30 cm depth of soil sample at three points in three locations, namely Rubber 

plantation, Teak plantation and Botanical Gardens. The total soil microorganism count is determined by soil 

organic carbon. The overall number of soil microorganisms increases with soil organic matter. Next, the soil 

samples are tested in the laboratory for colony total number. The study's findings indicated that the teak plantation 

had the lowest soil respiration, at21.37±0.9, and the Botanical Garden location had the highest, at29.87±1.91. The 

high total number of soil microorganisms makes respiration high because it produces high CO2, which is caused 

by the high activity of the microorganisms in the soil.  
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INTRODUCTION 

Forests provide life on Earth and sustain 

the living things in their habitat. 

Environmentalists say that forests are the 

world's lungs, while water is said to be the 

lifeblood of humanity.  Tree roots that grow 

in the forest function to absorb water 

(Rahardjo et al., 2009) and send it to the earth. 

Forest areas are engines of environmental 

ecosystem circulation. Forest areas are the 

most advanced water and air cycles and 

cannot be replaced by any man-made 

products. Therefore,  forest areas are an 

economic resource that cannot be separated 

from the lives of Indonesian people (Hidayat 

et al., 2021), because forests are a source of 

life for mankind. Forests play many roles in 

helping human life. These functions include: 

(a)  Forests act as a carbon dioxide (CO2) 

absorber (Witno et al., 2024) and enhance 

quality air (Has et al., 2024); (b)  Forests play 

a role in controlling water (Shah et al., 2022); 

(c)  Forests play a role in preventing 

landslides and preventing erosion (Grima et 

al., 2020); (d)  Forests act as water catchment 

areas and providers of water resources 

(Springgay et al., 2021); and (e)  Forests play 

a role in providing various kinds of human 

life needs (Hendrati, 2019). 

 The rate of deforestation in Indonesia is 

high, including in Kalimantan (Wegscheider 

et al., 2019). Deforestation is also occurring 

in East Kutai Regency, one of the regions that 

make up 17% (357474.50 Km2) of East 

Kalimantan's total area. This state is 

demonstrated by changes in forest land, 

which is continuously decreasing, and then a 

growth in land area used for various uses, 

including plantations and mining. This land 

conversion needs to be studied to see whether 

the use of its economic value is truly balanced 

with efforts to preserve the environment and 
the health of the land. One way to find out is 

to examine soil respiration in several 

locations. 

 Soil respiration commonly refers to the 

natural release of CO2 from the soil surface 

into the atmosphere (Irving et al., 2024; 

Barranco et al., 2025),  primarily through 

either biological or mineralogical processes  
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(Irving et al., 2024). The organic matter 

contained in the soil can be decomposed and 

mineralized by microbes, which will 

contribute to the nutrients needed by plants 

and improve the condition of the soil 

(Swaminathan et al., 2021).  Soil respiration 

were count from the Microbial activity and its 

an important factor that influences plant 

growth and soil health (Vincze et al., 2024). 

In addition to biological (vegetation, 

microbes) and environmental (temperature, 

humidity, pH) influences, man-made factors 

have a greater impact on soil respiration 

(Tong et al., 2021).  Microbial activity in the 

soil can be monitored from soil respiration 

(Widati, 2007). Because high soil respiration 

indicates the presence of sufficient organic 

matter, appropriate temperature, sufficient 

water availability, and supportive soil 

ecological conditions, knowing the microbial 

activity in the soil can help determine its 

fertility. Conversely, low respiration provides 

information on how to improve the ecological 

conditions on the land further (Widati, 2007). 

Land use affects soil respiration (Vikram 

et al., 2022) and soil respiration studies are 

important to carry out so that land 

productivity is optimal. Based on this 

background, researchers are interested in 

conducting soil respiration research on three 

land uses in East Kutai Regency. The study's 

objective was to compare soil respiration 

levels in three types of land use in East Kutai 

Regency to find out how its microbial activity 

processes and how to improve soil conditions 

 

METHOD 

The research was carried out in 2023 at 

East Kutai, which has a land elevation of 07 

to 1,000 meters above sea level (asl), is the 

location of the research. East Kutai Regency 

experiences 26°C average air temperature in 
a humid tropical forest climate. There is a 5°–

7°C range or variation between the lowest 

and highest temperatures. The average annual 

rainfall is between 2,000 and 4,000 mm, and 

there are 130 to 150 days with rain on 

average. (East Kutai data portal). This 

research was carried out in three 

administrative locations, namely the North 

Sangatta District (teak plantation and 

botanical gardens which have mixed 

vegetation), and South Sangatta District 

(rubber plantations), the coordinates for the 

rubber plantation were at coordinates 

0°18'39”– 0°29'44” N and 117°28'44 –

117°36'43 E, the teak plantation is at 

coordinates 00°32'18.4”N and 117°34'58.7” 

E, and the Botanical Garden is at coordinates 

00°31'41”00 Nand117°36'15.3”E. Three 

different use location in were choosen, they 

are Rubber plantation, Teak plantation and 

Botanical Gardens.  

