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INTRODUCTION 

Soil, water, and plants represent fundamental 

components of an interconnected system that gov-

erns plant growth and productivity. A comprehen-

sive understanding of these three elements, includ-

ing their individual characteristics and interrelation-

ships, is crucial for optimizing agricultural management 

systems. Soil functions primarily as a medium for plant 

growth and structural support, providing a founda-

tion for nutrient exchange and root development 

(Hou et al., 2020). Water plays a vital supportive 

role, enabling physiological processes essential for 

plant growth and development. One key aspect of water 

in agricultural systems is its presence as groundwa-

ter—water located below the soil surface in saturat-

ed zones where all pores are filled with water 

(Adrinal et al., 2024; Putri et al., 2023). Groundwa-

ter forms as rainwater or other surface sources infil-

trate the soil, seeping into pores between soil particles 

and rocks through the infiltration process (Qing et 

al., 2020). The availability of groundwater directly 

impacts plant growth and productivity (Glanville et 

al., 2023).  

Adequate water supply during the initial stages 

of plant development is a critical, non-negotiable 

requirement for successful cultivation (Robbins & 

Dinneny, 2017). Water requirements vary signifi-

cantly depending on the type of crop, with oil palm 

(Elaeis guineensis) being among the most water-
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intensive plantation crops. Oil palm cultivation de-

mands annual rainfall ranging from 1,750 to 2,000 

mm, evenly distributed throughout the year, to sup-

port its growth and yield potential (Harahap et al., 

2021). The plant's fibrous root system makes it par-

ticularly susceptible to drought stress, as it relies on 

the water present in the soil's pore spaces within the 

root zone. Reduced soil moisture content increases 

soil penetration resistance, hindering root growth and 

subsequently affecting overall plant development and 

productivity (Gavrilescu, 2021).  

The capacity of soil to store and retain water, 

commonly referred to as field capacity, is a critical 

determinant of water availability for plants. Field ca-

pacity represents the maximum amount of water the 

soil can hold after gravitational drainage ceases. This 

property is influenced by the soil's physical charac-

teristics, such as texture, permeability, bulk density, 

total pore space, and organic matter content (Phogat 

et al., 2015). These factors collectively govern the 

soil's water-holding capacity, which directly impacts 

plant growth, particularly in water-demanding crops like 

oil palm (Siringoringo et al., 2023). 

The physical properties of soil, including its 

texture and structure, play a pivotal role in determin-

ing water retention and nutrient availability. Further-

more, the topographical features of the land, espe-

cially slope gradients, significantly affect water dis-

tribution and retention. Steeper slopes tend to exhibit 

reduced water infiltration and retention, thereby lim-

iting the soil's capacity to provide adequate moisture 

to plants (Florinsky, 2016; Hermawan, 2004). Un-

derstanding these dynamics is particularly relevant for 

oil palm cultivation, where optimizing soil and water 

management is critical for maximizing productivity.   

This study aims to examine and develop a model 

that elucidates the relationship between soil water-

holding capacity and varying land slope gradients. 

By exploring the interplay of physical soil properties 

and topographical factors, the research seeks to pro-

vide insights into optimizing water use in oil palm 

plantations, ultimately contributing to more sustaina-

ble agricultural practices.  

 

MATERIALS AND METHODS 
 

The implementation of the research consists of 

a two-time series, which will be carried out in Au-

gust 2023 to coincide with the flagship research ac-

tivities chaired by Prof. Ir. Bandi Hermawan, M.Sc., 

Ph.D, and then continued from March to June 2024. 

The research was carried out on a 15-hectare com-

munity oil palm plantation, precisely in Talang Tengah I 

Village, Pondok Kubang District, Central Bengkulu Re-

gency, Bengkulu Province. Soil sample analysis was 

carried out at the Soil Science Laboratory, Faculty of 

Agriculture, University of Bengkulu.  

