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ABSTRACT

Fe3* pollution is a factor that reduces bok choy production. Its productivity can be increased by adding biochar,
which can adsorb inorganic ions, including iron. This study examines the impact of rice husk biochar and FeCl; on
bok choy productivity, using a completely randomized design with a 3x3 factorial pattern. The first factor was the
concentration of rice husk biochar (0, 2.5, and 7.5 g/kg), and the second was the concentration of FeCl; (0, 25, and 50
mg/L). The criteria measured were the number of leaves, leaf area, chlorophyll content, and vitamin C levels. The
combination of 0 g/kg biochar and 0 mg/L FeClsz proved to be the most effective treatment for boosting bok choy
growth. The treatment yielded 12.6 leaf count, 73.3 cm2 leaf area, 2.0 mg/g chlorophyll, and 30.8 ppm vitamin C. Fe3*
treatments at 25-50 mg/L drastically lowered all growth metrics. The applied biochar doses were insufficient to

efficiently absorb Fe3* and boost the yield of bok choy.
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INTRODUCTION

Bok choy mustard (Brassica rapa subsp. chinensis)
is a popular horticultural plant in Indonesia, with high
potential for production (Subakti et al. 2022). This is
due to its nutritional value, which includes vitamins and
minerals that are good for your health and prevent
diseases including cancer, hypertension, heart
disease, cataracts, congenital impairments, and stroke
(Subakti et al. 2022). However, the production of bok
choy mustard fell in 2022. This drop was caused by two
major factors: decreased soil fertility and overuse of
inorganic fertilizers (Rizal 2024). Long-term usage of
inorganic fertilizers can harm soil structure and
contribute to environmental contamination. One
method for addressing soil fertility issues is to use
organic materials such as compost, manure, or other
organic substances. The incorporation of organic
materials into soil raises the organic carbon (C-organic)
content and improves soil microporosity. These
micropores serve as water retainers (Angst et al. 2021).
Biochar is an organic material formed during the

pyrolysis  process, which involves incomplete
combustion with little or no oxygen (Yaashikaa et al.
2020).

The use of biochar obtained from agricultural waste
is one way for improving soil structure, increasing
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organic carbon content, increasing water retention and
absorption capacity, and improving soil fertility and
plant growth (Nepal et al. 2023). Biochar is not only
used as a soil amendment, but it may also absorb
excess heavy metals in the soil (Zhou et al. 2022).
Another advantage of biochar is its environmental
friendliness, which indirectly contributes to waste
reduction while aiding sustainable agriculture (Janah et
al. 2023). Biochar is widely used as a highly promising
resource to assist environmental sustainability and
current agriculture techniques (Mensah and Frimpong,
2018). Biochar treatment has the effect of lowering soil
and water pollution by binding heavy metals and toxic
inorganic compounds, hence minimizing contamination
risk. Previous research has demonstrated that the use
of rice husk biochar can improve the growth of mustard
greens (Brassica juncea L.).

This study examines the effect of rice husk biochar
treatment combinations in lowering FeCl; toxicity on
the growth and production of bok choy plants. Fe3* is
extensively used in insecticides sprayed on agricultural
areas. Fe3" contamination can occur from industrial
waste that enters water bodies without sufficient
treatment (Fermindo 2015).

METHODS

This research was carried out from March to
October 2023 at the Experimental Garden of the
Department of Biology, Faculty of Science and
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Mathematics, Diponegoro University, Semarang,
Central Java, Indonesia. The Plant Structure and
Function Biology Laboratory, Department of Biology,
Faculty of Science and Mathematics, Diponegoro
University, conducted chlorophyll content tests and
vitamin C analyses on bok choy. This study included
bok choy seeds from the Nauli variety, planting soil, rice
husk charcoal, FeCl;, 20 cm pots, acetone, distilled
water, and ascorbic acid.

