
 

4206 

IJEVSS, Volume 05 Issue 04, 2026 

 Copyright at authors some right reserved this work is licensed under a Creative 
Commons Attribution-Share Alike 4.0 International License 

 

The Effect of Cover Crop Presence on Soil Physical Properties Following 

Oil Palm Empty Fruit Bunch Biochar Application 
 

Elly Sri Purbandari1        

Institut Teknologi Sawit Indonesia, Jl.Williem Iskandar,Kenangan Baru, Kecamatan Percut Sei 

Tuan,Kabupaten Deli Serdang ,Sumatera Utara, 20371, Indonesia1,2                      

Rina Maharany2 

Institut Teknologi Sawit Indonesia, Jl.Williem Iskandar,Kenangan Baru, Kecamatan Percut Sei 

Tuan,Kabupaten Deli Serdang ,Sumatera Utara, 20371, Indonesia1,2 

 

Corresponding Author: esripurbandari@gmail.com 

 

Abstract 

  Oil palm empty fruit bunch (EFB) biochar is a potential soil amendment, but its long-term 

effects may be influenced by cover crop species. This study evaluated soil physical properties at 8 

and 19 months after biochar application and compared conditions under Cyperus rotundus (D1) 

and Nephrolepis biserrata (D2). The study was conducted at Division II of Adolina Estate, PTPN IV 

Regional II, using a quantitative descriptive method. Approximately 30% of the biochar remained 

visible on the soil surface. In Block L, bulk density decreased from 1.12 to 1.05 g cm⁻³, while Block 

N remained stable at 1.04 g cm⁻³. Porosity increased in Block L (57.74% to 61.82%) but decreased 

in Block N (60.75% to 60.00%). Soil moisture content declined in both blocks. Compared with C. 

rotundus, N. biserrata was associated with lower bulk density (1.26 vs. 1.36 g cm⁻³), higher porosity 

(60.08% vs. 55.92%), and higher soil moisture content (49.06% vs. 46.77%). However, permeability 

was lower under N. biserrata (1.17 vs. 1.67 cm h⁻¹). Overall, N. biserrata was associated with more 

favorable soil physical conditions, particularly bulk density, porosity, and moisture retention, 

although responses varied among soil physical parameters. 

 

Keywords: biochar; cover crops; Cyperus rotundus; Nephrolepis biserrata; soil physical 

properties 

 

INTRODUCTION  

Indonesia’s oil palm industry generates substantial amounts of solid waste, particularly oil 
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palm empty fruit bunches (EFB), which may pose environmental risks if not properly managed. An 

effective approach to EFB waste management that also creates added value is its conversion into 

biochar through pyrolysis (Darmono, 2017). Biochar has been widely utilized as a soil amendment, 

particularly to improve soil physical properties. Its porous structure can contribute to increased 

soil porosity and reduced bulk density, thereby improving the physical condition of the soil (Rauf 

et al., 2020).  

Maharany (2021) reported that EFB biochar application significantly affected oil palm 

seedling growth parameters, which are closely associated with growing media conditions and soil 

physical properties, alongside improvements in nutrient availability. Similarly, Rauf (2020), in a 

study investigating the physical properties of Ultisols amended with biochar derived from oil palm 

residues, found that biochar application significantly reduced soil bulk density and increased soil 

porosity compared with untreated soil. These findings highlight the potential of EFB biochar to 

improve soil pore structure in oil palm plantations. 

In addition to biochar, cover crops play an important role in maintaining and improving soil 

physical quality in oil palm plantations. Vani (2024) demonstrated that cover crop density 

influenced soil physical properties, including texture, bulk density, particle density, and porosity, 

as well as soil chemical properties such as pH and organic matter content. These findings are 

consistent with Ramadhan (2025), who reported that cover crops can improve soil structure by 

enhancing aggregate stability, porosity, aeration, and cation exchange capacity (CEC). 

In oil palm cultivation, biochar application is often accompanied by cover crop 

establishment as part of land conservation practices. However, previous studies have generally 

examined the effects of EFB biochar and cover crops on soil physical properties separately 

(Maharany et al., 2021; Rauf et al., 2020; Vani et al., 2024; Ramadhan et al., 2025). The presence 

of cover crops in biochar-amended soil may influence changes in soil physical properties through 

organic matter inputs, protection of the soil surface against compaction, and regulation of soil 

moisture, potentially supporting the functions of biochar. Nevertheless, the combined effects of 

these practices remain insufficiently understood, particularly over extended periods following 

biochar application. 

This study extends the research conducted by Alfazar (2025), which examined changes in 

soil physical properties at 2, 4, 6, and 8 months after biochar application. The present study 

evaluates soil physical properties at a later observation period to investigate the association 

between cover crop presence and the longer-term dynamics of soil physical properties following 

EFB biochar application. Therefore, this study aimed to evaluate the influence of cover crop 
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presence on soil physical properties after EFB biochar application, providing a scientific basis for 

developing more effective soil management recommendations for oil palm plantations. 

 

MATERIALS AND METHODS 

Study Site and Period 

This study was conducted at Division II of Adolina Estate, PTPN IV Regional II, Serdang 

Bedagai Regency, North Sumatra, Indonesia, from April to June 2026. Soil physical properties were 

analyzed at the Soil Science Laboratory, Faculty of Agriculture, Universitas Sumatera Utara. The 

study evaluated soil conditions 19 months after the application of oil palm empty fruit bunch (EFB) 

biochar. 

