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INTRODUCTION 

Rehabilitation of contaminated soil, to protect human health and achieve sustainable 
development, has become a primary focus for governments and communities (Cheng et al., 
2016). Healthy soil is an essential component in supporting sustainable food systems, as it 
functions as a living ecosystem that supports plants, animals, and humans (Lehmann et al., 2020; 
Saravanan et al., 2024). Furthermore, irrigation water, as the primary source of agricultural 
water supply, must also meet quality standards for its intended use. Government Regulation of 
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Agricultural land along river basins such as the Bekasi River is highly vulnerable to heavy 
metal contamination from industrial and domestic activities. Lead (Pb) and Cadmium (Cd) 
concentrations that exceed the threshold limits have the potential to reduce crop quality 
and endanger human health. This study aimed to evaluate the effectiveness of single and 
combined applications of soil ameliorants (rice husk biochar, rice straw compost, and 
biofertilizers based on Azotobacter and Azospirillum) in reducing Pb and Cd content in choy 
sum (Brassica rapa var. parachinensis). The research was conducted in a greenhouse using 
contaminated soil from the banks of the Bekasi River, arranged in a completely randomized 
design consisting of 5 treatments and 4 replications. The results showed that the combined 
treatment of biochar + biofertilizer was the most effective formulation, reducing heavy metal 
content in choy sum to Pb at 0.42 mg/kg and Cd at 0.04 mg/kg. While the Cd level was well 
below the safe threshold of 0.2 mg/kg, the Pb content still exceeded the recommended 
limit of 0.2 mg/kg. These findings indicate that biochar and biofertilizer can synergistically 
suppress heavy metal uptake by immobilizing metals and enhancing microbial activity. 
Although further refinement is required to meet Pb safety standards, this approach shows 
strong potential as a sustainable remediation strategy to support food safety.
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the Republic of Indonesia 22/2021 establishes water quality standards based on its intended use, 
including for agricultural irrigation. However, data show that the quality of several rivers on 
Java Island contains parameters exceeding the threshold, including the Bekasi River (West Java 
Regional Development Planning Agency, 2009; Water Resources Agency, 2017).

The Bekasi River watershed, particularly the tertiary irrigation area of Babelan Subdistrict, 
Bekasi Regency, is one of the locations showing significant indications of water and soil 
pollution. Water quality analysis revealed physicochemical parameters such as dissolved 
oxygen (DO), biochemical oxygen demand (BOD), and chemical oxygen demand (COD) 
that exceeded the quality standards for agricultural purposes. This condition directly affects 
soil and crop quality, especially leafy vegetables such as green spinach, red spinach, and 
water spinach, which are commonly cultivated in the area. Heavy metal contamination is 
one of the most hazardous forms of environmental pollution due to its toxicity. Heavy metals 
such as lead (Pb), cadmium (Cd), chromium (Cr), and nickel (Ni) are particularly harmful 
because they do not degrade easily and can accumulate in plant tissues, posing serious 
health risks to consumers (Kumar et al., 2020; Sharma et al., 2009). Once released into the 
environment, these metals can contaminate soil and water, enabling their entry into the food 
chain through plant uptake. Primary producers, such as crops and aquatic plants, readily 
absorb these metals, which then bioaccumulate and biomagnify through different trophic 
levels, ultimately reaching humans and other top consumers (Osman et al., 2021). Prolonged 
consumption of metal-contaminated food can lead to severe health problems, including 
neurological disorders, kidney damage, and developmental abnormalities (Haghighizadeh et 
al., 2024), depending on the type and concentration of metals involved. Previous studies have 
shown that vegetable crops in the Babelan area of Bekasi contain heavy metals exceeding 
the permissible limits, particularly in water spinach and spinach (Situmorang & Simatupang, 
2021). The accumulation of these heavy metals is influenced by irrigation water quality, 
vehicle emissions, and the characteristics of contaminated soils (Danapriatna et al., 2024; 
Aier et al., 2024).

To address these issues, appropriate remediation efforts are needed to reduce the level of 
heavy metal contamination in the soil and improve the quality of agricultural yields. Soil 
remediation can be carried out using various approaches, both in-situ and ex-situ, depending 
on the characteristics of the contaminant and site conditions (Liu et al., 2018). One potential 
method is ex-situ remediation using a combination of organic materials such as biochar, rice 
straw compost, and biological fertilizers. Biochar is known to adsorb heavy metals, increase 
cation exchange capacity, and improve soil structure (Beesley et al., 2010). The use of rice 
straw compost and biological fertilizers plays a crucial role in increasing soil fertility and 
nutrient mobilization. Rice straw compost serves as a source of organic and micronutrients, 
increasing the availability of nitrogen, phosphorus, and potassium, which are essential for 
plant growth (Mohamed et al., 2019; Raj et al., 2023).

The application of rice straw compost can increase the organic carbon content of the soil, 
which improves physical structure and air retention (Herdiansyah et al., 2024; Dewi et al., 
2022). Meanwhile, biofertilizers provide microorganisms that mobilize nutrients, neutralize 
pollutants, and increase microbial activity for decomposition and mineralization to maximize 
the availability of plant nutrients (Patel et al., 2023). The use of a combination of both has 
been proven effective in reducing greenhouse gas emissions and increasing the efficiency 
of nutrient use (Shahane et al., 2019; Kumar & Bordoloi, 2024). Based on this, the study 
aims to: (1) Identify the level of heavy metal contamination in soil and vegetable crops 
in cultivated land around the river, and (2) Determine the optimal remediation formulation 
based on biochar, rice straw compost, and biofertilizer in reducing soil contamination.
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MATERIAL & METHODS           

Research Location and Materials
This study was conducted for nine months, from May 2024 to January 2025, with a structured 

division of activities. Preparation of the growing media, treatment application, and plant 
maintenance were carried out under controlled conditions in the Greenhouse of the Faculty of 
Agriculture, Universitas Islam 45 (UNISMA), Bekasi, while soil and plant sample analyses were 
conducted at the accredited Agro Chemistry Laboratory, Crop Protection and Horticulture Agency 
of West Java Province. The growing medium consisted of contaminated soil collected from the 
banks of the Bekasi River at specific coordinates 6°07’06.8” S & 107°02’23.8” E, at an elevation 
of 23 m above sea level (Figure 1). The soil was classified as Entisol with specific characteristics 
previously analyzed (Table 1). A total of 7 kg of soil was placed into each standard-sized polybag 
for cultivating choy sum (Brassica rapa var. parachinensis) as the test crop. Choy sum is a widely 
consumed vegetable commodity, as it is suitable for various types of dishes and as a complement 
to staple foods (Huang et al., 2021; Zou et al., 2021; Zunaidi et al., 2024).

