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ABSTRACT

	Acid Inceptisols are commonly found in coastal region of Bengkulu Province, Indonesia. This particular soil faces serious problem such as low pH, high aluminum (Al) saturation and low fertility. Humic acid extracted from cogon grass (Imperata cylindrica) benefits to improve chemical properties of the soil. The present study aims to evaluate the effect of humic acid derived from cogon grass compost on the improvement of selected chemical properties of soil from coastal region. The study employed Completely Randomized Design (CRD) with treatments of humic acid dosages consisting of 0 (control), 1, 2, 3, and 4 g kg-1. Each treatment was replicated 3 times. The experimental procedure was carried out by incorporating 0.1 kg of air-dried soil with assigned rate of humic acid in a 100 ml plastic bin. The mixer was incubated for 14 days with additional distilled water to maintain field capacity moisture content. After the incubation, the soil was analyzed for selected soil chemical properties. The result indicated that the application of humic acid at a rate of 4 g kg-1 substantially increased soil organic-C by 49%, available P by 58%, exchangeable K by 33%, and cation exchange capacity (CEC) by 51.4% compared to control. However, soil pH significantly declined with the application of humic acid, thereby an application rate of 1-2 g kg-1 is adequate to prevent further decrease in soil pH. In addition, humic acid application had no prominent effect on soil total N, C/N ratio and electrical conductivity (EC) of the soil. These findings suggest that humic acid extracted from cogon grass compost has strong potential to improve acid Inceptisols in coastal regions, thereby supporting sustainable agricultural management.
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1. INTRODUCTION 

Acidic coastal soils often face chemical constraint for plant productivity. The main limitation is related to low to very low soil pH with high aluminum (Al) and iron (Fe) saturation. Madueke et al. (2021) reported that soils from coastal Nigeria range extremely low pH (< 4.4) to slightly acidic (6.1). High acidity of the soil is related to high Al and Fe saturation, causing plant toxicity and P fixation (Mabagala, F. S. and Mng’ong’o (2022). Acidic soils are also commonly found in coastal area of Bengkulu. Study by Muktamar et al. (2024) suggested that Inceptisols from coastal area is very acidic with pH of 4.22 and exchangeable Al of 1.45 cmol kg-1. Moreover, coastal acid soils also face other problem including low cation exchange capacity (CEC), low organic matter and deficiency of essential plant nutrients. Previous studies confirmed that acidic soils from coastal area exhibit low CEC, base saturation, organic matter, and available nutrients such as N, P, K, Ca, and Mg (Muktamar et al., 2022; Putri and Herlambang, 2025; Ukaegbu and Nnawuihe, 2020). These constraints cause acidic soils from coastal environment requires the addition of ameliorant such as as humic acid to improve their fertility for sustainable productivity. Humic acid can be derived from cogon grass (Imperata cylindrica) compost.