 

Research Design and Sampling 

  This study employed a quantitative descriptive approach using a field survey and purposive 

sampling. No additional biochar was applied during the study. Soil samples were collected from 

areas previously treated with EFB biochar, including locations beneath two dominant cover crop 

species, Nephrolepis biserrata and Cyperus rotundus. These species were selected based on their 

predominance in the study area. 

 Undisturbed soil samples were collected using soil sampling rings at a depth of 15–20 cm 

to preserve soil structure for physical analysis. Sampling locations were determined based on the 

presence of the respective cover crop species within the previously biochar-treated area. Field 

observations also documented site conditions, vegetation cover, and the visible presence of 

residual biochar. Secondary data were obtained from the company and previous research records, 

including biochar application history and relevant plantation information. 

 

Soil Physical Property Analysis 

 The analyzed parameters included bulk density (g cm⁻³), particle density (g cm⁻³), total 

porosity (%), soil permeability (cm h⁻¹), soil moisture content (%), and soil texture, expressed as 

sand, silt, and clay fractions (%). 

 Bulk density was determined from the oven-dried soil mass relative to the sampling ring 

volume after oven-drying at 105 °C for 24 h. Particle density was determined using a pycnometer-

based procedure. Total porosity was calculated from bulk density and particle density. Soil 

permeability was measured using the constant-head or falling-head method, as appropriate for 

the soil characteristics, based on Darcy’s law. Soil moisture content was calculated from the 
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difference between wet and oven-dried soil mass. Soil texture was determined using the 

Bouyoucos hydrometer method, and the proportions of sand, silt, and clay were used to classify 

soil texture according to the USDA textural triangle. 

 

Data Analysis 

 Laboratory results were tabulated, and mean values were calculated for each soil physical 

parameter based on the sampled locations associated with each cover crop species. Soil 

conditions were also evaluated in relation to the observations and secondary data available for 

the 19-month post-application period. The results were interpreted descriptively to characterize 

soil physical properties under N. biserrata and C. rotundus. Given the descriptive design, the 

findings were used to identify observed differences rather than to establish statistically significant 

causal effects. 

 

RESULTS AND DISCUSSION  

Laboratory Analysis of Soil Physical Properties in the Palm Circle  

 The previous observations and laboratory analyses were conducted eight months after the 

application of oil palm empty fruit bunch (EFB) biochar. The results of the soil physical property 

analysis at eight months after EFB biochar application, as reported by Alfazar (2025), are 

presented in Table 1. 

Table 1. Soil Physical Properties at 8 Months after Oil Palm Empty Fruit Bunch (EFB) Biochar 

Application 

Parameter Blok L Blok N 

Bulk density (g/cm3) 1,12 1,04 

Particle density (g/cm3) 2,05 2,38 

Porositas (%) 57,74 60,75 

Permeabilitas (cm/jam) 5,21 3,79 

Kadar Air Tanah (%) 39,26 49,48 

Tekstur (Pasir) (%) 54 62 

Tekstur (Debu) (%) 31 23 

Tekstur (Liat) (%) 14 14 

 The results in Table 1 indicate that, eight months after oil palm empty fruit bunch (EFB) 

biochar application, both blocks exhibited relatively low bulk density (1.12 and 1.04 g cm⁻³) and 

high porosity (57.74% and 60.75%). These findings are consistent with Rauf et al. (2020), who 
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reported that biochar application reduced bulk density and increased soil porosity. Permeability 

was higher in Block L (5.21 cm h⁻¹) than in Block N (3.79 cm h⁻¹), whereas soil moisture content 

was higher in Block N (49.48%) than in Block L (39.26%). This is consistent with findings that EFB 

biochar can improve soil water availability (Rauf et al., 2020). Both blocks were dominated by sand 

fractions (54% and 62%), with a clay fraction of 14%, and were classified as sandy loam. Overall, 

EFB biochar may improve soil physical conditions through its porous structure, supporting soil 

moisture retention and root development (Tarigan et al., 2019). 

 Soil physical properties were reassessed 19 months after biochar application to evaluate 

conditions over a longer post-application period. The results of the laboratory analyses at 19 

months are presented in Table 2. 

 

Table 2. Soil Physical Properties at 19 Months after Oil Palm Empty Fruit Bunch (EFB) Biochar 

Application 

Parameter Blok L Blok N 

Bulk density (g/cm3) 1,05 1,04 

Particle density (g/cm3) 2,75 2,60 

Porositas (%) 61,82 60,00 

Permeabilitas (cm/jam) 5,07 5,15 

Kadar Air Tanah (%) 9,26 10,11 

Tekstur (Pasir) (%) 32 50 

Tekstur (Debu) (%) 40 32 

Tekstur (Liat) (%) 28 18 

Source: Soil Analysis Results, 2026. 

 

 Table 2 shows that, 19 months after EFB biochar application, both blocks had relatively low 

bulk density (1.05 and 1.04 g cm⁻³) and high porosity (61.82% and 60.00%). Particle density was 

higher in Block L (2.75 g cm⁻³) than in Block N (2.60 g cm⁻³), while soil permeability was comparable 

at 5.07 and 5.15 cm h⁻¹, respectively. However, soil moisture content was low in both blocks 

(9.26% and 10.11%). Soil texture differed between Block L (32% sand, 40% silt, and 28% clay; clay 

loam) and Block N (50% sand, 32% silt, and 18% clay; sandy loam), potentially contributing to 

differences in water retention. These results characterize soil physical conditions 19 months after 

biochar application and provide a basis for evaluating soil management practices in oil palm 

plantations. 
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Analysis of the Relationship Between Cover Crop Presence and Soil Physical Properties 

Following Oil Palm Empty Fruit Bunch (EFB) Biochar Application 

 Cover crops in oil palm plantations contribute to soil physical properties through biomass 

input, root penetration, and organic matter decomposition. Nephrolepis biserrata, a shade-

tolerant species commonly found in oil palm plantations, has potential as a cover crop and can 

increase soil carbon stocks and organic matter, although the magnitude of these effects varies 

among vegetation types (Ariyanti et al., 2016). Differences in cover crop characteristics may 

therefore influence soil physical conditions following long-term biochar application. Accordingly, 

soil physical properties were evaluated 19 months after oil palm empty fruit bunch (EFB) biochar 

application to assess variations associated with different cover crop types. The results are 

presented in Table 3. 