Soil chemical sample analysis was 

conducted at the Soil Science Laboratory, 

Mulawarman University, Samarinda. 

Analysis of respiratory and microbial 

samples was done at the Laboratory of 

Biotechnology in Indonesian Education 

University of Bandung. Descriptive 

quantitative observation is the research 

approach used, namely direct field 

observation. Then determine the sampling 

point. One kg of soil sample was taken for 

chemical parameters (pH and Organic 

Carbon) which were then analyzed at the 

laboratory. A total of 300 g of soil was taken 

for microbial analysis (bacteria and fungi). 

The soil respiration measurement method is 

based on measuring sample incubation with 

0.05 M NaOH solution and evaluated by 

titration using HCl solution (Husen et al., 

2014). 

The data collection method involves 0-

30 cm depth of soil (Fu et al., 2024), at three 

points in three locations. Soil samples are 

tested in a laboratory. Orientation and 

observation activities are carried out to 

collect information and research location data 

which includes topography, geography, 

vegetation, climate and other supporting data. 

Supporting data as the first step in the work is 

equipped with research location maps, a 

global position system (GPS), stationery, and 

a documentation camera. Determining the 

location for taking soil sample points was 

carried out using systematic random 

sampling which was divided proportionally. 
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The process of determining the sample is 

based on the diversity of a homogeneous 

population (Widati, 2007). There are three 

soil sampling locations, namely teak 

plantation, rubber plantation, and botanical 

gardens. Using a hoe, the top soil was 

excavated to a maximum depth of 30 cm, 

from which soil samples were gathered. On 

each land, several sample points will be taken 

at a distance of 50 meters. 

The data and soil sample method were 

collected as below: 

a. Soil moisture and temperature This 

activity was done in the field location; it 

is carried out by inserting a soil tester at 

each sub-sample point and then 

measuring soil moisture and temperature 

using a soil tester and a thermometer to 

record the results. 

b. Analyze pH and soil organic carbon 

sampling for soil pH, and Organic Carbon 

analysis is carried out by taking 1kg of 

soil and then analyzing it in the 

laboratory. 

c. Analysis of Microbial Abundance 

(Bacteria and Fungi) At each location, 

soil samples were taken with a scoop of 

100 g of soil in a plastic clip and put in a 

black plastic bag so that it was not 

exposed to sunlight. The soil is stored in 

a cooler box to keep the temperature 

below 4 until it is time to identify and 

analyze it in the laboratory  

 

In the laboratory, the soil organic carbon 

analysis was carried out using the Walkley 

and Black method (Abdullah et al., 2022). 

The microbial abundance was analyzed, to 

isolate microbes from samples in the form of 

soil around the research location and plant 

rhizosphere using the spread plate method 

with serial dilution techniques (Kannan et al., 
2018). 

1. Colony 

Total Plate Count (TPC) is a method for 

determining the total amount of 

microorganisms (mold, yeast, and 

bacteria) in an ingredient. Plate Count 

Agar (PCA) is used as a medium for 

TPC analysis, with one gram of diluted 

material planted in a Petri plate and 

incubated. TPC computation results are 

expressed as colonies (cfu) per millilitre 

(Arifan et al., 2019). Colonies are 

counted using a colony counter, which 

meets the requirements to be counted in 

a colony number of 30-300.  If the 

number of colonies >300 colonies, it is 

declared as Too Numerous To Count 

(TNTC) (Howen et al., 2022).  

 

2. Soil Respiration 

a. Molarity 

This is done in the laboratory by 

preparing the chemical solution to be 

used. A 0.05 M HCl solution by 

diluting 4.14 ml of HCl with 1000 ml 

of distilled water is put into a agent 

bottle. BaCl2 2H2O 0.5 M solution by 

diluting 30.5 grams of BaCl2.2H2O 

with 250 ml of distilled water and put 

into a bottle. Phenolphthalein 

Indicator Solution 0.05% by diluting 

0.05 g pp, adding 50 ml of ethanol and 

dissolving in 50 ml of distilled water. 

