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Abstract. This study investigated the influence of different land covers on soil quality and carbon storage in Moramo Education Estate. The 9 
information is required as fundamental consideration to determine the best landscape management strategies for supporting soil 10 
conservation and climate change mitigation. Data were collected from three types of land cover that are generally found in this area, 11 
including forests, shrubs, and Savanna. Three permanent sampling plots were randomly placed in every land cover as replicates with a size 12 
of 20 m x 20 m. Six parameters were used to describe soil quality, i.e., soil acidity, soil organic carbon, total nitrogen, available phosphorus, 13 
exchangeable potassium, and cation exchange capacity. Meanwhile, the carbon storage from every plot was quantified at below and 14 
aboveground conditions. Comparison mean of soil quality and carbon storage among land covers were examined using analysis of variance 15 
and followed by honestly significant Tukey’s. Pearson correlation analysis was also applied to evaluate the relationship between soil quality 16 
and carbon storage. The results found soil quality differed significantly in exchangeable potassium and cation exchange capacity. A similar 17 
trend was also demonstrated in carbon storage at aboveground conditions. The highest average carbon storage was recorded in Forests 18 
(150.50±27.79 t ha-1), followed by Shrubs (52.50±15.02 t ha-1) and Savanna (45.97±4.42 t ha-1). Total carbon storage at different land 19 
covers significantly correlated to soil acidity, available phosphorus, and cation exchange capacity. Carbon storage improved along with 20 
the increasing available phosphorus and cation exchange capacity. In contrast, a negative correlation was noted in the relationship 21 
between carbon storage and soil acidity. Overall, this study concluded that the different land covers significantly influenced soil quality 22 
and carbon storage in Moramo Education Estate. 23 

Keywords: climate change mitigation, land cover, landscape management, permanent sampling plot, soil conservation 24 

Running title: Soil quality and carbon storage 25 

INTRODUCTION 26 

Soil conservation and climate change mitigation have become strategic issues in agriculture development (Amelung et 27 

al. 2020), particularly in tropical countries. The management of the agriculture sector is currently targeted to stabilize the 28 

food supply and provide an essential contribution to maintaining soil quality and reducing carbon emissions in the 29 

atmosphere (Castellini et al. 2021). To anticipate these challenges, the optimum scenario of agriculture development is 30 

necessary to accommodate the objective of environmental preservation and farm cultivation. This scheme is only possible 31 

to implement when land managers know the influence of land cover on soil quality and carbon storage. The statement is 32 

also supported by previous studies that record the soil quality and carbon storage principally vary in every land cover due 33 

to the interaction between soil and vegetation above it (Sugihara et al. 2014; Chandra et al. 2016; Sadono et al. 2021). For 34 

example, higher plant biomass is commonly found in good soil than in poor soil because the availability of nutrients in 35 

good soil is more sufficient to support plant growth (Bhandari and Zhang 2019). Meanwhile, higher biomass accumulation 36 

will generate more litterfall that becomes the input of organic matter into the soil (Giweta 2020). When the organic matter 37 

decomposes, the amount of nutrients will be released into the soil and improve fertility (Purwanto and Alam 2020). 38 

Therefore, the availability of information about soil quality and carbon storage is highly required by land managers as 39 

consideration materials to determine the land conversion strategies in agriculture development. 40 

As one of the priority locations for integrated agriculture development in Southeast Sulawesi, Moramo Education 41 

Estate (MEE) is a special-purpose area with a natural ecosystem with three different land covers, including forests, shrubs, 42 

and Savanna. This area is planned to be managed as a research center and site experiment to support the innovation of 43 

good agriculture practices (GAP), such as nutrients management, pest and disease control, crop yield estimation, etc. 44 

However, this plan can decline the essential roles of MEE in ecological functions, especially related to the nutrients cycle 45 

and carbon absorption. Therefore, conducting a preliminary study about the soil quality variation and carbon storage 46 

distribution at different land covers in MEE is necessary. This information will help the farm managers determine the type 47 
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of land cover that can convert into agricultural land. This effort is expected to minimize the negative impacts of land-use 48 

change on the functionality ecosystems of MEE.  49 

Based on those explanations, this study aims to evaluate the influence of land cover on soil quality and carbon storage 50 

in the MEE area. The primary focus of research is to compare the soil fertility and carbon storage among land cover types 51 

and examine the connectivity between soil characteristics and carbon stock accumulation from three different land covers. 52 

MATERIALS AND METHODS 53 

Study area  54 

This study was conducted in the MEE area located in South Konawe District, Southeast Sulawesi. The geographic 55 

position of this site is situated in E4°6'30"−4°7'30" and S122°35'0"−122°35'30" (Figure 1). Altitude ranges from 25 to 137 56 

m above sea level. Topography is predominantly by hilly area with an 8−15% slope level. The average daily temperature is 57 

27.6°C with a minimum of 23.1°C and a maximum of 32.2°C. Annual rainfall reaches 3,179.70 mm year-1 with an average 58 

air humidity of 81%. The dry period is relatively longer than two months and commonly occurs from September to 59 

October. The land cover of MEE is dominated by forests (70%), followed by Savanna (20%) and shrubs (10%). 60 

 61 
Figure 1. The study site of Moramo Education Estate in South Konawe. Black circles indicated sampling plots for data collection 62 

Data Collection 63 

The field survey was conducted by a stratified sampling method. The different land cover was assumed as the primary 64 

factor that caused the variation of soil quality and carbon storage. To facilitate the measurement activity, three permanent 65 

sampling plots were placed randomly in every land cover with a size of 20 m x 20 m (Grussu et al. 2016). The coordinate 66 

of each plot was also recorded using a global positioning system (GPS). It aimed to support long-term monitoring of soil 67 

quality and carbon storage dynamics at the study site. Then, the data collection process in every plot was divided into two 68 

steps, i.e., soil sampling and vegetation measurement. 69 

Soil sampling was conducted from three different positions in every plot using ring samples with 8 cm in diameter and 70 

10 cm in height. The soil sample was collected at a depth of 0−10 cm, 11−20 cm, 21−30 cm (Sadono et al. 2021a). 71 

Afterward, those samples were brought to the laboratory to determine their specific gravity, soil acidity, organic carbon, 72 

total nitrogen, available phosphorus, exchangeable potassium, and cation exchange capacity. The specific gravity was 73 

analyzed using the ASTM-D854 method, while soil acidity was determined by a pH meter. The determination of soil 74 

organic carbon was conducted using the Walkey and Black method, while total nitrogen was quantified using the Kjeldahl 75 

method. The HCl 25% extraction method was applied to quantify the available phosphorus and exchangeable potassium. 76 

Finally, cation exchange capacity was determined using the ammonium acetate method. The protocol of soil analysis was 77 

undertaken following the guidance of soil analysis published by (Estefan et al. 2013). 78 

The measurement of vegetation was done using a nested method wherein every sampling plot was divided into several 79 

sub-plots to support the plant inventory based on their life stages, namely 1 m × 1 m (understorey), 2 m × 2 m (seedlings), 80 

5 m × 5 m (saplings), 10 m × 10 m (poles), and 20 m × 20 m (trees) (Rambey et al. 2021). Several parameters were 81 

measured from the vegetation survey, including species, plant density, and diameter at breast height. However, the 82 

measurement of diameter was only implemented for pole and tree. 83 

Carbon storage of vegetation in below and aboveground conditions was quantified using a conversion factor from 84 

biomass since approximately 50% biomass was composed of carbon elements (Latifah and Sulistiyono 2013; Taillardat et 85 

al. 2018; Wirabuana et al. 2020a). First, aboveground biomass in pole and tree was quantified using an allometric equation 86 



 

developed by Chave et al. (2005). Meanwhile, the root biomass of pole and tree was calculated using a conversion factor 87 

wherein a study recorded the ratio between root biomass and total aboveground biomass of 1:5 (Wirabuana et al. 2020b). 88 

Next, the biomass accumulation in understorey, seedlings, and saplings was measured using a destructive method. The 89 

harvesting process was carried out in every subplot. First, the fresh weight of each sample was measured using a hanging 90 

balance. Then approximately 500 g sub-sample was brought to the laboratory for drying using an oven at 70°C for 48 91 

hours (Sadono et al. 2021b). Then, biomass was computed by multiplying the ratio of dry-fresh weight from the sub-92 

sample with the total fresh weight. A similar method was also applied to quantify biomass in litter and necromass. In 93 

parallel, soil biomass was counted based on ring samples' relationship between its specific gravity and soil volumes 94 

estimated. Then, the result was multiplied by the soil organic carbon content to obtain the carbon stock in the soil. The 95 

measurement of soil carbon stock was done following the guidance published by Hairiah and Rahayu (2007). Total carbon 96 

storage in every land over was counted by summing carbon accumulation in soil, litter, necromass, and vegetation. 97 

Table 1. Summary statistics of soil quality and carbon storage at different land covers 98 

Land Use Unit pH 
C-org TN Av-P Exc-K CEC  AGC  BGC TCS 

(%) (%) (ppm) (meq 100g-1) (meq 100g-1) (t ha-1) (t ha-1) (t ha-1) 

Savanna Mean 4.54 1.44 0.14 4.38 0.16 10.3 6.07 39.90 45.97 

  SD 0.29 0.52 0.03 1.05 0.06 1.22 1.45 2.97 4.42 

  SE 0.12 0.21 0.01 0.43 0.03 0.50 0.84 1.71 2.55 

  Min 4.16 0.88 0.10 3.39 0.09 8.62 4.40 36.70 41.10 

  Max 4.92 2.06 0.19 6.03 0.27 11.7 7.00 42.50 49.50 

Forests Mean 4.25 1.64 0.15 5.11 0.30 13.2 114.00 36.50 150.50 

  SD 0.47 0.75 0.05 2.62 0.06 2.01 18.00 9.79 27.79 

  SE 0.19 0.31 0.02 1.07 0.02 0.82 10.39 5.65 16.04 

  Min 3.30 0.98 0.12 2.37 0.24 10.8 96.60 29.60 126.20 

  Max 4.50 3.06 0.24 9.07 0.37 16.4 132.00 47.70 179.70 

Schrubs Mean 4.65 1.59 0.13 3.28 0.26 11.3 14.10 38.40 52.50 

  SD 0.19 0.53 0.03 1.79 0.09 1.64 9.33 5.69 15.02 

  SE 0.08 0.22 0.01 0.73 0.04 0.67 5.39 3.29 8.67 

  Min 4.28 0.93 0.10 1.26 0.14 9.94 7.50 32.10 39.60 

  Max 4.81 2.29 0.17 6.40 0.39 14.2 24.80 43.10 67.90 

Note: pH (soil acidity), C-org (soil organic carbon), TN (total nitrogen), Av-P (available phosphorus), Exc-K (Exchangeable 99 
potassium), CEC (cation exchange capacity), AGC (aboveground carbon storage), BGC (belowground carbon storage), TCS 100 
(total carbon storage), SD (standard deviation), SE (standard error), Min (minimum), Max (maximum). 101 

