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ABSTRACT 

 

Background: The physical characteristics of soil under different land uses influence its potential 

for optimal productivity. Wotan Village, located in Panceng District, Gresik Regency (part of the 

northern limestone mountains), can maximize land use by considering the type of crops and land 

suitability based on soil physical properties. The mismatch in land use in Wotan Village is likely 

due to poor soil physical properties, as the soil is formed from weathered limestone. Limestone 

soils are dominated by fine fractions in their texture, and their texture and structure are generally 

unsuitable for use as planting media. This study aims to analyze the physical characteristics of 

soils under various land-use types and to determine the effect of different land uses on soil physical 

properties. Methodology: The research employed a purposive sampling method. Soil samples 

were collected from three types of land use: plantation, dryland farming, and rainfed rice fields, 

at two depths (0-20 cm and 20-40 cm) with five replications. Laboratory analyses were conducted 

on soil physical parameters, including texture, bulk density, particle density, total pore space, and 

permeability. Findings: The results showed that the soils in the three land-use types had clay 

loam, silty clay, and clay textures. Bulk density ranged from 1.10 to 1.24 g/cm³ for rainfed rice 

fields at a depth of 20 cm. Particle density ranged from 2.46 to 2.603 g/cm³. Total pore space 

ranged from 52.46% to 56.31%. Permeability ranged between 0.80 and 1.21 cm/hour, classified 

as moderately slow. Differences in land use had no significant effect on soil physical properties. 

Contribution: The findings provide a reference for farmers regarding the physical properties of 

soils in limestone areas. 
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INTRODUCTION  

Soil is the uppermost layer of the Earth’s crust, formed from a mixture of mineral and 

organic materials, and serves as a growth medium for plants. Soil particles originate 

from rocks that have disintegrated through chemical and physical processes. Chemical 

weathering may occur under the influence of oxygen, carbon dioxide, and water, while 

physical weathering may result from the effects of erosion, wind, and human activities 

(Awal et al., 2021). The components of soil consist of three main parts: solids, water, 

and air. Air is generally considered to have no direct technical influence, whereas         

water plays a significant role in determining the technical properties of soil tanah 

(Wibisono et al., 2016). 

Physical properties refer to the characteristics of soil related to its natural form 

and condition, including texture, structure, bulk density, porosity, permeability, and 

color (Desa & Sigi, 2016). These factors play a dominant role in influencing land use, 

particularly in relation to oxygen availability, water mobility within the soil, and ease 

of root penetration. According to Bintoro et al., (2017), the physical characteristics of 

soils under different land-use types vary considerably, with permeability ranging from 

moderately slow, moderate, moderately rapid, to rapid; porosity ranging from 

relatively poor to good; and bulk density ranging from low to moderate to high. These 

properties directly affect the soil’s potential for optimal productivity. 

Soil physical properties contribute significantly to plant growth and yield and 

can generally be classified into three main aspects: (1) acting as a physical substrate for 

the availability of nutrients, water, and gasses essential for plants, while also offering 

support for plant roots; (2) controlling the accessibility of water for vegetation; and                   

(3) controlling the supply of gases essential for plant growth (Rachman, 2019). Among 

the various factors influencing plant growth, soil physical properties are considered 

highly important. Bulk density tends to increase with soil depth, both in high-yielding 

and low-yielding areas (Al-Musyafa et al., 2016). This is further supported by the 

findings of Kastanya et al., (2019), who reported that soil physical properties are 

influenced by land use, including organic matter content, porosity, rooting, drainage, 

color, and soil compaction. Therefore, proper soil management is crucial to prevent 

land degradation. 

The northern region of Gresik Regency-which includes Panceng, Ujung 

Pangkah, Sidayu, Bungah, Dukun, and Manyar Districts-forms part of the Northern 

Limestone Mountains, characterized by relatively low soil fertility (particularly in 

Panceng District). A portion of this area lies within the downstream zone of the 

Bengawan Solo River, which flows into the northern coast of Gresik Regency, 

specifically in Ujungpangkah District. This downstream region holds high potential 

for development, offering land suitable for industry, fisheries, plantations, and 

settlements (Fitri et al., 2023). The utilization of limestone soils in Indonesia as part of 

efforts to enhance agricultural production has not been widely implemented. The 

challenges and constraints in exploiting this type of marginal land are primarily related 

to the quality of the growth medium, which greatly affects plant metabolism, growth, 

and development. Limestone soils, also known as Mediterranean soils, are formed 

from the weathering of limestone rock (Sir et al., 2019). 
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Wotan Village is located in Panceng District, Gresik Regency, covering an area 

of 612 km² at an altitude of 20 meters above sea level (BPS Kabupaten Gresik, 2016). 

