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ABSTRACT 

The research purposes were to analyze land use's effect on soil physical properties and measure several lands' soil 

quality index in the Bulili plateau. Its conducted on three types of land use consisted of a mixed plantation, maize 

plantation, and forest. Soil sampling at each type of land use was carried out at five different points so that in total, 

there were 15 locations for soil sampling. Soil samples were taken at a depth of 0-30 cm after removing the organic 

layer on the soil surface. Observation of soil physical properties, including clay content, bulk density, total porosity, 

saturated hydraulic conductivity, organic carbon, aggregate stability, and available soil water capacity, were used to 

design soil quality index models. Root depth was also observed. The results showed a significant effect of land-use 

change on all observed soil physical properties parameters. The soil quality index for mixed plantation, maize 

plantation, and forest belonged to the criteria of good (0.6474), quite poor (0.3486), and good (0.6590), respectively. 

Land-use change caused the soil's function to conserve biological activities to decline higher than the functions of soil 

water redistribution and filter - buffer. 
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1. INTRODUCTION  

Damage to the ecosystem in the upstream Palu 

watershed area harmed the emergence of flood disasters, 

landslides, and reduced soil water supply in the last ten 

years. Natural disasters that had occurred for a long 

period had a real psychosocial impact on the community 

[1]. Land-use change was the main factor affecting the 

physical properties of the soil. Soil erosion and 

sedimentation significantly affected changes in carbon 

stocks, soil structure, and soil water flows [2,3]. Soil 

bulk density, pore space volume, aggregate stability, 

hydraulic conductivity, and soil water holding capacity 

were significantly affected by changes in forest land-use 

types to dry land agriculture [4,5]. 

The high dependence on soil water supply from the 

upstream Palu watershed caused water sources in the 

area to be preserved. Dryland management that 

considers soil-water conservation aspects needs to be 

designed to maintain water sources' sustainability in the 

area [6]. Conflict of interest in land use in the Palu 

watershed had led to severe land degradation [7]. To 

solve the complexity of problems in the land resource 

management system, an adaptive tool was needed. The 

availability of sufficient data was often the main 

obstacle for policy managers to formulate critical land 

management plans. Simplifying the system being 

studied into an adaptive model will make it easier for a 

planner to solve complex problems [8]. 

Previous research had developed a soil quality 

assessment model based on soil-climate parameters, 

carbon stocks, and soil pollution [9-12]. However, 

developing a suitable model to support critical land 

management in the upstream Palu watershed was still 

needed. Knowledge of soil physical properties affected 

by changes in land-use types was used as a parameter to 

design a model that suits the area's dryland management 

needs. The research objectives included: 1) determining 

the effect of land-use types on several soil physical 

properties, and 2) determining the soil quality index for 

mixed plantations, maize plantation, and forest land use 

type. 
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2. MATERIALS AND METHODS 

2.1. Research Sites 

The research was conducted in the Bulili plateau 

from January to June 2020. The area was located in the 

upper Palu watershed, Central Sulawesi, Indonesia. The 

land survey was carried out on three types of land use: 

1) mixed plantation (Theobroma cacao L., Leucaena 

leucochepala, Artocarpus heterophyllus), 2) Maize 

plantation, and 3) forests (Aleurites moluccana, 

Palaquim sp., Aquilaria malaccensis). 

The soil survey was carried out on three types of 

land use: 1) mixed plantation (Theobroma cacao L., 

Leucaena leucochepala, Artocarpus heterophyllus), 2) 

maize plantation, and 3) forests (Aleurites moluccana, 

Palaquim sp., Aquilaria malaccensis).  

2.2. Sampling 

Soil samples were taken from the soil surface layer 

(0 - 30 cm) to analyze soil physical properties in the 

laboratory. The collection of disturbed and undisturbed 

soil samples for each land use type was carried out at 

five different location points. Overall, this study 

consisted of 15 observation points. 

Disturbed soil samples were air-dried at room 

temperature and sieved to pass a 2 mm diameter sieve. 