Data analysis 102 

Statistical analysis was processed using R software version 4.1.1 with a significant level of 5%. The agricolae package 103 

was selected to support the data analysis. A descriptive test was applied to quantify the data attributes, including minimum, 104 

maximum, mean, standard deviation, and standard error. The normality of data was examined using the Shapiro-Wilk test, 105 

while the homogeneity of variance was evaluated using Bartlet’s test. Comparison means soil quality and carbon storage 106 

among three land covers were tested using one-way analysis of variance and followed by honestly significant Tukey’s test. 107 

The study of Pearson correlation was also used to determine the critical soil parameters that correlated to carbon storage. 108 

RESULTS AND DISCUSSION 109 

Soil quality distribution 110 

Soil quality among land covers was not significantly different in most parameters, except Exc-K (Figure 2). The 111 

highest average Exc-K was discovered in Forests (0.30±0.06 meq 100g-1), followed by Shrubs (0.26±0.09 meq 100g-1) and 112 

Savanna (0.16±0.06 meq 100g-1). Interestingly, this study documented soil quality in Forests was slightly higher than other 113 

land covers for all parameters. It can be caused by dense vegetation that supplies more organic matter into soil through 114 

litterfall. In this context, more litterfall accumulation at aboveground can maintain land humidity that supports 115 

microorganism living (Sales et al. 2020). 116 

Furthermore, many pieces of literature confirm the abundance of soil bacteria plays a significant contribution to 117 

accelerating the decomposition process (Jacoby et al. 2017; Grzyb et al. 2020; Miljaković et al. 2020). As a result, many 118 

nutrients will be released from litterfall to soil layers (Tang et al. 2013). This explanation indicates vegetation has a 119 

strategic position to improve soil quality since it correlated to the nutrients cycle. The concept of soil pedogenesis supports 120 

it, wherein organism, including vegetation, becomes one of the fundamental factors affecting on weathering process 121 

(Catoni et al. 2016). The results also implied the declining vegetation density from Forests to Savanna gradually decreased 122 

soil quality. 123 



 

 124 
Figure 2. Comparison means soil quality among land covers. A similar letter above the bar graph indicated not a significantly different 125 

 126 
Figure 3. Comparison means carbon storage among land covers. A similar letter above the boxplot indicated not a significantly different 127 



 

Carbon storage variation 128 

Total carbon storage from three land covers was substantially different, wherein Forests had the highest carbon storage 129 

than other land covers by approximately 150.50±27.79 t ha-1 (Figure 3). It was almost four times higher than carbon stock 130 

in Shrubs and Savanna. Our study noted the most extensive accumulation of carbon stock in Forests occurred due to the 131 

vast contribution of vegetation aboveground. It was seen that the relative contribution of aboveground to total carbon 132 

storage in Forests is around 70% (Table 1). Meanwhile, there was no significant difference in belowground carbon among 133 

land covers. This outcome is not surprising since several publications have explained the essential role of vegetation in 134 

climate change mitigation (Setiahadi 2017; Matatula et al. 2021; Wirabuana et al. 2021). Furthermore, the higher dense 135 

canopy can absorb greenhouse gas emissions, particularly carbon dioxide (CO2), which is more effective in photosynthesis 136 

than shrubs and grass (Xie et al. 2021). 137 

Table 2. Pearson correlation analysis between soil parameters and carbon storage 138 

Soil parameter 
AGC   BGC   TCS 

r p-value   r p-value   r p-value 

pH -0.562 0.051ns   -0.282 0.461ns   -0.694 0.037* 

C-org 0.398 0.287ns   0.595 0.057ns   0.477 0.193ns 

TN 0.488 0.181ns   0.394 0.293ns   0.533 0.138ns 

Av-P 0.525 0.071ns   0.392 0.295ns   0.670 0.048* 

Exc-K 0.546 0.059ns   -0.238 0.536ns   0.619 0.075ns 

CEC 0.537 0.053ns   0.218 0.571ns   0.762 0.016* 

Note: pH (soil acidity), C-org (soil organic carbon), TN (total nitrogen), Av-P (available phosphorus), 139 
Exc-K (Exchangeable potassium), CEC (cation exchange capacity), AGC (aboveground carbon storage), 140 
BGC (belowground carbon storage), TCS (total carbon storage), ns (non significant different),  141 
* (significant different).  142 

Moreover, this study also recorded a significant correlation between soil characteristics and total carbon storage (Table 143 

2). Three soil parameters significantly correlated to whole carbon storage, i.e., pH, Av-P, and CEC. However, the 144 

relationship among those parameters was relatively different. Total carbon storage improved along with the increasing Av-145 

P and CEC. In contrast, a negative correlation was demonstrated in the relationship between carbon storage and pH. In 146 

general, the interaction between soil characteristics and total carbon storage in the landscape occurs because soil generally 147 

supplies nutrients for vegetation above it (Schjoerring et al., 2019). On another side, the life cycle of vegetation will 148 

provide the amount of litterfall and become organic matter inputs to soil (Sales et al. 2020). pH showed a negative 149 

correlation to total carbon storage since higher pH would reduce some kinds of nutrient availability. At the same time, a 150 

similar condition will also be found at the lower pH level (Feng et al., 2022). Therefore, most plants prefer to grow in soil 151 

with a pH-neutral of 6.5. Higher CEC increased total carbon storage because the increasing CEC would facilitate the 152 

mineralization process to make nutrients available (Costa et al. 2020). Meanwhile, higher Av-P significantly correlated to 153 

total carbon stock since the natural soil characteristics in the study site were classified into ultramafic soils having low Av-154 

P (Alam et al. 2020). As one of the macronutrients, plants were substantially required to support their growth, mainly for 155 

supporting photosynthesis (Carstensen et al., 2018).  156 

Implications 157 

Overall, this study confirmed a significant influence of land covers on soil quality and carbon storage in Moramo 158 

Education Estate, wherein the highest soil quality and carbon storage was found in Forests. Even though this location was 159 

allocated to develop integrated farming systems, a wise scheme should be formulated to minimize the impact of 160 

environmental degradation due to the activity of land conversion. Referring to these results, we suggest conducting land 161 

transition step by step from the land cover with the lowest fertility and carbon storage, first starting from Savanna and 162 

followed by Shrubs. It is thoroughly recommended to convert Forests at the last priority since the potential function of 163 

Forests in this site is more suitable as a carbon pool. 164 
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Abstract. This study investigated the influence of different land cover typess on soil quality and carbon storage in Moramo Education 15 
Estate (MEE). Information is required as fundamental consideration to determine the best landscape management strategies for supporting 16 
soil conservation and climate change mitigation. Data were collected from three types of land cover that are generally found in this area,  17 
and savannas. Three permanent sampling plots were randomly placed in every land cover as replicates with a size of 20 m × 20 m. Six 18 
parameters were used to describe the soil quality, i.e., soil acidity, soil organic carbon, total nitrogen, available phosphorus, exchangeable 19 
potassium, and cation exchange capacity. Meanwhile, theThe above and below- ground carbon storage from every plot was quantified at 20 
below and aboveground conditions. The comparison means of the soil quality and carbon storage among land cover types were examined 21 
compared using analysis of variance and Tukey’s honestly significant difference. Pearson’s correlation analysis was also applied to evaluate 22 
the relationship between soil quality and carbon storage. The results show that soil quality significantly differed in terms of the 23 
exchangeable potassium and cation exchange capacity. A similar trend was also demonstrated in above-ground carbon storage at 24 
aboveground conditions. The highest average carbon storage was recorded in forests (150.50 ± 27.79 t ha−1), followed by shrubs (52.50 ± 25 
15.02 t ha−1) and savannas (45.97 ± 4.42 t ha−1). The total carbon storage at different land covers is was significantly correlated to soil 26 
acidity, available phosphorus, and cation exchange capacity. Carbon storage improved with the increased in the available phosphorus 27 
and cation exchange capacity. By In contrast, a negative correlation was noted in the relationship between carbon storage and was 28 
negatively correlated with soil acidity. Overall, the different land covers types significantly influenced soil quality and carbon storage in 29 
MEE. 30 

Keywords: climate change mitigation, land cover, landscape management, permanent sampling plot, soil conservation 31 

Running title: Soil quality and carbon storage 32 

INTRODUCTION 33 

Soil conservation and climate change mitigation have become strategic issues in agriculture development (Amelung et 34 

al. 2020), particularly in tropical countries. The management of the agriculture sector is currently targeted to stabilize the 35 

food supply and provide an essential contributioncontribute to maintaining soil quality and reducing carbon emissions in 36 

the atmosphere (Castellini et al., 2021). To anticipate these challenges, the optimum scenario of agriculture development is 37 

necessary to accommodate the objective of environmental preservation and farm cultivation. This scheme is only possible 38 

to implement when land managers know the influence of land cover on the soil quality and carbon storage. The statement 39 

is also supported by previous studies that recorded the soil quality and carbon storage principally varying in every land 40 

cover due to the interaction between soil and the vegetation above it (Sugihara et al., 2014; Chandra et al., 2016; Sadono et 41 

al., 2021). For example, a higher plant biomass is commonly found in good soil than in poor soil because the availability 42 

of nutrients are more available in good soil is more sufficient to support plant growth (Bhandari and Zhang, 2019). 43 

Meanwhile, higher biomass accumulation will generate more litterfall that becomes the input of organic matter into the soil 44 

(Giweta, 2020). When the organic matter decomposes, the amount of nutrients will be released into the soil, and 45 

improveimproving fertility (Purwanto and Alam, 2020). Therefore, the availability of information about soil quality and 46 

carbon storage is highly required by land managers as consideration materials to determine land conversion strategies in 47 

agriculture development. 48 
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Moramo Education Estate (MEE) is a special-purpose area managed by Universitas Halu Oleo in Southeast Sulawesi. 49 