Table 3. Analysis of Soil Physical Properties Based on Cover Crop Type 

Parameter D1 D2 

Bulk density (g/cm3) 1,36 1,26 

Particle density (g/cm3) 2,45 2,58 

Porositas (%) 55,92 60,08 

Permeabilitas (cm/jam) 1,67 1,17 

Kadar Air Tanah (%) 46,77 49.06 

Tekstur (Pasir) (%) 50 58 

Tekstur (Debu) (%) 14 16 

Tekstur (Liat) (%) 36 26 

Source: Soil Analysis Results, 2026. 

Note: D1 = Cyperus rotundus; D2 = Nephrolepis biserrata. 

  

DISCUSSION  

Bulk density is an important indicator of soil compaction and influences porosity, aeration, 

water movement, and root development. Biochar can reduce bulk density because of its porous 

structure and contribution to soil aggregation (Premalatha et al., 2023; Muklis et al., 2023). 

Previous studies reported reductions of 3–31% following biochar application, with a 12% decrease 

in bulk density and a 12% increase in porosity after applying 20 t ha⁻¹ of biochar to silt loam soil 

(Tokova et al., 2020). However, the magnitude of these effects depends on application rate, soil 

texture, and field duration. Jiang et al. (2025) reported that biochar effects on bulk density tend 

to diminish over time, although some benefits persist beyond three years, while Blanco-Canqui 
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(2017) noted that reductions may be greater in coarse-textured than in fine-textured soils. 

At eight months, bulk density was 1.12 g cm⁻³ in Block L and 1.04 g cm⁻³ in Block N (Alfazar, 

2025). At 19 months, it decreased to 1.05 g cm⁻³ in Block L but remained unchanged in Block N 

(1.04 g cm⁻³). The decrease in Block L indicates a change in soil physical condition consistent with 

the reported effects of biochar on bulk density and porosity (Premalatha et al., 2023; Tokova et 

al., 2020). Nevertheless, the stability of Block N suggests that changes were not uniform between 

blocks. Both blocks had relatively low bulk density values, which are generally favorable for root 

growth and soil aeration. Overall, the results indicate that bulk density remained low 19 months 

after biochar application, although the descriptive design does not establish that biochar alone 

caused the observed changes. 

Particle density reflects the density of soil solids and is influenced by the relative 

proportions of mineral and organic constituents. Biochar may affect particle density because its 

density differs from that of mineral soil; however, evidence regarding this response remains 

limited (Blanco-Canqui, 2017; Zhu et al., 2025). Mukhlis et al. (2023) also identified particle density 

as an important soil property, despite its limited inclusion in routine soil characterization. 

Particle density increased from 2.05 to 2.75 g cm⁻³ in Block L and from 2.38 to 2.60 g cm⁻³ 

in Block N between the eight- and 19-month observations. These values suggest differences in the 

composition or characteristics of soil solids over the observation period. Mineral fractions 

generally have higher particle density (approximately 2.66–2.76 g cm⁻³) than organic matter 

(1.27–1.43 g cm⁻³) (Ruehlmann, 2020). Similarly, Robinson et al. (2022) used reference values of 

2.7 g cm⁻³ for mineral particles and 1.4 g cm⁻³ for organic matter in a conservative mixing model. 

The higher particle density observed at 19 months may therefore reflect differences in soil 

composition, organic matter decomposition, or spatial variability. However, these mechanisms 

were not directly measured, and the changes cannot be attributed solely to biochar application. 

Soil porosity determines the volume of pore space available for water storage, aeration, 

and root penetration. Biochar may increase porosity through its internal pore structure and its 

contribution to soil aggregation (Premalatha et al., 2023). Tokova et al. (2020) reported a 12% 

increase in porosity following biochar application at 20 t ha⁻¹, while Blanco-Canqui (2017) reported 

increases of approximately 14–64%, depending on soil texture and biochar characteristics. 

Nevertheless, porosity responses can change over time because of soil consolidation, wetting–

drying cycles, and biochar ageing. Jiang et al. (2025) found that the effects of biochar on total 

porosity generally peaked around the second year and subsequently declined, although positive 

effects could persist relative to untreated soil. Zhu et al. (2025) further emphasized that responses 
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depend on soil texture and biochar particle size. 

Porosity increased from 57.74% to 61.82% in Block L but decreased slightly from 60.75% 

to 60.00% in Block N between eight and 19 months. These values fall within the porous soil 

category reported by Alfazar (2025). The increase in Block L is consistent with the potential of 

biochar to improve pore space, whereas the small decrease in Block N suggests relatively stable 

porosity during the observation period. Both blocks maintained porosity values generally 

considered favorable for soil aeration, water movement, and root development. These findings 

indicate different temporal patterns between blocks rather than a uniform response to biochar. 

Soil permeability describes the capacity of water to move through soil pores and is 

influenced by pore continuity, aggregation, and soil structure. Biochar may improve water 

movement by modifying soil aggregation and pore structure. Premalatha et al. (2023) reported an 

increase in saturated hydraulic conductivity from 2.70 to 13.4 cm h⁻¹ following biochar addition. 