The village comprises five land-use types: plantations, dryland farms, irrigated rice 

fields, rainfed rice fields, and forests. Optimal land utilization can be achieved by 

aligning crop types and land-use practices with the soil’s physical characteristics. The 

primary factor suspected to cause land-use mismatch in Wotan Village is the poor 

physical quality of the soil, as it is formed from weathered limestone. Limestone soils 

are dominated by fine fractions in their texture, which negatively affect                                                       

subsurface water flow and, consequently, the plant root zone. According to                               

Rahayu & Yuliani (2016), the structure and texture of limestone soils are unsuitable 

for use as a planting medium. Therefore, a detailed investigation into the physical 

properties of soils under different land-use practices in Wotan village, Panceng district, 

Gresik regency is required to obtain a clearer understanding of soils derived from 

limestone parent rock material. 

 

METHOD  

This research was conducted in Wotan Village, Panceng District, Gresik 

Regency. The study employed a survey method combined with laboratory analysis. 

Soil sampling sites were established via a purposeful random sampling method, 

informed by the degree of land utilization in Wotan Village, Panceng District, Gresik 

Regency. The selection process was supported by a 1:30,000 scale administrative map 

of Wotan Village, a 1:30,000 scale land-use map of Wotan Village, and rainfall data 

for Panceng District. 

 

 
Figure 1. Wotan Village Land-Use Map 

Land-use Map 

Wotan Village, Panceng,  

Gresik regency 
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Soil samples were collected from three sampling points with five replications 

for each of the three land-use types: plantation, dryland farming, and rainfed rice fields. 

For each land-use type, undisturbed soil samples were taken with a ring sampler at two 

depths: 0–20 cm and 20–40 cm. For each form of land use, disturbed soil samples were 

also taken from the same three sampling locations at depths of 0–20 cm and 20–40 cm. 

These samples were then put in plastic bags for additional examination. 

 

Table 1. Parameters for Soil Physical Property Analysis 

No. Parameters Measurement Unit Analytical Method 

1. Texture % Particle fraction Pipet 

2. Bulk Density g/cm3 Gravimetri 

3. Partikel Density g/cm3 Picnometer 

4. Total Porosity % 
Comparison of Bulk Density 

and Particle Density  

5. Permeability cm/h Constant Head Permeameter 

 

Soil sample analysis was carried out at the Soil Resources Laboratory, Faculty 

of Agriculture, Universitas Pembangunan Nasional “Veteran” Jawa Timur. The 

analyses included soil texture, bulk density, particle density, total porosity, and soil 

permeability. Soil texture was determined using the pipette method, bulk density using 

the gravimetric method, particle density using the pycnometer method, total porosity 

by comparing bulk density and particle density, and permeability using the constant 

head permeameter method. All analyses were conducted in the laboratory and 

subsequently processed to determine the physical characteristics of soils under different 

land-use types. The data were analyzed using quantitative descriptive statistics with 

Microsoft Excel 2007, followed by statistical analysis to evaluate whether land-use 

differences significantly influenced the soil physical properties in Wotan Village, 

Panceng District, Gresik Regency. 

 

RESULT AND DISCUSSION 

Description of the Study Area 

This study was carried out at Gresik Regency, which is situated between                             

7 - 8° South Latitude and 112 - 113° East Longitude. Except for Panceng District, 

which is 25 meters above sea level, the majority of the area is lowland, with elevations 

ranging from 2 to 12 meters. Panceng District consists of 14 villages, one of which is 

Wotan Village, covering an area of 6.61 km². Geographically, Wotan Village is 

situated on a plain with an elevation of 477 meters above sea level. The village receives 

an annual rainfall ranging from 2,000 to 3,000 mm, with the rainy season lasting for 

5–6 months. The average annual temperature is approximately 26 °C. The majority of 

Wotan Village residents work as farmers, with primary agricultural products including 

rice and several horticultural crops such as maize, legumes, and tuber crops like 

cassava, gadung (Dioscorea hispida), and sweet potatoes. Land-use distribution in 

Wotan Village includes plantations, dryland farms, rainfed rice fields, irrigated rice 

fields, forests, lakes, and settlements. Based on the topographic map published by the 

Geospatial Information Agency of the Republic of Indonesia in 2021, dryland farms 
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dominate the area, covering 387.39 ha or 58.52 % of the total land area, followed by 

rainfed rice fields at 155.24 ha (23.45 %). Plantations cover 0.98 ha (0.14 %), irrigated 

rice fields 40.08 ha (6.05 %), lakes 2.21 ha, settlements 15.50 ha, and forests 60.51 ha. 

Wotan Village is bordered by Sukodono Village to the west, Petung Village to the 

south, Doudo and Gedangan Villages to the east, and Sekapuk Village to the north. 

 

 
Figure 2. Administrative Map of the Study Area 

Rainfall in Panceng District 

The climate classification at the research site was determined using the Oldeman 

classification system, which is based on the ratio between the number of wet months 

and dry months within a year. Rainfall data were obtained from the climatology station 

in Panceng District to determine the climate type influencing land use patterns and soil 

characteristics in the study area. 