The tools used in this study are GPS (Global 

Positioning System), Avenza map application, sam-

ple ring, clinometer, soil drill, field knife, plastic, 

marker, mobile phone, permeameter, oven, analytical 

balance, hydrometer, and cylinder tube. Meanwhile, the 

materials used in this study are intact soil samples 

and disturbed soil, as well as 5% Calgon solution.  

The method used in the study is a survey 

method with sampling on several different slopes 

purposive sampling with the same type of land use 

(oil palm plantations) and soil types (Ultisols). Soil 

analysis in the laboratory to study the results of soil 

water holding capacity analysis and is related to sev-

eral soil physical properties on various different slopes, 

namely on flat land (0-8%), sloping (8-15%), slightly 

steep (15-25%), steep (25-45%) and very steep (45-

100%). Seven samples were taken for each slope, so 

there were 35 soil samples. The research variables and 

methods are a) soil water retention ability, b) perme-

ability, c) volume weight, d) total pore space, all four 

using the gravimetric method, e) soil texture method 

hydrometer, and, f) C-Organic method Walkey and 

Black. The laboratory data was then analyzed quan-

titatively using the PLS-SEM method (Partial Least 

Squares Structural Equation Modelling) using Warp-

PLS 7.0 software.  

This method aims to determine the relation-

ship between a dependent variable and an independ-

ent variable. Results Khodijah & Soemarno (2019), 

showing that there is a relationship between the total 

pore space, the weight of soil volume, and the capac-

ity of the soil to hold water. Then research Yulina et 

al. (2015), showing that there is a relationship be-

tween slope slope soil permeability and soil texture. 

Based on the results of research by Khodijah & 

Soemarno (2019), and Yulina et al. (2015), then a 

conceptual model was built of the relationship be-

tween soil capacity to hold water with slope and 

some physical characteristics of soil.  

 

RESULTS AND DISCUSSION 
 

The soil capacity to hold water decreases as the 

slope increases, from 38.78% on flat slopes to 21.72% on 

very steep slopes (Figure 1). This decline is related 

to the slope of the slope that affects the movement of 

water on the surface (runoff) (Gusmini et al., 2021; 
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 Putri, 2021). On steep slopes, water tends to flow 

vertically and laterally parallel to the direction of the 

soil surface and moves down following the contours 

of the soil, resulting in greater surface flow, while on 

flat slopes, water moves more vertically, thus in-

creasing water absorption into the soil (Kalembiro et 

al., 2018). Steeper slopes result in greater surface 

flow, while on flatter surfaces, surface flows tend to be 

smaller. Steep slopes often undergo more intensive ero-

sion, which can remove the topsoil layers that contain a 

lot of organic matter. Organic matter is very important in 

increasing the capacity to hold groundwater. This is 

in line with Siregar (2023) which states that organic 

matter plays an important role in increasing groundwater 

absorption. When the soil is enriched with organic mat-

ter, its ability to hold and store water increases signifi-

cantly. compared to soil with minimal organic matter.  

Figure 1. The curve of the relationship between slope lev-

el and soil capacity to hold water in smallholder oil palm 

plantations in Bengkulu Tengah  

 

Soil permeability or K-sat is the ability of soil 

to drain water in saturated soil conditions. This shows 

how easily water can seep into the soil. Soil permea-

bility is important because it affects how quickly rain-

water is absorbed by the soil, affecting plant growth. 

The average results of the analysis of soil permeabil-

ity properties in five slope classes have permeability 

values that indicate a decrease in the permeability value, 

along with the increase of slope. On flat soils, perme-

ability was recorded at 42.15 cm/hour, while on very steep 

slopes, this value decreased to 17.25 cm/hour.  This has 

to do with the varying soil texture at different slope 

levels which affects how well the soil can absorb and 

pass water. Sand-dominated soils have larger pores 

compared to clay-dominated soils. As a result, water 

seeps more easily through sandy soils (Siringoringo 

et al.,2023).  