It is a natural ecosystem with three land cover variationstypes: , namely, forests, shrubs, and savannas. According to a 50 

government policy, MEE will become the priority location for integrated agriculture development. This area is designed as 51 

a research center and site experiment to facilitate the innovation of good agriculture practices, such as nutrient 52 

management, pest and disease control, and crop yield estimation. However, this scheme will provide negative impacts on 53 

the contribution of negatively impact MEE’s contribution in to ecological functions because there will be an intensive land 54 

conversion from natural ecosystems to agricultural land. It will also reduce carbon absorption and cause an imbalanced 55 

nutrient cycle. Therefore, a preliminary study on the soil quality variation and carbon storage distribution at different land 56 

covers in MEE is required to determine an optimum scenario of for land transition. This information will help managers 57 

formulate priority land covers that can be converted into agricultural land. The effort is expected to minimize the negative 58 

impacts of land-use change on MEE ecosystems. 59 

This study aims aimed to evaluate the effect of land covers on soil quality and carbon storage in MEE. The primary 60 

focus of this research is was to compare the soil fertility and carbon stock among land cover types and examine the 61 

connectivity between soil characteristics and carbon storage accumulation from different land covers. Results will provide 62 

adequate information as a basis basic consideration to select the priority land cover type for agriculture development 63 

without sacrificing the ecological function of MEE. 64 

MATERIALS AND METHODS 65 

Study area 66 

This study was conducted in MEE located in South Konawe District, Southeast Sulawesi. The geographic position of 67 

this site is E4°6'30"–4°7'30" and S122°35'0"–122°35'30" (Figure 1). Its altitude ranges from 25 to 137 m above sea level. 68 

Topography is predominantly a hilly area with an 8%–15% slope level. The average daily temperature is 27.6 ℃, with a 69 

minimum temperature of 23.1 ℃ and a maximum temperature of 32.2 ℃. Annual rainfall reaches 3,179.70 mm year−1 70 

with an average air humidity of 81%. The dry period is relatively longer than two months and commonly occurs from 71 

September to October. The land cover of MEE is dominated by forests (70%), followed by savannas (20%) and shrubs 72 

(10%). 73 

 74 
Figure 1. Study site of Moramo Education Estate in South Konawe. Black circles indicate sampling plots for data collection. 75 

Data collection 76 

The field survey was conducted using a stratified sampling method. The different land covers were assumed as the 77 

primary factor that caused the variations in soil quality and carbon storage. To facilitate the measurement activity, tThree 78 

permanent sampling plots were randomly placed in every land cover with a size of 20 m × 20 m (Grussu et al., 2016). The 79 

coordinate of each plot was also recorded using a global positioning system. This method aimed to support the long-term 80 

monitoring of soil quality and carbon storage dynamics at the study site. Then, the data collection process in every plot 81 

was divided into two steps, i.e., soil sampling and vegetation measurement. 82 

Soil sampling was conducted from three different positions in every plot using ring samples, with 8 cm in diameter and 83 

10 cm in height. The soil sample was collected at a depth of 0–10, 11–20, and 21–30 cm (Sadono et al. 2021a). Afterward, 84 

the samples were brought to the laboratory to determine their specific gravity, soil acidity, organic carbon, total nitrogen, 85 

available phosphorus, exchangeable potassium, and cation exchange capacity. The specific gravity was analyzed using the 86 

ASTM-D854 method, and soil acidity was determined using a pH meter. The determination of soil organic carbon was 87 



 

 

conducted using the Walkley–Black method, and the total nitrogen was quantified using the Kjeldahl method. The 25% 88 

HCl extraction method was applied to quantify the available phosphorus and exchangeable potassium. Finally, cation 89 

exchange capacity was determined using the ammonium acetate method. The soil analysis protocol was undertaken 90 

following the guidance of soil analysis published by Estefan et al. (2013). 91 

The vegetation measurement was performed using a nested method wherein every sampling plot was divided into 92 

several subplots to support the plant inventory based on their life stages: 1 m × 1 m (understorey), 2 m × 2 m (seedlings), 5 93 

m × 5 m (saplings), 10 m × 10 m (poles), and 20 m × 20 m (trees) (Rambey et al., 2021). Several parameters were 94 

measured from the vegetation survey, including species, plant density, and diameter at breast height. However, the 95 

diameter measurement was only implemented for the poles and trees. 96 

The carbon storage of vegetation in below and aboveground conditions was quantified using a conversion factor from 97 

biomass because approximately 50% of biomass was composed of carbon elements (Latifah and Sulistiyono, 2013; 98 

Taillardat et al., 2018; Wirabuana et al., 2020a). First, aboveground biomass in poles and trees was quantified using an 99 

allometric equation developed by Chave et al. (2005). Meanwhile, the root biomass of poles and trees was calculated using 100 

a conversion factor, wherein a ratio between the root biomass and total aboveground biomass of 1:5 was recorded 101 

(Wirabuana et al. 2020b). Next, the biomass accumulation in understorey, seedlings, and saplings was measured using a 102 

destructive method. The harvesting process was performed in every subplot. First, the fresh weight of each sample was 103 

measured using a hanging balance. Then, approximately 500 g subsample was brought to the laboratory for drying using 104 

an oven at 70 ℃ for 48 h (Sadono et al., 2021b). Then, biomass was computed by multiplying the ratio of dry-fresh weight 105 

from the subsample with the total fresh weight. A similar method was also applied to quantify biomass in litter and 106 

necromass. In parallel, the soil biomass was counted based on the ring samples’ relationship between its specific gravity 107 

and estimated soil volumes. Then, the result was multiplied by the soil organic carbon content to obtain the carbon stock in 108 

the soil. The measurement of the soil carbon stock was performed in accordance with the guidance published by Hairiah 109 

and Rahayu (2007). The total carbon storage in every land cover type was counted by summing the carbon accumulation in 110 

soil, litter, necromass, and vegetation. 111 

Table 1. Summary statistics of the soil quality and carbon storage at different land covers types 112 

Land Use Unit pH 
C-org TN Av-P Exec-K CEC  AGE  BGC TCS 

(%) (%) (ppm) (meq 100 g−1) (meq 100 g−1) (t ha−1) (t ha−1) (t ha−1) 

Savanna Mean 4.54 1.44 0.14 4.38 0.16 10.3 6.07 39.90 45.97 

  SD 0.29 0.52 0.03 1.05 0.06 1.22 1.45 2.97 4.42 

  SE 0.12 0.21 0.01 0.43 0.03 0.50 0.84 1.71 2.55 

  Min 4.16 0.88 0.10 3.39 0.09 8.62 4.40 36.70 41.10 

  Max 4.92 2.06 0.19 6.03 0.27 11.7 7.00 42.50 49.50 

Forests Mean 4.25 1.64 0.15 5.11 0.30 13.2 114.00 36.50 150.50 

  SD 0.47 0.75 0.05 2.62 0.06 2.01 18.00 9.79 27.79 

  SE 0.19 0.31 0.02 1.07 0.02 0.82 10.39 5.65 16.04 

  Min 3.30 0.98 0.12 2.37 0.24 10.8 96.60 29.60 126.20 

  Max 4.50 3.06 0.24 9.07 0.37 16.4 132.00 47.70 179.70 

Shrubs Mean 4.65 1.59 0.13 3.28 0.26 11.3 14.10 38.40 52.50 

  SD 0.19 0.53 0.03 1.79 0.09 1.64 9.33 5.69 15.02 

  SE 0.08 0.22 0.01 0.73 0.04 0.67 5.39 3.29 8.67 

  Min 4.28 0.93 0.10 1.26 0.14 9.94 7.50 32.10 39.60 

  Max 4.81 2.29 0.17 6.40 0.39 14.2 24.80 43.10 67.90 

Note: pH (soil acidity), C-org (soil organic carbon), TN (total nitrogen), Av-P (available phosphorus), Exc-K (Exchangeable 113 
potassium), CEC (cation exchange capacity), AGC (aboveground carbon storage), BGC (belowground carbon storage), TCS 114 
(total carbon storage), SD (standard deviation), SE (standard error), Min (minimum), Max (maximum). 115 

Data analysis 116 

Statistical analysis was processed conducted using R software version 4.1.1 with a significant level of 5%. The 117 

agricolae Agricolae package was selected to support the data analysis. A descriptive test was applied to quantify the data 118 

attributes, including minimum, maximum, mean, standard deviation, and standard error. The normality of data was 119 

examined using the Shapiro–Wilk test, and the homogeneity of variance was evaluated using Bartlet’s test. Comparison 120 

means of the soil quality and carbon storage among the three land covers were tested using the one-way analysis of 121 

variance and Tukey’s honestly significant difference. Pearson’s correlation analysis was also used to determine the critical 122 

soil parameters that are correlated to carbon storage. 123 



 

 

RESULTS AND DISCUSSION 124 

Soil quality distribution 125 

Soil quality among land covers types was not significantly different in most parameters, except Exc-K (Figure 2). The 126 

highest average Exc-K was discovered in forests (0.30 ± 0.06 meq 100 g−1), followed by shrubs (0.26 ± 0.09 meq 100 g−1) 127 

and savannas (0.16 ± 0.06 meq 100 g−1). As one of the soil macronutrients, the availability ofavailable potassium in the 128 

study location is highly extremely low because the soil type is categorized into ultramafic soils. It is a mature soil with low 129 

nutrient availability due to the impact of intensive weathering processes for long periods. Therefore, the potassium supply 130 

in this soil commonly comes from litterfall decomposition. This fact is also confirmed by whythe higher exchangeable K 131 

in forests had higher Exc-K than in other land cover types. 132 

 133 

 134 
Figure 2. Comparison means of the soil quality among land cover types. A similar letter above the bar graph indicates a non-significant 135 

difference. 136 

The high availability of nutrients in forests can be caused by the dense vegetation that supplies many organic matters 137 

into the soil through litterfall. In this context, mMore litterfall accumulation at the aboveground can maintain land 138 

humidity, which supports microorganism life (Sales et al., 2020). Furthermore, many pieces of literature confirm that the 139 

abundance of soil bacteria significantly accelerates the decomposition process (Jacoby et al., 2017; Grzyb et al., 2020; 140 

Miljaković et al., 2020). As a result, many nutrients will be released from litterfall into the soil layers (Tang et al., 2013). 141 