 

Table 2. Rainfall Data for Panceng District in 2019–2023 

Month 
Year Total 

(mm) 

Mean 

(mm) 2019 2020 2021 2022 2023 

January 379 332 317 186 387 1601 320.2 

February 230 171 220 285 316 1222 244.4 

March 414 267 133 374 283 1471 294.2 

April 297 259 175 350 312 1393 278.6 

May 114 158 62 251 63 648 129.6 

June 114 61 - 70 115 360 90 

Administration Map 

Wotan Village, Panceng 
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Month 
Year Total 

(mm) 

Mean 

(mm) 2019 2020 2021 2022 2023 

July 35 180 37 200 40 492 98.4 

August 4 41 60 70 - 175 43.75 

September 2 10 76 44 - 132 33 

Oktober 200 120 - 261 - 581 193.667 

November 203 141 94 173 106 717 143.4 

Desember 259 264 82 150 73 828 165.6 

 

Based on the model presented in Table 2, it can be determined that the number 

of Wet Months (WM) in Panceng District is eight, the number of Moist Months (MM) 

is two, and the number of Dry Months (DM) is two. Thus, Q = 2/8 × 100% = 0.25, 

which corresponds to the B2 climate type, indicating that rice can be cultivated twice 

a year using short-maturity varieties, with a short dry season sufficient for secondary 

crops (palawija). 

 

Soil Physical Properties under Different Land-Use Types 

Soil Texture 

Based on the results of the study, the soil texture was composed of three 

fractions: clay, silt, and sand. The relative proportion (in percentage) of these fractions 

is referred to as soil texture. Sand particles, which have larger diameters, possess 

smaller surface areas compared to silt and clay. A greater number of pore spaces 

between soil particles facilitates better air and water movement. Silt has a much larger 

surface area than sand, allowing for greater nutrient absorption by plant roots. Clay-

textured soils have a high capacity to retain water. The results of the soil texture 

analysis are presented in Table 3. 

 

Table 3. Soil Texture at The Study Site 

Sample 
Depth 

(cm) 
Land Use Type 

Fraction (%) 
Textural Class 

Sand Silt Clay 

K1 0-20 
Plantation 

6.4 53.2 40.4 Clay Loam 

K2 20-40 6.2 55.6 38.2 Silty Clay Loam 

T1 0-20 
Dryland/Cropland 

5.4 50.8 43.8 Clay Loam 

T2 20-40 6.2 56.2 37.6 Silty Clay Loam 

S1 0-20 
Rainfed Rice Field 

5.8    34.0 60.2 Clay 

S2 20-40 5.6 32.4 62.0 Clay 

 

The comparison of sand, silt, and clay fractions across different land uses and 

soil depths is presented in Table 3. The results of the soil texture analysis at the study 

site indicate variations in fraction values. The dominant fraction at the study site is silt. 

The land uses classified as clay loam texture (Table 3) are plantation land at a 

depth of 0 - 20 cm and dryland fields at a depth of 0 - 20 cm. The plantation land at a 

depth of 0-20 cm has an average fraction content of 6.4% sand, 53.2% silt, and 40.4% 
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clay. Meanwhile, the dryland fields at a depth of 0-20 cm have an average fraction 

content of 5.4% sand, 50.8% silt, and 43.8% clay. Clay loam soils contain a relatively 

high proportion of silt, giving them a smooth and slightly slippery texture when 

touched, a slightly sticky characteristic when wet, and the ability to be easily shaped 

into balls or rolls. Clay loam texture is classified as moderately fine. Fine-textured soils 

have a large surface area, a high capacity to retain or bind water, and small particle 

sizes (Annisa & Prijono, 2023). 

The land uses classified as silty clay loam texture (Table 3) are plantation land 

at a depth of 20 - 40 cm and dryland fields at a depth of 20 - 40 cm. The plantation 

land at this depth has an average fraction content of 6.2 % sand, 55.6 % silt, and 38.2 

% clay. Meanwhile, the dryland fields at the same depth have an average fraction 

content of 6.2 % sand, 56.2 % silt, and 37.6 % clay. Soils with a silty clay loam texture 

feel smooth and slightly slippery to the touch, are sticky, and can be formed into firm 

balls and shiny rolls. Silty clay loam soils are characterized as slightly fine-textured, 

less porous, and capable of providing sufficient nutrients for plants, thus influencing 

land productivity and stability. Dryland fields generally exhibit silty clay textures in 

deposition zones and sandy clay textures in residual zones. Such textures impact the 

soil's capacity to store water and nutrients required by plants (Ruci, 2018). 

Furthermore, clay-textured soils have a relatively balanced ability to retain and drain 

water, preventing both water shortages and waterlogging. Clay soils also have a 

balanced composition of coarse and fine fractions, making clay an ideal texture. This 

is because their nutrient absorption capacity is generally higher than that of sandy soils, 

while their drainage, aeration, and ease of tillage are better than those of clay soils 

(Umin & Anasaga, 2019). Hanafiah (2014) further strengthens this statement, 

explaining that the ideal composition of soil pores is not solely determined by the 

dominance of silt but rather by a balanced combination of sand, silt, and clay fractions, 

as found in clay-textured soils, to ensure optimum availability of water, air, and 

nutrients. 