However, permeability may change over time due to pore clogging, particle migration, and 

structural alteration. Jiang et al. (2025) associated changes in saturated hydraulic conductivity 

with biochar movement into deeper soil layers and pore clogging, while Barnes et al. (2014) 

demonstrated that repeated flushing can alter pore structure through swelling and particle 

segregation. 

Between eight and 19 months, permeability in Block L reportedly decreased from 51.21 to 

5.07 cm h⁻¹, whereas Block N increased from 3.79 to 5.15 cm h⁻¹. The contrasting patterns suggest 

that water transmission changed differently between blocks. Structural stabilization and changes 

in pore-size distribution may help explain the decrease in Block L, whereas improved pore 

continuity may have contributed to the increase in Block N. These mechanisms remain possible 

explanations because pore-size distribution and structural changes were not directly assessed. At 

19 months, permeability values were similar between blocks (5.07 and 5.15 cm h⁻¹), indicating 

comparable measured water-transmission rates at the time of sampling. These findings are 

consistent with the view that the effects of biochar on soil hydraulic properties can evolve with 

field ageing (Barnes et al., 2014; Jiang et al., 2025). 

Soil moisture content reflects the balance between water input, storage, and loss. Biochar 

can improve water retention through its specific surface area, surface functional groups, and 

internal pore structure. Wei et al. (2023) reported greater biochar effects on field capacity and 

available water capacity in coarse-textured soils than in medium- and fine-textured soils. Blanco-

Canqui (2017) also reported increases of 4–130% in available soil water, depending on biochar 

and soil characteristics. However, water-retention effects may vary with rainfall, evaporation, 
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plant water uptake, and biochar ageing. Wang et al. (2019) found that biochar pores may become 

progressively occupied by organic and mineral materials after application, while Jiang et al. (2025) 

reported that biochar effects on available water capacity peaked around the second year before 

declining. 

Soil moisture content decreased from 39.26% to 9.26% in Block L and from 49.48% to 

10.11% in Block N between eight and 19 months. The lower values at 19 months coincided with 

lower rainfall: 91 mm in June 2025 compared with 39 mm in June 2026. This difference may have 

contributed to the observed decline, although rainfall alone cannot be confirmed as the cause. 

Satriawan et al. (2023) reported that cover crops can positively affect soil moisture, particularly 

during dry periods and months with moderate rainfall. Water uptake by oil palm may also 

contribute to soil-water depletion; Safitri et al. (2019) estimated actual root water uptake at 3.07–

3.73 mm day⁻¹, depending on palm age and soil type. Although biochar can improve water 

retention through changes in surface properties and pore structure (Wei et al., 2023), the low 

moisture values at 19 months indicate that soil water content was also influenced by 

environmental conditions and plant water use. Block N retained slightly more moisture than Block 

L (10.11% versus 9.26%). 

Soil texture is determined by the relative proportions of sand, silt, and clay and is generally 

more stable than other soil physical properties. Although biochar may interact with soil minerals 

and undergo physical disintegration, changes in particle-size fractions should be interpreted 

cautiously. Putri et al. (2026) reported changes in soil properties and organic matter following the 

application of macro-biochar to Psamment soil. Premalatha et al. (2023) also found that erosion 

responses varied with biochar application rate and particle size, while Wang et al. (2021) described 

the gradual reduction in biochar particle size during natural decomposition. These findings 

indicate that biochar characteristics and soil processes may affect soil-particle dynamics, although 

they do not establish that biochar directly changes the inherent texture of field soil. 

The sand fraction decreased from 54% to 32% in Block L and from 62% to 50% in Block N 

between eight and 19 months. Because soil texture is relatively stable, these differences are 

unlikely to demonstrate a direct biochar-induced change (Usowicz & Lipiec, 2021). Soil texture 

also influences biochar responses, with sandy soils generally responding differently from clay-rich 

soils (Blanco-Canqui, 2017). Spatial heterogeneity and sampling or laboratory variation may have 

contributed to the observed differences, as soil properties can vary with topography and 

agroclimatic conditions (Taye et al., 2018). At 19 months, Block N had a higher sand fraction than 

Block L, which may be associated with greater drainage and lower water retention. Sandy soils 
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generally exhibit high hydraulic conductivity but limited water retention (Gluba et al., 2021; 

Ibrahimi & Alghamdi, 2022). Therefore, the observed changes are more appropriately interpreted 

as differences between sampling periods and locations rather than direct evidence of biochar-

induced textural transformation. 

The silt fraction increased from 31% to 40% in Block L and from 23% to 32% in Block N. 

Biochar disintegration may generate finer particles, with the extent of disintegration influenced 

by ash content and aromaticity (Sigmund et al., 2023). Dissolved biochar fractions may also form 

organo-mineral complexes that contribute to biochar stabilization in soil (Yan et al., 2021). In 

addition, soil fauna can influence particle distribution and mineral transformations through 

bioturbation and organic matter processing (Angst et al., 2024). Nevertheless, the increase in silt 

fraction cannot be directly attributed to biochar because soil texture is relatively stable over short 

periods (Usowicz & Lipiec, 2021). Differences in sampling locations, soil heterogeneity, and 

laboratory analysis may also explain the observed variation. At 19 months, Block L had a higher 

silt fraction than Block N (40% versus 32%). Silt-rich soils may retain more plant-available water 

than coarse-textured soils; silt loam soils have been reported to provide relatively high available-

water storage while maintaining better aeration than soils with high clay contents (Amsili et al., 

2021). 

The clay fraction increased from 14% to 28% in Block L and from 14% to 18% in Block N. 