This explanation indicates that Therefore, vegetation has a strategic positionplays an important role in  to 142 

improveimproving soil quality because it is correlated tothrough the nutrient cycle. The concept of soil pedogenesis 143 

supports this phenomenon, wherein organisms, including vVegetation, becomes one of the fundamental factors affecting 144 

the weathering process during soil genesis (Catoni et al., 2016). The results also imply that the declining vegetation density 145 

from forests to savanna gradually decreases soil quality. 146 



 

 

 147 
Figure 3. Comparison means of the carbon storage among land covers types. A similar letter above the boxplot indicates a non-148 

significant difference. 149 

Carbon storage variation 150 

The total carbon storage from the three land covers types was substantially significantly different, wherein forests had 151 

the highest carbon storage than other land covers by approximately 150.50 ± 27.79 t ha−1 (Figure 3). It was almost four 152 

times higher than the carbon stock in shrubs and savannas. The most extensive accumulation of carbon stock in forests 153 

occurred due to the vast contribution of vegetation aboveground. The relative contribution of the aboveground to the total 154 

carbon storage in forests is was approximately 70% (Table 1). Meanwhile, there was no significant difference in the 155 

belowground carbon among land covers. This outcome is not surprising because several publications have explained the 156 

essential role of vegetation in climate change mitigation (Setiahadi, 2017; Matatula et al., 2021; Wirabuana et al., 2021). 157 

Furthermore, the highly dense forest canopy can absorb greenhouse gas emissions, particularly carbon dioxide (CO2), 158 

which because it is more effective in photosynthesis than shrubs and grasses (Xie et al., 2021). 159 

Table 2. Pearson’s correlation analysis between soil parameters and carbon storage 160 

Soil parameter 
AGE   BGC   TCS 

r p-value   r p-value   r p-value 

pH −0.562 0.051ns   −0.282 0.461ns   −0.694 0.037* 

C-org 0.398 0.287ns   0.595 0.057ns   0.477 0.193ns 

TN 0.488 0.181ns   0.394 0.293ns   0.533 0.138ns 

Av-P 0.525 0.071ns   0.392 0.295ns   0.670 0.048* 

Exc-K 0.546 0.059ns   −0.238 0.536ns   0.619 0.075ns 

CEC 0.537 0.053ns   0.218 0.571ns   0.762 0.016* 

Note: pH (soil acidity), C-org (soil organic carbon), TN (total nitrogen), Av-P (available phosphorus), 161 
Exc-K (Exchangeable potassium), CEC (cation exchange capacity), AGC (aboveground carbon storage), 162 
BGC (belowground carbon storage), TCS (total carbon storage), ns (not significantly different), 163 
* (significantly different). 164 

Moreover, this study recorded a significant correlation between soil characteristics and total carbon storage (Table 2)—165 

three soil parameters are significantly correlated to the whole carbon storage, i.e., pH, Av-P, and CEC. However, the 166 

relationship among these parameters was relatively different. The total carbon storage improved along with the increasing 167 

Av-P and CEC. InBy contrast, a negative correlation was demonstrated in the relationship between carbon storage and pH. 168 

In general, the interactionThe correlation between soil characteristics and total carbon storage in the landscape occurred 169 



 

 

occurs because soil generally supplies nutrients for the vegetation above it (Schjoerring et al., 2019). Furthermore, the life 170 

cycle of vegetation will provide the amount of litterfall and that becomes organic matter inputs to soil (Sales et al., 2020). 171 

pH has a negative correlation to the total carbon storage because a high pH would reduce nutrient availability. At the same 172 

time, a similar condition is found at the low pH level (Feng et al., 2022). Therefore, most plants prefer to grow in soil with 173 

a pH of 6.5. A high CEC increases the total carbon storage because it would facilitate the mineralization process to make 174 

nutrients available (Costa et al., 2020). Meanwhile, a high Av-P is significantly correlated to the total carbon stock because 175 

the natural soil characteristics in the study site are classified into ultramafic soils having low Av-P (Alam et al. 2020). As 176 

one of the macronutrients, P is plants are  substantially required by plants to support their growth, mainly for supporting 177 

photosynthesis (Carstensen et al., 2018). 178 

Implications 179 

Overall, this study confirmed a significant influence of land covers types on the soil quality and carbon storage in 180 

MEE, wherein the highest soil quality and carbon storage were found in forests. Although this location was allocated to 181 

develop integrated farming systems, a wise scheme should be formulated to minimize the impact of environmental 182 

degradation due to the land conversion activity. Based on the results, we suggest conducting a step-by-step land transition 183 

from the land cover types with the lowest fertility and carbon storage: , first starting from savannas and then to from 184 

Shrubsshrubs. We strongly recommended converting forests lastly because of their potential function in this site is highly 185 

suitable as a high carbon pool. 186 
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Abstract. This study investigated the influence of different land cover types on soil quality and carbon storage in Moramo Education Estate 15 
(MEE). Information is required as fundamental consideration to determine the best landscape management strategies for supporting soil 16 
conservation and climate change mitigation. Data were collected from three types of land cover generally found in this area  and savannas. 17 
Three permanent sampling plots were randomly placed in every land cover as replicates with a size of 20 m × 20 m. Six parameters were 18 
used to describe the soil quality, i.e., soil acidity, soil organic carbon, total nitrogen, available phosphorus, exchangeable potassium, and 19 
cation exchange capacity. The above and below-ground carbon storage from every plot was quantified. The soil quality and carbon storage 20 
among land cover types were compared using analysis of variance and Tukey’s honestly significant difference. Pearson’s correlation 21 
analysis was also applied to evaluate the relationship between soil quality and carbon storage. The results show that soil quality significantly 22 
differed in the exchangeable potassium and cation exchange capacity. A similar trend was also demonstrated in above-ground carbon 23 
storage. The highest average carbon storage was recorded in forests (150.50 ± 27.79 t ha−1), followed by shrubs (52.50 ± 15.02 t ha−1) and 24 
savannas (45.97 ± 4.42 t ha−1). The total carbon storage at different land covers was significantly correlated to soil acidity, available 25 
phosphorus, and cation exchange capacity. Carbon storage improved with the increased available phosphorus and cation exchange 26 
capacity. In contrast, carbon storage was negatively correlated with soil acidity. Overall, the land cover types significantly influenced 27 
soil quality and carbon storage in MEE. 28 

Keywords: climate change mitigation, land cover, landscape management, permanent sampling plot, soil conservation 29 

Running title: Soil quality and carbon storage 30 

INTRODUCTION 31 

Soil conservation and climate change mitigation have become strategic issues in agriculture development (Amelung et 32 

al. 2020), particularly in tropical countries. The management of the agriculture sector is currently targeted to stabilize the 33 

food supply and contribute to maintaining soil quality and reducing carbon emissions in the atmosphere (Castellini et al. 34 

2021). To anticipate these challenges, the optimum scenario of agriculture development is necessary to accommodate the 35 

objective of environmental preservation and farm cultivation. This scheme is only possible to implement when land 36 

managers know the influence of land cover on the soil quality and carbon storage. The statement is also supported by 37 

previous studies that recorded the soil quality and carbon storage principally varying in every land cover due to the 38 

interaction between soil and the vegetation above it (Sugihara et al. 2014; Chandra et al. 2016; Sadono et al. 2021). For 39 

example, higher plant biomass is commonly found in good soil than in poor soil because nutrients are more available in 40 

good soil to support plant growth (Bhandari and Zhang 2019). Meanwhile, higher biomass accumulation will generate 41 

more litterfall that becomes the input of organic matter into the soil (Giweta 2020). When the organic matter decomposes, 42 

nutrients will be released into the soil, improving fertility (Purwanto and Alam 2020). Therefore, information about soil 43 

quality and carbon storage is highly required by land managers as consideration materials to determine land conversion 44 

strategies in agriculture development. 45 

Moramo Education Estate (MEE) is a special-purpose area managed by Universitas Halu Oleo in Southeast Sulawesi. 46 

It is a natural ecosystem with three land cover types: forest, shrub, and savanna. According to a government policy, MEE 47 

will become the priority location for integrated agriculture development. This area is designed as a research center and site 48 
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experiment to facilitate the innovation of good agriculture practices, such as nutrient management, pest and disease 49 

control, and crop yield estimation. However, this scheme will negatively impact MEE’s contribution to ecological 50 

functions because there will be an intensive land conversion from natural ecosystems to agricultural land. It will also 51 

reduce carbon absorption and cause an imbalanced nutrient cycle. Therefore, a preliminary study on the soil quality 52 

variation and carbon storage distribution at different land covers in MEE is required to determine an optimum scenario for 53 

land transition. This information will help managers formulate priority land covers that can be converted into agricultural 54 

land. The effort is expected to minimize the negative impacts of land-use change on MEE ecosystems. 55 

This study aimed to evaluate the effect of land covers on soil quality and carbon storage in MEE. The primary focus of 56 

this research was to compare the soil fertility and carbon stock among land cover types and examine the connectivity 57 

between soil characteristics and carbon storage accumulation from different land covers. Results will provide adequate 58 

information as a basic consideration to select the priority land cover type for agriculture development without sacrificing 59 

the ecological function of MEE. 60 

MATERIALS AND METHODS 61 

Study area 62 

This study was conducted in MEE located in South Konawe District, Southeast Sulawesi. The geographic position of 63 

this site is E4°6'30"–4°7'30" and S122°35'0"–122°35'30" (Figure 1). Its altitude ranges from 25 to 137 m above sea level. 64 

Topography is predominantly a hilly area with an 8%–15% slope level. The average daily temperature is 27.6 ℃, with a 65 

minimum temperature of 23.1 ℃ and a maximum temperature of 32.2 ℃. Annual rainfall reaches 3,179.70 mm year−1 66 

with an average air humidity of 81%. The dry period is relatively longer than two months and commonly occurs from 67 

September to October. The land cover of MEE is dominated by forests (70%), followed by savannas (20%) and shrubs 68 

(10%). 69 

 70 
Figure 1. Study site of Moramo Education Estate in South Konawe. Black circles indicate sampling plots for data collection. 71 



 

 

