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ABSTRACT

	Aims: The aim of the study was to determine the concentration of soluble Cd and selected chemical properties after the application of humic acid in Inceptisols and Entisols
Study design:  The experiment used a completely randomized design (CRD) with 2 factors. The first factor was the soil sample (Entisols and Inceptisols), while the second factor was the rate of humic acid application, consisting of 0 g kg-1 (control); 10 g kg-1; and 20 g kg-1. 
Place and Duration of Study: The experiment was located in Soil Science Laboratory, Faculty of Agriculture, University of Bengkulu. Inceptisols were collected from Seginim, Air Nipis District, South Bengkulu Regency, Bengkulu Province and Entisols were sampled from Muara Bangka Hulu District, Bengkulu Province. Each treatment combination was repeated three times.
Methodology: Three hundred g of soil was treated with 100 mg kg-1 Cd and placed in a 500 ml plastic glass. Humic acid was added according to the treatment and mixed homogeneously.The sample was maintained at field capacity moisture content by adding distilled water every day. Medium pH was monitored every week
Results: Results showed that the application of humic acid to the rate of 20 g kg-1 did not significantly reduce the solubility of Cd. Nonetheless, humic acid at the same rate increased soil pH by 23%, organic-C by 32% and CEC by 45% compared with the control. Entisols had higher soil pH and organic-C but lower CEC than Inceptisols. The concentration of soluble Cd was not significantly different between the two soil samples
Conclusion: The findings indicates that while humic acid improve vital soil chemical properties, its effectiveness in immobilizing Cd may be dependent on application rate and soil types. Further optimization of humic acid formulations and management practices is necessary to improve Cd-contaminated soils
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1. INTRODUCTION

Soil is a vital component of the agroecosystem that supports plant growth. Therefore, maintaining soil quality is essential to guarantee long-term agricultural productivity. However, long term use of on synthetic fertilizers and herbicides have contributed to soil degradation. Utilization of synthetic fertilizer can decrease soil quality such as pH and soil organic carbon (Tripathi et al., 2020; Chittora et al., 2023), which are very important on nutrient availability and microbial activity. Result of a study by Agustina et al. (2025) suggested that NPK fertilization significantly decreases the number of beneficial soil bacteria in oil palm plantations. Likewise, synthetic fertilizers often have substantial number of heavy metals which can accumulate in the soil over time and pose risks to both the environment and human health. 
A study by Grant and Sheppard (2008) confirmed that the utilization of phosphorus fertilizers can contribute up to 300 mg Cd kg⁻¹ of dry product, representing a substantial source of cadmium (Cd) input into the soil. Even though phosphorus fertilizers are essential to enhance crop productivity, their long-term and repeated application might cause the accumulation of heavy metals in soils, particularly Cd. Using 40 soil samples, Atafar et al. (2010) discovered that the Cd concentration increased significantly in cultivated soils as a result of fertilizer use. Moreover, another study by Anggraeni et al. (2024) concluded that Cd concentrations at 10–20 cm depth in Bandung Regency, Indonesia, ranged from 0.15 to 18.1 mg kg⁻¹, with 97% of the samples exceeding quality standard of 0.6 mg kg⁻¹. These findings indicate that Cd contamination from fertilizers has become a critical concern in agricultural lands. Cadmium accumulation in soil can adversely affect its chemical, physical, and biological properties, leading to the deterioration of soil health. Cd-contaminated soils exhibit a reduction in phosphorus availability by 19.3–58.6%, a significant decline in phosphatase enzyme activity, and a decrease in microbial biomass carbon (MBC) (Gao et al., 2025). Additionally, Cd accumulation in soils can reduce soil pH and decrease the availability of potassium (K) and phosphorus (P) (Wu et al., 2025). 
Organic materials such as humic acid are commonly used to mitigate the harmful effects of heavy metals in soils. Humic acid has high content of carbon (41–57%), oxygen (33–46%), sulfur (0.1–0.9%), and nitrogen (2–5%). It has aromatic and aliphatic structural components, high total acidity and the abundance of phenolic and carboxylic functional groups (Tan, 2014). The functional groups present in humic acid, particularly carboxylic and phenolic groups, play a vital role in binding soluble metal ions through complexation and chelation reactions, thereby reducing the availability and mobility of toxic metals such as cadmium (Cd) in the soil solution.
A study by Mulyani et al. (2023) found that humic acid extracted from several soil samples substantially decrease the concentration of soluble Cd by 3.65–70.99%, Pb by 18.25–98.06%, and Cr by 18.15–97.52%. These findings indicate that the complexation capacity of humic substances can vary depending on their source and molecular composition, but overall, humic acids demonstrate a significant potential to immobilize heavy metals and alleviate their toxic effects in contaminated soils. The objective of the present study was to determine soluble Cd concentration and selected chemical properties after the application of humic acid in Entisols and Inceptisols.