Three remediation materials were applied: (1) the “SMS Agrobost” biofertilizer containing 
a microbial consortium of Azotobacter sp. (2.1 × 10⁷ CFU/ml) and Azospirillum sp. (2.0 × 10⁷ 
CFU/ml); (2) rice straw compost with a water content of 62%, pH 7.45, and organic C content 
of 15.24% (Table 2); and (3) rice husk biochar produced by pyrolysis at 400 °C, consisting 
of 50% cellulose, 25% lignin, and 16.5% ash. The application protocol followed established 
procedures: biofertilizer was applied at a rate of 1 L diluted in 150–200 L of water and sprayed 
at 7, 14, 21, and 28 days after planting (DAP) (Ha, 2014; Rashid et al., 2014). Straw compost 
was added at 14 g/polybag (equivalent to 4 t/ha), and biochar at 7 g/polybag (equivalent to 2 t/
ha). When collecting water and soil samples, we wore gloves and boots to prevent contamination 
and protect the research team from potential exposure to hazardous materials. During the 
processing of organic and biological amendments, the use of gloves, helmets, and protective 
eyewear is mandatory. We washed wash our hands thoroughly with soap and water before 
and after handling samples, chemicals, or organic materials. All tools and instruments are kept 
sterile and dry to minimize measurement errors. These practices comply with the operational 
standards and procedures specified in SNI ISO/IEC 17025:2017 (Ruyadi et al., 2017).

 
 
 

Figure 1. Water and soil sampling. 
  

Fig. 1. Water and soil sampling.
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Experimental Design and Data Analysis
We used a completely randomized design with five treatments and four replications (quadruple) 

(Forrest, 2002). The five treatments tested consisted of: single application of biofertilizer, single 
application of biochar, single application of straw compost, a combination of straw compost and 
biofertilizer, and a combination of biochar and biofertilizer. Each experimental unit consisted of 
a polybag containing 7 kg of contaminated soil with choy sum as indicators. The main variables 
observed included the content of heavy metals Pb and Cd in the soil and plant tissue. Supporting 
fertilization was carried out using urea at a dose of 1 g/polybag applied at 10 DAPs, and NPK 
fertilizer at a dose of 1.4 g/polybag given every 2 weeks (Figure 2). Soil chemical analysis for 
C-Organic parameters was carried out using the Kurmies method using a Spectrophotometry 
tool (Iskandar et al., 2025), while the content of heavy metals Pb and Cd in the soil and in the 
choy sum tissue was analyzed using the atomic absorption spectrophotometry (AAS) method 
according to standard laboratory procedures (Mukhopadhyay, 2018; Danapriatna et al., 2023a).

The data obtained were analyzed using analysis of variance (ANOVA) to identify mean 
differences among three or more groups by comparing variation between groups with variation 

Table 1. Soil content and characteristics. 
 

Parameter Unit Value Status Test method 
Water Content % 5.77 - Gravimetric 

pH H₂O - 6.2 Slightly Acidic Electrometric 
Exchangeable Acidity cmol(+)/kg 0.003 - Titrimetric 

Exchangeable Al cmol(+)/kg 0 - Titrimetric 
Exchangeable H cmol(+)/kg 0.03 - Titrimetric 

Organic C % 1.04 Low Spectrophotometry 
Total N % 0.14 Low Kjeldahl 

C/N Ratio - 7.4 Low - 
P₂O₅ HCl 25% mg/100g 117 Very High Spectrophotometry 
K₂O HCl 25% mg/100g 36 Moderate AAS 

Available P (Olsen) mg/kg 129.5 Very High Spectrophotometry 
Exchangeable Ca cmol(+)/kg 20.72 - Percolation & AAS 
Exchangeable Mg cmol(+)/kg 6.84 - Percolation & AAS 
Exchangeable K cmol(+)/kg 0.34 - Percolation & AAS 
Exchangeable Na cmol(+)/kg 0.28 - Percolation & AAS 

CEC cmol(+)/kg 25.81 - Percolation & Titrimetric 
Pb mg/kg 20.2 - AAS 
Cd mg/kg 0.7 - AAS 

Sand % 44 Clay Loam Pipette 
Silt % 26 Clay Loam Pipette 

Clay % 30 Clay Loam Pipette 
 
  

Table 1. Soil content and characteristics.

 
Table 2. Rice straw content. 

 
 

Parameter Value Test method 
Water Content 62 Gravimetric 

pH H₂O 7.45 Potentiometry 
Organic C (%) 15.24 Walkley & Black 

Total N (%) 0.7 Kjeldahl 
C/N Ratio 21.77 - 
P₂O₅ (%) 0.18 HClO₄ + HNO₃ Digestion 
K₂O (%) 0.6 HClO₄ + HNO₃ Digestion 
CaO (%) 5.5 HClO₄ + HNO₃ Digestion 
MgO (%) 1.25 HClO₄ + HNO₃ Digestion 

CEC (cmol kg⁻¹) 18.98 NH₄OAc pH 7.0 
    Note: Assessment based on criteria from Pusat Penelitian Tanah (2015). 
  

Table 2. Rice straw content.
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within groups (Dede et al., 2025). If the ANOVA results indicated significant differences, the 
test was followed by a least significant difference (LSD) test at the same level to determine 
specific differences among treatments (Sedgwick, 2014; Agbangba et al., 2024). All statistical 
tests were conducted at a 95% confidence level. The initial soil analysis showed Pb content of 
20.2 mg/kg, Cd 0.7 mg/kg, and organic C 1.04%, which was considered low. The soil texture 
was dominated by clay loam with a composition of 44% sand, 26% silt, and 30% clay. These 
initial soil characteristics served as the basis for determining the formulation and dosage of 
remediation materials used in the experiment.

RESULTS AND DISCUSSION          

Heavy Metal Contamination in Soil and Remediation Effectiveness
The initial soil organic matter content in this study was 1.04%, which is considered low 

(Table 3). After the application of various remediation treatments, most showed varying 
increases in organic matter levels. The most significant increase was observed in the «Compost + 
Biofertilizer» treatment (1.40%), followed by «Biochar» (1.34%), and «Biochar + Biofertilizer» 
(1.30%). This finding is consistent with the research of Kizito et al. (2019), who reported an 
increase in soil organic matter of up to 232% through the application of nutrient-enriched 
biochar. The recalcitrant nature of biochar, which inhibits microbial decomposition, plays a 
key role in increasing soil carbon stability (Kheir et al., 2023), while the combination with 
biofertilizer provides a labile carbon source that strengthens microbial activity. Initial analysis 

 

 

 

Figure 2. Experiment planting with research materials (biological fertilizer, biochar, and straw 
compost). 

  

Fig. 2. Experiment planting with research materials (biological fertilizer, biochar, and straw compost).

Table 3. Heavy metals in soils before treatments and planting. 
 
 

ID Treatment Parameter 
C-Organic (%) Pb (mg/kg) Cd  (mg/kg)

1 Original soil 1.04 20.2 0.7
2 Biological fertilizer 1.13 20 0.7
3 Biochar 1.34 21.7 0.8
4 Straw compost 1.09 21.8 0.6
5 Straw compost + biological fertilizer 1.4 22.1 0.7
6 Biochar + biological fertilizer 1.3 23.4 0.7

    Note: Quality standard for Pb = 15-25 mg/kg and Cd = 0.2 mg/kg. 
  

Table 3. Heavy metals in soils before treatments and planting.
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results showed that the Pb concentration in all treatments was still within the quality standard 
range according to Government Regulation 101/2014, which is 15-25 mg/kg (Table 3). However, 
Cd levels in all treatments (averaging 0.6-0.8 mg/kg) exceeded the established threshold of 0.2 
mg/kg. This indicates that agricultural land along the Bekasi River is significantly contaminated 
with this heavy metal due to domestic and industrial waste runoff.