Experimental Design

This study used a 3x3 randomized factorial design
(CRD). The first factor was rice husk biochar at
concentrations of 0, 2.5, and 7.5 g/kg. The second
component was FeCl; at concentrations of 0, 25, and
50 mg/L. Each treatment combination was replicated
three times, for a total of 27 experimental pots.

Nursery, Planting, and Maintenance of Bok Choy

The bok choy seeds utilized in this study were of the
Nauli variety, purchased from PT East West Indonesia
under the Cap Panah Merah label. The seeds were
initially picked by soaking them in water for around 3
hours. The selected seeds were then sown in seedling
trays, scattered on the soil surface, lightly covered with
soil, and covered with plastic to retain moisture.

Bok choy seedlings were seven days old and ready
to be put into the treatment pots. Before transplanting,
the planting media, which included soil and rice husk
biochar, was created at predefined concentrations of 0,
2.5, and 7.5 g/kg. A total of 4 kg of the soil-biochar
combination was placed in 20 cm diameter pots. Seven
days before planting, FeCl; was added to each
treatment pot in powder form at the appropriate
concentration. The seedlings were planted 5 cm deep,
one plant per pot. Watering, replanting, weeding, and
pest and disease control were all required to keep the
plants healthy. Watering was done by measuring 500
mL of water into each treatment pot (Anjarwati 2022).
Maintenance continued until the plants reached 42
days after planting (DAP).

Measurement of Plant Growth, Chlorophyll and
Vitamin C Analyses

The characteristics studied were the number of
leaves, leaf area, chlorophyll concentration, and
vitamin C content. To analyze the growth of bok choy
plants, the number of leaves and leaf area were
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measured initially. Chlorophyll and vitamin C content
were measured on the 21st DAP. A UV-Vis
spectrophotometer was used to measure chlorophyll
content at wavelengths of 645, 663, and 480 nm
(Vaghela et al. 2022). The vitamin C test was carried
out destructively using the spectrophotometric method
(Pathy 2018).

Data Analysis

The data were analyzed using Two-Way ANOVA to
see if there was a significant difference between
treatment combinations. If a significant effect was
discovered, Duncan's Multiple Range Test (DMRT)
was used at a 95% confidence level to determine
differences between treatments.

RESULTS AND DISCUSSION

Number of Leaves

The ANOVA results show an interaction impact
between rice husk biochar and FeCl; on the number of
leaves (Table 1. Number of bok choy leaves after
treatment with rice husk biochar and FeCl3). Increased
FeCl; concentration led to fewer bok choy leaves than
treatments without rice husk charcoal or FeCl;. The
BOFO treatment produced the most leaves (12.6)
(Figure 1. Bok choy plants after treatment with the
combination of rice husk biochar and FeCls.).
Combining 0 g/kg rice husk biochar with F1 (25 mg/L)
or F2 (50 mg/L) resulted in a substantial reduction in
leaf number (p < 0.05). The BOFO treatment (control)
produced the most leaves. Increased FeCl;
concentration led to fewer leaves than treatments
without rice husk charcoal or FeCl;. This is because
planting soil without rice husk biochar has a high cation
exchange capacity, allowing nutrients to be retained
effectively and resulting in optimal leaf formation (Singh
et al. 2022).

A decrease in the number of leaves might result in
inefficient photosynthesis, as leaves play an important
role in the process. The number of leaves increases
photosynthetic output, resulting in optimal plant growth
(Sales et al. 2021). This study found that the number of
leaves observed may be influenced by various factors
beyond the FeCl; content in the growing media and bok
choy plants, including the presence of other critical
nutrients in the soil. Carrefio et al. (2021) found that

Table 1 Number of bok choy leaves after treatment with rice husk biochar and FeCl;

. FeCls (mg/L)
Biochar (g/kg) FO F1 F2 Average
BO 12.6+ 0.52 11.2+1.3b¢ 10.4+ 0.5¢ 114 +1.29
B1 12.4+ 0.5% 11.8 +£0.82 7.8+0.8¢ 10.7 £ 2.2¢4
B2 11.8+ 1.5% 9.4 +0.94 9.4 +0.9¢ 10.2 + 1.6
Average 123+ 1P 10.8 £ 1.4° 9.2+1.3°

Description: Numbers followed by the same letter indicate no significant difference based on the DMRT test at a 95%

significance level (a = 5%).
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having more leaves correlates with increased leaf area.
Plants with more non-overlapping leaves can capture
more sunlight for photosynthesis, resulting in increased
assimilate production.