Data collection 72 

The field survey was conducted using a stratified sampling method. The different land covers were assumed as the 73 

primary factor that caused the variations in soil quality and carbon storage. Three permanent sampling plots were 74 

randomly placed in every land cover with a size of 20 m × 20 m (Grussu et al. 2016). The coordinate of each plot was also 75 

recorded using a global positioning system. This method aimed to support the long-term monitoring of soil quality and 76 

carbon storage dynamics at the study site. Then, the data collection process in every plot was divided into two steps, i.e., 77 

soil sampling and vegetation measurement. 78 

Soil sampling was conducted from three different positions in every plot using ring samples, 8 cm in diameter and 10 79 

cm in height. The soil sample was collected at a depth of 0–10, 11–20, and 21–30 cm (Sadono et al. 2021a). Afterward, the 80 

samples were brought to the laboratory to determine their specific gravity, soil acidity, organic carbon, total nitrogen, 81 

available phosphorus, exchangeable potassium, and cation exchange capacity. The specific gravity was analyzed using the 82 

ASTM-D854 method, and soil acidity was determined using a pH meter. The determination of soil organic carbon was 83 

conducted using the Walkley–Black method, and the total nitrogen was quantified using the Kjeldahl method. The 25% 84 

HCl extraction method was applied to quantify the available phosphorus and exchangeable potassium. Finally, cation 85 

exchange capacity was determined using the ammonium acetate method. The soil analysis protocol was undertaken 86 

following the guidance of soil analysis published by Estefan et al. (2013). 87 

The vegetation measurement was performed using a nested method wherein every sampling plot was divided into 88 

several subplots to support the plant inventory based on their life stages: 1 m × 1 m (understorey), 2 m × 2 m (seedlings), 5 89 

m × 5 m (saplings), 10 m × 10 m (poles), and 20 m × 20 m (trees) (Rambey et al. 2021). Several parameters were 90 

measured from the vegetation survey, including species, plant density, and diameter at breast height. However, the 91 

diameter measurement was only implemented for the poles and trees. 92 

The carbon storage of vegetation in below and aboveground conditions was quantified using a conversion factor from 93 

biomass because approximately 50% of biomass was composed of carbon elements (Latifah and Sulistiyono, 2013; 94 

Taillardat et al. 2018; Wirabuana et al. 2020a). First, aboveground biomass in poles and trees was quantified using an 95 

allometric equation developed by Chave et al. (2005). Meanwhile, the root biomass of poles and trees was calculated using 96 

a conversion factor, wherein a ratio between the root biomass and total aboveground biomass of 1:5 was recorded 97 

(Wirabuana et al. 2020b). Next, the biomass accumulation in understorey, seedlings, and saplings was measured using a 98 

destructive method. The harvesting process was performed in every subplot. First, the fresh weight of each sample was 99 

measured using a hanging balance. Then, approximately 500 g subsample was brought to the laboratory for drying using 100 

an oven at 70 ℃ for 48 h (Sadono et al. 2021b). Then, biomass was computed by multiplying the ratio of dry-fresh weight 101 

from the subsample with the total fresh weight. A similar method was also applied to quantify biomass in litter and 102 

necromass. In parallel, the soil biomass was counted based on the ring samples’ relationship between its specific gravity 103 

and estimated soil volumes. Then, the result was multiplied by the soil organic carbon content to obtain the carbon stock in 104 

the soil. The measurement of the soil carbon stock was performed in accordance with the guidance published by Hairiah 105 

and Rahayu (2007). The total carbon storage in every land cover type was counted by summing the carbon accumulation in 106 

soil, litter, necromass, and vegetation. 107 

Table 1. Summary statistics of the soil quality and carbon storage at different land cover types 108 

Land Use Unit pH 
C-org TN Av-P Exec-K CEC  AGE  BGC TCS 

(%) (%) (ppm) (meq 100 g−1) (meq 100 g−1) (t ha−1) (t ha−1) (t ha−1) 

Savanna Mean 4.54 1.44 0.14 4.38 0.16 10.3 6.07 39.90 45.97 

  SD 0.29 0.52 0.03 1.05 0.06 1.22 1.45 2.97 4.42 

  SE 0.12 0.21 0.01 0.43 0.03 0.50 0.84 1.71 2.55 

  Min 4.16 0.88 0.10 3.39 0.09 8.62 4.40 36.70 41.10 

  Max 4.92 2.06 0.19 6.03 0.27 11.7 7.00 42.50 49.50 

Forest Mean 4.25 1.64 0.15 5.11 0.30 13.2 114.00 36.50 150.50 

  SD 0.47 0.75 0.05 2.62 0.06 2.01 18.00 9.79 27.79 

  SE 0.19 0.31 0.02 1.07 0.02 0.82 10.39 5.65 16.04 

  Min 3.30 0.98 0.12 2.37 0.24 10.8 96.60 29.60 126.20 

  Max 4.50 3.06 0.24 9.07 0.37 16.4 132.00 47.70 179.70 

Shrub Mean 4.65 1.59 0.13 3.28 0.26 11.3 14.10 38.40 52.50 

  SD 0.19 0.53 0.03 1.79 0.09 1.64 9.33 5.69 15.02 

  SE 0.08 0.22 0.01 0.73 0.04 0.67 5.39 3.29 8.67 

  Min 4.28 0.93 0.10 1.26 0.14 9.94 7.50 32.10 39.60 

  Max 4.81 2.29 0.17 6.40 0.39 14.2 24.80 43.10 67.90 

Note: pH (soil acidity), C-org (soil organic carbon), TN (total nitrogen), Av-P (available phosphorus), Exc-K (Exchangeable 109 
potassium), CEC (cation exchange capacity), AGC (aboveground carbon storage), BGC (belowground carbon storage), TCS 110 
(total carbon storage), SD (standard deviation), SE (standard error), Min (minimum), Max (maximum). 111 



 

 

Data analysis 112 

Statistical analysis was conducted using R software version 4.1.1 with a significant level of 5%. The Agricolae package 113 

was selected to support the data analysis. A descriptive test was applied to quantify the data attributes, including minimum, 114 

maximum, mean, standard deviation, and standard error. The normality of data was examined using the Shapiro–Wilk test, 115 

and the homogeneity of variance was evaluated using Bartlet’s test. Comparison means of the soil quality and carbon 116 

storage among the three land covers were tested using the one-way analysis of variance and Tukey’s honestly significant 117 

difference. Pearson’s correlation analysis was also used to determine the critical soil parameters correlated to carbon 118 

storage. 119 

RESULTS AND DISCUSSION 120 

Soil quality distribution 121 

Soil quality among land cover types was not significantly different in most parameters, except Exc-K (Figure 2). The 122 

highest average Exc-K was discovered in forests (0.30 ± 0.06 meq 100 g−1), followed by shrubs (0.26 ± 0.09 meq 100 g−1) 123 

and savannas (0.16 ± 0.06 meq 100 g−1). As one of the soil macronutrients, the available potassium in the study location is 124 

extremely low because the soil type is categorized into ultramafic soils. It is a mature soil with low nutrient availability 125 

due to the intensive weathering processes for long periods. Therefore, the potassium supply in this soil commonly comes 126 

from litterfall decomposition. This fact is confirmed by the higher exchangeable K in forests than in other land cover 127 

types. 128 

 129 

 130 
Figure 2. Comparison means of the soil quality among land cover types. A similar letter above the bar graph indicates a non-significant 131 

difference. 132 

The high availability of nutrients in forests can be caused by the dense vegetation that supplies many organic matters 133 

into the soil through litterfall. More litterfall accumulation aboveground can maintain land humidity, which supports 134 

microorganism life (Sales et al. 2020). Furthermore, many pieces of literature confirm that the abundance of soil bacteria 135 

significantly accelerates the decomposition process (Jacoby et al. 2017; Grzyb et al. 2020; Miljaković et al. 2020). As a 136 



 

 

result, many nutrients will be released from litterfall into the soil layers (Tang et al., 2013). Therefore, vegetation plays an 137 

important role in improving soil quality through the nutrient cycle. Vegetation becomes one of the fundamental factors 138 

affecting the weathering process during soil genesis (Catoni et al. 2016). The results also imply that the declining 139 

vegetation density from forests to savanna gradually decreases soil quality. 140 

 141 
Figure 3. Comparison means of the carbon storage among land cover types. A similar letter above the boxplot indicates a non-142 

significant difference. 143 

Carbon storage variation 144 

The total carbon storage from the three land cover types was significantly different, wherein forests had the highest 145 

carbon storage than other land covers by approximately 150.50 ± 27.79 t ha−1 (Figure 3). It was almost four times higher 146 

than the carbon stock in shrubs and savannas. The most extensive accumulation of carbon stock in forests occurred due to 147 

the vast contribution of vegetation aboveground. The relative contribution of the aboveground to the total carbon storage in 148 

forests was approximately 70% (Table 1). Meanwhile, there was no significant difference in the belowground carbon 149 

among land covers. This outcome is not surprising because several publications have explained the essential role of 150 

vegetation in climate change mitigation (Setiahadi 2017; Matatula et al. 2021; Wirabuana et al. 2021). Furthermore, the 151 

highly dense forest canopy can absorb greenhouse gas emissions, particularly carbon dioxide (CO2), because it is more 152 

effective in photosynthesis than shrubs and grasses (Xie et al. 2021). 153 

Table 2. Pearson’s correlation analysis between soil parameters and carbon storage 154 

Soil parameter 
AGE   BGC   TCS 

r p-value   r p-value   r p-value 

pH −0.562 0.051ns   −0.282 0.461ns   −0.694 0.037* 

C-org 0.398 0.287ns   0.595 0.057ns   0.477 0.193ns 

TN 0.488 0.181ns   0.394 0.293ns   0.533 0.138ns 

Av-P 0.525 0.071ns   0.392 0.295ns   0.670 0.048* 

Exc-K 0.546 0.059ns   −0.238 0.536ns   0.619 0.075ns 

CEC 0.537 0.053ns   0.218 0.571ns   0.762 0.016* 

Note: pH (soil acidity), C-org (soil organic carbon), TN (total nitrogen), Av-P (available phosphorus), 155 
Exc-K (Exchangeable potassium), CEC (cation exchange capacity), AGC (aboveground carbon storage), 156 
BGC (belowground carbon storage), TCS (total carbon storage), ns (not significantly different), 157 
* (significantly different). 158 



 

 

Moreover, this study recorded a significant correlation between soil characteristics and total carbon storage (Table 2)—159 

three soil parameters are significantly correlated to the whole carbon storage, i.e., pH, Av-P, and CEC. However, the 160 

relationship among these parameters was relatively different. The total carbon storage improved along with the increasing 161 