Bulk Density (BD) is a parameter that indi-

cates the level of soil density or indicates how much 

soil mass is contained in a given volume. The vol-

ume weight at each slope level shows an increasing 

tendency as the slope increases, from 1.07 g/cm³ on 

flat soils to 1.21 g/cm³ on very steep soils. This indi-

cates that soils in steeper areas tend to be more 

dense, This is related to the condition of the layers 

of topsoil which generally has high organic matter 

on steep land and is more susceptible to erosion than 

on relatively flat land. According to (Andrian et al., 

2014), the length and steepness of the slope are di-

rectly proportional to the erosion potential. This is 

due to the increased surface flow rate (runoff) on 

longer, steeper slopes, which results in more inten-

sive soil erosion. Another cause is that the weight of 

soil volume is influenced by four main factors that 

are interrelated. The content of organic matter tends 

to lower BD by increasing porosity. The texture of 

the soil, which includes the composition of sand, dust, 

and clay, affects the density of the soil. The number 

and distribution of soil pores contribute directly to 

the empty space in the soil, thus affecting BD. The 

root system of plants also plays a role in shaping the 

soil structure and creating channels, which can lower 

the BD (Megayanti et al., 2022). 

Total Pore Space is the sum of all pores, both 

macro and micropores in the soil. The magnitude of 

the total value of soil pore space indicates the level 

of looseness of soil expressed in percent. In the TPS 

measurement, the average percentage of total pore 

space showed a slight decrease with the increase in 

slope, from 59.37% on flat soil to 54.33% on soil on 

very steep slopes. Fewer pore spaces can indicate a 

decrease in the soil's capacity to store air and water, 

which can affect root growth and the activity of mi-

croorganisms in the soil. From the data, it can be 

seen that the TPS value is inversely proportional to 

BD. 

The results of soil texture analysis revealed 

that there were variations in soil texture composition 

at the research site. At different levels of the slope, 

there are fluctuations in the values of sand, dust, and 

clay fractions. In the steep slope class, there is a de-

crease in the sand fraction followed by an increase 

in the dust and clay fraction. This phenomenon can 

be explained as a result of the erosion process. Ero-

sion that occurs on steep slopes erodes the upper soil 

layer, which is generally richer in sand fractions. 

However, the structure of these sandy soils  tends to 

be unstable because the particles are less attached. 

As a result, this type of soil is more susceptible to 
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erosion. At the same time, this tendency to increase 

the clay and dust content occurs because the erosion 

process has brought the upper soil layer so that what 

remains is that the soil surface is closer to the argil-

lic horizon. The argillic-like horizon itself is the 

main feature of ultisol soils.  

The content of soil organic matter indicates 

the level of fertility and soil quality. The higher the 

organic matter content, the better the soil's ability to 

store water, provide nutrients for plants, and support 

the activity of beneficial microorganisms. Based on 

the data, a clear downward trend can be seen in the 

percentage of soil organic matter along with the in-

crease in slope from flat to very steep. 

Data shows that soil on flat slopes has the high-

est organic matter content of 4.93%. This percentage 

gradually decreases in the category of steeper slopes, 

with a value of 3.97% for slopes, 3.74% for slightly 

steep slopes, 3.44% for steep slopes, and finally 

reaches a low of 2.63% on very steep slopes. This 

decrease indicates a negative correlation between the 

steepness of the slope and the content of soil organic 

matter.This phenomenon can be explained by several 

factors, such as more intensive erosion on steeper slopes 

so that the organic matter content tends to erode more 

compared to flatter slopes (Refliaty & Marpaung, 2010).    

