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ABSTRACT 
 Soil quality is a useful concept when assessing the sustainability of an agricultural business 
and demonstrating the ability of soil to maintain plant and animal productivity, improve water 
and air quality, and to protect human health. SQI is a soil variable with the following 
characteristics: 1) well correlated with ecosystem processes; 2) integration of physical, 
chemical and biological soil properties; 3) good sensitivity to human-induced soil changes; 4) 
simple measurement and interpretation; and 5) Reproducibility Soil quality index (SQI) is a 
diagnostic procedure to evaluate soil function and overall health. This research was carried out 
on a unit of land in a dry area in Aceh Besar District with a study area of 239,439.63 ha. 
Analysis of biomass samples and soil samples was carried out at the Laboratory of Soil and 
Plant Sciences and Soil Physics Laboratory, Faculty of Agriculture, University of Syiah Kuala. 
The tools used in this study include a set of computers with the Microsoft Windows 10 
operating system that are equipped with several software for analysis, writing instruments, and 
other supporting tools. The main materials used in this study were soil samples, tree diameter 
measurement data, and land use maps, including geology, climate, slope class, soil, and 
topography. The results of the correlation analysis test showed a value of 0.6358. This shows 
that the relationship between soil C potential and soil quality index is in a strong correlation. 
The distribution of carbon in the soil also has a close relationship with the soil quality index and 
as an effort to maintain carbon stocks in the soil. C - organic content is a very important 
parameter in compiling soil quality index criteria. Soil quality can be affected by many factors, 
such as: parent material, environmental factors, land use type and human activities. The 
percentage of soil organic C is an indicator of the percentage of soil organic matter (BOT), 
BOT is able to improve soil structure and aggregates. Soil organic carbon (SOC) concentration 
is closely related to soil quality and vegetation productivity. This relationship occurs because of 
the many contributions of soil carbon to soil properties such as improvement of soil structure 
and water retention, provision of cation exchange capacity and supply of plant nutrients 
through mineralization. This effect is especially important in small-scale tropical farming 
systems where use of external inputs is often limited, and SOC concentrations have been 
positively correlated with yield levels for a variety of tropical soils. 
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1. INTRODUCTION 

 Soil and plants are two key 

elements of terrestrial ecosystems (Jiao 

et al., 2014), and interactions between 

plants and soil are very important in 

carrying out ecosystem functions (Jiao et 

al., 2014). Vegetation and soil both 

interact by means of feedback 

mechanisms in the plant-soil system (Jiao 

et al., 2014; Mora & Lázaro, 2013). 

Feedback mechanisms can be seen in 

plants that grow in extreme 

environments. In the arid (including 

hyper-arid) and semi-arid zones, which 

cover about 36% of the global land area 

(Yang & Williams, 2015), the highly 

variable vegetation structure is the result 

of feedbacks between plants and soil that 

occur in these areas. river flow (Liu et al., 

2019). 

 Changes in land use that are not 

suitable can cause damage to natural 

ecosystems, soil erosion, land 

degradation, and poor soil quality (Bruun 

et al., 2015). Several studies have shown 

that land degradation caused by 

unwanted land use changes negatively 

affects soil attributes as well as soil 

quality and health (Pirastru et al., 2013); 

Toohey et al., 2018). The pattern of 

conversion of primary forest to 

agricultural land causes loss of soil 

organic carbon (SOC) and this can have 

a direct negative impact on soil quality 

indicators by affecting soil physical, 

chemical, biological properties (Qi et al., 

2018; Sun et al., 2015; Tellen & Yerma, 

2018). Soil organic carbon plays a key 

role in determining soil aggregates, 

increasing pore space and connectivity, 

increasing air and water infiltration, and 

decreasing soil erodibility. In addition, 

KOT directly affects the stability and size 

distribution of soil aggregates (Karami et 

al., 2012). Loss of KOT will lead to a 

decrease in aggregate stability, total 

porosity and water storage as well as an 

increase in soil density. This will tend to 

reduce soil infiltration, hydraulic 

conductivity and water availability 

(Ghorbani-Dashtaki et al., 2016). Among 

the different sizes of aggregates present 

in the soil, macro-aggregates are very 

sensitive to disturbances such as 

changes in land use and cultivation 

practices of agricultural cultivation. In 

addition, the loss of KOT through 

cultivation is related to the destruction of 

macro aggregates. Soil becomes more 

susceptible to erosion when the macro 

aggregates are disturbed. Furthermore, 

planting and tillage practices can result in 

a 7 and 21-fold increase in surface runoff 

and soil erosion (Davari et al., 2020). 