Leaf Area

ANOVA results show that the BOFO treatment had
the highest average leaf area (73.3 cm?, Table 2. Leaf
area of bok choy after treatment with rice husk biochar
and FeCls), while the B2F2 treatment had the lowest
(25.2 cm?). Combining rice husk biochar and FeCl;
treatments resulted in an interaction effect on leaf area.
Leaf area decreased as FeCl; concentration increased.
This is most likely due to the failure of the biochar
concentrations used in treatments B1 (2.5 g/kg) and B2
(7.5 g/kg) to effectively absorb heavy metals, resulting
in slowed leaf development.

The findings of this study contradict recent research
conducted by Adebajo et al. (2022), which found that
applying rice husk biochar at doses ranging from 0 to
16 g/kg increased the number and leaf area of tomato
plants. According to Parjono et al. (2019), high levels
of metal contamination, including FeCls, can harm plant
growth. Hamblin et al. (2014) stated that leaf area
determines the amount of chlorophyll manufactured by
plants since chlorophyll is related to photosynthesis
and a wider leaf surface area allows for more
chlorophyll production.
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According to Badria and Aboelmaaty (2019), FeCl;
inhibits leaf area expansion in plants by reacting with
tannins, which are key components in plant cells.
Tomasi et al. (2022) defined tannins as polyphenolic
chemicals found in plant cells, notably leaves. When
FeCl; combines with tannins, the tannin component
turns dark black, indicating a favorable result in tannin
identification tests. Tannins contain oxygen atoms with
lone electron pairs that can coordinate as ligands, while
the core atom in FeCl; is the Fe3* ion. Espina et al.
(2022) found that Fe3* ions can bind three tannin
molecules, each with two oxygen atoms functioning as
donor atoms at the 4' and 5' dihydroxy sites, allowing
the central atom to coordinate with six lone pairs. The
oxygen atoms at the 4' and 5' dihydroxy sites can act
as ligands since they require the least amount of
energy to build complex molecules.

In line with Gongalves et al. (2010), tannin
chemicals accumulate in plant cells and impede leaf
area expansion by disturbing the water and mineral
balance inside the cells, resulting in cellular drought
conditions. Tannins can also interfere  with
photosynthesis and plant development, all of which can
contribute to a loss in leaf area.

Chlorophyll Content
In the BOFO treatment (control), bok choy had the
highest chlorophyll content (2.97 mg/g), while the BOF2
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Figure 1 Bok choy plants after treatment with the combination of rice husk biochar and FeCls. (A) BOFO (control), exhibiting
the best plant growth; (B) BOF2 (0 g/kg rice husk biochar + FeCl;), plants with the lowest chlorophyll content; (C)
B2F2 (7.5 g/kg rice husk biochar + 50 mg/L FeCl;), plants with the lowest vitamin C content.

Table 2 Leaf area of bok choy after treatment with rice husk biochar and FeCl;

. FeCls (mg/L)
Biochar (g/kg) FO F1 F2 Average
BO 73.3+3.32 52.3+2.8° 46.2 £+ 7.7¢ 52.1+6.9
Bl 57.8+4.8° 54 +2.5° 34.3 + 4.4¢ 53.9+17.1
B2 428 +1.8° 59.8 + 0.8° 25.2 £ 4° 42.6+15.1
Average 57.9+135 55.3+3.9 35.2+10.3

Description:
significance level (a = 5%).