Biochar may interact with fine soil particles through organo-mineral complex formation (Yang et 

al., 2021), while clay distribution in topsoil can also be affected by natural particle translocation 

through eluviation and bioturbation (Sauzet et al., 2023). However, soil texture is generally stable 

over short periods, so the observed changes should not be interpreted as direct evidence of 

biochar-induced changes (Usowicz & Lipiec, 2021). Sampling variability, soil heterogeneity, and 

laboratory procedures may have contributed to the differences. 

At 19 months, Block L had a higher clay fraction than Block N (28% versus 18%). Clay-rich 

soils can retain nutrients through cation exchange and interactions with soil colloids (Ciric et al., 

2023), but higher fine-particle contents can also alter pore-size distribution and restrict drainage 

when soil structure is unfavorable. Wang et al. (2023) reported that changes in the proportions of 

sand and clay significantly affect soil pore-size distribution and water-retention characteristics. 

Yang et al. (2021) further highlighted the potential interactions between biochar-derived fractions 

and soil minerals. Overall, the observed differences in clay content may reflect variation in soil 

characteristics between blocks and sampling periods; further replicated sampling would be 

required to determine their causes. 
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Different cover crop species were associated with distinct soil physical properties in oil 

palm plantations following oil palm empty fruit bunch (EFB) biochar incubation. The Nephrolepis 

biserrata plot (D2) exhibited a lower bulk density (1.26 g/cm³) than the Cyperus rotundus plot (D1; 

1.36 g/cm³), accompanied by higher total porosity (60.08% vs. 55.92%) and soil moisture content 

(49.06% vs. 46.77%). These findings are consistent with Baru Bara and Yosephine (2026), who 

reported substantially lower bulk density in areas with cover vegetation than in areas without 

cover crops. The rhizome and fibrous root systems of ferns may contribute to pore formation and 

continuous organic matter input. Furthermore, Nephrolepis biserrata can help maintain soil 

moisture through organic matter accumulation and reduced excessive evapotranspiration 

(Satriawan et al., 2021). 

Both cover crop plots had the same soil textural classification, sandy clay loam. The D1 plot 

contained 50% sand, 14% silt, and 36% clay, whereas D2 contained 58% sand, 16% silt, and 26% 

clay. These results suggest that soil permeability is not determined solely by texture but is also 

influenced by pore structure and root activity. Changes in soil porosity and hydromechanical 

properties associated with root activity may vary according to plant genotype and species, 

measurement scale, and soil texture (Marin et al., 2022). The particle density of D2 (2.58 g/cm³) 

was also higher than that of D1 (2.45 g/cm³), indicating differences in soil composition between 

the two cover crop plots. 

Overall, the results indicate that cover crop type is associated with variations in soil 

physical properties following EFB biochar application. Nephrolepis biserrata tended to be 

associated with lower bulk density, greater total porosity, and higher soil moisture content, 

whereas Cyperus rotundus exhibited relatively higher bulk density. These differences suggest that 

cover crop characteristics may influence soil physical conditions, although the observed 

differences alone do not establish a causal effect of cover crop type. 

 

CONCLUSION  

The findings indicated that 19 months after oil palm empty fruit bunch (EFB) biochar 

application, soil physical properties varied across blocks and cover crop types. Soil moisture 

content declined by approximately 76–79% between months 8 and 19, while Nephrolepis 

biserrata was associated with lower bulk density, higher porosity, and greater soil moisture 

content than Cyperus rotundus. Permeability also differed between cover crop plots, highlighting 

the role of soil pore structure and root activity. These results suggest that integrating EFB biochar 

with suitable cover crops may support soil physical quality in oil palm plantations. Further research 
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should investigate different biochar application rates, cover crop species and densities, and long-

term changes in soil physical, chemical, and biological properties to establish more comprehensive 

and sustainable land management recommendations. 

 

REFERENCES  

Abdurachman, A., Haryati, U., & Juarsah, I. (2019). Penetapan kadar air tanah dengan metode 

gravimetrik. Dalam Sifat fisik tanah dan metode analisisnya (hlm. 127–130). Balai Besar 

Penelitian dan Pengembangan Sumberdaya Lahan Pertanian. 

Al Quddus, T. (2023). Karakteristik biochar dalam ketersediaan P pada tanah Andisol [Karya ilmiah, 

Universitas Sumatera Utara]. 

Amoozegar, A., Heitman, J. L., & Kranz, C. N. (2023). Comparison of soil particle density 

determined by a gas pycnometer using helium, nitrogen, and air. Soil Science Society of 

America Journal, 87(1), 1–12. 

Angst, G., Potapov, A., Joly, F.-X., Angst, Š., Frouz, J., Ganault, P., & Eisenhauer, N. (2024). 

Conceptualizing soil fauna effects on labile and stabilized soil organic matter. Nature 

Communications, 15, Article 5005. 

Ariyanti, M., et al. (2016). Pengaruh tanaman penutup tanah Nephrolepis biserrata dan teras 

gulud terhadap aliran permukaan dan pertumbuhan kelapa sawit (Elaeis guineensis Jacq.). 

Kultivasi, 15(2). 

Arifien, Y., Bangsa, U. N., Sari, N. Y., & Mada, U. G. (2025). Dasar agronomi (Issue April). 

Asbur, Y., Rambe, R. D. H., Purwaningrum, Y., & Kusbiantoro, D. (2018). Potensi beberapa gulma 

sebagai tanaman penutup tanah di area tanaman kelapa sawit menghasilkan. Jurnal 

Penelitian Kelapa Sawit, 26(3), 113–128. 