Some of the physical properties of the soil observed in 

the study included: soil texture (pipette method), total 

organic carbon (Walkley-Black), content weight 

(gravimetric). The total porosity of the soil was 

determined by the equation (1-ρb/ρp), where ρb 

represents bulk density and ρp represents particle 

density. The hydraulic conductivity of saturated soil 

(constant head permeameter), moisture content of field 

capacity, and permanent wilt point were determined by 

the gravimetric method (pressure plate apparatus at -33 

kPa and -1.500 kPa). The available capacity was 

determined by calculating the difference between the 

field capacity's water content and the permanent wilt 

point. The root depth was determined by drilling the 

ground in the field. 

2.3. Research Analysis 

The research data were analyzed using ANOVA, 

and if there was an effect of the treatment, the Duncan 

Multiple Range Test (α: 0.05) was carried out. To 

determine the correlation between the soil's physical 

properties that affected the aggregate stability and the 

available soil water capacity, correlation analysis and 

simple linear regression was carried out. 

 The soil quality index was determined based on a 

modification of the model developed by [13]. The score 

was calculated by comparing the observational data 

from the soil indicator and the assessment function. The 

scores ranged from 0 for bad conditions and 1 for good 

conditions. The scoring could be done through 

interpolation or simple linear regression equations 

according to the range of values or data obtained. The 

soil quality index was determined by multiplying the 

weight index with the indicator score [13] with the 

equation (1): 

 

Table 1. Modified soil function, weights, and indicators for assessing soil quality index 

Soil Function 
Weight 

(1) 
Soil Indicator 

Weight 
(2) 

Weight 
(3) 

Weight 
Index 

Upper limit Lower Limit 

X1 X1 X2 Y2 

Preserving 
Biological 
Activity 

0.4 Rooting Medium 0.5       

 Root Depth (cm)  0.60 0.12 138 1 55 0 

 Soil Bulk Density (g cm-3)  0.40 0.08 1.39 0 1.21 1 

 Soil Humidity 0.5       

 Total Soil Porosity (%)  0.20 0.04 46.81 1 37.10 0 

 Total Organic Carbon (%)  0.35 0.07 2.88 1 1.74 0 

 Clay (%)  0.15 0.03 48.26 1 31.25 0 

 
Available Soil Water Capacity  
(%) 

 0.30 0.06 13.54 1 11.21 0 

Soil Water 
Redistribution 

0.3 Clay(%) 0.30  0.09 48.26 1 31.25 0 

 Total Soil Porosity (%) 0.10  0.03 46.81 1 37.10 0 

 Soil Bulk Density (gcm-3) 0.25  0.075 1.39 1 1.21 0 

 
Saturated Hydraulic 
Conductivity (cm hour-1) 

0.10  0.03 3.65 1 2.29 0 

 
Field Capacity Soil Water 
Content (%) 

0.25  0.075 17.66 1 15.73 0 

Filter and 
buffering 

0.3 Clay (%) 0.15  0.045 48.26 1 31.25 0 

 Total Soil Porosity (%) 0.15  0.045 46.81 1 37.10 0 

 Total Organic Carbon (%) 0.25  0.075 2.88 1 1.74 0 

 
Available Soil Water Capacity  
(%) 

0.30  0.09 13.54 1 11.21 0 

 Soil Aggregate Stability Index 0.15  0.045 65 1 51 0 
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SQI = ∑ Wi × Sin
i=1   (1) 

Notes: SQI = Soil Quality Index, Wi = Weight Index, Si 

= Score on selected indicators. The modified soil 

function assessment table, weight, and soil indicators 

were presented in Table 1. Soil quality criteria were 

presented in Table 2. 

Table 2. Soil quality criteria 

No. Soil Quality Index Soil Quality Criteria 

1 0,80 – 1,00 Very Good 

2 0,60 – 0,79] Good 

3 0,40 – 0,59 Moderate 

4 0,20 – 0,39 Slightly Poor 

5 0,00 – 0,19 Poor 

3. RESULTS AND DISCUSSION 

The results showed that changes in land use types 

significantly affected soil physical properties observed 

in the study. The differences in the effect of changes in 

land use types on soil physical properties were 

presented in Table 3 and Table 4. 