Numbers followed by the same letter indicate no significant difference based on the DMRT test at a 95%
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Table 3 Chlorophyll content of bok choy plants after treatment with rice husk biochar and FeCl;

) FeCls (mg/L)
Biochar (g/kg) FO F1 F2 Average
BO 2.0+ 0.12 1.47+ 0.2% 1.37+£0.2¢ 1.61+0.3
B1 1.83+0.1% 1.53+ 0.1% 1.73 £0.1b¢ 1.7+0.1
B2 1.8+ 0.020 1.6+ 0.1 1.6 +£0.1%d 1.67 0.6
Average 1.88+£0.1 1.53+0.1 1.57+£0.2
Description: Numbers followed by the same letter indicate no significant difference based on the DMRT test at a 95%

significance level (a = 5%).

treatment had the lowest chlorophyll content (1.3 mg/qg)
(p<0.05) (Table 3). These findings are consistent with
prior studies, which found that mustard greens had
chlorophyll concentration ranging from 0.383 to 2.356
mg/g.

Research indicates that increasing FeCl;
concentration can cause yellowing and decreased
chlorophyll content in bok choy plants (Figure 1).
Bernado et al. (2021) found that increasing Fe3*
concentration on the 21st day of cultivation increased
chlorophyll a and b content, however this rise stabilized
on the same day in Chlorella sp. Manzoor et al. (2023)
found that the impact of Fe3* concentration on
chlorophyll content varies based on environmental
circumstances and plant species. According to Barrow
and Hartemink (2023), other factors influencing Fe
uptake and utilization by plants include soil pH and
interactions with other chemicals in the soil. The
decrease in chlorophyll content may be owing to
excessive FeCl; concentration, which is hypothesized
to come from rice husk biochar's inadequate
performance in absorbing excess FeCls.

Biochar's high porosity and surface area assist the
physical adsorption of Fe ions, allowing them to be
absorbed. The pore structure of biochar provides
opportunities for capturing Fe ions from the
surrounding environment. The next step is ion
exchange, which can activate functional groups on the
biochar surface, such as carboxyl (-COOH) and
hydroxyl (~OH) groups, which aid in ion exchange. Fe3*
ions can replace other ions on the biochar surface
through chemical interactions, followed by electrostatic
interactions that attract positively charged Fe ions to
negatively charged biochar surfaces. Biochar's
relatively high cation exchange capacity helps to assist
this process. Complexation then happens, in which
organic functional groups in biochar, such as phenolics,
form complexes with Fe ions, increasing the biochar's
attraction for these metal ions and resulting in
precipitation. Under some conditions, Fe ions can
precipitate on the charcoal surface, especially if the
biochar has an alkaline pH that facilitates this process
(Hidayat 2015).

FeCl; decreases chlorophyll levels in bok choy by
interacting with the plant's chlorophyll and modifying its
structure, rendering it inactive or non-functional. Dey et
al. (2019) reported that this reaction involves electron
transfer from chlorophyll to FeCls, resulting in color
changes or reduced photosynthetic activity. According

to Putri et al. (2009), FeCl; can reduce photosynthetic
activity in mustard plants, leading to lower productivity,
including fewer leaves and less chlorophyll content.

Rice husk biochar can improve soil's physical,
chemical, and biological quality while lowering
hazardous metal concentrations (Li et al. 2023).
Additionally, rice husk biochar can improve soil quality
and plant productivity. However, its impact on the
absorption of excess metal elements varies depending
on climatic conditions and plant species. As a result,
using rice husk biochar in plants can help reduce the
detrimental effects of high metal levels in the soil,
allowing plants to grow and develop healthily (Campos
and de la Rosa 2020). However, in this investigation,
rice husk biochar did not exhibit a significant function in
heavy metal absorption. As the FeCl; concentration
increased in the biochar treatments, the chlorophyll
content decreased continuously.