In the control treatment (without ameliorant), Pb content was recorded at 20.2 mg/kg and Cd 
at 0.7 mg/kg. The single application of biofertilizer showed no significant changes, with Pb and 
Cd levels remaining at 20.0 and 0.7 mg/kg, respectively. This was consistent with the findings of 
Dewi et al. (2024) and Hazra (2022), who stated that the effectiveness of biofertilizers requires 
time for adaptation and development of microbial populations before they can show a significant 
impact. Remediation effectiveness also depends significantly on the specific capabilities of the 
microorganisms and local environmental conditions (Setiawati et al., 2022; Fallo et al., 2023). 
The biochar and rice straw compost treatments actually showed an increase in Pb concentration 
to 21.7 and 21.8 mg/kg, respectively, and Cd to 0.8 and 0.6 mg/kg. This condition may be 
caused by a suboptimal stabilization (aging) process, where the ameliorant material experiences 
an initial phase of interaction with heavy metals (Chen et al., 2020; Bortoloti & Baron, 2022).

The adsorption capacity of biochar is strongly influenced by the characteristics of the raw 
materials and the incubation time (Ambaye et al., 2020; Alsamadany et al., 2022). Yuan et 
al. (2023) explained that during the initial phase, heavy metal uptake occurs rapidly, but the 
absorption rate slows down as metal diffusion into the pores of biochar increases. The combination 
of biochar and compost with biofertilizers resulted in an increase in Pb content to 22.1 mg/kg 
(compost + biofertilizer) and 23.4 mg/kg (biochar + biofertilizer). In comparison, Cd remained 
stable at 0.7 mg/kg. This phenomenon can be attributed to the complex interactions between 
organic matter, microbes, and heavy metals (Srivastav et al., 2024). Organic compounds such as 
biochar and compost can reduce heavy metal availability through chelation processes involving 
carboxyl and hydroxyl functional groups, which act as binding sites for heavy metals (Irfan et 
al., 2021; Wang et al., 2023; Qin et al., 2022).

Although the initial results did not show a significant reduction in Pb and Cd levels, the use 
of combined remediation materials demonstrated long-term potential. Biological remediation 
processes generally require considerable time to produce tangible effects, as reflected in the 
ANOVA results, which indicated significant differences among treatments in heavy metal 
content of choy sum (Table 4). These findings suggest that the treatments applied were able to 
influence heavy metal dynamics within the soil–plant system (Sabir et al., 2020). Heavy metals 
such as Pb and Cd are hazardous contaminants that can accumulate in plant tissues and pose risks 
to human health through the food chain (Alloway, 2013). Several studies have demonstrated 
the effectiveness of biochar in adsorbing heavy metals and reducing their availability to plants 
through mechanisms such as increasing soil pH and binding metal ions (Ahmad et al., 2012). 
These results provide a promising foundation for developing more effective remediation 
strategies to address heavy metal contamination in agricultural land.

Lead Contamination
The application of all three ameliorants has been shown to affect heavy metal concentrations, 

particularly Pb, in plant tissues through changes in soil chemistry and increased biological 
activity. However, when compared with previous research findings, the results in Table 5 and 
Figure 2a show an anomaly: the single treatment «Straw Compost» actually produced the 
highest Pb levels (0.58 mg/kg). This value is likely due to several factors, such as the dose 
applied or the specific characteristics of the compost used. Nevertheless, the overall positive 
impact of organic amendments on reducing Pb remains significant. For example, research by 
Danapriatna et al. (2023b) showed that food crops treated with straw compost experienced a 30-
40% reduction in Pb concentration compared to untreated controls, highlighting the importance 
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of synergistic effects in increasing remediation effectiveness. Organic amendments such as 
straw compost play a role in reducing the availability and uptake of heavy metals by plants. 
The composting process can raise soil pH and total phosphorus content, thereby reducing 
heavy metal availability (Zeng et al., 2025). A significant reduction in Pb levels in plants fed 
with organic matter is associated with improvements in soil biochemical parameters (Lin et 
al., 2019). Furthermore, the addition of organic amendments can increase the activity of soil 
microbes that play a role in immobilizing metal ions, effectively suppressing Pb concentrations 
in plant tissues (Liu et al., 2023).

The combination of biochar and biofertilizer with straw compost is more optimal in 
suppressing Pb accumulation in plants. Biochar, known for its high adsorption capacity, can 
immobilize heavy metals in the soil and limit their uptake by plants (Tong et al., 2023). This is 
evident in research data, where the treatments «Biochar + Biofertilizer» (0.42 mg/kg) and «Straw 
Compost + Biofertilizer» (0.48 mg/kg) produced lower Pb levels than the single treatment 
«Straw Compost» (0.58 mg/kg). In the context of food safety, comparing Pb concentrations 
with established threshold values is crucial for risk assessment. The maximum limit for Pb in 
food plant tissue is generally set at 0.2 mg/kg or lower according to health standards (Thu & 
Loan, 2024). Therefore, although the «Straw Compost» treatment showed the highest value, 
further evaluation is still needed regarding its compliance with safe limits. Overall, the results 
of this study, particularly for the combination treatment, indicate that appropriate organic 
amendment practices can maintain Pb accumulation below threshold levels. This emphasizes 
the importance of organic farming practices in supporting food security while increasing crop 
productivity (Rantung et al., 2024).

Cadmium Contamination
We found that the biochar + biofertilizer treatment produced the lowest Cd content (0.04 mg/

kg), followed by single biofertilizer (0.05 mg/kg) and single biochar (0.06 mg/kg). In contrast, 
the straw compost + biofertilizer treatment recorded the highest Cd accumulation (0.09 mg/kg) 
(Table 5 & Figure 3b). This variation indicates that the effectiveness of Cd reduction is highly 
dependent on the combination of ameliorants used. Biochar has long been recognized for its 

Table 4. ANOVA for contamination of Pb and Cd in the plants. 
 
 

Contaminant Parameter SS df MS F p
Pb (mg/kg) 

 
 

Between groups 0.08 4.00 0.02 6682 
 
 

0.00 
 Within groups 0.04 15.00 0.00

Total 0.12 19.00 -
Cd (mg/kg) 

 
 

Between groups 0.01 4.00 0.00 10336 
 
 

0.00 
 Within groups 0.00 15.00 0.00

Total 0.01 19.00 -
Note: SS = sum of squares; df = degree of freedom; MS = mean square; F = F-statistic; p = probability value. 
  

Table 5. Heavy metal content in the plant after different treatments. 
 
 

Treatment Heavy metal contents 
Pb (mg/kg) Cd (mg/kg)

Biological fertilizer 0.424 a 0.050 a
Biochar 0.427 a 0.057 ab
Straw compost 0.582 b 0.075 bc
Straw compost + biological fertilizer 0.480 a 0.090 c
Biochar + biological fertilizer 0.420 a 0.042 a
LSD 0.080 0.018 
Quality standard for food 0.200 0.200 

    Note: The same letters in one column indicate no significant difference. 
 

Table 4. ANOVA for contamination of Pb and Cd in the plants.