The soil texture in rainfed rice fields at a depth of 0 - 20 cm (Table 3) falls into 

the clay class, with an average fraction content of 5.8 % sand, 34 % silt, and 60.2 % 

clay. At a depth of 20 - 40 cm, the rainfed rice fields are also classified as clay, with an 

average fraction content of 5.6 % sand, 32.4 % silt, and 62 % clay. Clay-textured soils 

feel smooth to the touch, sticky when wet, and hard when dry. Because of its dense 

particles, clay soils have low permeability, making it difficult for water to penetrate or 

drain. Clay-rich soils, on the other hand, have a high water-holding capacity and cation 

exchange capacity. This is due to clay fractions' high specific surface area, which 

allows them to adsorb water molecules and cations (Nurdianto et al., 2022). 

Fine-textured soils (dominated by clay) are typically cohesive and difficult to 

break apart. Nevertheless, if rainfall intensity or surface runoff is strong enough to 

disrupt the bonds between particles, suspended sediments may form and be easily 

transported by runoff. Clay-textured soils have the advantage of storing water 

effectively; however, they tend to harden when dry. Therefore, proper tillage and soil 

management are required to maintain a crumbly structure (Rusnanda, 2016). 
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Bulk Density of Soil 

Soil bulk density is one of the most routinely determined physical qualities of 

soil because it is closely related to root penetration, soil drainage, aeration, and other 

physical features. Table 4 shows the findings of the soil bulk density analysis at Wotan 

Village. 

 

Table 4. Results of Soil Bulk Density Analysis at the Study Site 

No. Sample Depth (cm) Land Use Soil Bulk Density (g/cm3) 

1. K1   0 - 20 
Plantation 

1.14 

2. K2 20 - 40 1.14 

3. T1   0 - 20 
Dryland Field 

1.10 

4. T2 20 - 40 1.09 

5. S1   0 - 20 
Rainfed Rice Field 

1.13 

6. S2 20 - 40 1.24 

 

The laboratory analysis of soil bulk density at the study site (Table 4) shows 

values ranging from 1.10 to 1.24 g/cm³. The lowest bulk density was found in dryland 

fields at a depth of 0–20 cm, with a value of 1.09 g/cm³. This result is consistent with 

Mansyur (2023), who reported that dryland fields typically have soil bulk density 

values of around 1.01 g/cm³. The lower bulk density in the dryland fields at a depth of 

0–20 cm is attributed to the higher organic matter content compared to plantation land 

and rainfed rice fields. Lower bulk density also corresponds to a higher percentage of 

total soil porosity. This finding is in line with Anwar et al., (2024), who stated that the 

addition of organic matter can loosen the soil or reduce bulk density, thereby 

increasing total soil porosity. 

The highest soil bulk density value (Table 4) was found in rainfed rice fields at 

a depth of 20 – 40 cm, with an average of 1.24 g/cm³. The higher bulk density in this 

land use is attributed to soil compaction during rice harvesting. Farmers at the study 

site use heavy machinery (combine harvesters) during harvesting, which causes soil 

compaction and consequently increases soil bulk density. Limbong et al., (2017) 

reported that soil compaction limits the storage and availability of water and air in the 

soil, inhibits root respiration, reduces water uptake, decreases nutrient availability, and 

lowers microbial activity. The increase in soil bulk density due to the use of heavy 

machinery is also consistent with the findings of Darmawati et al., (2019), who 

explained that the pressure exerted by machinery wheels compresses soil pores, forcing 

out water and air, thereby narrowing pore spaces, increasing soil density, and 

ultimately raising bulk density values. In addition, the higher bulk density in the 

rainfed rice fields at a depth of 20-40 cm also indicates lower organic matter content 

compared to plantation land, dryland fields, and the upper layer (0-20 cm) of rainfed 

rice fields. Soil bulk density can be reduced through the addition of organic matter. 

Yulina et al., (2023) stated that the incorporation of organic matter (C-organic) 

decreases soil bulk density and increases total porosity, as organic matter promotes the 

formation of soil aggregates. Similarly, Ranesa et al., (2024) explained that the 

addition of organic matter influences soil water availability by improving soil structure 

and enhancing the soil’s water retention capacity. Furthermore, Putri et al., (2020) 

emphasized that soil bulk density and total porosity significantly affect soil 
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permeability. High bulk density values are generally associated with lower total 

porosity and slower permeability rates. 