The Content of Vitamin C

The vitamin C content was determined using the
spectrophotometric technique with ascorbic acid as a
standard solution. The maximum wavelength must first
be identified. The absorbance of the ascorbic acid
solution was measured at wavelengths between 260
and 270 nm (Khafid et al. 2023). Based on the
observations, the highest absorption value was 0.776
at 266 nm (Figure 2). The combined treatment of rice
husk biochar and FeCl; on the vitamin C content was
found to interact, according to ANOVA results. The
B1F2 treatment had the highest vitamin C
concentration (30.8 ppm). The BOF2 and B1F2
treatments differed significantly as the biochar
concentration increased in B1 (2.5 g/kg rice husk
biochar) (p < 0.05). The B2F2 treatment had the lowest
vitamin C level (8.9 ppm) (Table 4). Vitamin C content
of bok choy after treatment with rice husk biochar and
FeCl;). This suggests that increasing FeCl;
concentration can decrease vitamin C levels. This
decline is thought to be related to tissue damage in the
leaves, which prevents optimal vitamin C production.
Faster tissue damage might impede plant growth and
development.

Using rice husk charcoal and FeCls in the growing
media reduces vitamin C concentration in bok choy
leaves, leading to decreased plant development. This
occurs because the precursor for vitamin C production
is a main metabolite, specifically glucose. As said by
Bernado et al. (2021), glucose produced by plants is
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Figure 2 Standard curve of ascorbic acid.

Table 4 Vitamin C content of bok choy after treatment with rice husk biochar and FeCl;

. FeCls (mg/L)
Biochar (g/kg) FO F1 F2 Average
BO 25.1+ 2.3b 14.3+ 0.59 29.9+ 2.32 23171
B1 19.4 £ 0.8°¢ 12.4 +0.84 30.8+0.12 209+8.1
B2 26.2 £ 2.4° 24.1+£0.7° 8.9+£0.1° 19.7+8.3
Average 23.6+3.6 16.9+5.5 23.2+10.8
Description: Numbers followed by the same letter indicate no significant difference based on the DMRT test at a 95%

significance level (a = 5%).

used not only for growth but also for secondary
metabolism, such as vitamin C production. Similarly,
Castro et al. (2023) stated that the acquired glucose
enters the D-glucuronic acid and L-gulonic acid routes,
which then generate L-ascorbate, resulting in vitamin C
production.

Vegetables abundant in vitamin C are regarded
high-quality vegetables for health (Hermsdorff et al.
2012). Vitamin C is an essential component that serves
as an antioxidant and contributes to a healthy immune
system. Vitamin C-rich vegetables include broccoli,
mustard greens, red bell peppers, strawberries, and
papaya. Carr and Rowe (2020) noted that eating
vegetables high in vitamin C can assist meet daily
vitamin C requirements, which are critical for overall
health. As a result, the higher the vitamin C level in
veggies, the better they are for your health and daily
nutritional demands.

CONCLUSION

The combination of rice husk biochar and FeCl;
reduces the development of bok choy plants. The BOFO
treatment (control) produced the best productivity of
this particular plant. Increasing the concentration of rice
husk charcoal and FeCl; reduced the number of
leaves, leaf area, and chlorophyll content, but had no
effect on vitamin C levels.

ACKNOWLEDGMENTS

The authors would like to thank the Faculty of
Science and Mathematics at Diponegoro University for
funding this research in accordance with the Research
Implementation Assignment Letter for Non-APBD
Funding for the Fiscal Year 2023, Number:
24.C/UN7.F8./PP/11/2023, dated February 1, 2023.