Table 5. Heavy metal content in the plant after different treatments.
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potential to improve soil properties while suppressing heavy metal uptake. The application of 
biochar has been shown to significantly decrease Pb accumulation in Brassica species (Maceiras 
et al., 2024). Although studies related to Cd in choy sum remain limited, broader evidence 
suggests that biochar not only functions as a heavy metal adsorbent but also improves soil 
physical and chemical conditions that support plant growth, thereby potentially reducing Cd 
translocation into plant tissues (Jeyasundar et al., 2021; Kniuipytė et al., 2023).

Biofertilizers also play a crucial role in reducing heavy metal levels while promoting plant 
growth. Organic fertilizer application to Brassica rapa increases nutrient uptake while reducing 
toxic metal levels (Zhang et al., 2023). Organic treatments can reduce Cd in leafy vegetables, 
highlighting the importance of nutrient management in contaminated soils (Cámara‐Martos 
et al., 2021). Meanwhile, straw compost provided additional benefits by increasing nutrient 
availability and reducing metal bioavailability. Composting can suppress heavy metal uptake 
in various vegetables, contributing to plant resilience to metal stress (Anne et al., 2023). The 
combination of biochar and compost even works synergistically: the porous structure and surface 
area of biochar effectively bind Cd ions, while the organic matter from the compost improves 
soil biochemical properties. The use of organic ameliorants can reduce Cd accumulation in 
Brassica rapa compared to the use of chemical fertilizers alone, which often exceeds food 

 
 

 

Figure 3. Heavy metal contents after different treatments.  

 

Fig. 3. Heavy metal contents after different treatments.
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safety thresholds for heavy metals (Hamdan et al., 2022; Qu et al., 2025).
ANOVA analysis showed significant differences (p < 0.05) in Pb accumulation in choy sum 

among treatments. The «Rice Straw Compost» treatment exhibited the highest Pb concentration, 
whereas the «Biochar + Biofertilizer» combination produced the best results. The mechanisms 
of Pb reduction can be explained through several scenarios. First, an increase in soil pH due 
to organic matter decomposition decreases Pb availability (Gholizadeh & Hu, 2021). Second, 
ion competition at root absorption sites; and third, immobilization through complexation with 
organic compounds (Ali et al., 2017; Lacalle et al., 2018). In addition, biofertilizers contribute by 
transforming metals into more degradable forms through microbial activity (Gascó et al., 2019; 
Qian et al., 2024). The «Biochar + Biofertilizer» treatment demonstrated the most substantial 
potential as a remediation formulation for heavy metal–contaminated soils. However, the timing 
of application and optimal dosage require further investigation, given the initial responses 
showing fluctuations in soil metal concentrations across treatments (Ayub et al., 2021; Ali et 
al., 2022; Oh et al., 2023).

CONCLUSION

The combined application of soil amendments, particularly the «Biochar + Biofertilizer» 
formulation, demonstrated the highest effectiveness in rehabilitating heavy metal–contaminated 
soils and reducing Pb and Cd accumulation in Brassica rapa (choy sum). Although fluctuations 
in metal concentrations were observed in the early stages due to stabilization processes, 
this combined treatment successfully decreased metal bioavailability through synergistic 
mechanisms: increased soil pH, metal immobilization by biochar, and microbial activity 
from the biofertilizer. This success was reflected in the lower Pb and Cd concentrations in 
plants, although Cd accumulation under certain treatments still warrants special attention. 
These findings provide an essential contribution to the development of sustainable remediation 
strategies based on organic and biological materials to support food security and environmental 
sustainability. However, further studies on optimal dosages, application timing, interactions 
of ameliorants with specific soil characteristics, and large-scale field trials are still needed to 
validate the effectiveness and economic feasibility of this approach before it can be widely 
implemented.

ACKNOWLEDGEMENT

The authors would like to thank the laboratory assistants at the Faculty of Agriculture, 
UNISMA Bekasi, for all their support. We also extend our gratitude to the local residents who 
assisted us during the fieldwork.

GRANT SUPPORT DETAILS
The present research has been financially supported by LPPM UNISMA in 2024.

CONFLICT OF INTEREST 
The authors declare that there is not any conflict of interests regarding the publication of this manuscript. 

In addition, the ethical issues, including plagiarism, informed consent, misconduct, data fabrication 
and/ or falsification, double publication and/or submission, and redundancy has been completely 
observed by the authors.

LIFE SCIENCE REPORTING 
No life science threat was practiced in this research.

     



*** et al.457

REFERENCES

Agbangba, C. E., Aide, E. S., Honfo, H., & Kakai, R. G. (2024). On the use of post-hoc tests in 
environmental and biological sciences: A critical review. Heliyon, 10(3). https://doi.org/10.1016/j.
heliyon.2024.e25131 

Ahmad, M., Lee, S. S., Dou, X., Mohan, D., Sung, J. K., Yang, J. E., & Ok, Y. S. (2012). Effects of pyrolysis 
temperature on soybean stover-and peanut shell-derived biochar properties and TCE adsorption in 
water. Bioresource Technology, 118, 536-544. http://dx.doi.org/10.1016/j.biortech.2012.05.042 

Aier, J., Panda, K. K., & Kumar, S. (2024). Impact of air pollution on plant physiology and ecosystem 
health. Journal of Chemical Health Risks, 14(3), 3167-3173. https://www.jchr.org/index.php/JCHR/
article/view/5144/3274

Ali, A., Guo, D., Zhang, Y., Sun, X., Jiang, S., Guo, Z., Huang, H., Liang, W., Li, R., & Zhang, Z. 
(2017). Using bamboo biochar with compost for the stabilization and phytotoxicity reduction of 
heavy metals in mine-contaminated soils of China. Scientific Reports, 7. https://doi.org/10.1038/
s41598-017-03045-9 

Ali, I., Khan, M., Shah, A., Deeba, F., Hussain, H., Yazdan, F., Khan, M., & Khan, M. (2022). Screening 
of various Brassica species for phytoremediation of heavy metals-contaminated soil of Lakki 
Marwat, Pakistan. Environmental Science and Pollution Research, 29, 37765 - 37776. https://doi.
org/10.1007/s11356-021-18109-7

Alloway, B. J. (2013). Heavy metals in soils: Trace metals and metalloids in soils and their bioavailability. 
Springer Science & Business Media. https://doi.org/10.1007/978-94-007-4470-7 

Alsamadany, H., Alharby, H., Alzahrani, H., Alzahrani, Y., Almaghamsi, A., Abbas, G., & Farooq, M. 
(2022). Silicon-nanoparticles doped biochar is more effective than biochar for mitigation of arsenic 
and salinity stress in quinoa: insight to human health risk assessment. Frontiers in Plant Science, 13, 
989504. https://doi.org/10.3389/fpls.2022.989504

Ambaye, T., Vaccari, M., Hullebusch, E. V., Amrane, A., & Rtimi, S. (2020). Mechanisms and 
adsorption capacities of biochar for the removal of organic and inorganic pollutants from industrial 
wastewater. International Journal of Environmental Science and Technology, 18(10), 3273-3294. 
https://doi.org/10.1007/s13762-020-03060-w

Anne, O., Mockevičienė, I., Karčauskienė, D., Repšienė, R., Šiaudinis, G., Barčauskaitė, K., & Žilė, 
G. (2024). Biochar-assisted phytoremediation potential of sewage sludge contaminated soil. 
Sustainability, 16(1), 183. https://doi.org/10.3390/su16010183 

Ayub, M., Usman, M., Rizwan, M., Rasul, A., & Rehman, Z. (2021). Remediation of organic pollutants 
by Brassica species. Handbook of bioremediation: Physiological, molecular and biotechnological 
interventions (pp. 689-700). https://doi.org/10.1016/b978-0-12-819382-2.00044-2 

Bappeda Jawa Barat. (2009). Sumber daya air dan daerah aliran sungai. Laporan Akhir ATLAS Pesisir 
Utara Jawa Barat. Bandung: Pemerintah Provinsi Jawa Barat.