Table 3 shows that the high clay content and low 

organic matter in the land use type of maize plantation 

had a low aggregate stability index. This was due to the 

formation of a massive soil structure. The wetting 

process and mechanical disturbances in soil with a 

texture loam - clayey loam and low organic matter cause 

soil aggregates to break down more easily [14,15]. The 

relationship between several soil physical properties and 

the aggregate stability index was presented in Figure 1. 

Aggregate stability and soil water holding capacity 

were effective parameters for studying soil quality [16]. 

A strong relationship between the parameters of soil 

physical properties and the soil aggregate stability index 

and available soil water capacity could be used as a 

basis for thinking to develop a model [17]. The 

relationship between several soil physical properties and 

available soil water capacity was presented in Figure 2. 

Clay content, bulk density, porosity, hydraulic 

conductivity, and soil organic carbon strongly correlated 

with the available soil water capacity (Figure 2). The 

soil quality assessment model's design uses soil physical 

properties parameters that strongly correlate to produce 

a robust model [18,19].  The use of soil erodibility index 

parameters as a standard for assessing soil quality could 

produce an adaptive model for critical land management 

planning [20,21]. 

The soil's function to conserve biological activity in 

the land use type of maize plantation was 131% and 

114% lower, respectively, compared to the forest and 

mixed plantation (Table 5). 

Shallow root depth could affect the storage capacity 

in the land use type of maize plantation. Lack of water 

during the flowering period could result in loss and 

failure of production. The minimum tillage treatment is 

a better option for farmers to improve soil aggregate 

stability and available capacity [22]. The land function 

for water redistribution in mixed plantation and forest 

land-use types was 41% and 39% higher, respectively, 

compared to maize plantation (Table 6). The increasing 

water movement rate on the soil surface due to soil 

tillage could lead to increased deposition of clay 

particles up to a depth of 45 cm [23]. 

The initial soil water content significantly influenced 

the compaction process in clay textured soils. Sandy soil 

density did not depend on the initial soil water content 

but was influenced by the initial soil bulk density. The 

Table 3. Some soil physical properties in mixed plantation, maize plantation and forest land use types 

Land Use 
Type 

Observation 
Point 

RD 
(cm) 

Soil Fraction 
BD 

(g/cm3) 
TP 
(%) 

HC 
(cm/hour) 

OC 
(%) 

ASI 
FC 
(%) 

PWP ASWC S 
(%) 

Si 
(%) 

C 
(%) 

Mixed 
Plantation 

1 93 41.28 23.63 35.09 1.27 41.47 3.16 2.31 61 16.64 4.15 12.49 

2 87 47.38 20.18 32.44 1.23 45.33 3.07 2.75 59 17.12 4.15 12.97 

3 115 57.29 10.73 31.98 1.26 43.75 3.17 2.47 58 17.21 4.10 13.11 

4 103 60.39 8.36 31.25 1.21 44.75 3.65 2.63 60 17.58 4.11 13.47 

5 117 45.72 20.18 34.10 1.22 46.02 3.49 2.77 60 17.66 4.12 13.54 

 
 
Maize 
Plantation 

1 84 27.31 25.83 46.86 1.38 39.47 2.29 1.81 55 16.35 4.14 11.21 

2 98 21.87 30.62 47.51 1.39 37.10 2.53 1.78 55 15.73 4.16 11.57 

3 82 34.73 20.72 44.55 1.34 39.91 2.58 1.84 53 15.79 4.11 11.68 

4 55 26.35 26.47 47.18 1.37 41.95 2.69 2.32 51 16.42 4.11 12.31 

5 97 19.62 32.12 48.26 1.39 40.34 2.52 1.74 53 15.89 4.14 11.75 

 
 
Forest 

1 97 39.42 22.48 38.10 1.25 46.81 3.51 2.87 58 17.03 4.15 12.88 

2 138 43.19 24.68 32.13 1.21 44.24 3.46 2.84 60 17.52 4.14 13.38 

3 103 53.18 10.07 36.75 1.28 45.53 3.24 2.88 59 17.12 4.15 12.97 

4 118 40.73 23.52 35.75 1.24 44.64 3.41 2.79 61 17.04 4.15 12.89 

5 127 47.84 20.26 31.90 1.28 40.74 3.15 2.24 58 17.03 4.14 12.89 

Notes: RD = Root Depth, C = Clay, Si = Silt, S = Sand, BD = Bulk Density, TP = Total Porosity, HC = Hydraulic 

Conductivity, OC = Organic Carbon: ASI = Aggregate Stability Index, FC = Field Capacity, Soil Water Content = PWP = 

Permanent Wilting Point Soil Water Content, ASWC = Available Soil Water Capacity 
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increase in bulk density in clay soil caused an increase 

in the formation of micro pore spaces. Soil hydraulic 

conductivity decreases with increasing micropore space 

volume [24]. 