Particle Density of Soil 

Particle density is the mass of soil solids divided by the total volume of soil, 

excluding pore spaces. Soil particle density is crucial for converting soil water content 

from a gravimetric to a volumetric basis (% volume) in order to compute total soil 

porosity. Soil particle density can be impacted by numerous factors, including soil 

mineral composition and organic matter concentration. The results of the soil particle 

density analysis across all land units (Table 5) show relatively similar values. Soil 

particle density in all land uses ranged from 2.46 to 2.60 g/cm³. The lowest particle 

density was observed in dryland fields at a depth of 20 - 40 cm, with a value of 2.46 

g/cm³, whereas the highest value was recorded at the third sampling point, in rainfed 

rice fields at a depth of 20 - 40 cm, with a value of 2.60 g/cm³. 

 

Table 5. Results of Soil Particle Density Analysis at the Study Site 

No. Sample Depth (cm) Land Use 
Soil Particle Density 

(g/cm3) 

1. K1   0 - 20 
Plantation 

2.56 

2. K2 20 - 40 2.58 

3. T1   0 - 20 
Dryland Field 

2.48 

4. T2 20 - 40 2.46 

5. S1   0 - 20 
Rainfed Rice Field 

2.59 

6. S2 20 - 40 2.60 

 

The highest soil particle density, found in rainfed rice fields with a dominant 

clay fraction, results in lower soil permeability in this land use. This is consistent with 

Sipangkar (2023), who stated that an increase in soil particle density within the same 

volume causes soil particles to become more compact, thereby reducing pore size. The 

narrowing of pores makes it more difficult for water to flow, leading to a decrease in 

soil permeability rate. Furthermore, when soil particle density values are too high and 

consequently reduce permeability, the addition of organic matter does not directly 

affect particle density. This is in line with Andi et al., (2023), who explained that the 

incorporation of organic matter does not directly influence soil particle density, as this 

property is primarily determined by parent material and soil texture. 

Total Porosity 

Based on Table 6, the calculated total soil porosity at the study site ranged from 

52.46 to 56.31%. The order of total porosity values from lowest to highest according 

to land use (Table 6) is as follows: S2, T2, K2, T1, K1, and S1. The lowest total porosity 

value was found in rainfed rice fields at a depth of 20 - 40 cm, while the highest value 

was recorded in rainfed rice fields at a depth of 0 - 20 cm. 

The lowest total soil porosity value, found in rainfed rice fields at a depth of               

20 - 40 cm, is attributed to soil compaction caused by the use of heavy machinery 

(combine harvesters) during the rice harvesting season. In addition, the lower porosity 

value is also influenced by the soil texture in rainfed rice fields, which is dominated by 
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clay particles. This dominance of clay results in lower total porosity and slower 

permeability rates. This finding is consistent with Sandi et al., (2024), who reported 

that the low porosity value in maize fields was caused by soil texture dominated by 

clay. Clay particles contain more micropores than macropores, which makes the soil 

denser and less porous, thereby reducing total porosity. This statement is further 

supported by Mahdi (2018), who explained that the abundance of micropores in clay-

dominated soils allows the soil to retain greater amounts of water. 

 

Table 6. Results of Total Soil Porosity Analysis at the Study Site 

No. Sample 
Depth 

(cm) 
Land Use Total Porosity (%) 

1. K1   0 - 20 
Plantation 

55.60 

2. K2 20 - 40 55.46 

3. T1   0 - 20 
Dryland Field 

55.52 

4. T2 20 - 40 55.15 

5. S1   0 - 20 
Rainfed Rice Field 

56.31 

6. S2 20 - 40 52.46 

 

The highest total soil porosity value (Table 6) was found in rainfed rice fields 

at a depth of 0-20 cm. The high porosity value is influenced by the higher organic 

matter content in the soil, which results in lower bulk density. This is consistent with 

(Megayanti et al., 2022), who reported that an increase in total soil porosity is affected 

by higher organic matter content and lower bulk density, leading to the formation of 

more pore spaces and consequently increasing total porosity. Moreover, total soil 

porosity also affects soil permeability. Masria et al., (2016) explained that greater total 

porosity and aggregate stability enhance soil permeability. Similarly, the increase in 

rapid drainage pores and available water pores with improved aggregate stability 

contributes to greater water movement within the soil. 

Table 7. Results of Soil Permeability Analysis at the Study Site 

No. Sample 
Depth 

(cm) 
Land Use 

Permeability 

(cm/hour)* 
Category 

1. K1   0 - 20 
Plantation 

1.19 Moderately Slow 

2. K2 20 - 40 0.93 Moderately Slow 

3. T1   0 - 20 
Dryland Field 

1.14 Moderately Slow 

4. T2 20 - 40 0.98 Moderately Slow 

5. S1   0 - 20 Rainfed Rice 

Field 

1.21 Moderately Slow 

6. S2 20 - 40 0.80 Moderately Slow 

*Classification of Uhland and O’Neil (1951) 

Permeability 

The rate of soil permeability can be influenced by the value of total soil 

porosity, where higher porosity corresponds to higher permeability, allowing water 

and certain substances to move more rapidly. In general, permeability increases as soil 

becomes more porous. Likewise, the wetter (moister) the soil, the higher its 

permeability value. In contrast, in drier soils, some pores are filled with air, which 
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obstructs water flow. The results of the soil permeability analysis at the study site are 

presented in Table 7. 