Beesley, L., Moreno-Jiménez, E., & Gomez-Eyles, J. L. (2010). Effects of biochar and greenwaste compost 
amendments on mobility, bioavailability and toxicity of inorganic and organic contaminants in a 
multi-element polluted soil. Environmental Pollution, 158(6), 2282-2287. https://doi.org/10.1016/j.
envpol.2010.02.003

Bortoloti, G. A., & Baron, D. (2022). Phytoremediation of toxic heavy metals by Brassica plants: 
A biochemical and physiological approach. Environmental Advances, 8, 100204. https://doi.
org/10.1016/j.envadv.2022.100204 

Cámara‐Martos, F., Sevillano–Morales, J., Rubio-Pedraza, L., Bonilla-Herrera, J., & Bailón, A. (2021). 
Comparative effects of organic and conventional cropping systems on trace elements contents in 
vegetable brassicaceae: Risk assessment. Applied Sciences, 11(2), 707. https://doi.org/10.3390/
app11020707 

Chen, L., Long, C., Wang, D., & Yang, J. (2020). Phytoremediation of cadmium (Cd) and uranium 
(U) contaminated soils by Brassica juncea L. enhanced with exogenous application of plant growth 
regulators. Chemosphere, 242, 125112. https://doi.org/10.1016/j.chemosphere.2019.125112 

Cheng, M., Zeng, G., Huang, D., Lai, C., Xu, P., Zhang, C., & Liu, Y. (2016). Hydroxyl radicals based 
advanced oxidation processes (AOPs) for remediation of soils contaminated with organic compounds: 
A review. Chemical Engineering Journal, 284, 582-598. https://doi.org/10.1016/j.cej.2015.09.001

Danapriatna, N., Dede, M., Widiawaty, M. A., Puspitaningrum, H., & Lutfiadi, R. (2024). Unveiling 
heavy metal pollution in soils and rice crops (Oryza sativa L.) cultivation. Jurnal Teknik Pertanian 

https://doi.org/10.1016/j.heliyon.2024.e25131
https://doi.org/10.1016/j.heliyon.2024.e25131
http://dx.doi.org/10.1016/j.biortech.2012.05.042
https://www.jchr.org/index.php/JCHR/article/view/5144/3274
https://www.jchr.org/index.php/JCHR/article/view/5144/3274
https://doi.org/10.1038/s41598-017-03045-9
https://doi.org/10.1038/s41598-017-03045-9
https://doi.org/10.1007/978-94-007-4470-7
https://doi.org/10.3389/fpls.2022.989504
https://doi.org/10.1007/s13762-020-03060-w
https://doi.org/10.3390/su16010183
https://doi.org/10.1016/b978-0-12-819382-2.00044-2
https://doi.org/10.1016/j.envpol.2010.02.003
https://doi.org/10.1016/j.envpol.2010.02.003
https://doi.org/10.1016/j.envadv.2022.100204
https://doi.org/10.1016/j.envadv.2022.100204
https://doi.org/10.3390/app11020707
https://doi.org/10.3390/app11020707
https://doi.org/10.1016/j.chemosphere.2019.125112
https://doi.org/10.1016/j.cej.2015.09.001


Pollution 2026, 12(1): 448-461458

Lampung, 13(3), 730-738. https://doi.org/10.23960/jtep-l.v13i3.730-738 
Danapriatna, N., Ismarani, I., & Dede, M. (2023a). Application of biochar and biological fertilizer to 

improve soil quality and Oryza sativa L. productivity. Cogent Food & Agriculture, 9(1), 2207416. 
https://doi.org/10.1080/23311932.2023.2207416 

Danapriatna, N., Ismarani, Lutfiadi, R., & Dede, M. (2023b). Effect of straw compost (Oryza sativa L.) 
on crop production. Pertanika Journal of Tropical Agricultural Science, 46(3), 1047-1062. https://
doi.org/10.47836/pjtas.46.3.17 

Dewi, M., Kandar, M., & Rahmawati, N. (2024). Aplikasi teknologi pembuatan pupuk organik dan pupuk 
hayati (biofertilizer) sebagai upaya pemanfaatan limbah dan produksi pertanian yang berkelanjutan. 
Jurnal Abdimas Indonesia, 4(2), 186-193. https://doi.org/10.53769/jai.v4i2.636

Dewi, W., Puspaningrum, A., Tinuntun, R., Suntoro, S., & Mujiyo, M. (2022). A modified soil fertility 
assessment method using earthworm density and microbial biomass C at various land uses in 
Wonogiri, Indonesia. International Journal of Design, Nature and Ecodynamics, 17(06), 929-936. 
https://doi.org/10.18280/ijdne.170614 

Dinas Sumber Daya Air. (2017). Buku sumber daya air Provinsi Jawa Barat. Bandung: Pemerintah 
Provinsi Jawa Barat. https://www.scribd.com/presentation/433631035/Buku-Sumber-Daya-Air-
Provinsi-Jawa-Barat 

Fallo, G., Usfinit, Y., & Pardosi, L. (2023). Uji komposisi biochar sekam padi selama penyimpanan 
terhadap viabilitas isolat rtcr01 sebagai carrier pupuk hayati di kabupaten timor tengah utara. 
Bioscientist Jurnal Ilmiah Biologi, 11(1), 162. https://doi.org/10.33394/bioscientist.v11i1.6639

Forrest, M. (2002). The performance of a Eucalyptus gunnii cut foliage plantation over 7 years. Irish 
journal of agricultural and food research, 235-245. https://europepmc.org/article/AGR/IND44694660 

Gascó, G., Álvarez, M., Paz-Ferreiro, J., & Méndez, A. (2019). Combining phytoextraction by Brassica 
napus and biochar amendment for the remediation of a mining soil in Riotinto (Spain). Chemosphere, 
231, 562-570. https://doi.org/10.1016/j.chemosphere.2019.05.168 

Gholizadeh, M., & Hu, X. (2021). Removal of heavy metals from soil with biochar composite: A critical 
review of the mechanism. Journal of environmental chemical engineering, 9, 105830. https://doi.
org/10.1016/J.JECE.2021.105830 

Ha, T. M. (2014). Effectiveness of the Vietnamese Good Agricultural Practice (VietGAP) on plant growth 
and quality of Choy Sum (Brassica rapa var. parachinensis) in Northern Vietnam. Aceh International 
Journal of Science and Technology, 3(3), 80-87. https://dx.doi.org/10.13170/aijst.3.3.2023 