  Land use change is one of the 

most important human activities affecting 

ecosystem function and impacting soil 

quality and health. Thus, tropical 

agriculture has a direct impact on the 

chemical, physical, and biological 

properties of soil when compared to 

native cover soils. In addition, soil texture 

is largely determined by the 

granulometric fraction which influences 

soil function to change the intensity of soil 

ecological processes (Vinhal-Freitas et 

al., 2017). 

 In general, soil quality is the ability 

of the soil to provide nutrients for plants, 

maintain and improve water and air in the 

soil, and support human needs. Today, 

soil quality is rapidly declining in many 

areas around the world. There are many 

reasons for the decline in soil quality, 

including changes in land use from forest 

to agricultural land and the consequences 
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of intensive land use (Jamala, 2013). 

Improvements in soil quality due to 

different types of land use or crop rotation 

can be measured by changes in soil 

indicators and other parameters. Various 

studies have been conducted to evaluate 

soil quality indicators such as different 

land use types (Kalu et al., 2015). The 

most popular indicators used to assess 

soil quality are soil organic carbon (SOC), 

total nitrogen (TN) and soil acidity (pH). 

SOC is very important for soil fertility and 

is a strong indicator of the health of soil 

biological, chemical and physical 

processes. Total nitrogen is the main 

nutrient used for vegetation growth and is 

also used as a key quality assessment 

(Ren et al., 2014). Soil pH is one of the 

most important and important soil 

parameters for agricultural production. 

Most agricultural plants develop best in 

soils with a pH from 5.5 to 6.5 (Pham et 

al., 2018). 

 High soil fertility indicates high soil 

quality. Soil quality is the capacity of the 

soil which functions to maintain plant 

productivity, maintain and maintain water 

availability and support human activities. 

Good soil quality will support the function 

of the soil as a medium for plant growth, 

regulate and distribute water flow and 

support a good environment as well. Soil 

quality is measured based on 

observations of the dynamic conditions of 

soil quality indicators. Measurement of 

soil quality indicators produces a soil 

quality index. The soil quality index is an 

index calculated based on the value and 

weight of each soil quality indicator. Soil 

quality indicators are selected from the 

properties that indicate the functional 

capacity of the soil. Soil quality indicators 

are the properties, characteristics or 

physical, chemical and biological 

processes of the soil that can describe 

soil conditions. Soil quality indicators 

must (1) show the processes that occur in 

ecosystems, (2) combine soil physical 

properties, soil chemistry and soil 

biological processes, (3) be accepted by 

many users and can be applied in various 

land conditions, ( 4) sensitive to various 

variations in soil management and 

climate change, and (5) whenever 

possible, these characteristics are 

components that are commonly observed 

in basic soil data (Juarti, 2016). Soil 

quality is a useful concept when 

assessing the sustainability of an 

agricultural business and demonstrating 

the soil's ability to nourish crops and 

animal productivity, improve water 

and air quality, and to protect human 

health. SQI is a soil variable with the 

following characteristics: 1) well 

correlated with ecosystem processes; 2) 

integration of physical, chemical and 

biological soil properties; 3) good 

sensitivity to human-induced soil 

changes; 4) simple measurement and 

interpretation; and 5) reproducibility 

(Sione et al., 2017). Soil quality index 

(SQI) is a diagnostic procedure to 

evaluate soil function and overall health. 

SQI usually integrates physical, 

biological, and chemical properties into a 

single numerical weight. The soil 

properties selected must be relevant to 

the soil process, consistent, reproducible, 

and relatively easy and affordable for 

sampling. The physical properties 

examined for assessing the success of 

restoration are related to soil structure, 

and include texture, specific gravity, 

water holding capacity, infiltration rate, 

penetration resistance, available moisture 
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content, and aggregate stability. 