REFERENCES

Adebajo SO, Oluwatobi F, Akintokun PO, Ojo AE,
Akintokun AK, Gbodope IS. 2022. Impacts of rice-
husk biochar on soil microbial biomass and
agronomic performances of tomato (Solanum
lycopersicum L.). Scientific Reports. 12(1): 1-8.
https://doi.org/10.1038/s41598-022-05757-z

Angst G, Mueller KE, Nierop KGJ, Simpson MJ. 2021.
Plant- or microbial-derived? A review on the
molecular composition of stabilized soil organic
matter. Soil Biology and Biochemistry, 156(March):
108189.
https://doi.org/10.1016/j.s0ilbio.2021.108189

Aytenew M, Bore G. 2020. Effects of organic
amendments on soil fertility and environmental
quality: A Review. Journal of Plant Sciences. 8(5):
112. https://doi.org/10.11648/).jps.20200805.12

Copyright © 2025 by Authors, published by Indonesian Journal of Agricultural Sciences.
This is an open-access atrticle distributed under the CC-BY-NC 4.0 License

(https://creativecommons.org/licenses/by-nc/4.0/)



https://creativecommons.org/licenses/by-nc/4.0/

452

Barrow NJ, Hartemink AE. 2023. The effects of pH on
nutrient availability depend on both soils and plants.

Plant and Soil. 487(1-2): 21-37.
https://doi.org/10.1007/s11104-023-05960-5
Badriaa AF, Aboelmaaty SW. 2019. Plant

histochemistry: A versatile and indispensible tool in
localization of gene expression, enzymes,
cytokines, secondary metabolites and detection of
plants infection and pollution. Acta Scientific
Pharmaceutical Sciences. 3(7): 88-100.
https://doi.org/10.31080/asps.2019.03.0318

Bernado W. de P Rakocevic M, Santos AR, Ruas KF,
Baroni DF, Abraham AC, Pireda S, Oliveira D. da S,
Da Cunha M, Ramalho JC, Campostrini E,
Rodrigues WP. 2021. Biomass and leaf
acclimations to ultraviolet solar radiation in juvenile
plants of Coffea arabica and C. canephora. Plants.
10(4): 4-17. https://doi.org/10.3390/plants10040640

Campos P, de la Rosa JM. 2020. Assessing the effects
of biochar on the immobilization of trace elements
and plant development in a naturally contaminated
soil. Sustainability (Switzerland). 12(15): 1-19.
https://doi.org/10.3390/su12156025

Carr AC, Rowe S. 2020. Factors affecting vitamin C
status and prevalence of deficiency: A global health
perspective. Nutrients. 12(7): 1-19.
https://doi.org/10.3390/nu12071963

Carrefio-Ortega A, do Paco TA, Diaz-Pérez M, Gomez-
Galan M. 2021. Lettuce production under mini-PV
modules arranged in patterned designs. Agronomy.
11(12): 1-16.
https://doi.org/10.3390/agronomy11122554

Castro JC, Castro CG, Cobos M. 2023. Genetic and
biochemical strategies for regulation of L-ascorbic
acid biosynthesis in plants through the L-galactose
pathway. Frontiers in Plant Science. 14(March): 1—
27. https://doi.org/10.3389/fpls.2023.1099829

Dey S, Kundu R, Gopal G, Mukherjee A, Nag A, Paul
S. 2019. Enhancement of nitrogen assimilation and
photosynthetic efficiency by novel iron pulsing
technique in Oryza sativa L. var Pankaj. Plant
Physiology and Biochemistry. 144(September):
207-221.
https://doi.org/10.1016/j.plaphy.2019.09.037

Espina A, Cafiamares MV, JuraSekova Z, Sanchez-
Cortes S. 2022. Analysis of iron complexes of tannic
acid and other related polyphenols as revealed by
spectroscopic techniques: implications in the
identification and characterization of iron gall inks in
historical manuscripts. ACS Omega. 7(32): 27937—-
27949. https://doi.org/10.1021/acsomega.2c01679

Fermindo F. 2015. Pengolahan air limbah senyawa
organik dengan oksidasi fotokatalitik pengolahan air
limbah senyawa organik beracun dengan oksidasi

JIPI, Vol. 30 (3): 447-453

fotokatalitik. Artikel,
researchgate.net.

December, 0-10.