Haghighizadeh, A., Rajabi, O., Nezarat, A., Hajyani, Z., Haghmohammadi, M., Hedayatikhah, S., 
Delnabi Asl, S., & Beni, A. A. (2024). Comprehensive analysis of heavy metal soil contamination in 
mining environments: Impacts, monitoring techniques, and remediation strategies. Arabian Journal 
of Chemistry, 17(6), 105777. https://doi.org/10.1016/j.arabjc.2024.105777

Hamdan, D., Nizam, M., Seow, K., Zahari, N., & Rahim, S. (2022). Trace elements uptake in brassica 
rapa chinensis cultivated in ultrabasic (oxisol) and ultisol soils, North Borneo. Journal of Physics 
Conference Series, 2314(1), 012026. https://doi.org/10.1088/1742-6596/2314/1/012026 

Hazra, M. (2022). Efektivitas pupuk hayati cair pada tanaman padi sawah (oryza sativa) serta analisis 
usaha taninya. Jurnal Ilmu Tanah Dan Lingkungan, 24(2), 39-46. https://doi.org/10.29244/
jitl.24.2.39-46

Herdiansyah, G., Mujiyo, M., Herawati, A., & Bramastomo, H. (2024). Soil physical health under 
different farming systems of rice fields and its effect on rice (oryza sativa l.) productivity. Scientific 
Horizons, 27(2), 65–77. https://doi.org/10.48077/scihor2.2024.65 

Huang, J. J., D’Souza, C., Tan, M. Q., & Zhou, W. (2021). Light intensity plays contrasting roles in 
regulating metabolite compositions in choy sum (Brassica rapa var. parachinensis). Journal of 
agricultural and food chemistry, 69(18), 5318-5331. https://doi.org/10.1021/acs.jafc.1c00155 

Irfan, M., Mudassir, M., Khan, S., Dawar, K., Muhammad, D., Mian, I., Ali, W., Fahad, S., Saud, 
S., Hayat, Z., & Dewil, R. (2021). Heavy metals immobilization and improvement in maize (Zea 
mays l.) growth amended with biochar and compost. Scientific Reports, 11(1),  18416. https://doi.
org/10.1038/s41598-021-97525-8

Iskandar, M. I., Noviana, L., & Febrina, L. (2025). Analisis cemaran logam berat dalam tanaman obat 
menggunakan metode spektrofotometer serapan atom: Studi kasus ext. Curcuma xanth di Kawasan 
Industri Jakarta. College Journal on Food, Nutrition, Industrial, and Environmental Excellence, 
1(1), 42-47. https://jurnal.usahid.ac.id/cjfine/article/view/3208 

Jeyasundar, P., Ali, A., Azeem, M., Li, Y., Guo, D., Sikdar, A., Abdelrahman, H., Kwon, E., Antoniadis, 

https://doi.org/10.23960/jtep-l.v13i3.730-738
https://doi.org/10.1080/23311932.2023.2207416
https://doi.org/10.47836/pjtas.46.3.17
https://doi.org/10.47836/pjtas.46.3.17
https://doi.org/10.53769/jai.v4i2.636
https://doi.org/10.18280/ijdne.170614
https://www.scribd.com/presentation/433631035/Buku-Sumber-Daya-Air-Provinsi-Jawa-Barat
https://www.scribd.com/presentation/433631035/Buku-Sumber-Daya-Air-Provinsi-Jawa-Barat
https://doi.org/10.33394/bioscientist.v11i1.6639
https://europepmc.org/article/AGR/IND44694660
https://doi.org/10.1016/j.chemosphere.2019.05.168
https://doi.org/10.1016/J.JECE.2021.105830
https://doi.org/10.1016/J.JECE.2021.105830
https://dx.doi.org/10.13170/aijst.3.3.2023
https://doi.org/10.1088/1742-6596/2314/1/012026
https://doi.org/10.29244/jitl.24.2.39-46
https://doi.org/10.29244/jitl.24.2.39-46
https://doi.org/10.48077/scihor2.2024.65
https://doi.org/10.1021/acs.jafc.1c00155
https://doi.org/10.1038/s41598-021-97525-8
https://doi.org/10.1038/s41598-021-97525-8
https://jurnal.usahid.ac.id/cjfine/article/view/3208


*** et al.459

V., Mani, V., Shaheen, S., Rinklebe, J., & Zhang, Z. (2021). Green remediation of toxic metals 
contaminated mining soil using bacterial consortium and Brassica juncea. Environmental Pollution, 
277, 116789. https://doi.org/10.1016/j.envpol.2021.116789 

Kheir, A., Govind, A., Zoghdan, M., Khalifa, T., Aboelsoud, H., & Shabana, M. (2023). The fusion 
impact of compost, biochar, and polymer on sandy soil properties and bean productivity. Agronomy, 
13(10), 2544. https://doi.org/10.3390/agronomy13102544 

Kizito, S., Luo, H., Lu, J., Bah, H., Dong, R., & Wu, S. (2019). Role of nutrient-enriched biochar as a soil 
amendment during maize growth: exploring practical alternatives to recycle agricultural residuals 
and to reduce chemical fertilizer demand. Sustainability, 11(11), 3211. https://doi.org/10.3390/
su11113211

Kniuipytė, I., Dikšaitytė, A., Praspaliauskas, M., Pedišius, N., & Žaltauskaitė, J. (2023). Oilseed rape 
(Brassica napus L.) potential to remediate Cd contaminated soil under different soil water content. 
Journal of Environmental Management, 325, 116627. https://doi.org/10.2139/ssrn.4215314 

Kumar, M. S., Sangwan, P. S., & Karthik, R. (2020). Effect of heavy metal concentrations in roadside 
soils: A review. Journal of Pharmacognosy and Phytochemistry, 9(5), 1812-1816. https://www.
phytojournal.com/archives/2020/vol9issue5/PartY/11-1-14-335.pdf 

Kumar, R., & Bordoloi, N. (2024). Agriculture’s contribution to the emission of greenhouse gas 
nitrous oxide (N2O) and its feasible mitigation strategies. IntechOpen. https://doi.org/10.5772/
intechopen.113021 

Lacalle, R., Gómez-Sagasti, M., Artetxe, U., Garbisu, C., & Becerril, J. (2018). Brassica napus has a key 
role in the recovery of the health of soils contaminated with metals and diesel by rhizoremediation.. 
The Science of the total environment, 618, 347-356. https://doi.org/10.1016/j.scitotenv.2017.10.334 

Lehmann, J., Bossio, D. A., Kögel-Knabner, I., & Rillig, M. C. (2020). The concept and future prospects 
of soil health. Nature Reviews Earth & Environment, 1(10), 544-553. https://doi.org/10.1038/s43017-
020-0080-8 

Lin, W., Lin, M., Hong-yan, Z., Wu, H., Li, Z., & Lin, W. (2019). The effects of chemical and organic 
fertilizer usage on rhizosphere soil in tea orchards. PLoS One, 14(5), e0217018. https://doi.
org/10.1371/journal.pone.0217018