Amsili, J. P., van Es, H. M., & Schindelbeck, R. R. (2021). Cropping system and soil texture shape 

soil health outcomes and scoring functions. Soil Security, 4, Article 100012. 

Balai Penelitian Tanah. (2009). Petunjuk teknis analisis kimia tanah, tanaman, air, dan pupuk (Edisi 

ke-2). Balai Besar Litbang Sumberdaya Lahan Pertanian. 

Baru Bara, M. N., & Yosephine, I. O. (2026). Soil cover vegetation analysis on soil physical 

properties at PT Cibaliung Tunggal Plantation Cibaliung I Rokan Hilir regency Riau province. 

Jurnal Agronomi Tanaman Tropika (JUATIKA), 8(2), 466–?. 

https://doi.org/10.36378/juatika.v8i2.5573 

Barnes, R. T., Gallagher, M. E., Masiello, C. A., Liu, Z., & Dugan, B. (2014). Biochar-induced changes 

in soil hydraulic conductivity and dissolved nutrient fluxes constrained by laboratory 

http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
https://doi.org/10.36378/juatika.v8i2.5573?utm_source=chatgpt.com


 

4218 

IJEVSS, Volume 05 Issue 04, 2026 

 Copyright at authors some right reserved this work is licensed under a Creative 
Commons Attribution-Share Alike 4.0 International License 

experiments. PLOS ONE, 9(9), Article e108340. 

https://doi.org/10.1371/journal.pone.0108340 

Blanco-Canqui, H. (2017). Biochar and soil physical properties. Soil Science Society of America 

Journal, 81(4), 687–711. 

Ciric, V., et al. (2023). The implication of cation exchange capacity (CEC) assessment for soil quality 

management and improvement. Agriculture and Forestry, 69(4), 113–133. 

Deslina, M., Yupi, H. M., & Saputra, R. H. (2022). Karakteristik tanah gambut tropis pada lahan 

perkebunan sawit serta hubungan antara parameter. Jurnal Gradasi Teknik Sipil, 6(2), 118. 

Elvania, N. C., Mulyanti, H., Uswatun, W., & Nalalizza, N. (2025). Analisis tekstur tanah untuk 

evaluasi kesesuaian lahan pertanian di Desa Kawengan. Jurnal Sains Agro, 10(2), 187–195. 

Febrina, W., Awaluddin, A., & Helwani, Z. (2024). Karakterisasi biochar dari tandan kosong kelapa 

sawit. 17(2), 2580–2582. [Nama jurnal perlu dilengkapi.] 

Gabriel, Tanan, B., Lie, I., & Wong, K. (2021). Pengaruh penambahan pasir sungai terhadap 

permeabilitas tanah lempung. Jurnal Teknik Sipil UKI Paulus-Makassar, 3(4), 622–629. 

Gluba, Ł., Rafalska-Przysucha, A., Szewczak, K., Łukowski, M., Szlązak, R., Vitková, J., Kobyłecki, R., 

Bis, Z., Wichliński, M., Zarzycki, R., Kacprzak, A., & Usowicz, B. (2021). Effect of fine size-

fractionated sunflower husk biochar on water retention properties of arable sandy soil. 

Materials, 14(6), Article 1335. 

Ibrahimi, K., & Alghamdi, A. G. (2022). Available water capacity of sandy soils as affected by 

biochar application: A meta-analysis. Geoderma, 419, Article 115864. 

Puspitorini, P., Iqbal, G., & M. M. (2019). Dasar-dasar ilmu tanah. [Informasi penulis dan penerbit 

perlu diverifikasi; sumber awal juga mencantumkan “Sustainability, 11(1)”.] 

Jiang, Z., Huang, S., & Meng, Z. (2025). Long-term effects of biochar on the hydraulic properties of 

soil: A meta-analysis based on 1–10 years field experiments. Geoderma, 458, Article 

117318. https://doi.org/10.1016/j.geoderma.2025.117318 

Kumalasari, N. R., Sunardi, Khotijah, L., & Abdullah, L. (2020). Evaluasi potensi produksi dan 

kualitas tumbuhan penutup tanah sebagai hijauan pakan di bawah naungan perkebunan 

di Jawa Barat. Jurnal Ilmu Nutrisi dan Teknologi Pakan, 18(1), 7–10. 

Marin, M., Hallett, P. D., Feeney, D. S., Brown, L. K., Naveed, M., Koebernick, N., Ruiz, S., Bengough, 

A. G., Roose, T., & George, T. S. (2022). Impact of root hairs on microscale soil physical 

properties in the field. Plant and Soil, 476, 491–509. https://doi.org/10.1007/s11104-022-

05530-1 

Megayanti, L., Zurhalena, Z., Junedi, H., & Fuadi, N. A. (2022). Kajian beberapa sifat fisika tanah 

http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
https://doi.org/10.1371/journal.pone.0108340?utm_source=chatgpt.com
https://doi.org/10.1016/j.geoderma.2025.117318?utm_source=chatgpt.com
https://doi.org/10.1007/s11104-022-05530-1?utm_source=chatgpt.com
https://doi.org/10.1007/s11104-022-05530-1?utm_source=chatgpt.com


 

4219 

IJEVSS, Volume 05 Issue 04, 2026 

 Copyright at authors some right reserved this work is licensed under a Creative 
Commons Attribution-Share Alike 4.0 International License 

yang ditanami kelapa sawit pada umur dan kelerengan yang berbeda (Studi kasus 

perkebunan sawit Kelurahan Simpang Tuan, Kecamatan Mendahara Ulu, Tanjung Jabung 

Timur). Jurnal Tanah dan Sumberdaya Lahan, 9(2), 413–420. 