Biological properties refer to macro and 

micro organisms in the soil, such as 

microbial biomass, respiration, 

community composition, and enzymatic 

activity, as well as processes related to 

soil organic matter and activated carbon 

(Abdullah, Endiyani, et al., 2022). This 

research is the basis of a study 

conducted by Lubis & Rusdiana, (2013) 

regarding the estimation of the correlation 

between soil characteristics and carbon 

stocks in secondary forests. Therefore it 

is necessary to study the correlation 

between the potential of soil carbon and 

the index of soil quality in various types of 

dry land use in Aceh Besar district. 

   

2. MATERIALS AND METHODS 

 This research was carried out on a 

unit of land in a dry area in Aceh Besar 

District with a study area of 239,439.63 

ha. Analysis of biomass samples and soil 

samples was carried out at the 

Laboratory of Soil and Plant Sciences 

and Soil Physics Laboratory, Faculty of 

Agriculture, University of Syiah Kuala. 

 The tools used in this study 

included a set of computers with the 

Microsoft Windows 10 operating system 

equipped with several software for 

analysis, writing tools, and other 

supporting tools such as GPS, 30 m tape 

measure, sewing tape, compass, earth 

ring, drill. soil, oven, scales, tally sheets, 

label paper, plastic bags, brown 

envelopes, calculator, machete, and 

knife. Some of the software used are: a. 

Microsoft Office Excel 2010 for 

calculations and tabulations. b. Statistical 

Package for the Social Sciences 25 

(SPSS 25) for analysis of the correlation 

between soil characteristics studied and 

carbon stored. The main materials used 

in this study were soil samples, tree 

diameter measurement data, and land 

use maps, including geology, climate, 

slope class, soil, and topography. 

  The plots were determined and 

made five plots measuring 20 m x 20 m. 

The plots were used for measurements of 

vegetation such as stakes, poles, trees 

and soil samples. Meanwhile, for the 

sampling of undergrowth and seedlings, 

ten sub-plots were made with a size of 1 

m x 1 m. The vegetation in the plots was 

measured as a whole or a census of 

saplings, poles and trees. Dimensions 

measured were diameter at breast height 

(DBH = 1.3 m from the ground), total 

height and branch-free height. Sampling 

of Undergrowth and Litter. All 

undergrowth and litter above the soil 

surface in the 1 m x 1 m sub-plot were 

taken and weighed to determine the wet 

weight. After that, the undergrowth and 

litter were put into a brown envelope, 

then heated in the oven to determine the 

dry weight and moisture content. 

  Soil samples were taken using two 

methods: 1. Disturbed (composite) soil 

samples and 2. Undisturbed (intact) soil 

samples. oven. Baking is carried out to 

find the dry weight and moisture content 

of the undergrowth and litter at 800 C for 

48 hours. If the wet weight of the sample 

to be baked in the oven is less than 200 

grams, then the wet weight is the weight. 

Meanwhile, if the wet weight is more than 

200 grams, then the wet weight taken is 

as much as 200 grams. Not only 

understoreys and litter in the oven, but 

also undisturbed soil samples in the 

oven. This undisturbed soil sample was 

carried out to obtain the dry weight, bulk 

density, and soil porosity. The soil 
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samples were left undisturbed in the oven 

at 1050C for 24 hours. Then the samples 

were weighed as dry weight and ring 

weight. This data will be used to obtain 

bulk density and soil porosity. Estimation 

of Standing Biomass and Carbon. 

Estimation of standing biomass was 

carried out using a non-destructive 

method using allometric equations that 

have been tested based on previous 

studies (Lubis & Rusdiana, 2013). 

 

 

 

 

 

 

 

 

 

 

 

Picture 1. Flowchart of the research implementation process correlation relationship 

between soil carbon potential and soil quality index 

 

To see the criteria for the correlation 

test analysis can be seen in Table 1                     

(Leonardo Manurung & Dewanto, 2021). 

  

Table 1. Correlation test analysis criteria. 