Based on Table 7, the soil permeability at the study site ranged between 0.80 

and 1.21 cm hour⁻¹. The lowest value was observed in rainfed rice fields at a depth of 

20–40 cm, whereas the highest was recorded in rainfed rice fields at a depth of 0–20 

cm. Across all land-use types and soil depths, the permeability was consistently 

categorized as moderately slow. Such moderately slow permeability typically reflects 

soils with a relatively compact structure and reduced total porosity, thereby limiting 

the rate of water transmission through the soil matrix. This finding aligns with the 

observations of Penhen et al., (2022), who emphasized that slight compaction 

decreases pore size distribution, particularly the proportion of macro-pores, thus 

impeding water movement. The degree of pore connectivity is a critical determinant 

of soil permeability, as limited pore continuity can substantially restrict hydraulic 

conductivity, and in extreme cases, the permeability may approach near-zero values 

when dominated by micro-pores. 

The lowest permeability value, observed in the rainfed rice fields at a depth of 

20-40 cm, was attributed to soil compaction and a low total pore space. When 

associated with soil texture, the dominance of the clay fraction at this depth 

contributed significantly to the reduced soil permeability. This finding is consistent 

with the statement of Mulyono et al., (2019), who reported that fine-textured soils 

generally exhibit low permeability values. Similarly, Saputra et al., (2018) emphasized 

that clay particles, being the smallest soil fraction, tend to result in soils with relatively 

high total porosity but dominated by micro-pores or capillary pores, which restrict 

infiltration rates. Consequently, soils with a higher clay content exhibit lower 

permeability, and vice versa. 

The highest permeability value, observed in the rainfed rice fields at a depth of 

0 - 20 cm, this was associated to the soil's high organic matter level. The organic matter 

content is inversely related to soil bulk density; higher organic matter levels lead to 

lower bulk density values. A lower bulk density, in turn, increases the total pore space, 

thereby enhancing soil permeability. This is consistent with the findings of                            

Alista & Soemarno (2021), who stated that higher permeability is associated with 

greater pore space, enabling plant roots to more easily penetrate the soil and absorb 

nutrients. Easier root penetration also indicates the presence of good soil drainage 

conditions. 

In addition to the influence of organic matter content, the higher permeability 

value in the rainfed rice fields at a depth of 0 - 20 cm was also attributed to the use of 

chicken manure fertilizer. Farmers in the study area commonly applied poultry 

manure from layer chicken farms before the planting season, which increased the 

organic matter content in the soil. This practice contributed to a higher total pore space 

and, consequently, enhanced soil permeability. Thaharah et al., (2024) confirmed this 

by reporting that the application of chicken manure at a rate of 20 t ha⁻¹ had a 

significant effect on soil permeability. Similarly, Panataria et al., (2025) emphasized 

that although the nutrient content of manure is not particularly high, it has other 

advantages, such as improving soil physical properties including permeability, total 

pore space, soil structure, and water-holding capacity. 
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The Influence of Land Use Differences on Soil Physical Properties 

Soil Bulk Density 

The t-test was conducted to determine whether there were significant 

differences in soil bulk density among different land use types, namely plantation land 

(K), dryland farming (T), and rainfed rice fields (S), at both soil depths of 0-20 cm and 

20-40 cm. The t-table value used as a reference was 2.776, at a 5% significance level 

with the appropriate degrees of freedom (df) according to the number of samples in 

each group. 

 

Table 8. Results of the T-Test for Soil Bulk Density Based on Land Use at Depths of 

0-20 cm and 20-40 cm 

Depth (cm) T-test 

0-20 

K1 : T1 0.159 

T1 : S1 0.245 

K1 : S1 0.460 

20-40 

P2 : T2 0.053 

T2 : S2 8.975 

K2 : S2 0.006 

5% 2.776 

Note: K = Plantation; T = Dryland Field; S = Rainfed Rice Field 

 

The results of the T-test at a soil depth of 0–20 cm (Table 8) show that all pairs 

of land-use types produced calculated t values smaller than the critical t value. The 

calculated values were as follows: Plantation (K1) vs. Dryland Field (T1): t = 0.1595, 

Dryland Field (T1) vs. Rainfed Rice Field (S1): t = 0.2459, and Plantation (K1) vs. 