Cogon grass widely spreads in tropical region including Indonesia with capability of fast growth in marginal and degraded land (Hidayat et al. 2018). In Indonesia, this weed reaches 8.5 million ha and adaptive to acidic soil and marginal land, yielding biomass ranging 8 to 20 ton ha-1 (Garrity et al., 1996; Goshadrou, 2019), making it potential as a raw organic material for compost. Use of cogon grass as source of humic acid benefits to reduce the impact on crop cultivation and environmental problem.
Humic acid effectively improve chemical properties of degraded soils. This compound has complex molecular structure with actively functional groups such carboxyl (-COOH), phenolic (Ar-OH) and hydroxyl (-OH) which interact with soil particles, nutrients and biological system (Nabi et al., 2025). The interaction significantly improves soil fertility through particular mechanisms such as improvement of soil CEC, water retention, and soil aggregate formation and stabilization (Sari et al., 2025). Previous studies showed that the application of humic acid increases pH, organic matter, CEC, available P, exchangeable K, Ca and Mg, and decrease Al and Fe saturation (Ren et al., 2022; Matheus and Kantur, 2025).  Additionally, in environmental remediation such as post mining lands or heavy metal polluted sediment, humic acid can act as a heavy metal chelating agent. Carboxyl and phenolic functional groups in humic acid bond heavy metals to form stable organo metal complexes (Spark, 2003). This process enables to reduce their mobility, bioavailability and potential toxicity in the soil (Wu et al., 2017; Wang et al., 2025; Barzgar et al., 2025). 
Humic acid may be extracted from various raw materials, such  manures, sawdust, sewage sludge, green waste, and food waste. The chemical composition and resulting properties of the humic acid are intrinsically dependent to the nature of the source material (Guo et al. 2019). Our study focuses on humic acid derived from cogon grass compost using acid Inceptisols from coastal region. These weeds are abundantly found in marginal land and has high potential as an alternative raw material for humic acid. However, information on humic acid from this particular weed compost and its effectiveness in improving soil chemical properties of acid Inceptisols is very limited, particularly in reducing Al saturation, increasing CEC and releasing fixed P in the soil. This study is essential to fill the research gap and to offer a local resourced based solution to the rehabilitation of acid marginal lands. Therefore, the study is intended to evaluate the effect of humic acid extracted from cogon grass compost on selected chemical properties of soil from coastal region.

2. material and methods 


2.1. Soil Sample Collection

Soil was sampled from oil palm plantation in Air Napal District, North Bengkulu Regency, Bengkulu Province at altitude of 10 m above sea level. The soil was classified as Inceptisols. Ten kg of sample was compositely collected from 5 spots at the depth of 0-20 cm, then air-dried for two days at Greenhouse, Faculty of Agriculture, University of Bengkulu. Air-dried sample was ground, sieved with 0.5 mm screen. A portion of sample was taken for initial characteristics of the soil. The initial characteristics of the soil were 22.9 g kg-1 organic carbon, 2.90 g kg-1 total soil nitrogen, 4.34 mg kg-1 available P, 0.35 cmol kg-1 exchangeable K, 15.89 cmol kg-1 CEC, pH of 4.54 and EC of 61.5 uS m-1. Also, the soil contained 60.32% clay, 20.84% silt and 18.84% sand (Suci et al., 2025).

2.2. Composting and Humic Acid Fractionation Procedure

Cogon grass was collected from Crop Production Experiment Station, University of Bengkulu at an altitude of 15 m above sea level. Approximately 50 kg of weed was taken, chopped 3-5 cm pieces and air dried for two days. The biomass contained 52.69% C, 0.87% N, 0.01% P, 1.19% K, 10% cellulose, 12% hemicellulose, 68% lignin with C/N ratio of 60.56. Chopped biomass was homogeneously mixed with 1 kg of cattle manure and bio-activator, then placed in composting bin. The mixer was incubated for 6 weeks with turning every week. At the end of incubation, the matured compost was air dried and sieved with 0.5 mm screen. The characteristics of the compost were 33.83% C, 1.37% N, 0.95% P, 2.47% K, 4% cellulose, 2% hemicellulose, 44% lignin, 5.69% humic acid, and 3.75% fulvic acid, with C/N ratio of 31.39 and pH of 8.37.

Humic acid fractionation was prepared as follows: 200 g of cogon grass compost was mixed with 200 ml of 0.1N NaOH in a 500 ml Erlenmeyer, then shaken for 24 h. After shaking, 6 ml NaCl was added and incubated for 24 h, before filtered using Whatman paper. The filtrate was acidified to pH 1-2 using sulfuric acid. The solution, then was heated in a water bath at 60 oC, before incubated another 24 h. The solution was filtered using Whatman paper and the remaining solid (humic acid) was collected and oven dried at 60 oC until achieving constant weight. The extraction process was repeated until sufficient humic acid was collected for the experiment.