 

No. Correlation value Information 

1 0 
There is no correlation between the two 
variables 

2 > 0  –  0,25 The correlation is very weak 
3 > 0,25  –  0,5 Correlation enough 
4 > 0,50  –  0,75 Strong correlation 
5 > 0,75  –  0,99 The correlation is very strong 
6 .=  1 The perfect correlation is positive 
7 .= -1 Negative perfect correlation 
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3. RESULTS AND DISCUSSION 

Table 2. Correlation Analysis between Soil C Potential and Soil Quality Index 

No TPL Potency C 
0- 30 cm 

IKT 

1 Primary forest 207.798 0.7630 

  204.452 0.7101 

  201.106 0.7644 

2 Secondary forest 73.268 0.6737 

  74.294 0.6692 

  70.856 0.6406 

3 Pine forests 61.4295 0.6271 

  57.741 0.5972 

  64.506 0.5913 

4 Eucalyptus forest 70.414 0.6396 

  69.236 0.5929 

  71.592 0.5899 

5 Teak forest 55.3875 0.5471 

  57.148 0.5390 

  53.246 0.5025 

6 Forest bush 42.800 0.6298 

  43.524 0.6477 

  44.248 0.6291 

7 Shrubs 44.862 0.5393 

  45.396 0.4303 

  44.328 0.4895 

8 Reeds 72.8145 0.5831 

  73.9805 0.5867 

  71.6485 0.5923 

9 Mixed garden 65.720 0.4542 

  68.152 0.6121 

  67.912 0.4220 

10 Moor 40.811 0.4566 

  41.632 0.5081 

  42.453 0.4716 

11 Rainfed fields 31.882 0.5966 

  32.833 0.5946 

  30.931 0.6073 

12 Open field 40.963 0.5650 

  40.119 0.5673 

  41.807 0.5503 

 

Table 3. Correlation Value between Soil C Potential with Soil Quality Index 

 C Land 0 -30 cm Soil Quality Index 

Potency C Tanah 0 – 30 cm         1  

Soil Quality Index    0.6358 1 
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In Tables 2 and 3 it can be seen 

that the results of the correlation analysis 

test show a value of 0.6358. This shows 

that the relationship between soil C 

potential and soil quality index is in a 

strong correlation. The distribution of 

carbon in the soil also has a close 

relationship with the soil quality index 

(Martunis, 2016; Sufardi et al., 2020) and 

as an effort to maintain carbon stocks in 

the soil (Marín-Spiotta & Sharma, 2013). 

C - organic content is a very important 

parameter in compiling soil quality index 

criteria (Hamdi et al., 2021). Soil quality 

can be affected by many factors, such 

as: parent material, environmental 

factors, land use type and human 

activities (Hao et al., 2020). The 

percentage of soil organic C is an 

indicator of the percentage of soil organic 

matter (BOT), BOT is able to improve soil 

structure and aggregates. An increase in 

the BOT content which functions as a 

binder in the formation of soil aggregates 

can cause more space between 

aggregates (macro pores) and pore 

space in the aggregate (micro pores) to 

form more so that the aeration pores and 

available water pores of the soil increase 

with the amount of BO content. So that 

the correlation between soil C-organic 

and unit weight is negative (Pramono & 

Prahesti, 2016), (Kurniawan et al., 2021). 

The results of research by Saifulloh et al., 

(2017) suggested that the soil quality 

parameters which were the limiting 

factors in mixed garden land in 

Tegallalang District were low soil texture, 

C-Organic, CEC, KB, N and C-biomass. 

The recommended land management 

guidelines for mixed gardens to improve 

soil quality in the Tegallalang sub-district 

are a tillage system with a hoe, as well as 

the addition of organic matter, Urea 

fertilizer and the addition of dolomite. The 

low organic C content in the soil is due to 

the lack of input of organic matter given 

to the soil. Organic matter functions in 

improving the overall soil properties 

including the physical, chemical and 

biological properties of the soil. 

According to (Arifin et al., 2017) that soil 

with high organic matter content and 

quality will provide better conditions for 

plant growth and development. This is 

related to the role of organic matter in 

improving the physical, chemical and 

biological properties of soil. Its role in 

physical properties involves maintaining 

stability, improving the distribution of pore 

sizes and the capacity of soil to store 

water, and increasing water retention. 