Liu, L., Li, W., Song, W., & Guo, M. (2018). Remediation techniques for heavy metal-contaminated 
soils: Principles and applicability. Science of the Total Environment, 633, 206-219. https://doi.
org/10.1016/j.scitotenv.2018.03.161

Liu, T., Liu, Z., Zhao, Z., Xu, K., Chen, H., Feng, Y., Wang, W., Zhang, N., Liu, D., He, X., & Wu, J. 
(2023). Low-temperature fermented straw compost regulates rice growth and yield by affecting soil 
physicochemical properties and the expression of important signaling pathway genes. Agronomy, 
13(12), 3066. https://doi.org/10.3390/agronomy13123066 

Maceiras, R., Pérez-Rial, L., Alfonsín, V., Feijoo, J., & López, I. (2024). Biochar amendments and 
phytoremediation: a combined approach for effective lead removal in shooting range soils. Toxics, 
12(7), 520. https://doi.org/10.3390/toxics12070520 

Mohamed, M., Thalooth, A., Elewa, T., & Ahmed, A. (2019). Yield and nutrient status of wheat plants 
(triticum aestivum) as affected by sludge, compost, and biofertilizers under newly reclaimed soil. 
Bulletin of the National Research Centre, 43(1). https://doi.org/10.1186/s42269-019-0069-y

Mukhopadhyay, G. (2018). Atomic spectroscopy analysis of heavy metals in plants. International Journal 
of Pharmaceutical & Biological Archives, 9(3), 175-179. https://doi.org/10.5281/zenodo.4501115 

Oh, S., Irshad, M., Kang, M., Roh, H., Jeon, Y., & Lee, S. (2023). In-situ physical and chemical 
remediation of Cd and Pb contaminated mine soils cultivated with Chinese cabbage: A three-year field 
study. Journal of hazardous materials, 459, 132091. https://doi.org/10.1016/j.jhazmat.2023.132091

Osman, H. E. M., Abdel-Hamed, E. M. W., Al-Juhani, W. S. M., Al-Maroai, Y. A. O., & El-Morsy, 
M. H. E. M. (2021). Bioaccumulation and human health risk assessment of heavy metals in food 
crops irrigated with freshwater and treated wastewater: A case study in Southern Cairo, Egypt. 
Environmental Science and Pollution Research, 28(36), 50217-50229. https://doi.org/10.1007/
s11356-021-14249-y 

Patel, C., Singh, J., Karunakaran, A., & Ramakrishna, W. (2023). Evolution of nano-biofertilizer as a green 
technology for agriculture. Agriculture, 13(10), 1865. https://doi.org/10.3390/agriculture13101865 

Qian, L., Mei, C., Li, T., Luo, W., Liu, W., Chen, M., Yang, X., Li, X., Cheng, B., & , H. (2024). A 
versatile biochar fertilizer used for adsorption of heavy metals and enhancement of plant growth 
in metal contaminated soil. Environmental Technology & Innovation. https://doi.org/10.1016/j.

https://doi.org/10.1016/j.envpol.2021.116789
https://doi.org/10.3390/agronomy13102544
https://doi.org/10.3390/su11113211
https://doi.org/10.3390/su11113211
https://doi.org/10.2139/ssrn.4215314
https://www.phytojournal.com/archives/2020/vol9issue5/PartY/11-1-14-335.pdf
https://www.phytojournal.com/archives/2020/vol9issue5/PartY/11-1-14-335.pdf
https://doi.org/10.5772/intechopen.113021
https://doi.org/10.5772/intechopen.113021
https://doi.org/10.1016/j.scitotenv.2017.10.334
https://doi.org/10.1038/s43017-020-0080-8
https://doi.org/10.1038/s43017-020-0080-8
https://doi.org/10.1371/journal.pone.0217018
https://doi.org/10.1371/journal.pone.0217018
https://doi.org/10.1016/j.scitotenv.2018.03.161
https://doi.org/10.1016/j.scitotenv.2018.03.161
https://doi.org/10.3390/agronomy13123066
https://doi.org/10.3390/toxics12070520
https://doi.org/10.1186/s42269-019-0069-y
https://doi.org/10.5281/zenodo.4501115
https://doi.org/10.1016/j.jhazmat.2023.132091
https://doi.org/10.1007/s11356-021-14249-y
https://doi.org/10.1007/s11356-021-14249-y
https://doi.org/10.3390/agriculture13101865
https://doi.org/10.1016/j.eti.2024.103743


Pollution 2026, 12(1): 448-461460

eti.2024.103743 
Qin, J., Zhao, H., Dai, M., Zhao, P., Chen, X., Liu, H., & Lu, B. (2022). Speciation distribution and 

influencing factors of heavy metals in rhizosphere soil of Miscanthus floridulus in the tailing reservoir 
area of Dabaoshan iron polymetallic mine in northern Guangdong. Processes, 10(6), 1217. https://
doi.org/10.3390/pr10061217

Qu, J., Wang, F., Qi, X., Che, S., Che, Y., Li, J., & Wei, Z. (2025). Effect of biochar-based organic 
fertilizers on the transport and accumulation of heavy metals in soil and plants. Fermentation, 11(2), 
48. https://doi.org/10.3390/fermentation11020048 

Raj, J., Dubey, P., Kaswala, A., Italia, A., Kumar, P., & Patel, K. (2023). Effect of different nutrient 
sources on soil properties and yield of rice (oryza sativa l.) under organic farming. International 
Journal of Plant & Soil Science, 35(24), 25-34. https://doi.org/10.9734/ijpss/2023/v35i244293

Rantung, R., Paulus, J., Supit, P., Ogie, T., Lengkong, E., Walingkas, S., Inkiriwang, A. E., Doodoh, B., 
Pangemanan, V., Najoan, J., & Tulung, S. (2024). The effects of substituting straw compost for npk 
fertilizer on field rice growth and yield using the sri (system of rice intensification) method. Jurnal 
Agroekoteknologi Terapan, 5(1), 52-57. https://doi.org/10.35791/jat.v5i1.54192 

Rashid, N. S. A., Jalloh, M. B., Awang, A., Murdad, R., Azman, E. A., & Tajidin, N. E. (2021, December). 
Effects of Azolla soil amendments on growth performance of choy sum (Brassica chinensis var. 
parachinensis). In III International Organic Fruit Symposium and I International Organic Vegetable 
Symposium 1354 (pp. 17-24). https://doi.org/10.17660/ActaHortic.2022.1354.3 

Ruyadi, I., Fahri, S., Astuti, E. P., Priyadi, I., & Pradipta, H. N. (2024). Menuju laboratorium pengujian 
terstandar SNI ISO/IEC 17025:2017. Pertanian Press & Balai Besar Penerapan Standar Instrumen 
Pertanian. https://epublikasi.pertanian.go.id/index.php/pertanianpress/catalog/view/104/102/961 

Sabir, A., Naveed, M., Bashir, M., Hussain, A., Mustafa, A., Zahir, Z., Kamran, M., Ditta, A., Núñez-
Delgado, A., Saeed, Q., & Qadeer, A. (2020). Cadmium mediated phytotoxic impacts in Brassica 
napus: Managing growth, physiological and oxidative disturbances through combined use of biochar 
and Enterobacter sp. MN17. Journal of environmental management, 265, 110522. https://doi.
org/10.1016/j.jenvman.2020.110522