Av-P and CEC. In contrast, a negative correlation was demonstrated in the relationship between carbon storage and pH. 162 

The correlation between soil characteristics and total carbon storage in the landscape occurs because soil generally 163 

supplies nutrients for the vegetation above it (Schjoerring et al., 2019). Furthermore, the life cycle of vegetation will 164 

provide the amount of litterfall that becomes organic matter inputs to soil (Sales et al., 2020). pH has a negative correlation 165 

to the total carbon storage because a high pH would reduce nutrient availability. At the same time, a similar condition is 166 

found at the low pH level (Feng et al. 2022). Therefore, most plants prefer to grow in soil with a pH of 6.5. A high CEC 167 

increases the total carbon storage because it would facilitate the mineralization process to make nutrients available (Costa 168 

et al. 2020). Meanwhile, a high Av-P is significantly correlated to the total carbon stock because the natural soil 169 

characteristics in the study site are classified into ultramafic soils having low Av-P (Alam et al. 2020). As one of the 170 

macronutrients, P is substantially required by plants to support their growth, mainly for supporting photosynthesis 171 

(Carstensen et al. 2018). 172 

Implications 173 

Overall, this study confirmed a significant influence of land cover types on the soil quality and carbon storage in MEE, 174 

wherein the highest soil quality and carbon storage were found in forests. Although this location was allocated to develop 175 

integrated farming systems, a wise scheme should be formulated to minimize the impact of environmental degradation due 176 

to the land conversion activity. Based on the results, we suggest conducting a step-by-step land transition from the land 177 

cover types with the lowest fertility and carbon storage: starting from savannas and then from shrubs. We strongly 178 

recommended converting forests lastly because of their potential function in this site  as a high carbon pool. 179 
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https://www.scopus.com/sourceid/11400153301?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/4700151601?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/17950?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/21101063741?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/16614?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/90041?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/15656?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/17844?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/19400157007?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/16516?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/21100898763?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/21100863819?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/21101052233?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/21100403506?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/19261?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/18021?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/21100871606?origin=sourceInfo&zone=refpointrank


⋆  Rank Source title CiteScore ���� Percentile

⋆ ���� �.� ��th percentile

⋆ ���� �.� ��th percentile

⋆ ���� �.� ��th percentile

⋆ ���� �.� ��th percentile

⋆ ���� �.� ��th percentile

⋆ ���� �.� ��th percentile

⋆ ���� �.� ��th percentile

⋆ ���� �.� ��th percentile

⋆ ���� �.� ��th percentile

⋆ ���� �.� ��th percentile

⋆ ���� �.� ��th percentile

⋆ ���� �.� ��th percentile

⋆ ���� �.� ��th percentile

⋆ ���� �.� ��th percentile

⋆ ���� �.� ��th percentile

⋆ ���� �.� ��th percentile

⋆ ���� �.� ��th percentile

⋆ ���� �.� ��th percentile

⋆ ���� �.� ��th percentile

⋆ ���� �.� ��th percentile

⋆ ���� �.� ��th percentile

⋆ ���� �.� ��th percentile

⋆ ���� �.� ��th percentile

⋆ ���� �.� ��rd percentile

⋆ ���� �.� ��rd percentile

⋆ ���� �.� ��rd percentile

⋆ ���� �.� ��rd percentile

⋆ ���� �.� ��rd percentile

⋆ ���� �.� ��nd percentile

Plant Ecology and Diversity

Fottea

Italian Botanist

European Journal of Forest Research

Journal of Vegetation Science

Trees - Structure and Function

Wood Science and Technology

Journal of Phycology

Weed Research

Advances in Botanical Research

Acta Physiologiae Plantarum

South African Journal of Botany

Foods

Journal of Fungi

Physiological and Molecular Plant Pathology

Crop and Pasture Science

Current protocols in plant biology

Plant Disease

Alpine Botany

Canadian Journal of Plant Pathology

Natural Product Research

In Vitro Cellular and Developmental Biology -
Plant

Journal of Soil Science and Plant Nutrition

Economic Botany

Algae

Opuscula Philolichenum

Journal of Plant Biology

Breeding Science

International Journal of Plant Sciences

https://www.scopus.com/sourceid/19700181302?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/18400156716?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/21100867262?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/50088?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/19263?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/17808?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/26091?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/19225?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/94353?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/16656?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/16641?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/17257?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/21100898636?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/21100886355?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/16531?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/16900154707?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/21100855826?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/60195?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/19700186870?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/17405?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/24819?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/18669?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/21100200421?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/17995?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/21100244807?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/21100244860?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/144696?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/76879?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/19129?origin=sourceInfo&zone=refpointrank


⋆  Rank Source title CiteScore ���� Percentile

⋆ ���� �.� ��nd percentile

⋆ ���� �.� ��nd percentile

⋆ ���� �.� ��nd percentile

⋆ ���� �.� ��nd percentile

⋆ ���� �.� ��st percentile

⋆ ���� �.� ��st percentile

⋆ ���� �.� ��st percentile

⋆ ���� �.� ��st percentile

⋆ ���� �.� ��st percentile

⋆ ���� �.� ��th percentile

⋆ ���� �.� ��th percentile

⋆ ���� �.� ��th percentile

⋆ ���� �.� ��th percentile

⋆ ���� �.� ��th percentile

⋆ ���� �.� ��th percentile

⋆ ���� �.� ��th percentile

⋆ ���� �.� ��th percentile

⋆ ���� �.� ��th percentile

⋆ ���� �.� ��th percentile

⋆ ���� �.� ��th percentile

⋆ ���� �.� ��th percentile

⋆ ���� �.� ��th percentile

⋆ ���� �.� ��th percentile

⋆ ���� �.� ��th percentile

⋆ ���� �.� ��th percentile

⋆ ���� �.� ��th percentile

⋆ ���� �.� ��th percentile

⋆ ���� �.� ��th percentile

⋆ ���� �.� ��th percentile

Physiology and Molecular Biology of Plants

Systematics and Biodiversity

Journal of Forestry

Soil Science and Plant Nutrition

Aerobiologia

European Journal of Plant Pathology

Phytopathologia Mediterranea

Aquatic Botany

Plants

Flora: Morphology, Distribution, Functional
Ecology of Plants

New Zealand Journal of Agricultural Research

Integrative Organismal Biology

Horticulture Environment and Biotechnology

Records of Natural Products

IAWA Journal

Plant Breeding

Rhizosphere

Forest and Society

Euphytica

Plant Biotechnology Reports

Biologia Plantarum

Botany Letters

International Journal of Plant Production

Plant Signaling and Behavior

Australian Systematic Botany

Journal of Berry Research

Seed Science Research

Taxon

Egyptian Journal of Biological Pest Control

https://www.scopus.com/sourceid/16532?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/130184?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/22875?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/33461?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/52691?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/18024?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/12000154479?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/16728?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/21100788294?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/18094?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/80601?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/21101048252?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/21100207006?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/17500155003?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/18652?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/16579?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/21100788801?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/21100940340?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/56471?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/11600153402?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/17251?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/21100775937?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/19400157217?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/8200153106?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/16787?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/21100244628?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/62653?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/17307?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/19700168908?origin=sourceInfo&zone=refpointrank
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⋆ ���� �.� ��th percentile

⋆ ���� �.� ��th percentile

⋆ ���� �.� ��th percentile

⋆ ���� �.� ��th percentile

⋆ ���� �.� ��th percentile

⋆ ���� �.� ��th percentile

⋆ ���� �.� ��th percentile

⋆ ���� �.� ��th percentile

⋆ ���� �.� ��th percentile

⋆ ���� �.� ��th percentile

⋆ ���� �.� ��th percentile

⋆ ���� �.� ��th percentile

⋆ ���� �.� ��th percentile

⋆ ���� �.� ��th percentile

⋆ ���� �.� ��rd percentile

⋆ ���� �.� ��rd percentile

⋆ ���� �.� ��rd percentile

⋆ ���� �.� ��rd percentile

⋆ ���� �.� ��nd percentile

⋆ ���� �.� ��nd percentile

⋆ ���� �.� ��nd percentile

⋆ ���� �.� ��nd percentile

⋆ ���� �.� ��nd percentile

⋆ ���� �.� ��st percentile

⋆ ���� �.� ��st percentile

⋆ ���� �.� ��st percentile

⋆ ���� �.� ��st percentile

⋆ ���� �.� ��st percentile

⋆ ���� �.� ��th percentile

Phycological Research

Cryptogamie, Algologie

Journal of Plant Ecology

Plant Gene

Theoretical and Experimental Plant Physiology

Annals of the Missouri Botanical Garden

Plant Ecology

Journal of Bryology

Agriculture (Switzerland)

Phytochemistry Letters

In Silico Plants

California Agriculture

Journal of Phytopathology

Botanica Marina

Acta Botanica Brasilica

Plant Molecular Biology Reporter

Hacquetia

Sydowia

Tropical Plant Pathology

Weed Technology

Plant Systematics and Evolution

Asian Paci�c Journal of Reproduction

aBIOTECH

Bryologist

Legume Science

Turkish Journal of Botany

Genetic Resources and Crop Evolution

Journal of Crop Improvement

Folia Cryptogamica Estonica

https://www.scopus.com/sourceid/21100247800?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/17910?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/19700166522?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/21100388318?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/21100334898?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/19351?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/16599?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/19207?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/21100781511?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/11300153405?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/21101037328?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/86937?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/19226?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/17300?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/4800153106?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/14227?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/19600156812?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/17288?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/13000154710?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/88509?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/16638?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/21100389723?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/21101075891?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/17374?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/21101058922?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/17821?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/22164?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/73453?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/19300156812?origin=sourceInfo&zone=refpointrank