2. material and methods 

2.1. Soil Sampling and Preparation

A laboratory study was conducted using two soil samples of Inceptisols and Entisols. The Inceptisols sample was taken from Seginim Village, Air Nipis District, South Bengkulu Regency, while the Entisols sample was collected from Beringin Raya Village, Muara Bangkahulu District, Bengkulu City. Approximately 3 kg of soil was compositely sampled from five spots at a depth of 0–20 cm. The samples were then air-dried for two days, ground, sieved through a 0.5 mm screen, and analyzed for initial soil characteristics. The analyses included soil texture (by the hydrometric method), organic carbon (by the Walkley and Black method), pH (measured using a pH meter at a 1:1 soil-to-distilled water ratio), exchangeable aluminum (determined titrimetrically after extraction with 1 N KCl), cation exchange capacity (CEC, determined by ammonium acetate extraction), and cadmium (Cd) concentration (measured by Atomic Absorption Spectroscopy). The initial characteristics of the Inceptisols and Entisols samples are presented in Table 1.

Table 1. Intial characteristics of soils used in the experiment
	Characteristics
	Entisols
	Inceptisols

	Sand (%)
	80.75
	53,34

	Silt (%)
	10.66
	36.13

	Clay (%)
	8.58
	10.52

	Organic-C (g kg-1)
	22.8
	21.0

	pH (H2O)
	5.33
	4.36

	CEC (cmol (+) kg-1)
	10.25
	13.44

	Cd (mg kg-1)
	0.1
	0.1

	Exchangeable Al (cmol(+) kg-1)
	1.19
	1.45



2.2. Experimental Design and Experimental Procedure

The experiment was located in Soil Science Laboratory, Faculty of Agriculture, University of Bengkulu. The study used completely randomized design (CRD) with 2 factors, soil samples and humic acid concentration. Soil sample included Entisols and Inceptisols while humic acid concentration consisted of control, 10 and 20 g kg-1. Treatment combination was replicated three times.
Three hundred g of soil was treated with 100 mg kg-1 Cd as Cd(NO3)2 and placed in a 500 ml plastic glass. Humic acid was added according to the treatment and mixed homogeneously. The mixture, then was randomly placed on 1 m high wooden rack in the laboratory and incubated for 2 months. The sample was maintained at field capacity moisture content by adding distilled water every day. Medium pH was monitored every week.  After incubation, soil sample was air-dried, ground, sieved using 0.5 mm screen and analyzed for pH using pH meter at 1:1 ratio of soil and distilled water, CEC using ammonium acetate extraction, organic-C using Walkey and Black method, and soluble Cd using DTPA extraction before detection using AAS. 

2.3. Data Analysis

Collected data were subjected to ANOVA analysis at 95% confidences level, using SAS for Academics. Treatment means were compared using DMRT at the same confidence level.

3. results and discussion

3.1. Analysis of Variance

The study showed that humic acid treatment significantly influenced CEC, organic-C, and soil pH but had no substantial effect on concentration of soluble Cd in the soil solution. Meanwhile, CEC and soil pH were significantly different between the two soils used in the experiment, while organic-C and soluble Cd were comparable between them. Furthermore, no interaction effect between humic acid treatment and soil samples were observed for any the measured variables (Table 1).

Table 2. Analysis of variance of all variables observed in the experiment
	Variable
	F-calculated
	CV (%)

	
	Humic Dosage
	Soil Samples
	Interaction
	

	CEC
	35,14*
	4,85*
	1,27 ns
	12,02

	Organic-C
	18,94*
	0,09ns
	0,23ns
	10,85

	Soluble Cd
	1,65ns
	1,19ns
	0,64ns
	9,10

	pH (H2O)
	67,77*
	75,05*
	1,23ns
	3,97


Note: * = significantly different, ns = not significantly different, CV = Coefficient of variation