Rainfed Rice Field (S1): t = 0.4604. Since all t values < 2.776, it can be concluded that 

there is no statistically significant difference in soil bulk density at a depth of 0–20 cm 

among the land-use types. This condition indicates that land-use activities have not 

significantly affected soil bulk density in the topsoil layer. This is most likely due to the 

homogeneity of the upper soil layer, which is still influenced by the accumulation of 

organic matter from the surface and the relatively uniform activity of microorganisms 

across all land-use types. In addition, soil tillage activities are generally more frequently 

carried out in the upper layer, which results in looser soil structure and a more uniform 

bulk density among land uses. Organic matter content also tends to be higher at the 

surface, thereby contributing to the reduction of bulk density values. Although there 

may be visually observable differences in soil bulk density between dryland fields, 

plantations, and rainfed rice fields, these differences are not statistically significant 

enough to demonstrate a real effect of land-use type on bulk density in this soil layer. 

In contrast to the upper layer, at a depth of 20–40 cm (Table 8), a slight 

decrease in significance values was observed for several land-use pairs, as shown in the 

following results: Plantation (K2) vs. Dryland Field (T2): t = 0.0533, Dryland Field 

(T2) vs. Rainfed Rice Field (S2): t = 8.97541, and Plantation (K2) vs. Rainfed Rice 

Field (S2): t = 0.0064. Nevertheless, most of the calculated t values remained below 

the critical t value (2.776), leading to the statistical conclusion that there is no 

significant difference in soil bulk density at a depth of 20 – 40 cm among the three land-
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use types. However, it is noteworthy that at this depth, the calculated t values for some 

land-use pairs are extremely small, indicating a practical tendency toward differences 

in bulk density. For instance, the difference between dryland fields and rainfed rice 

fields (t = 8.97541) suggests a very narrow margin of statistical significance, although 

in practice there may be actual differences in soil physical properties due to varying 

land management practices. Intensive soil tillage, for example, can increase bulk 

density because frequent tillage reduces pore space, making it smaller compared to 

soils that are never tilled (Sinaga et al., 2020). 

 

Soil Partikel Density 

 
The t-test was conducted to determine whether there were significant 

differences in soil particle density among various land-use types at two soil depths (0-

20 cm and 20-40 cm). The calculated t values for each land-use pair at both depths are 

presented in Table 9. 

 

Table 9. Results of t-Test for Particle Density Based on Land Use at Soil Depths                            

of 0-20 cm and 20-40 cm 

Depth (cm) T test 

0-20 

K1 : T1 0.060 

T1 : S1 0.024 

K1 : S1 0.100 

20-40 

K2 : T2 0.103 

T2 : S2 0.069 

K2 : S2 0.172 

5 % 2.776 

Note: K: Plantation; T: Dryland; S: Rainfed Rice Field 

 

Based on Table 9, all calculated t-values from each pairwise comparison were 

smaller than the t-table value (2.776). This indicates that there was no significant 

difference in soil particle density between plantation, dryland, and rainfed rice field at 

both depths. In general, soil particle density is more influenced by the mineral 

composition of the soil rather than land use. The main soil-forming minerals, such as 

quartz, feldspar, and clay minerals, have relatively constant densities; therefore, even 

with changes in land-use systems, soil particle density does not undergo significant 

variations. This finding is in line with the statement of Juliani et al., (2022), who 

emphasized that soil particle density becomes a limiting factor in soil tillage                             

activities in agricultural land. It is also supported by the results of previous studies 

Yunanda et al., (2022) which revealed that soil particle density does not easily change 

in a short period of time, since it is closely related to the mineral composition of the 

soil. Therefore, these results are consistent with the general understanding that land 

use does not have a significant effect on soil particle density. 

Soil Total Porosity 
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Statistical analysis using the t-test was conducted to determine whether there 

were significant differences in soil total pore space values among different land-use 

types, namely plantation (K), dryland (T), and rainfed rice field (S), at two soil depths 

(0-20 cm and 20-40 cm). 

 

Table 10. Results of the T-Test on Total Pore Space Based on Land Use at Soil Depths 

of 0-20 cm and 20-40 cm 

Depth (cm) T test 

0-20 

K1 : T1 0.463 

T1 : S1 0.314 

K1 : S1 0.342 

0-40 

K2 : T2 0.426 

T2 : S2 0.067 

K2 : S2 0.016 

5 % 2.776 

Note: K = Plantation; T = Dryland; S = Rainfed Rice Field 

 

The results of the t-test on total soil porosity at a depth of 0-20 cm (Table 10) 

show the following: Plantation (K1) versus Dryland (T1) yielded a calculated t-value 

of 0.463, Dryland (T1) versus Rainfed Rice Field (S1) yielded 0.314, and Plantation 

(K1) versus Rainfed Rice Field (S1) yielded 0.342. All three calculated t-values are 

smaller than the t-table value (2.776), indicating that there is no statistically significant 

difference in total soil porosity among the three land-use types at this depth. These 

findings suggest that land-use activities have not yet significantly affected soil pore 

structure in the upper soil layer. The characteristics of total soil porosity are strongly 

influenced by organic matter content and soil biota activity. This is consistent with the 

findings of Surya et al., (2017), who stated that organic matter incorporated into the 

soil exerts a long-term effect, thereby enhancing soil porosity. 