Minangkabau, A. F., Supit, J. M. J., & Kamagi, Y. E. B. (2022). Kajian permeabilitas, bobot isi dan 

porositas pada tanah yang diolah dan diberi pupuk kompos di Desa Talikuran Kecamatan 

Remboken Kabupaten Minahasa. Soil and Environment Journal, 1(2), 1–5. 

Mudzakir, A. M., Bowo, C., & Andianto, P. (2023). Distribusi kadar air tanah dengan irigasi curah 

pada budidaya tanaman stevia (Stevia rebaudiana B.). Jurnal Sains Teknologi dan 

Lingkungan, 9(4), 689–700. 

Muspa Tarigan, E., Sari Lubis, K., & Hannum, H. (2019). Kajian tekstur, C-organik, dan pH tanah 

Ultisol pada beberapa vegetasi di Desa Gunung Datas Kecamatan Raya Kahean. Jurnal 

Agroekoteknologi FP USU, 7(1), 230–238. 

Mustawa, M., Abdullah, S. H., Mahardhian, G., & Putra, D. (2017). Analisis efisiensi irigasi tetes 

pada berbagai tekstur tanah untuk tanaman sawi (Brassica juncea). Jurnal Ilmiah Rekayasa 

Pertanian dan Biosistem, 5(2), 408–421. 

Nasution. (2017). Optimasi pemodelan porositas tanah menggunakan algoritma genetika Beny. 

[Nama lengkap penulis dan jenis publikasi perlu diverifikasi.] 

Notohadiprawiro, T. (2006). Tanah dan lingkungan. Repro: Ilmu Tanah Universitas Gadjah Mada, 

1–22. 

Parasayu, K. S., Wicaksono, K. S., & Munir, M. (2016). Pengaruh sifat fisik tanah terhadap jamur 

akar putih pada tanaman karet. Jurnal Tanah dan Sumberdaya Lahan, 3(2), 359–364. 

Pepers, K. H. J., van Egmond, F., Koomans, R., Teuling, K., Staats, G., & van Os, G. (2024). Validation 

of a new gamma ray soil bulk density sensor. European Journal of Soil Science, 75(4), 1–14. 

Pratiwi, D., Syakur, S., & Darusman, D. (2021). Karakteristik biochar pada beberapa metode 

pembuatan dan bahan baku. Jurnal Ilmiah Mahasiswa Pertanian, 6(3), 210–216. 

Premalatha, R. P., Poorna Bindu, J., Nivetha, E., Malarvizhi, P., Manorama, K., Parameswari, E., & 

Davamani, V. (2023). A review on biochar’s effect on soil properties and crop growth. 

Frontiers in Energy Research, 11, Article 1092637. 

https://doi.org/10.3389/fenrg.2023.1092637 

Putri, E. L., Iswanriyanto, A., & Utami, K. (2026). Transformasi sifat tekstur dan bahan organik 

tanah Psamment oleh makro biochar. Dinamika Pertanian, 42(1), 18–28. 

Rasinan, G., Tanan, B., & Wong, I. L. K. (2021). Pengaruh penambahan pasir sungai terhadap 

permeabilitas tanah lempung. Paulus Civil Engineering Journal (PCEJ), 3(4), 622–629. 

http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
https://doi.org/10.3389/fenrg.2023.1092637?utm_source=chatgpt.com


 

4220 

IJEVSS, Volume 05 Issue 04, 2026 

 Copyright at authors some right reserved this work is licensed under a Creative 
Commons Attribution-Share Alike 4.0 International License 

Ruehlmann, J. (2020). Soil particle density as affected by soil texture and soil organic matter: 1. 

Partitioning of SOM in conceptional fractions and derivation of a variable SOC to SOM 

conversion factor. Geoderma, 375, Article 114542. 

Robinson, D. A., Thomas, A., Reinsch, S., Lebron, I., Feeney, C. J., Maskell, L. C., Wood, C. M., 

Seaton, F. M., Emmett, B. A., & Cosby, B. J. (2022). Analytical modelling of soil porosity and 

bulk density across the soil organic matter and land-use continuum. Scientific Reports, 12, 

Article 7085. https://doi.org/10.1038/s41598-022-11099-7 

Safitri, L., Hermantoro, H., Purboseno, S., Kautsar, V., Saptomo, S. K., & Kurniawan, A. (2019). 

Water footprint and crop water usage of oil palm (Elaeis guineensis) in Central Kalimantan: 

Environmental sustainability indicators for different crop age and soil conditions. Water, 

11(1), Article 35. 

Satriawan, H., Fuady, Z., & Ernawita. (2023). Asystasia intrusa: Cover crop and water balance 

dynamics in oil palm plantation. The Indian Journal of Agricultural Sciences, 93(4), 456–

459. 

Satriawan, H., Fuady, Z., & Ernawita. (2021). The potential of Nephrolepis biserrata fern as ground 

cover vegetation in oil palm plantation. Biodiversitas: Journal of Biological Diversity, 

22(11), 4808–4817. https://doi.org/10.13057/biodiv/d221113 

Sauzet, O., Cammas, C., Gilliot, J.-M., & Montagne, D. (2023). Long-term quantification of the 

intensity of clay-sized particles transfers due to earthworm bioturbation and 

eluviation/illuviation in a cultivated Luvisol. Geoderma, 429, Article 116251. 

Setyo Adiguna, G., & Aryantha, I. N. P. (2020). Aplikasi fungi rizosfer sebagai pupuk hayati pada 

bibit kelapa sawit dengan memanfaatkan limbah tandan kosong kelapa sawit sebagai 

media pertumbuhan. Manfish Journal, 1(1), 32–42. 