Gongalves-Alvim S, Lana T, Ranieri B, Silveira F,
Ribeiro V, Fernandes G. 2010. Growth, defense and
herbivory on young leaves of Qualea parviflora
(Vochysiaceae) in three different Cerrado habitats.
Neotropical Biology and Conservation. 5(2): 86—92.
https://doi.org/10.4013/nbc.2010.52.03

Hamblin J, Stefanova K, Angessa TT. 2014. Variation
in chlorophyll content per unit leaf area in spring
wheat and implications for selection in segregating
material. PLOS One. 9(3): 1-9.
https://doi.org/10.1371/journal.pone.0092529

Hermsdorff HHM, Barbosa KBF, Volp ACP, Puchau B,
Bressan J, Zulet MA, Martinez JA. 2012. Vitamin C
and fibre consumption from fruits and vegetables
improves oxidative stress markers in healthy young
adults. British Journal of Nutrition. 107: 1119-1127.
https://doi.org/10.1017/S0007114511004235

Hidayat B. 2015. Remediasi tanah tercemar logam
berat dengan menggunakan biochar. Jurnal
Pertanian Tropik. 2(1): 51-61.
https://doi.org/10.32734/jpt.v2i1.2878

Janah LN, Apriliani AAN, Hidayah AN, Adhelia V,
Sukirno S, Daryono BS. 2023. Effectiveness of
liquid organic fertilizer byproduct of black soldier fly
maggot to the growth of mustard plant (Brassica
juncea L.). Journal of Tropical Biodiversity and
Biotechnology. 8(1): 1-10.
https://doi.org/10.22146/jtbb.70530

Karam SD, Nagabovanalli P, Rajoo SK, Ishak FC,
Abdu A, Rosli Z, Muharam MF, Zulperi D. 2022. An
overview on the preparation of rice husk biochar,
factors affecting its properties, and its agriculture
application. Journal of the Saudi Society of
Agricultural Sciences. 21(3): 149-159.
https://doi.org/10.1016/j.jssas.2021.07.005

Khafid A, Nurchayati Y, Hastuti ED, Setiari N. 2023.
Vitamin C and total soluble solid content of crystal
guava at different storage duration and ripeness.
Kultivasi. 22(2): 147-156.
https://doi.org/10.24198/kultivasi.v22i2.44124

Li Z, Zheng Z, Li H, Xu D, Li X, Xiang L, Tu S. 2023.
Review on rice husk biochar as an adsorbent for soil
and water remediation. Plants. 12(7):3.
https://doi.org/10.3390/plants12071524.

Manzoor N, Ali L, AL-Huqail AA, Alghanem SMS, Al-
Haithloul HAS, Abbas T, Chen G, Huan L, Liu Y,
Wang G. 2023. Comparative efficacy of silicon and
iron oxide nanoparticles towards improving the plant
growth and mitigating arsenic toxicity in wheat
(Tritcum  aestivum L.). Ecotoxicology and
Environmental  Safety. 264(July): 115382.
https://doi.org/10.1016/j.ecoenv.2023.115382

Copyright © 2025 by Authors, published by Indonesian Journal of Agricultural Sciences.
This is an open-access article distributed under the CC-BY-NC 4.0 License

(https://creativecommons.org/licenses/by-nc/4.0/)



https://creativecommons.org/licenses/by-nc/4.0/

JIPI, Vol. 30 (3): 447-453

Mensah AK, Frimpong KA. 2018. Biochar and/or
compost applications improve soil properties,
growth, and yield of maize grown in acidic rainforest
and coastal savannah soils in Ghana. International
Journal of  Agronomy. 2018: 6837404
https://doi.org/10.1155/2018/6837404

Nepal J, Ahmad W, Munsif F, Khan A, Zou Z. 2023.
Advances and prospects of biochar in improving soil
fertility, biochemical quality, and environmental
applications. Frontiers in Environmental Science.

11(February): 2-17
https://doi.org/10.3389/fenvs.2023.1114752
Parjono AS, Murtilaksono K, Indriyati L. 2019.