A 0.05M NaOH solution by diluting 2 

grams of NaOH with 1000 ml of 

distilled water is put into a reagent 

bottle and closed tightly. 

b. Incubation 

Incubation is the process of capturing 

CO2 in a jar using NaOH solution. 

Prepare as many jars as the samples 

are being analyzed. Next, prepare a 

paralon measuring 7 cm in the same 

diameter. Prepare 50 grams of dried 

soil samples. The next day's 

incubation treatment is to restore the 

soil water content to its original state. 

Next, prepare a 7 x 7cm wire as a 

support for the morin bottle, then 

prepare 10 ml of distilled water as a 

balancing indicator. Put the soil 

sample in, place 25 ml of NaOH 

solution right next to the sample 
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container using a wire as a support so 

that the released CO2 is immediately 

captured by the NaOH solution. After 

all the ingredients have been added, 

close it tightly and record the closing 

time. Cover with a dark cloth at room 

temperature and incubation can begin 

for approximately 20 hours. 

After the data was collected, the data 

were evaluated using analysis of variance 

(ANOVA); then, the Least significant 

difference (LSD) test was used for means 

separation. Differences were considered 

statistically significant at p < 0.05, and the 

Pearson correlation test using Microsoft 

Excel software and presented in the form of 

tables and graphs 

RESULTS AND DISCUSSION 

 

1. pH and Soil Organic Carbon 

Soil reaction indicates the soil acidity or 

soil alkalinity, which is expressed by the 

value of pH, which is used to express the 

concentration of hydrogen ions (H+) in the 

soil. The degree of acidity in soil increases 

with the concentration of H+ ions. In acidic 

soils, the H+ ions are more predominant than 

OH- ions, while in alkaline (basic) soils, the 

OH- content is more than H+. If the H+ content 

is the same as OH- then the soil reacts 

neutrally (Uchida & Nguyen Hue, 2020). 

Table 1. Soil pH and Organic Carbon Content 

No Field Code pH H2O C organic (%) 

1. Rubber Plantation 5.81± 0.03 1.09±0.36 

2. Teak Plantation 5.91± 0.08 0.34±0.29 

3. Botanical Garden

  
5.38± 0.40 2.13± 0.78 

 

According to the research findings, the 

pH of the water in the three land covers 

varied, with the hepatic garden having the 

greatest pH (5.91 ± 0.08) and the botanical 

field having the lowest pH (5.38 ± 0.40) 

(Table 1). The acidity level of botanical 

gardens is acidic, while in rubber plantations 

and teak plantations, it is moderate. Soil 

organic matter is a material of soil (Solekhah 

et al., 2024) as the source of soil carbon. Soil 

organic carbon, is a carbon that comes from 

various organic materials, namely plants, 

animals and including microbes. The 

physical and chemical composition and the 

microbial community's metabolism of the soil 

all affect how much carbon is stored in the 

soil matrix (Campbell et al., 2022). The 

accessibility of soil carbon is affected by the 

physical surface area accessible for 

interaction and the chemical absorption of 

carbon molecules into minerals, which are 

both influenced by the physical structure of 

the soil and the chemical compounds present 

in it (Newcomb et al., 2017). 

The accessibility of soil carbon is 

affected by the physical surface area 

accessible for interactions and the chemical 

absorption of carbon molecules into minerals, 

which are both influenced by the physical 

structure of the soil and the types of chemical 

compounds present in it. The results showed 

that the highest percentage of soil organic 

carbon content was in the Botanical Garden, 

namely 2.13 ± 0.78%, and the small least was 

0.34 ± 0.29%, while the average was in the 

rubber plantation, namely 1.09 ± 0.36 %. For 

teak plantations, the organic carbon content is 

classified as below 1%, meaning it is very 

low; for rubber plantations, it is between 1% 

and 2%, meaning it is low; while soil organic 

carbon in botanical gardens is between 2%-

3%, meaning moderate. 

Botanical gardens contain a relatively 

high density of trees, canopy cover, 

understory vegetation, litter intake, and root 

systems. Previous studies have shown that 

forest conversion increases land density and 

reduces soil porosity in teak and rubber 
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plantations. Different land uses have a direct 

impact on soil carbon, fertility, and physical 

qualities, leading to increased leaching and 

erosion. This is not consistent with the 

findings of a study conducted by Saputra et 

al., (2018) which looked at the relationship 

between bulk density, porosity, and 

infiltration rate in plantations and found that 

higher soil organic matter content positively 

impacted these three parameters. soil 

constant, this is most likely since each 

location's soil contains a unique combination 

of components and the inflow of organic 

material has minimal impact on the soil. 