 

Table 1. The average value of the analysis of soil water holding capacity and some soil physical characteristics on dif-

ferent slopes in the Bengkulu Tengah oil palm plantation with 35 observation samples in the laboratory 

Slope class (%) 
Field ca-

pacity (%) 

K-sat (cm/

hour) 

Bulk 

density 

Total pore 

space 
Land fraction 

Texture 

C-Organic 

(g/cm3) (%) (%) (%) 

    Sand Silt Clay   

Flat to gentle  
38.78 42.15 1.07 59.37 55.6 21.2 23.1 SCL 4.93 

undulating (0-8%) 

Undulating  
36.84 20.93 1.11 58.16 54.6 17 28.4 SCL 3.97 

(8-15%) 

Moderately steep 
28.28 31.13 1.15 56.84 44.2 25.3 30.5 SL 3.74 

(15-25%) 

Steep (25-45%) 26.09 14.45 1.14 56.95 39.8 28.1 32.1 SL 3.44 

Very steep (45-100%) 21.72 17.25 1.21 54.33 44 24.7 31.3 SL 2.63 

Note: SCL= sandy clay loam. SL = sandy loam 

CONCLUSION 
 

This study concludes that land slope signifi-

cantly influences various physical characteristics of 

soil and its capacity to retain water. As the slope 

becomes steeper, there is a notable decrease in soil 

permeability, total pore space, and organic carbon 

content, as well as in the percentage of sand in the 

soil. Conversely, steeper slopes are associated with 

an increase in soil bulk density and the proportion of 

clay and silt particles. These changes collectively 

result in a reduced water-holding capacity of the soil 

on steeper slopes. The findings underscore the critical 

role of slope management in optimizing soil water 

retention for sustainable agricultural practices.Land-

use planning in sloped areas should prioritize soil conser-

vation techniques, such as terracing, contour plowing,and 

cover cropping, to minimize erosion and enhance soil struc-

ture. Additionally, incorporating organic matter into 

the soil can improve its physical properties and wa-

ter-holding capacity. These strategies are particularly 

vital for crops like oil palm, which have high water re-

quirements and are sensitive to drought stress.The results 

of this study provide a basis for developing slope-specific 

soil and water management practices to enhance agri-

cultural productivity and sustainability in sloped terrains.   



Utami, Hermawan, Prawito, Barchia, Sukisno, Putri  

114   TERRA,7(2), 110-115 (2024)                                                                                                      

 References 

 
Adrinal, Gusmini, Putri, E. L., & Nadifa, G. (2024). 

Studi fisika tanah pada budi daya tembakau 

(Nicotiana tabacum L) di berbagai 

kemiringan lahan . Jurnal Ilmu Pertanian Indo-

nesia (JIPI), 29(4), 597–604. DOI: https://

doi.org/10.18343/jipi.29.4.597. 

Andrian, Supriadi, & Marpaung, P. (2014). Pengaruh 

ketinggian tempat dan kemiringan lereng ter-

hadap produksi karet (Hevea brasiliensi Muell. 

Arg.) di Kebun Hapesong PTPN III Tapanuli 

Selatan. Jurnal Online Agroteknologi, 2(3), 

981–989. 

Florinsky, I. (2016). Influence of topography on soil 

properties. In book: Digital Terrain Analysis 

in Soil Science and Geology (pp.265-270) 2nd 

Ed. Chapter: 9 Publisher: Elsevier / Academic 

Press.  DOI: https://doi.org/10.1016/B978-0-

12-804632-6.00009-2. 

Gavrilescu, M. (2021). Water, Soil, and Plants Inter-

actions in a Threatened Environment. Water. 

13. 2746. DOI: https://doi.org/10.3390/

w13192746. 

Glanville, K, Sheldon, F., Butler, D. & Capon, S. 

(2023). Effects and significance of groundwa-

ter for vegetation: A systematic review. Science 

of The Total Environment. 875, DOI: https://

doi.org/10.1016/j.scitotenv.2023. 162577. 

Gusmini, Adrinal, Yaherwandi, Putri, E. L. & 

Romadon, P. (2021). Improvement of nutrient 

status in ex-gold mining land with the applica-

tion of rice terra preta biochar technology Im-

provement of nutrient status in ex-gold mining 

land with the application of rice terra preta 

biochar technology. IOP Conference Series: 

Earth and Environmental Science, 741, 1–6. 