⋆  Rank Source title CiteScore ���� Percentile

⋆ ���� �.� ��th percentile

⋆ ���� �.� ��th percentile

⋆ ���� �.� ��th percentile

⋆ ���� �.� ��th percentile

⋆ ���� �.� ��th percentile

⋆ ���� �.� ��th percentile

⋆ ���� �.� ��th percentile

⋆ ���� �.� ��th percentile

⋆ ���� �.� ��th percentile

⋆ ���� �.� ��th percentile

⋆ ���� �.� ��th percentile

⋆ ���� �.� ��th percentile

⋆ ���� �.� ��th percentile

⋆ ���� �.� ��th percentile

⋆ ���� �.� ��th percentile

⋆ ���� �.� ��th percentile

⋆ ���� �.� ��th percentile

⋆ ���� �.� ��th percentile

⋆ ���� �.� ��th percentile

⋆ ���� �.� ��th percentile

⋆ ���� �.� ��th percentile

⋆ ���� �.� ��th percentile

⋆ ���� �.� ��th percentile

⋆ ���� �.� ��th percentile

⋆ ���� �.� ��th percentile

⋆ ���� �.� ��th percentile

⋆ ���� �.� ��th percentile

⋆ ���� �.� ��th percentile

⋆ ���� �.� ��th percentile

Plant Genetic Resources: Characterisation and
Utilisation

Australasian Plant Pathology

Archives Animal Breeding

Folia Geobotanica

Journal of Plant Diseases and Protection

Plant Sociology

New Zealand Journal of Forestry Science

Grassland Science

Australian Journal of Botany

Journal of Applied Botany and Food Quality

Annals of Forest Research

Phytopathology Research

Edinburgh Journal of Botany

Journal of Ethnobiology

Acta Agrobotanica

Acta Botanica Hungarica

Genetica

Tropical Plant Biology

Acta Societatis Botanicorum Poloniae

Lindbergia

Phytoparasitica

Tuexenia

Gayana - Botanica

Comparative Cytogenetics

International Journal of Vegetable Science

Botany

Russian Journal of Plant Physiology

Acta Botanica Croatica

Willdenowia

https://www.scopus.com/sourceid/98120?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/16768?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/97492?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/18544?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/4700151610?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/21100211323?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/23028?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/18700156715?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/16784?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/98776?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/19600161803?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/21101050345?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/17999?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/5800208320?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/21100439337?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/16209?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/22171?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/14500154715?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/16654?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/19316?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/33410?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/20441?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/15601?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/19900193811?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/11400153337?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/12300154714?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/17169?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/16201?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/17878?origin=sourceInfo&zone=refpointrank


⋆  Rank Source title CiteScore ���� Percentile

⋆ ���� �.� ��th percentile

⋆ ���� �.� ��th percentile

⋆ ���� �.� ��th percentile

⋆ ���� �.� ��th percentile

⋆ ���� �.� ��rd percentile

⋆ ���� �.� ��rd percentile

⋆ ���� �.� ��rd percentile

⋆ ���� �.� ��rd percentile

⋆ ���� �.� ��rd percentile

⋆ ���� �.� ��nd percentile

⋆ ���� �.� ��nd percentile

⋆ ���� �.� ��nd percentile

⋆ ���� �.� ��nd percentile

⋆ ���� �.� ��st percentile

⋆ ���� �.� ��st percentile

⋆ ���� �.� ��st percentile

⋆ ���� �.� ��st percentile

⋆ ���� �.� ��st percentile

⋆ ���� �.� ��th percentile

⋆ ���� �.� ��th percentile

⋆ ���� �.� ��th percentile

⋆ ���� �.� ��th percentile

⋆ ���� �.� ��th percentile

⋆ ���� �.� ��th percentile

⋆ ���� �.� ��th percentile

⋆ ���� �.� ��th percentile

⋆ ���� �.� ��th percentile

⋆ ���� �.� ��th percentile

⋆ ���� �.� ��th percentile

Horticulture Journal

Bulletin of the Peabody Museum of Natural
History

Dendrobiology

PhytoKeys

Journal of Plant Biochemistry and Biotechnology

Biotechnology, Agronomy and Society and
Environment

Plant Ecology and Evolution

Journal of General Plant Pathology

Agricultural Research

Journal of Crop Science and Biotechnology

Grana

Plant Physiology Reports

Acta Biologica Cracoviensia Series Botanica

Revista Brasileira de Botanica

Biologia (Poland)

Plant Breeding and Biotechnology

Blumea: Journal of Plant Taxonomy and Plant
Geography

Pakistan Journal of Botany

Mediterranean Botany

Urban Agriculture and Regional Food Systems

Nova Hedwigia

Natural Product Communications

Plant Species Biology

Czech Journal of Genetics and Plant Breeding

Ethnobiology and Conservation

Tropical Ecology

Eurasian Journal of Soil Science

Plant Biotechnology

New Zealand Journal of Botany

https://www.scopus.com/sourceid/21100394230?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/19900192437?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/17948?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/21100332243?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/17624?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/19200156920?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/19700175482?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/19211?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/21100469366?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/21100431319?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/18604?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/21100945249?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/16199?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/4700153104?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/9500154033?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/21100867253?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/17265?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/19983?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/21100888550?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/21101063740?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/19943?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/17700155034?origin=sourceInfo&zone=refpointrank
https://www.scopus.com/sourceid/16621?origin=sourceInfo&zone=refpointrank
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19. Diversity of Entamoeba spp. in Long-tailed Macaque (Macaca fascicularis) in Baluran and Alas Purwo National Parks,
Indonesia 
DONY CHRISMANTO, NUNUK DYAH RETNO LASTUTI, LUCIA TRI SUWANTI, POEDJI HASTUTIEK, DYAH AYU
KURNIAWATI, CHICI AYU PARAMITA, ADIANA MUTAMSARI WITANINGRUM, ARIF PRATIWI [PDF]

20. Phytopathogenic fungi as potential biocontrol agents against an invasive weed, Asystasia gangetica, at Sakambangan
rubber plantation in Garut, West Java, Indonesia 
ENDAH YULIA, ALYA IZZA MAHMUDAH, ALDI RAHAYU, CEPPY NASAHI, YANI MAHARANI, TARKUS SUGANDA, DEDI
WIDAYAT [PDF]

21. Diversity and distribution of liverworts in Mount Sibuatan, North Sumatra, Indonesia 
FERDINAND SUSILO, NURSAHARA PASARIBU, SYAMSUARDI SYAMSUARDI, ETTI SARTINA SIREGAR [PDF]

22. Assessment of land use and land cover change on Gum Talha (Acacia seyal var. seyal) forest in Bahar Alarab, Sudan 
AHMED YOUNIS IBRAHIM YOUNIS, BELLO NIYI JONATHAN, ADENIYI OLUMUYIWA TOGUN, EMAD HASSAN ELAWAD
YASIN, SIRAJ OSMAN OMER, GAMMER-ELDIEN ABDELRHMAN IBRAHIM HAMAD, SAMOURA DEMBA AÃ SSATA [PDF]

23. A genetic approach for authentication on morphological differences of cultivated pompano species in Indonesia 
AGUS ALIM HAKIM, DIKRURAHMAN, SAHIDAN MUHLIS, RETNO PUJI ASTUTI, DYAH WIDYA SARI, MOHAMMAD MUKHLIS
KAMAL [PDF]

24. Suitability habitat model of Mangifera rufocostata under different climatic and environmental conditions 
ADISTINA FITRIANI, YUDI F. ARIFIN, GUSTI M. HATTA, RAIHANI WAHDAH, DAMARIS PAYUNG [PDF]

25. Two new species of Curcuma subgenus Ecomata (Zingiberaceae: Zingibereae), from Central and Southwestern Thailand 
PIYAPORN SAENSOUK, THAWATPHONG BOONMA, SARAYUT RAKARCHA, CHARAN MAKNOI, MATHEE WONGNAK,
SURAPON SAENSOUK [PDF]

26. Bioactivity and metabolite profile of papaya (Carica papaya) seed extract 
MUHAMMAD ALFARABI, FORMAN ERWIN SIAGIAN, JAP MAI CING, TRINI SURYOWATI, TURHADI, MICHELTHELIA
SULIJAYA SUYONO, MONICA SYEFI FEBRIYANTI, FITRI BORU NAIBAHO [PDF]

27. Estimation of carbon pool at mangrove forest of Kudat, Sabah, Malaysia 
SYAHRIR MHD HATTA, EJRIA SALLEH, NURUL SYAKILAH SUHAILI, NORMAH AWANG BESAR [PDF]

28. Biodiversity of wild spice plants of the Central Kazakhstan region and their medicinal potential 
YELENA POZDNYAKOVA, GULNARA OMAROVA, AIGUL MURZATAYEVA, NEILA TANKIBAEVA [PDF]

29. Interspecific associations of mangrove species and their preferences for edaphic factors and water quality 
BOY A. MARPAUNG, BUDIADI BUDIADI, AMBAR PERTIWININGRUM, LINA D. LESTARI, HANDOJO H. NURJANTO,
WIDIYATNO WIDIYATNO [PDF]

30. Pollen morphological characters variation among species of Strobilanthes s.l. from Sumatra, Indonesia and its taxonomic
implications 
SURATMAN SURATMAN, SURANTO SURANTO, MUZZAZINAH MUZZAZINAH, PURNOMO PURNOMO [PDF]

31. The shifting genetic diversity pattern of Indonesian rice improved varieties from 1943-2019 based on historical pedigree
data 
ANAS, FARIDA DAMAYANTI, MOHAMAD KADAPI, NONO CARSONO, SANTIKA SARI [PDF]

32. Non-edible plants traded in traditional markets of Beringharjo, Yogyakarta and Pasar Baru, East Kalimantan, Indonesia:
The role of biocultural system 
BUDIAWATI SUPANGKAT ISKANDAR, JOHAN ISKANDAR, SUROSO SUROSO, RAHMAN LATIF ALFIAN, DEDE MULYANTO
[PDF]

33. Short Communication: Taxonomic status of Great Argus (Argusianus argus) Sumatra and Borneo based on cytochrome B
gene 
CYNTHIA ERICCA, DJONG HON TJONG, DEWI IMELDA ROESMA, WILSON NOVARINO, SYAIFULLAH, MUHAMMAD NAZRI
JANRA, AADREAN [PDF]

34. Genetic diversity and structure of kola tree (Cola nitida) clones germplasm in CÃ´te dâ€™Ivoire using Single Nucleotide
Polymorphism markers 
YAYA OUATTARA, KOUAMÃ‰ GUILLAUME KOFFI, DROLET JEAN-MARC SÃ‰RY, DIDIER MARTIAL SARAKA, Nâ€™DA
DÃ‰SIRÃ‰ POKOU, KARINE KOSSIA MANZAN GBA, BOUADOU BONSSON, DOFFOU SÃ‰LASTIQUE AKAFFOU, RAOUL
SYLVÃˆRE SIÃ‰ [PDF]