2. Soil Microbial Abundance 

The abundance of soil microorganisms 

measured includes the total bacteria and fungi 

in the soil sample. The number of microbes in 

each group showed different results at each 

soil research location. The results of the 

research show that the average bacteria in the 

Botanical Gardens is the highest, namely 

150.33x105 with a standard deviation of 

±7.37.15x 105, and the lowest was in teak 

plantations, namely an average of 61 x 105 

with a standard deviation of ± 9.54x105 

(Table 2). 

Table 2. Total Bacteria and Fungi at three research locations 

No Field Code Bakteri (105) Jamur (104) 

1. Rubber Plantation 124±10,15 92,67± 5,51 

2. Teak Plantation 61±9,54 83±10,44 

3. Botanical Garden

  
150,33± 7,37 102,33± 4,04 

 

The results of the research show that the 

average fungus in the Botanical Gardens is 

the highest, namely 102.33 x 104 with a 

standard deviation of ± 4,04 x 104, the second 

was Rubber plantation 92,67 x 104 with a 

standard deviation of ± 5,51 x 104 and the 

lowest was in teak plantations, namely an 

average of 83 x 104 with a standard deviation 

of ± 10.44 x 104 (Table 2). 

Soil microbial diversity is influenced by 

various environmental factors, including 

abiotic factors such as pH, seasonal changes, 

and soil nutrients. In the results of this 

research, botanical gardens which have many 

types of vegetation have high numbers of 

bacteria, which is different from research in 

China which states that the soil bacterial 

community was higher in monoculture than 

in mixtures due to the higher soil pH in 

monoculture, confirming that soil pH is the 

main driver for microbes (Jatoi et al., 2019). 
 

3. Soil Respiration 

Soil respiration, which is CO2 produced 

by the biological activity of soil organisms, 

is in a major flux in the global carbon cycle, 

emitting approximately 10 times more CO2 

into the atmosphere annually than the 

burning of fossil fuels (Jiang et al., 2020; 

Fekete et al., 2021; Kotroczó et al., 2023) 

Table 3. Soil respiration at three 

research locations 

No Field Code Soil Respiration 

1. Rubber Plantation 21.37± 0.9 

2. Teak Plantation 11.29± 0.51 

3. Botanical Garden

  
29.87± 1.91 

 

Soil respiration in the research area was 

highest in the botanical garden, namely 

29.87 kg CO2-C ha-1 day-1 with a standard 

deviation of ± 1.91 kg CO2-C ha-1 day-1 

followed by rubber plantation with 

respiration 21.37 kg CO2-C ha-1 day-1 with 

standard deviation of ± 0.9kg CO2-C ha-1 

day-1 and the smallest is teak plantation 11,29 

kg CO2-C ha-1 day-1 with a standard 

deviation ±0.51 kg CO2-C ha-1 day-1 (Table 

3). Respiration in the Botanical Garden and 
Rubber plantation is between 16-32 kg CO2-

C ha-1 day-1 which means that the activities 

occur in medium soil, meaning that activities 

occur in the soil is medium, while in teak 
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plantation, respiration is between 9.6–16, it 

means that the activity in the soil is low. Soil 

respiration in botanical gardens is higher due 

to various possibilities, including that in 

botanical gardens, more litter decomposes 

compared to rubber plantations or rubber 

plantations. besides, it may be due to 

temperature and humidity; in the botanical 

garden, the temperature is lower, and the 

humidity is higher. This is in accordance 

with Vikram’s statement in 2022, which 

stated that soil respiration rate varies 

spatially and temporally. It is also heavily 

impacted by abiotic parameters such as soil 

water content and soil temperature in the 

specified land use system. Positive soil 

respiration rates increase with soil water 

content. Furthermore, on a temporal scale, 

specifically a monthly or seasonal basis, soil 

temperature has a greater influence on soil 

respiration than soil water content in the 

specified land use system (Vikram et al., 

2022).  

 

4. Correlation between Soil Respiration 

and its influence factor 

 

The correlation between soil respiration 

and pH at the research location is R² = 

0.528, which means there is a relation 

between soil respiration and pH as an 

influence factor (Figure 1). The findings of 

this investigation are consistent with those 

of a study conducted by Li et al. (2019), 

which demonstrated a substantial positive 

correlation between the cumulative 

respiration rate and soil pH, fine root 

biomass, urease activity, and sucrose 

activity. 