2.3. Treatment and Experimental Procedure

The study used Completely Randomized Design (CRD) with treatment of humic acid extracted from cogon grass (Imperata cylindrica) compost at a rate of 0 (control), 1, 2, 3 and 4 g kg-1 of soil. Each treatment was replicated 3 times. The experimental procedure was carried out as follows: 0.1 kg of soil sample was homogeneously mixed with particular rate of humic acid and placed in a 100 ml plastic bin. Distilled water was added until reaching the field capacity moisture content. All assigned bins were randomly positioned in 1.5 wooden rack at room temperature in the laboratory. The mixture was incubated for 14 days with added distilled water every two days to maintain field capacity. At the end of experiment, soil sample was collected form each assigned bin, air dried and ground. Before soil analysis, soil sample was sieved with 0.5 mm screen. Soil analysis included organic-C using Walkley and Black method, total nitrogen with Kjedahl method, available P using Bray I method, exchangeable K with flame-photometer after extraction using 1N ammonium acetate, pH at 1:1 ratio of soil and distilled water using pH meter and CEC with extraction 1N ammonium acetate method. 

2.4. Analysis of Data

Data analysis used variance analysis with ANOVA at 5% level. When significant differences were attained, further test was carried out using DMRT at significant level of 5%.

3. results and discussion

3.1. Soil pH and Total Nitrogen

This study assessed the influence of humic acid derived from cogon grass (Imperata cylindrica) compost on selected chemical properties of acid Inceptisols from the coastal region of Bengkulu. Variance analysis showed that humic acid significantly affected soil pH, organic-C, available P, exchangeable K, and CEC (p<0.05) of Inceptisols, but did not influence total N, C/N ratio, and EC (p>0.05). As indicated in Figure 1a, humic acid application reduced soil pH by 0.14 and 0.30 units at rates of 1 and 4 g kg⁻¹, respectively, compared to the control. Notably, the pH reduction observed with the 1 g kg⁻¹ treatment was not significantly different from those achieved with 2 and 3 g kg⁻¹. 

Decreasing soil pH due to humic acid addition to the soil is associated with 2 significant processes. First, humic acid has 2 essential functional groups, carboxyl (COOH) and phenolic (Ar-OH) with acid properties. Both functional groups ionize and release hydrogen ions (Sposito, 2008; Tan, 2014). The humic acid solubility increases with increasing soil pH; on the other hand, it declines with decreasing soil pH (Yang et al. 2025; Mohammed et al., 2025). Secondly, Acid Inceptisols used in this experiment has relatively low buffering capacity, indicated by low CEC, therefore, addition of humic acid instantly lowers soil pH. 
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Note: Values represented by bars sharing the same letter are not significantly different

Figure 1. The effect of humic acid on soil pH (a) and total soil nitrogen (b) in Inceptisols

Figure 1b indicates that humic acid application did not significantly increase soil total N. This result might be related to insignificant nitrogen content of humic acid used in this study. Characterization of cogon grass compost showed that nitrogen content was modest (1.37%) with high content of lignin (44%). Also, nitrogen in humic acid such as aminoquinone nitrogens (Thorn and Cox, 2009) with complex structure decomposes very slowly in soil, therefore, at time range of the experiment, it has no effect on soil N. Study by Rahayu et al. (2021) also showed that humic acid application did not influence nitrogen content in soil. According to Ma et al. (2024), the effectiveness of humic acid was dependent on climatic condition and soil properties where optimal response was observed in region of high rainfall and temperature, in soil with a moderate pH and low total nitrogen.

3.2. Soil Organic Carbon and C/N Ratio

The study also revealed that humic acid application increased soil organic-C by 49% at a rate of 4 g kg-1 compared to control, even though there were insignificantly different at 1-4 g kg-1 (Figure 2a). This result indicates that humic acid directly contributes carbon to the soil as also reported in previous studies (Santi et al., 2024; Guo et al., 2025). However, study by Hartina et al. (2025) showed that humic application did not affect organic-C of acid soil with low initial content of organic-C and CEC. This different result might be related to higher preliminary soil organic carbon and CEC of the soil used in this study. Figure 2b indicates that C/N ratio ranged 8.43 to 11.13 and was not different among rates of humic acid application. This result of study suggests that soil organic carbon and nitrogen content varied proportionally during the experiment, resulting in insignificant effects among humic acid rates. 
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Figure 2. Organic carbon in soil (a) and C/N ratio under different rate of humic acid in Inceptisols