DOI: https://doi.org/10.1088/1755-1315/741/ 

1/012031. 

Harahap, S., Purba, F. & Rauf, A. (2021). Hubungan 

curah hujan dengan pola ketersediaan air tanah 

terhadap produksi kelapa sawit (Elaeis guin-

eensis Jacq) di dataran tinggi. Jurnal Agrikul-

tura, 32(1), 37–42. 

Haridjaja, O., Baskoro, D. P. T. & Setianingsih, M. 

(2013). Perbedaan nilai kadar air kapasitas lapang 

berdasarkan metode Alhricks, drainase bebas dan 

pressure plate pada berbagai tekstur tanah dan 

hubungannya dengan pertumbuhan tanaman 

bunga matahari (Helianthus annuus L.). Jurnal 

Ilmu Tanah dan Lingkungan, 15(2), 52.     

DOI: https://doi.org/10.29244/jitl.15.2.52-59. 

Hermawan, B. (2004). Penetapan kadar air tanah 

melalui pengukuran sifat dielektrik pada ber-

bagai tingkat kepadatan. Jurnal Ilmu-Ilmu Per-

tanian Indonesia, 6(2), 66–74. 

Hou D, Bolan NS, Tsang DCW, Kirkham MB, 

O'Connor D. (2020). Sustainable soil use and 

management: An interdisciplinary and system-

atic approach. Sci Total Environ. DOI: https://

doi.org/10.1016/j.scitotenv.2020.138961.  

Kalembiro, M., Rajamuddin, U. A. & Zaenuddin, R. 

(2018). Karakteristik fisik tanah pada berbagai 

kelerengan DAS Poboya Kota Palu. J. 

Agrotekbis, 6(6), 748–756. 

Khodijah, S., & Soemarno, S. (2019). Studi kemam-

puan tanah menyimpan air tersedia di sentra 

bawang putih Kecamatan Pujon, Kabupaten 

Malang. Jurnal Tanah dan Sumberdaya Lahan, 

6(2), 1405–1414. DOI: https://doi.org/10. 

21776/ub.jtsl.2019.006.2.21. 

Megayanti, L., Zurhalena, Z., Junedi, H. & Fuadi, N. 

A. (2022). Kajian beberapa sifat fisika tanah 

yang diatanami kelapa sawit pada umur dan 

kelerengan yang berbeda. Jurnal Tanah dan 

Sumberdaya Lahan, 9(2), 413–420. DOI: 

https://doi.org/10.21776/ub.jtsl.2022.009.2.22. 

Mike, C. (2011). THE water relations and irrigation 

requirements of oil palm (Elaeis guineensis): 

A review. Experimental Agriculture. 47. 629 - 

652. DOI: https://doi.org/10.1017/

S0014479711000494. 

Phogat, V.K. & Tomar, V.S. & Dahiya, Rita. (2015). 

Soil Physical Properties. In book: Soil Sci-

ence: An Introduction (pp.135-171). Edition: 

First Publisher: Indian Society of Soil Science 

Editors: Rattan R.K., Katyal J.C., Dwivedi 

B.S., Sarkar A.K., Bhattachatyya Tapan, 

Tarafdar J.C., Kukal S.S. 

Putri, E. L. (2021). Transformation of Paddy Soil 

Characteristics at Ex-Gold Mining Land in 

Sijunjung Regency,West Sumatera. 8(1), 179–

188. DOI: https://doi.org/10.21776/ub.jtsl. 

2021.008.1.21. 

Putri, E. L., Adrinal, Gusmini, Barchia, M. F., & 

Herman, W. (2023). Studi tingkat erodibilitas 

tanah pada Sub DAS Lunto DAS Kuantan 

Provinsi Sumatera Barat. Prosiding Seminar 

Nasional Fakultas Pertanian UNS, 7(1), 1175

–1184. 