 

 
 

Figure 1. Correlation of soil respiration and pH 

 

Soil respiration may be affected by the 

interaction of other elements with 

temperature and humidity (Yusnaini et al., 

2021). In Mengcheng County, soil microbial 

properties were measured in conjunction with 

soil physicochemical characteristics and 

climatic factors to investigate the mechanism 

by which soil pH mediates the temperature 

sensitivity of soil respiration, and the results 

showed that soil acidification caused by long-

term mineral fertilization reduced the 

temperature sensitivity of soil respiration. 

Under warming conditions, soil respiration's 

temperature sensitivity was intricately 

connected to the microbial community 

composition, alpha diversity, and soil 

ammonium nitrogen levels. The combination 

of pH and temperature influenced soil 

respiration; warming exacerbated the 

detrimental impact of soil pH on soil 

respiration. Furthermore, the mechanism by 

which soil pH impacts temperature sensitivity 

included not only microbial community 

composition, alpha diversity, and biomass but 
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also soil phosphorus availability. To our 

knowledge, this is the first study to describe 

the microbiological mechanism underpinning 

soil acidification's effect on the temperature 

sensitivity of soil respiration in field settings 

(Jin et al., 2024) 

 

 

Figure 2. Correlation of soil respiration and carbon 

 

The Correlation between soil 

respiration and Carbon at the research 

location is R² = 0.7086, which means there 

is the relation between soil respiration and 

carbon as an influence factor (Figure 2). 

The findings of this study closely 

resemble those of a study conducted by 

Rodtassana et al. (2021), which examined 

the temporal and spatial variations of soil 

respiration and the factors that drive it, 

such as soil temperature, soil moisture, 

and organic matter content. Their findings 

indicated that increased soil organic 

matter as a carbon source increases soil 

respiration significantly in most forest 

stages. 

 

 

Figure 3. Correlation of soil respiration and Bacteria 

 

The Correlation between soil 

respiration and bacteria at the research 

location is R² = 0.9327, which means there is 

a relation between soil respiration and carbon 

as an influence factor (Figure 3). Soil 

respiration is influenced by many factors, and 

responds strongly to factors that hinder the 

most, such as physiological and other 
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microbial processes. High temperatures have 

a stronger impact on soil respiration than low 

temperatures. However, because high 

temperatures and high humidity have a bigger 

impact on respiration, a high temperature will 

have no meaningful effect. (Xiao et al., 

2014). Soil temperature, microbial biomass 

and enzyme activity are important factors that 

influence soil respiration (Qu et al., 2023). A 

number of factors contribute to the low pH of 

the soil at the study site, including the high 

amount of organic matter in the soil, which 

encourages microorganisms to break down 

organic material and release organic acids, 

and leaching from erosion, which keeps Al 

and H+ cations as the main cations and causes 

sourer actions in the soil (Khaidem & 

Thounaojam, 2018). As previously 

mentioned before, aluminium will be very 

soluble under extremely acidic soil 

conditions and can be found as Al3+ and Al 

hydroxide (Gunasekera & Silva, 2020). Soil 

reaction (pH) influences the development of 

soil microorganisms that live in it, and the 

microorganisms that most live at this pH are 

bacteria and fungi (Gondal et al., 2021). 

According to Jufri (2020), in general, bacteria 

can grow well at a pH of around 7(neutral), 

although they can grow in the pH range of 5-

8, while fungi can live in a wide pH range. 

Followed by Wang et al., (2019) that soil pH 

influences the development of soil 

microorganisms in different soil conditions. 

 

CONCLUSION 

The study's findings demonstrated 

that the largest soil respiration was at the 

Botanical Garden location at 29.87 ± 1.91 

and the smallest at the teak plantation at 

21.37 ± 0.9. The high total number of soil 

microorganisms makes respiration high 

because it produces high CO2, which is 

caused by the high activity carried out by the 

microorganisms in the soil. The total soil 

microorganism number is defined by soil 

organic carbon. The total amount of soil 

microorganisms increases with soil organic 

matter. As a suggestion for further research, 

to be able to find out the relationship between 

the amount of respiration and the rate of 

decomposition by microorganisms, data is 

needed regarding the constituents of organic 

materials at that location in the form of 

lignin, cellulose and hemicellulose. 
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