The results of the t-test on total soil porosity at a depth of 20-40 cm (Table 10) 

show the following: Plantation (K2) versus Dryland (T2) had a calculated t-value of 

0.426, Dryland (T2) versus Rainfed Rice Field (S2) had 0.067, and Plantation (K2) 

versus Rainfed Rice Field (S2) had 0.017. All calculated t-values are also below the t-

table value (2.776), which again indicates that the differences in total soil porosity 

among the three land-use types are not statistically significant. In general, total soil 

porosity is an important indicator of soil physical quality because it is directly related 

to the soil’s capacity to store and supply water and air to plant roots. According to 

Pangaribuan et al., (2020), low water-holding capacity in soil porosity results in 

nutrients being leached quickly, reducing their availability to plants. 

 

Soil Permeability 

Permeability refers to the ability of soil to transmit water through its pores. 

This property plays a crucial role in soil drainage and the availability of water for 

plants. The permeability coefficient depends on the average pore size, which is 

influenced by particle size distribution, particle shape, and soil structure                                                                                                           

(Mansyur, 2023). In this study, a t-test was conducted on soil permeability values to 



Jurnal Pembelajaran Dan Biologi Nukleus                            p-ISSN: 2442-9481 

Vol 11 (2): 785 - 804, June 2025                                                e-ISSN: 2685-7332 
 

 Abid et al., (2025). Land Use-Driven Variation in Soil Physical Properties: A Case Study from … | 799 

assess the significance of differences among three land-use types: plantation (K), 

dryland (T), and rainfed rice field (S), at two soil depths: 0-20 cm and 20-40 cm. The 

t-table value used was 2.776, with a significance level of 0.05. 

 

Table 11. Results of the T-Test on Soil Permeability Based on Land Use at Soil Depths 

of 0-20 cm and 20-40 cm 

Depth (cm) T test 

0-20 

K1 : T1 0.476 

T1 : S1 0.460 

K1 : S1 0.484 

20-40 

K2 : T2 0.465 

T2 : S2 0.374 

K2 : S2 0.414 

5 % 2.776 

Note: K = Plantation; T = Dryland; S = Rainfed Rice Field 

 

The results of the t-test on soil permeability at a depth of 0-20 cm (Table 11) 

are as follows: Plantation (K1) versus Dryland (T1) had a calculated t-value of 0.477, 

Dryland (T1) versus Rainfed Rice Field (S1) had 0.461, and Plantation (K1) versus 

Rainfed Rice Field (S1) had 0.484. All calculated t-values are less than the t-table value 

(2.776), indicating that there is no significant difference in soil permeability among 

land-use types at this depth. This suggests that, despite variations in land use, soil 

permeability in the upper layer remains relatively uniform. The topsoil layer is 

typically influenced by the accumulation of organic matter from litter and the activity 

of soil biota, which help maintain soil structure and pore spaces. The availability of 

organic matter also strongly affects soil biota activity at the surface, which tends to 

reduce bulk density and increase total soil porosity (Khair et al., 2017). 

The results of the t-test on soil permeability at a depth of 20-40 cm are as 

follows: Plantation (K2) versus Dryland (T2) had a calculated t-value of 0.466, 

Dryland (T2) versus Rainfed Rice Field (S2) had 0.374, and Plantation (K2) versus 

Rainfed Rice Field (S2) had 0.414. All three calculated t-values are also below the t-

table value, indicating that there is no statistically significant difference in soil 

permeability among land-use types at this depth. Several factors can influence soil 

permeability, including soil texture and total porosity (Yendani et al., 2024). 

Therefore, it can be concluded that differences in land use do not have a significant 

effect on total soil porosity at the study site, and consequently, land-use differences 

also do not significantly affect soil permeability. 

 

CONCLUSION  

The physical properties of soil in Desa Wotan vary according to land-use type 

and soil depth. Soil texture is dominated by silt and clay fractions, with classifications 

of silty clay loam, clay loam, and clay. Soil bulk density ranges from 1.10 to 1.24 

g/cm³, while particle density ranges from 2.46 to 2.60 g/cm³. Total soil porosity values 

are approximately 52.46 – 56.31%, and permeability rates range from 0.80 to 1.21 



Jurnal Pembelajaran Dan Biologi Nukleus                            p-ISSN: 2442-9481 

Vol 11 (2): 785 - 804, June 2025                                                e-ISSN: 2685-7332 
 

 Abid et al., (2025). Land Use-Driven Variation in Soil Physical Properties: A Case Study from … | 800 

cm/h, all falling into the slightly slow category. The best soil physical properties were 

observed in plantation land at 20 – 40 cm depth and dryland at 20–40 cm depth, both 

with a silty clay loam texture. Differences in land use did not significantly affect any 

of the soil physical parameters statistically, although visual data presentation showed 

some variation. Further research on soil chemical properties is needed to provide 

comprehensive information for students and farmers regarding land use in Wotan 

Village, Panceng District, Gresik Regency. 
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