3.3. Soil Available Phosphorus and Potassium

Additionally, humic acid application prominently increased available P in soil (Figure 3a). Application of humic acid at 3 g kg⁻¹ exhibited the greatest available P in soil, corresponding to 58% increase over the control; however, it was not significantly different from that of 2 g kg⁻¹ rate. An increase in available P is associated with exchange of phosphate in soil colloid with carboxy and phenolic from humic acid, releasing it to soil solution (Yuan et al. 2023). Another possible mechanism is formation of stable organo-metal complex where carboxyl and phenolic in humic acid covalently bond Fe and Al from metal phosphate (FePO4 or AlPO4), releasing phosphate to soil solution (Jing et al., 2023). Humic acid also stimulates phosphatase enzyme to breakdown organic into inorganic P. Study by Israa et al. (2024) confirmed that humic acid extracted from wheat straw, alfalfa leaves, goat waste and poultry waste increased activities of phosphatase enzyme. Result of this study is in-line with that reported by Li et al. (2019) where humic application increased available P by 14.3%.
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Figure 3. The influence of humic acid on available P (a) and exchangeable K (b) in Inceptisols

Applying humic acid derived from cogon grass also significantly enhanced exchangeable K (Figure 3b). The greatest increase was observed at 4 g kg-1 even though it was not statistically different from 2 or 3 g kg-1.  Exchangeable K increased by 33% at 4 g kg-1 over control. Increasing K content in soil might be related to conversion of K mineral in soil. The application of humic acid increased the activity of bacteria (Chen et al., 2023). Potassium solubilizing bacteria are able to solubilize K minerals through the production of organic and inorganic acids, chelation, and exchange reactions (Etesami et al., 2017). Previous study also confirmed that application of humic acid increased exchangeable K in soils (Li et al., 2019; Ren et al., 2022).

3.4. Soil Cation Exchange Capacity and Electrical Conductivity

Moreover, CEC of the soil significantly increased under the application of humic acid (Figure 4a). The application at 3 g kg⁻¹ resulted in the highest CEC, which was statistically on par with the 4 g kg⁻¹ rate but markedly greater than the control, representing an increase in 51.4%. Humic acid is rich in functional groups, particularly carboxyl (COOH) and phenolic (Ar-OH) which play a prime role in the acid properties (Lamar et al., 2024; Nabi et al., 2025). Hydrogen dissociation of these functional groups supplies negative charged sites in the soil, consequently increasing CEC. This result is in-line with previous studies where humic acid application significantly increase CEC in sand and soil (Xu et al., 2021; Suwardi et al., 2019).  However, the application of humic did not markedly affect electrical conductivity (Figure 4b). This result is different from reported by Wang et al. (2024) where humic acid application reduced EC of the soil. Future research is necessary to investigate the effect of humic acid on EC of soils with different characteristics.

[image: ]
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Figure 4. Cation exchange capacity (a) and electrical conductivity (b) following the application of humic acid in Inceptisols.


4. Conclusion

The application of humic acid extracted from cogon grass (Imperata cylindrica) benefits to the improvement of chemical properties of acid Inceptisols as demonstrated by increases in soil organic-C, available P, exchangeable K and CEC of the soil. Compared to the control, humic acid application at a rate of 4 g kg-1 enhances soil organic-C increased by 49%, available P by 58%, exchangeable K by 33% and CEC by 51.4%. Nonetheless, soil pH prominently decreased with increasing doses of humic acid. In addition, humic acid did not significantly influence on soil total N, C/N ratio and soil EC. An application rate of 1-2 g kg-1 is sufficient for improving soil properties while preventing an extreme decrease in soil pH which could negatively affect on nutrient dynamic in the soil. These findings are valuable for the management of acid Inceptisols in coastal region, thereby contributing to sustainable agriculture development
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