Fractionation of iron (Fe) and manganese (Mn) in
the horizons of a forest soils, agroforestry, and
dryland agriculture. Journal of Environmental
Science and Sustainable Development. 2(1): 117-
126. https://doi.org/10.7454/jessd.v2i1.32

Pathy K. 2018. Process for preparation of vitamin C
and method for determination of vitamin C in tablets.
surgery & case studies: Lupine Publisher.. Surgery
& Case Studies: Open Access Journal 1(3): 1-14
https://doi.org/10.32474/scs0aj.2018.01.000114

Putri CLO, Insafitri, Abida IW. 2009. Pengaruh
Pemberian  Feclz  Terhadap  Pertumbuhan.
Indonesian Journal of Marine Science and
Technolog. 2(1): 73-80.

Rahman KMA, Zhang D. 2018. Effects of fertilizer
broadcasting on the excessive use of inorganic
fertilizers and  environmental sustainability.
Sustainability (Switzerland). 10(3):1-9
https://doi.org/10.3390/su10030759

Sales CRG, Wang Y, Evers JB, Kromdijk J. 2021.
Improving C4 photosynthesis to increase
productivity under optimal and suboptimal
conditions. Journal of Experimental Botany. 72(17):
5942-5960. https://doi.org/10.1093/jxb/erab327

Sari EK. 2020. Penetapan kadar klorofil dan karotenoid

daun sawi (Brassica) menggunakan metode
spektrofotometri UV-Vis. Fullerene Journal of
Chemistry. 5(1): 49.

https://doi.org/10.37033/fjc.v5i1.150

453

Sokchea H, Borin K, Preston TR. 2015. Carry-over
effects of biochar on vyield of mustard green
vegetable (Brassica juncea) and on soil fertility.
Livestock Research for Rural Development. 27(9):
1-6.

Subakti MR, Nurhayati, Rahayu MS. 2022. The effect
of concentration of AB mix and ZPT solutions on the
growth and production of mustard plants (Brassica
juncea L.) in hydroponic wick systems. E3S Web of
Conferences. 339(2): 299-309.
https://doi.org/10.1051/e3sconf/202233901010

Taeque D, Domingos CBB. Gomes, Nabais NN. 2019.
Influence of the dosage of goat dung and sawdust
sengon wood (Albizia facataria) against the
productivity of the chicory plant (Brassica juncea L.)
on three different soil types in polybag. International
Journal of Development Research. 09(01): 25022—
25027.

Tomasi IT, Machado CA, Boaventura RAR, Botelho
CMS, Santos SCR. 2022. Tannin-based
coagulants: Current development and prospects on
synthesis and uses. Science of the Total
Environment. 822: 1-14.
https://doi.org/10.1016/j.scitotenv.2022.153454

Vaghela FH, Kachhot KD, Dhamal CH, Ram VR, Joshi
HS. 2022. UV-Vis Spectroscopy analysis of
chlorophylls and carotenoids in the leaves of Carica
papaya L. (male and female) by using various
extracting solvents in Kach and Saurashtra region.
IOSR Journal of Engineering (IOSRJEN). 12(7):
2278-8719. www.iosrjen.org

Yaashikaa PR, Kumar PS, Varjani S, Saravanan A.
2020. A critical review on the biochar production
techniques,  characterization,  stability  and
applications for circular bioeconomy. Biotechnology
Reports. 28: e00570.
https://doi.org/10.1016/j.btre.2020.e00570

Zhou R, Zhang M, Shao S. 2022. Optimization of target
biochar for the adsorption of target heavy metal ion.
Scientific Reports. 12(1): 1-17.
https://doi.org/10.1038/s41598-022-17901-w

Copyright © 2025 by Authors, published by Indonesian Journal of Agricultural Sciences.
This is an open-access atrticle distributed under the CC-BY-NC 4.0 License

(https://creativecommons.org/licenses/by-nc/4.0/)



https://creativecommons.org/licenses/by-nc/4.0/