Sigmund, G., Schmid, A., Schmidt, H.-P., Hagemann, N., Bucheli, T. D., & Hofmann, T. (2023). Small 

biochar particles hardly disintegrate under cryo-stress. Geoderma, 430, Article 116326. 

 

 

Sindhuwati, C., Mustain, A., Rosly, Y. O., Aprijaya, A. S., Mufid, M., Suryandari, A. S., Hardjono, H., 

& Rulianah, S. (2021). Review: Potensi tandan kosong kelapa sawit sebagai bahan baku 

pembuatan bioetanol dengan metode fed batch pada proses hidrolisis. Jurnal Teknik Kimia 

dan Lingkungan, 5(2), 128–144. 

Siti Maro’ah. (2011). Kajian laju infiltrasi dan permeabilitas tanah pada beberapa model tanaman. 

[Jenis publikasi dan institusi perlu dilengkapi.] 

http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
https://doi.org/10.1038/s41598-022-11099-7?utm_source=chatgpt.com
https://doi.org/10.13057/biodiv/d221113?utm_source=chatgpt.com


 

4221 

IJEVSS, Volume 05 Issue 04, 2026 

 Copyright at authors some right reserved this work is licensed under a Creative 
Commons Attribution-Share Alike 4.0 International License 

Stevanus, C. T., Ardika, R., & Saputra, J. (2018). Pengaruh sistem olah tanah dan cover crop 

terhadap sifat fisik tanah dan pertumbuhan tanaman karet. Jurnal Penelitian Karet, 35(2), 

139–148. 

Supriyadi, S. (2007). Kesuburan tanah di lahan kering Madura. Embryo, 4(2), 124–131. 

Susandi, S., Oksana, O., & Arminudin, A. T. (2015). Analisis sifat fisika tanah gambut pada hutan 

gambut di Kecamatan Tambang Kabupaten Kampar Provinsi Riau. Jurnal Agroteknologi, 

5(2), 23. 

Suyana, et al. (2025). [Judul artikel belum tersedia]. Journal of Aridland Agriculture, 11, 62–68. 

Taye, M., Simane, B., Selassie, Y. G., Zaitchik, B., & Setegn, S. (2018). Analysis of the spatial 

variability of soil texture in a tropical highland: The case of the Jema watershed, 

northwestern highlands of Ethiopia. International Journal of Environmental Research and 

Public Health, 15(9), Article 1903. 

Toková, L., Igaz, D., Horák, J., & Aydin, E. (2020). Effect of biochar application and re-application 

on soil bulk density, porosity, saturated hydraulic conductivity, water content and soil 

water availability in a silty loam Haplic Luvisol. Agronomy, 10(7), Article 1005. 

https://doi.org/10.3390/agronomy10071005 

Usowicz, B., & Lipiec, J. (2021). Spatial variability of saturated hydraulic conductivity and its links 

with other soil properties at the regional scale. Scientific Reports, 11, Article 8293. 

Wang, D., Li, C., Parikh, S. J., & Scow, K. M. (2019). Impact of biochar on water retention of two 

agricultural soils—A multi-scale analysis. Geoderma, 340, 185–191. 

Warren, J. (2024). Basics of soil bulk density (hlm. 1–3). [Informasi penerbit atau sumber publikasi 

perlu dilengkapi.] 

Wei, B., Peng, Y., Lin, L., Zhang, D., Ma, L., Jiang, L., Li, Y., He, T., & Wang, Z. (2023). Drivers of 

biochar-mediated improvement of soil water retention capacity based on soil texture: A 

meta-analysis. Geoderma, 437, Article 116591. 

Widihastuty, W., Utami, S., & Siregar, S. (2022). Pemanfaatan tandan kosong kelapa sawit menjadi 

pestisida nabati dengan metode pirolisis. JMM (Jurnal Masyarakat Mandiri), 6(6), 4968. 

Yang, F., Xu, Z., Huang, Y., Tsang, D. C. W., Ok, Y. S., Zhao, L., Qiu, H., Xu, X., & Cao, X. (2021). 

Stabilization of dissolvable biochar by soil minerals: Release reduction and organo-mineral 

complexes formation. Journal of Hazardous Materials, 412, Article 125213. 

Yang, S., Legume, D., Crop, C., & Mucuna, L. C. C. (2023). [Judul artikel belum tersedia]. Hijau 

Cendekia, 53–60. http://ejournal.uniska-kediri.ac.id/index.php/HijauCendekia 

Zauhairah, S. F., Barus, B., Wahjunie, E. D., Tjahjono, B., & Murtadho, A. (2022). Penentuan 

http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
https://doi.org/10.3390/agronomy10071005?utm_source=chatgpt.com
http://ejournal.uniska-kediri.ac.id/index.php/HijauCendekia?utm_source=chatgpt.com


 

4222 

IJEVSS, Volume 05 Issue 04, 2026 

 Copyright at authors some right reserved this work is licensed under a Creative 
Commons Attribution-Share Alike 4.0 International License 

pemetaan kadar air tanah optimal pada lahan perkebunan kelapa sawit (Studi kasus: Kebun 

Cikasungka, PT Perkebunan Nusantara VIII, Cimulang, Bogor). Jurnal Tanah dan 

Sumberdaya Lahan, 9(2), 447–456. 

Zhu, Z., Zhang, Y., Tao, W., Zhang, X., Xu, Z., & Xu, C. (2025). The biological effects of biochar on 

soil’s physical and chemical characteristics: A review. Sustainability, 17(5), Article 2214. 

 

 

http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/