Qing Xia, Haojie Han, Xiong Jinran & Caixia 

Zheng, Zhiliang Zhang, Huiqiang Huang & 

Qin Zhao. (2020). Research Progress of Soil 

Water Infiltration. E3S Web of Conferences. 

https://doi.org/10.18343/jipi.29.4.597
https://doi.org/10.18343/jipi.29.4.597
https://doi.org/10.1016/B978-0-12-804632-6.00009-2
https://doi.org/10.1016/B978-0-12-804632-6.00009-2
https://doi.org/10.3390/w13192746
https://doi.org/10.3390/w13192746
https://www.sciencedirect.com/journal/science-of-the-total-environment
https://www.sciencedirect.com/journal/science-of-the-total-environment
https://doi.org/10.1016/j.scitotenv.2023.%20162577
https://doi.org/10.1016/j.scitotenv.2023.%20162577
https://doi.org/10.1088/1755-1315/741/%201/012031
https://doi.org/10.1088/1755-1315/741/%201/012031
https://doi.org/10.29244/jitl.15.2.52-59
https://doi.org/10.1016/j.scitotenv.2020.138961
https://doi.org/10.1016/j.scitotenv.2020.138961
https://doi.org/%2010.21776/ub.jtsl.2019.006.2.21
https://doi.org/%2010.21776/ub.jtsl.2019.006.2.21
https://doi.org/10.21776/ub.jtsl.2022.009.2.22
https://doi.org/10.1017/S0014479711000494
https://doi.org/10.1017/S0014479711000494
https://doi.org/10.21776/ub.jtsl.%202021.008.1.21
https://doi.org/10.21776/ub.jtsl.%202021.008.1.21


  Groundwater Retention 

TERRA,7(2), 110-115 (2024)                                                                                                                        115 

189. 01006. DOI: https://doi.org/10.1051/

e3sconf/202018901006. 

Refliaty, & Marpaung, E. J. (2010). Kemantapan 

agregat Ultisol pada Beberapa penggunaan lahan 

dan kemiringan lereng. Jurnal Hidrolitan, 1(2), 

35–42. 

Robbins, N.E. & Dinneny, J.R. (2017). Growth is 

required for perception of water availability to 

pattern plant root branches. Preprint. DOI: 

https://doi.org/10.1101/097758. 

Siregar, F. A. (2023). Penggunaan pupuk organik 

dalam meningkatkan kualitas tanah dan 

produktivitas tanaman. Preprint. DOI : https://

doi.org/10.31219/osf.io/fyz8v. 

Siringoringo, N.Y., Gusmara, H., Prawito, P., Prasetyo 

& Utami, K. (2023). Effect of slope and dis-

tance from oil palm stands on soil water on-

tent. TERRA Journal of Land Restoration, 6

(1), 40-45. DOI: https://doi.org/10.31186/

terra.6.1.40-45. 

Yulina, H., Saribun, D. S., Adin, Z. & Maulana, M. H. R. 

(2015). Hubungan antara kemiringan dan po-

sisi lereng dengan tekstur tanah, permeabilitas 

dan erodibilitas tanah pada lahan tegalan di 

Desa Gunungsari,  Kecamatan Cikatomas, Ka-

bupaten Tasikmalaya. Agrikultura, 26(1), 15–

22. DOI: https://doi.org/10.24198/agrikultura. 

v26i1.8456. 

  

https://doi.org/10.1051/e3sconf/202018901006
https://doi.org/10.1051/e3sconf/202018901006
https://doi.org/10.1101/097758
https://doi.org/10.31219/osf.io/fyz8v
https://doi.org/10.31219/osf.io/fyz8v
https://doi.org/10.31186/terra.6.1.40-45
https://doi.org/10.31186/terra.6.1.40-45
https://doi.org/10.24198/agrikultura.v26i1.8456
https://doi.org/10.24198/agrikultura.v26i1.8456