3.2. Effect of Humic Acid on Selected Soil Properties

Soil pH fluctuated during 8 weeks of incubation. An increase in pH was observed at 1-4 week, followed by gradual decrease toward the eight weeks of incubation (Figure 1). The pH also increased proportionally with the rate of humic acid application in both Entisols and Inceptisols. At the end of incubation, the application of humic acid at a rate of 20 g kg-1 increased soil pH by 1.83 unit in Entisols and by 1.21 unit in Inceptisols as compared with the control. 
The increase in soil pH may be associated with the formation of organo-metal complexes that reduce Fe3+ and Al3+ in the soil solution. Humic acid is rich in carboxyl (-COOH) and phenolic (-OH) functional groups (Nabi et al., 2025) which can chelate Al3+ and Fe3+ ions through ligand exchange or covalent bonding (Spark, 2003; Swanda et al., 2015). This complexation process reduces the concentration of free Fe and Al in the soil solution, thereby suppressing hydrolysis reaction. The reduction of hydrolytic release of proton leads to a net decline in soil acidity and consequently raises soil pH. According to Ifansyah (2013) the hydrolysis of Fe and Al is a dominant source of protons in acid soils, therefore, lowering their hydrolytic activity effectively buffer the soil system toward neutrality.
However, the subsequent decrease in pH toward the eight weeks might be resulted from the gradual mineralization of humic substance and organic matter oxidation initially present in the soil. As microbial activity continues, the production of low molecular weight organic acids increases the proton concentration in the soil solution, leading to a decline in pH.
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Figure 1. Soil pH changes during the incubation in (a) Entisols and (b) Inceptisols
The treatment of humic acid significantly increased cation exchange capacity of the soil as indicated in Figure 2. The treatment with humic acid at a rate of 20 g kg-1 exhibited CEC 82.5% and 15.87% higher than those of the control and the rate of 10 g kg-1 treatment, respectively. The increase in CEC is attributed to greater number of negative charges contributed by humic acid, particularly carboxyl and phenolic functional groups. As noted by Spark (2003), the zero point of charge (ZPC) of organic matter is around 3.0, whereas the pH of both soils exceeds 4.0. Under this condition, the dissociation of proton in functional groups generates negatively charged sites capable of adsorbing basic cations such as Ca2+, Mg2+, K+, and Na+. 
An increase in soil CEC following the application of humic acid designates an enhancement in the soil capacity to retain nutrient cations and buffers against leaching. This is important in Enstisols and Inceptisols which inherently have low organic matter and limited surface charge sites. The application of humic acid enhances the reactive surface sites, thereby improving nutrient-holding capacity of these soils. A previous study also confirmed that the application of humic acid at the rate of 6.25 kg ha-1 increases CEC by 60.9% compared with control (Siregar et al., 2023). Therefore, these findings suggest the potential role of humic acid as a soil amendment to increase nutrient retention and promote sustainable management in low fertility tropical soils.
As indicated in Figure 2, the CEC of Inceptisols was significantly higher than that of Entisols, which can be associated with the inherent differences in their particle size distribution and mineral composition. Inceptisols have a greater proportion of clay and a lower proportion of sand, leading to higher density of negatively charged sites on colloidal surfaces (Parfitt et al., 1995; Zu and Sun, 2024). Consequently, soils with greater clay content exhibit higher CEC, increasing their capability to exchange cations. 
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Figure 2. Effect of humic acid concentration and soil sample on cation exchange capacity (CEC)

Humic acid application substantially enhanced organic-C of the soil, with the highest increase observed at the rate of 20 g kg-1 which was comparable to the rate of 10 g kg-1, as indicated in Figure 3. The increase in organic-C reached 47.4% at the highest rate as compared with the control. The result is primarily related to the direct input of carbon from humic acid which enrichthe soil organic matter pool and contributes to the enhancement of soil properties. Similar results were reported by Song et al. (2023) who observed the prominent increase in soil carbon after the application of humic acid and manure to saline soils of China. Likewise, the application of humic acid from baggase compost, water hyachinth compost, market waste compost and commercial humic acid increases soil organic-C by 16-97% (Wandansari et al., 2023). 
Figure 3 also shows that both Entisols and Inceptisols had similar organic-C content. This similarity might be attributed to the nearly equal initial organic-C in both soils which were 22.8 g kg-1 in Entisols and 21.0 g kg-1 in Inceptisols. These comparable response of the two soils indicates that humic acid addition primarily influences the labile and stabilized C pool rather than being dependent on their initial organic matter.
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Figure 3. Influence of humic acid concentration and soil sample on soil organic-C

The study resulted that increasing humic acid concentration did not influence the concentration of soluble Cd in the soil as presented in Figure 4. This finding contrasts with the report by Rong et al. (2020) who found that humic acid acid derived from lignite significantly reduced soluble Cd in the soil. However, the result is consistent with the findings of Wu et al. (2017) who reported that humic acid did not affect soluble Cd concentration in the soil. 
The absences of a significant effect may be associated with This result might be associated with metal competition in soil solution. The Entisols used in this experiment contained 1.19 cmol(+) kg-1 exchangeable Al while Inceptisols contained 1.45 cmol(+) kg-1. Aluminum and possibly iron (Fe) in the soil solution may compete with Cd for binding sites in humic acid molecules, as indicated by the concurent increase in soil pH (Figure 1). This competition likely hinders the formation of stable Cd organo complexes. 
Figure 4 also shows that Entisols and Inceptisols had similar concentration of soluble Cd. This result might be attributed to the initial characteristic of both soils which had comparable content of soluble Cd and relatively low CEC values, limiting their capacity to immobilize heavy metals.
These findings indicate that the application of humic acid alone may be insufficient to immobilize Cd in acidic tropical soils and that integrated management strategies-such as combining humic substance with mineral amendment or pH stabilization- might be necessary to effectively reduce Cd bioavailability
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Figure 4. Effect of humic concentration and soil samples on soluble Cd in soil

4. Conclusion

The application of humic acid up to a rate of 20 g kg-1 did not significantly reduce the soluble Cd in soil solution for both Entisols and Inceptisols. Nonetheless, humic acid at the rate of 20 g kg-1 substantially enhanced soil pH by 23%, organic-C 32% and CEC 45% compared with the control. Both soils exhibited comparable pH, organic-C and soluble Cd concentration; however, Inceptisols had a higher CEC than Entisols. These findings highlight that humic acid primarily improve chemical properties rather than reducing Cd solubility in the tested soils.
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