Soil organic carbon (SOC) 

concentration is closely related to soil 

quality and vegetation productivity. This 

relationship occurs because of the many 

contributions of soil carbon to soil 

properties such as improvement of soil 

structure and water retention, provision of 

cation exchange capacity and supply of 

plant nutrients through mineralization. 

This effect is especially important in 

small-scale tropical farming systems 

where use of external inputs is often 

limited, and SOC concentrations have 

been positively correlated with yield 

levels for a variety of tropical soils. The 

maintenance of SOC ponds plays an 

important role not only in advancing food 

security in developing countries but also 

in terms of future net carbon budgets 

whereby small changes in the size of the 

SOC pool can change atmospheric CO2 

concentrations (Bruun et al., 2015). Soil 

type and soil depth affect soil volume 
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weight, % soil carbon, carbon potential 

and soil carbon stock. Efforts to manage 

land use in an effort to improve soil SOC 

need to be carried out and carried out 

thoroughly with various parties. Dry land 

management efforts in Aceh Besar 

district also serve to preserve the 

environment and keep the carbon cycle 

in good condition. Therefore, it is 

necessary to maintain the availability of 

soil carbon stocks for sustainable land 

management, including in the agricultural 

aspect (Abdullah, Sufardi, et al., 2022). 

SOC and phosphorus levels are two 

important indicators in determining soil 

quality. Soil quality, in turn, has different 

roles in nutrient cycling, depending on 

the biophysical conditions of the site and 

soil management factors (Schröder et al., 

2016). While soil quality is determined by 

many other internal and external factors, 

and its assessment depends on the 

purpose of the evaluation, phosphorus 

content and SOC level are among the 

soil properties most assessed in soil 

quality evaluation and monitoring. 

Underground biodiversity, an important 

constituent of soil quality and a supplier 

of genetic diversity in general, is directly 

conditioned by the amount of 

decomposed and transformed organic 

matter in the soil. The higher the soil 

organic matter content in organic farming 

systems which can cause the soil to hold 

more water which results in better crop 

yields during droughts, reduces soil 

erosion, increases plant nutrient retention 

and increases biodiversity. The higher 

the soil organic matter content causes 

greater soil nitrogen retention, greater 

microbial biodiversity, and increases the 

presence and growth of arbuscular 

mycorrhizal fungi that penetrate plant 

roots and facilitate the movement of plant 

nutrients from soil to plant crops resulting 

in better plant growth and yields. Carbon 

levels Higher soils also hold soil particles 

together so that less soil erosion occurs 

(Pimentel & Burgess, 2013; Hagyó & 

Tóth, 2018). 

Soil organic matter provides the 

basis for productive organic farming and 

sustainable farming systems. The 

abundance of soil organic matter and 

water in organic farming systems makes 

the soil more tolerant to drought. Large 

amounts of soil organic matter 

significantly increase soil biodiversity. 

Soil organic matter is an important 

source of nutrients and can help increase 

biodiversity providing important 

ecological services, increasing plant 

protection and nutrient recycling. For 

example adding compost and other 

organic matter to the soil reduces the 

incidence of plant diseases, and 

increases the number of soil microbial 

species. Organic farming systems can 

avoid the use of toxic pesticides and 

commercial fertilizers, minimizing the 

harmful effects of these chemicals on soil 

organisms (Pimentel & Burgess, 2013). 

4. CONCLUSIONS 

 The results of the correlation analysis 

test showed a value of 0.6358. This 

shows that the relationship between soil 

C potential and soil quality index is in a 

strong correlation. The distribution of 

carbon in the soil also has a close 

relationship with the soil quality index and 

as an effort to maintain carbon stocks in 

the soil. C - organic content is a very 

important parameter in compiling soil 

quality index criteria. Soil quality can be 
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affected by many factors, such as: parent 

material, environmental factors, land use 

type and human activities. The 

percentage of soil organic C is an 

indicator of the percentage of soil organic 

matter (BOT), BOT is able to improve soil 

structure and aggregates. Soil organic 

carbon (SOC) concentration is closely 

related to soil quality and vegetation 

productivity. This relationship occurs due 

to the many contributions of soil carbon to 

soil properties such as improvement of 

soil structure and water retention, 

provision of cation exchange capacity 

and supply of plant nutrients through 

mineralization. 
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