35. Identification and screening of enzymatic abilities of Ktedonobacteria from forest soil of Cisolok Geothermal Area,
Indonesia 
MAZYTHA KINANTI RACHMANIA, FITRIA NINGSIH, DHIAN CHITRA AYU FITRIA SARI, YURIZA ESHANANDA, YASUTERU
SAKAI, SHUHEI YABE, AKIRA YOKOTA, WELLYZAR SJAMSURIDZAL [PDF]

36. The brown planthopper (Nilaparvata lugens) attack and its genetic diversity on rice in Bali, Indonesia 
LISTIHANI LISTIHANI, PUTU EKA PASMIDI ARIATI, I GUSTI AYU DIAH YUNITI, DEWA GEDE WIRYANGGA SELANGGA
[PDF]
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37. Cultural strategies of the local and transmigrant communities in dealing with land and forest fire disasters in West
Kotawaringin District, Central Kalimantan, Indonesia 
DEWI SINTA, JOHAN ISKANDAR, BUDHI GUNAWAN [PDF]

38. Photoperiod effect on vegetative growth and bulbing initiation of four garlic genotypes 
NIKEN KENDARINI, SYARIFAH IIS AISYAH, AWANG MAHARIJAYA, SOBIR [PDF]

39. Mitochondrial cytochrome oxidase 1 (CO1) and morphology of Penja fish (Sicyopterus spp.) in Budong-Budong River, West
Sulawesi, Indonesia 
IDA ASTUTI, MOHAMAD FADJAR, RAHMI NURDIANI, TITIK DWI SULISTIYATI [PDF]

40. An orange pigment from the marine bacterium Paracoccus haeundaensis SAB E11 as a prospective source of natural
antioxidants 
HERMAWATY ABUBAKAR, RIKA INDRI ASTUTI, SRI LISTYOWATI, IRMANIDA BATUBARA, ARIS TRI WAHYUDI [PDF]

41. Genetic diversity analysis and phylogeography of Osteochilus spilurus (Cyprinidae: Labeoninae) from Bangka, Belitung,
and Kalimantan Islands using Cytochrome b gene 
ARDIANSYAH KURNIAWAN, ANDI KURNIAWAN, ANIK MARTINAH HARIATI, NIA KURNIAWAN, TEGUH W NUGROHO,
ENDANG BIDAYANI, AHMAD F SYARIF, DEWA GEDE RAKA WIADNYA [PDF]

42. Monetary evaluation of supporting ecosystem services as a habitat provider for birds in Thailand urban park 
ARERUT YARNVUDHI, NISA LEKSUNGNOEN, SUPALAK SIRI, YUWADEE PONPITHUK, RONGLARP SUKMASUANG, PRATEEP
DUENGKAE, CHATTRAPHAS PONGCHAROEN, NANTIDA SUTUMMAWONG, DOKRAK MAROD, CHONGRAK WACHRINRAT,
AERWADEE PREMASHTHIRA, PANTANA TOR-NGERN, SANTI POUNGCHAREAN6, SUTHEERA HERMHUK, PANIDA KACHINA
[PDF]

43. Next generation sequencing reveals plants consumed by the vulnerable ebony langur (Trachypithecus auratus) in a
fragmented mountain forest 
PUGUH KARYANTO, ADIFA RISA BAGASTA, IKE NURJUITA NAYASILANA, SHUKOR MD NOR, SRI SUCI UTAMI ATMOKO,
ARI SUSILOWATI, SUNARTO [PDF]

44. Short Communication: Invasive mollusks Melanoides tuberculata, and Achatina fulica in Southeast Sulawesi, Indonesia 
MUHAMMAD FAJAR PURNAMA, SALWIYAH [PDF]

45. Diversity and ecology of Pteridophytes in Cendil heath forest and Gurok Beraye tropical rainforest, Belitung Island,
Indonesia 
ABYAN SETYA PRIAMBUDI, TATIK CHIKMAWATI, SULISTIJORINI SULISTIJORINI, YULIAN FAKHRURROZI [PDF]

46. Antibacterial and antioxidant activity of endophytic fungi isolated from Peronema canescens leaves  
ELFITA, RIAN OKTIANSYAH, MARDIYANTO, HARY WIDJAJANTI, ARUM SETIAWAN [PDF]

47. Morphological investigation of intestine structure of the Sunda Porcupine (Hystrix javanica) 
YULIASTUTI, ANDHIKA YUDHA PRAWIRA, MUHAMMAD RISMAN WAHID, CHAIRUN NISAâ€™, SRIHADI AGUNGPRIYONO
[PDF]

48. The method of forest change detection using Sentinel-2 optical satellite imagery and Sentinel-1 radar imagery: A case
study in Dak Nong Province, Vietnam 
TRAN QUANG BAO, NGUYEN VAN THI, LE SY DOANH, PHAM VAN DUAN, LA NGUYEN KHANG, NGUYEN TRONG CUONG,
BUI TRUNG HIEU, DAO THI THANH MAI, DINH VAN TUYEN [PDF]

49. Anurans of select green spaces of Davao City, Mindanao Island, Philippines 
ELSA MAY DELIMA-BARON, CYRELL ANN S. RUALES, CHRISTIAN TRIPOLE, MARIAN DARA T. TAGOON, TREASEUR B.
SUSULAN [PDF]

50. Investigation of the genetic diversity of jewel orchid in Vietnam using RAPD and ISSR markers 
THI KIM PHUONG TRAN, MINH HAC PHAM, THI HUONG TRINH, SASANTI WIDIARSIH, VIET THE HO [PDF]

51. Mapping of mangrove forest and carbon stock estimation of east coast Surabaya, Indonesia 
ZAINUL HIDAYAH, HERLAMBANG AULIA RACHMAN, ABD. RAHMAN AS-SYAKUR [PDF]

52. Short Communication: Morpho-agronomic performances of bird pepper (Capsicum annuum) lines under varying agro-
ecological locations in Indonesia 
MUHAMAD SYUKUR, ZULFIKAR DAMARALAM SAHID, SOBIR, AWANG MAHARIJAYA, ARYA WIDURA RITONGA, SULASSIH,
MUHAMMAD RIDHA ALFARABI ISTIQLAL, ABDUL HAKIM, ARYA YUDA PANGESTU, UNDANG, TIARA YUDILASTARI, DWIKA
SYATTWA ARANDITO, SYAFIK ASHAR, AGHNIYAâ€™UL HASANAH, KARLIN AGUSTINA, RULI JOKO PURWANTO, KARYANI,
MARLINA MUSTAFA, YOLANDA FITRIA SYAHRI, CITRA RAMLASARI [PDF]

53. Diversity of the Tabuhan Island coral reef fish revealed by DNA barcoding and implication on conservation strategy in
Banyuwangi, Indonesia 
SINAR PAGI SEKTIANA, ANNUR AHADI ABDILLAH, MD. JOBAIDUL ALAM, WAHYU ISRONI, NINA NURMALIA DEWI, HYUN
WOO KIM, SAPTO ANDRIYONO [PDF]

54. Propolis extract as a green bacterial corrosion inhibitor on three types of metals 
NI LUH WATINIASIH, I NYOMAN BUDIARSA, I NYOMAN GDE ANTARA, PUTU ANGGA WIRADANA [PDF]

55. Characterization and identification of agarwood-producing plants (Aquilaria spp.) from North Aceh, Indonesia, based on
morphological and molecular markers 
LUKMAN, DINY DINARTI, ULFAH JUNIARTI SIREGAR, MAMAN TURJAMAN, SUDARSONO [PDF]

56. Growth patterns of captive painted terrapins Batagur borneoensis in the Aceh Province, Indonesia 
ABDUL LATIF MAWARDI, TEUKU HADI WIBOWO ATMAJA, TRI MUSTIKA SARJANI, MUHAMMAD KHALIL, MUHAMMAD ALI
SARONG, YUSRIONO [PDF]

57. Effects of plot size on assessment of tree species diversity in Caspian forests of Iran 
AMER MIRZAZADEH, HASSAN POURBABAEI, MEHRDAD GHODSKHAH DARYAEI, AMIRESLAM BONYAD [PDF]

58. Floristic composition, structure, and diversity of mangroves in the coastal areas of Mabini, Davao de Oro, Philippines 
ALEXA MAE B. MANUAL, NEIL ALDEN S. GABATO, QUEZZEY B. JETUYA, JEMER A. ALIMBON [PDF]

59. Growth performance and nutrient composition of black soldier fly larvae reared on solid-state fermentation substrates
with various white rot fungi
EKO LELA FITRIANA, ANURAGA JAYANEGARA, DEWI APRI ASTUTI, ERIKA BUDIARTI LACONI [PDF]

60. Isolation and screening of entomopathogenic fungi against the grasshopper Oxya chinensis (Orthoptera: Acrididae) from
rice fields in Thua Thien Hue, Vietnam 
LE CANH VIET CUONG, BAKEO SOUVANNALATH, TRAN PHUONG HA, LE QUYNH LIEN, VU THI THANH TAM, PHAM THI
THUY HOAI, HOANG LE TUAN ANH, TON THAT HUU DAT [PDF]
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61. Biological activity of some phenolic compounds extracted from Agrimonia eupatoria against several pathogenic bacteria
species 
MOHAMMED ARAFAT MOHAMMED, JASSIM FATEHI ALI, YOUNIS SAADI SAEED, IBRAHIM HASSAN YASEEN, BUSHRA
HABEEB AHMAD [PDF]

62. Mangrove zonation, community structure and healthiness in Kei Islands, Maluku, Indonesia 
I WAYAN EKA DHARMAWAN, JEVERSON RENYAAN, DONI NURDIANSAH [PDF]

63. Regeneration failure and seedling growth of Dipterocarpus gracilis, a vulnerable dipterocarp in a tropical monsoon forest
in Central Java, Indonesia 
NESTY PRATIWI ROMADINI, SAPTO INDRIOKO, WIDIYATNO, ENY FARIDAH [PDF]

64. Prospective analysis of the role of actors in governing mangrove ecosystem area in Tangerang District, Indonesia 
S.M.A. HARI MAHARDIKA, FREDINAN YULIANDA, LUKY ADRIANTO, SULISTIONO SULISTIONO [PDF]

65. Variability of secondary metabolites from leaves of Ziziphus mauritiana obtained from different locations in Sumbawa,
Indonesia 
IHLANA NAIRFANA, ALUH NIKMATULLAH, MUHAMMAD SARJAN, ADNAN TANDEANG [PDF]
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