Organic carbon and available soil water capacity 

were parameters that play an important role in 

influencing soil as a filter and buffer. Changes in land 

use from forest to mixed plantation and maize plantation 

caused changes in the soil function index as filter and 

buffer by 4% and 108%, respectively (Table 7). Organic 

carbon and available soil water capacity had an 

important role in maintaining the soil's function as a 

filter and buffer. High soil organic carbon in forest and 

mixed plantation land uses caused the index of soil 

function as a filter and buffer higher than maize 

plantation. Intensive tillage practices could lead to the 

decreased organic carbon content in the land use type of 

maize plantation. Soil tillage had a strong influence on 

the decomposition of organic carbon at the soil surface. 

Soil organic carbon fell by up to 37% in intensive tillage 

treatments [25,26]. On the other hand, organic carbon 

increases in the left undisturbed land in the long term 

[27,28]. 

Table 4. Different effects of changes in land use types on several soil physical properties 

Land Use 
Type 

Clay 
Bulk 

Density 
Total 

Porosity 
Hydraulic 

Conductivity 
Carbon 
Organic 

Aggregate 
Stability 

Field 
Capacity 

Water 
Content 

Available 
Soil Water 
Capacity 

Mixed 
Plantation 

32.97a 1.24a 44.26b 3.31b 2.59b 59.6b 17.24b 13.12b 

Maize 
Plantation 

46.87b 1.37b 39.75a 2.52a 1.90a 53.4a 16.04a 11.86a 

Forest 34.93a 1.25a 44.39b 3.35b 2.72b 59.2b 17.15b 13.00b 

The numbers followed by different letters shown significant differences according to the Duncan multiple range test 

(α: 0.05) 

 

 

Figure 1 Relationship between clay content (a), soil bulk density (b), hydraulic conductivity saturated (c) organic 

carbon (d) and soil aggregate stability 
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The change in land use from forest to mixed 

plantation did not cause a change in the soil quality 

index. On the other hand, land use for maize plantation 

had caused the soil quality index to drop by up to 89%. 

The soil quality criteria for maize plantation land-use 

types were quite poor (Table 8). The burning of crop 

residues and plant litter was a major factor that causes 

the loss of organic carbon in agricultural land. Organic 

carbon stocks in the 12 years old cocoa land use type 

with an agroforestry pattern had not fully met 

conservation farming needs. Soil erosion in the cocoa 

land use type was still higher than tolerable soil erosion 

[29,30]. 

Soil physical properties that predominantly affected 

changes in soil quality could not be identified in this 

study. The development of further research related to 

soil erodibility would be very useful for developing a 

soil quality assessment model on degraded land [31,32]. 

 

 

 

 

Figure 2 The relationship between clay (a), bulk density (b), total porosity (c) Saturated hydraulic conductivity, (d) 

organic carbon, (e) and available soil water capacity 
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4. CONCLUSION 

Changes in land-use types from forest to maize 

plantation had a significant effect on soil physical 

properties. However, soil physical properties in mixed 

plantation land-use types were not significantly different 

from the forest. The soil quality index for forest land 

use, mixed plantation, and maize plantation were 

classified as good (0.6590), good (0.6474), and 

somewhat poor (0.3486). 

The use of aggregate stability index parameters and 

available soil water capacity could develop a soil quality 

assessment model for degraded land. However, it had a 

weakness that it could not explain the relationship 

between the soil's physical properties, which was 

influenced by the surface soil erosion process. 

Further research based on soil erodibility parameters 

would be very useful for developing critical land 

management models. The implication of this study's 

results was the formulation of an adaptive soil quality 

assessment model to develop a critical land management 

policy design in the Palu watershed. 
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