Saravanan, A., Yaashikaa, P. R., Ramesh, B., Shaji, A., & Deivayanai, V. C. (2024). Microorganism-
mediated bioremediation of dyes from contaminated soil: Mechanisms, recent advances, and future 
perspectives. Journal of Food and Chemical Toxicology, 185, 114491. https://doi.org/10.1016/j.
fct.2024.114491 

Sedgwick, P. (2014). One way analysis of variance: post hoc testing. Bmj, 349, g7067. https://doi.
org/10.1136/bmj.g7067

Setiawati, M., Linda, L., Kamaluddin, N., Suryatmana, P., & Simarmata, T. (2022). Aplikasi pupuk 
hayati ameliorant, dan pupuk npk terhadap n total, p tersedia serta pertumbuhan dan hasil jagung 
pada inceptisols. Jurnal Agro, 8(2), 299–310. https://doi.org/10.15575/15121

Shahane, A., Shivay, Y. S., Prasanna, R., & Kumar, D. (2019). Improving water and nutrient use 
efficiency in rice by changing crop establishment methods, application of microbial inoculations, 
and Zn fertilization. Global Challenges, 3(10). https://doi.org/10.1002/gch2.201800005 

Sharma, R. K., Agrawal, M., & Marshall, F. M. (2009). Heavy metals in vegetables collected from 
production and market sites of a tropical urban area of India. Food and Chemical Toxicology, 47(3), 
583-591. https://doi.org/10.1016/j.fct.2008.12.016

Situmorang, I. M., & Simatupang, D. F. (2021). Analisis logam berat pada sayuran yang ditanami di 
pinggir jalan Beksi Utara. Jurnal Analis Laboratorium Medik, 6(1), 19-22. https://doi.org/10.51544/
jalm.v6i1.1837 

Srivastav, A. L., Rani, L., Sharda, P., & Sharma, A. (2024). Mechanisms of trace metal elements removal 
from water using low-cost biochar adsorbents: A mini review. Pollution, 10(1), 495-510. https://doi.
org/10.22059/POLL.2023.365187.2068  

Thu, T., & Loan, N. (2024). Multi-component composting of agricultural by-products improves compost 
quality and effects on the growth and yield of cucumber. Journal of Ecological Engineering, 25(6), 
109-119. https://doi.org/10.12911/22998993/187036 

Tong, Z., Liu, F., Rajagopalan, U., Sun, B., Tian, Y., Zuo, Q., Zhang, J., Duan, J., Bi, W., Qin, J., & 
Xu, S. (2023). Effect of biochar-containing compost on cucumber quality and antibiotic resistance 
genes abundance in soil–cucumber system. Sustainability, 15(12), 9563. https://doi.org/10.3390/
su15129563 

Wang, L., Wei, J., Yang, L., Chen, Y., Wang, M., Xiao, L., & Yuan, G. (2023). Enhancing soil remediation 

https://doi.org/10.1016/j.eti.2024.103743
https://doi.org/10.3390/pr10061217
https://doi.org/10.3390/pr10061217
https://doi.org/10.3390/fermentation11020048
https://doi.org/10.9734/ijpss/2023/v35i244293
https://doi.org/10.35791/jat.v5i1.54192
https://doi.org/10.17660/ActaHortic.2022.1354.3
https://epublikasi.pertanian.go.id/index.php/pertanianpress/catalog/view/104/102/961
https://doi.org/10.1016/j.jenvman.2020.110522
https://doi.org/10.1016/j.jenvman.2020.110522
https://doi.org/10.1016/j.fct.2024.114491
https://doi.org/10.1016/j.fct.2024.114491
https://doi.org/10.15575/15121
https://doi.org/10.1002/gch2.201800005
https://doi.org/10.1016/j.fct.2008.12.016
https://doi.org/10.51544/jalm.v6i1.1837
https://doi.org/10.51544/jalm.v6i1.1837
https://doi.org/10.22059/POLL.2023.365187.2068
https://doi.org/10.22059/POLL.2023.365187.2068
https://doi.org/10.12911/22998993/187036
https://doi.org/10.3390/su15129563
https://doi.org/10.3390/su15129563


Pollution 2026, 12(1): 448-461461

of copper-contaminated soil through washing with a soluble humic substance and chemical reductant. 
Agronomy, 13(7), 1754. https://doi.org/10.3390/agronomy13071754

Yuan, X., Wang, Q., Wang, Z., Wu, S., Zhai, Y., Zhang, H., Zhou, L., Lu, B., Chen, K., & Wang, X. 
(2023). Optimization of mixed-based biochar preparation process and adsorption performance of 
lead and cadmium. Sustainability, 15(15), 11579. https://doi.org/10.3390/su151511579 

Zeng, Y., Farooq, T., Yuan, C., Li, D., Farooq, A., Wang, G., Fang, Y., Wang, J., & Yan, W. (2025). 
Organic-based remediation of heavy metal-contaminated soils in the Taojia River basin affected by 
long-term non-ferrous mining and logging activities. Frontiers in Plant Science, 16, 1486575. https://
doi.org/10.3389/fpls.2025.1486575

Zhang, X., Li, J., Le, S., Qin, F., Yang, J., Gu, H., Zhai, P., & Pan, X. (2023). Effects of organic 
fertilizers on yield, soil physico-chemical property, soil microbial community diversity and structure 
of brassica rapa var. chinensis. Frontiers in Microbiology, 14, 1132853. https://doi.org/10.3389/
fmicb.2023.1132853

Zou, L., Tan, W. K., Du, Y., Lee, H. W., Liang, X., Lei, J., Striegel, L., Weber, N., Rychlik, M., & Ong, 
C. N. (2021). Nutritional metabolites in Brassica rapa subsp. chinensis var. parachinensis (choy sum) 
at three different growth stages: Microgreen, seedling and adult plant. Food Chemistry, 357, 129535. 
https://doi.org/10.3390/foods12122400 

Zunaidi, A. A., Lim, L. H., & Metali, F. (2024). Heavy metal tolerance and accumulation in the Brassica 
species (Brassica chinensis var. parachinensis and Brassica rapa L.): A pot experiment. Heliyon, 
10(8), .e29528. https://doi.org/10.1016/j.heliyon.2024.e29528 

https://doi.org/10.3390/agronomy13071754
https://doi.org/10.3390/su151511579
https://doi.org/10.3389/fpls.2025.1486575
https://doi.org/10.3389/fpls.2025.1486575
https://doi.org/10.3389/fmicb.2023.1132853
https://doi.org/10.3389/fmicb.2023.1132853
https://doi.org/10.3390/foods12122400
https://doi.org/10.1016/j.heliyon.2024.e29528

	Remediating Heavy Metal Contamination in Choy Sum using some Organic and Biological Amendments  
	ABSTRACT
	Keywords
	INTRODUCTION
	MATERIAL & METHODS            
	Research Location and Materials 
	Experimental Design and Data Analysis 

	RESULTS AND DISCUSSION           
	Heavy Metal Contamination in Soil and Remediation Effectiveness 
	Lead Contamination 
	Cadmium Contamination 

	CONCLUSION 
	ACKNOWLEDGEMENT 
	REFERENCES


