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Abstract

Water hyacinth (Eichhornia crassipes) compost provides a sustainable opportunity
to improve soil fertility while managing an invasive aquatic weed. This study evaluated
the optimal combination of water hyacinth compost and NPKS fertilizers for
enhancing soil chemical properties, nutrient uptake, and shallot (Allium ascalonicum
L.) yield on Inceptisols. The experiment was conducted from July to October 2023
using a Randomized Complete Block Design with seven fertilization treatments,
including a control treatment without compost or NPKS, a compost-only treatment,
a full NPKS treatment, and four combined treatments consisting of compost at
%, %, %, and 1 dosage levels each paired with % of the recommended N, P, K,
and S fertilizers. Results showed substantial improvements in soil chemistry,
particularly in treatments combining compost with reduced mineral fertilizer
rates. Soil pH increased toward neutral conditions, total nitrogen rose from
0.10% in the control to 0.32%, and available phosphorus and potassium in-
creased more than fourfold compared with unfertilized soil. The treatment of %
compost dose (18.75 t ha™) + % recommended NPKS consistently produced the
highest soil nutrient availability, reflecting enhanced mineralization and nutrient
retention. Nutrient uptake by shallot plants also improved markedly, with nitrogen,
phosphorus, and potassium absorption increasing two- to threefold relative to
the control. These improvements corresponded with clear gains in crop performance:
the number of bulbs increased from 5 in the control to 9, and fresh bulb weight
rose from 92.89 g to 132.26 g. Integrated treatments outperformed both
compost-alone and full mineral fertilization. These findings indicate that combining
water hyacinth compost with reduced NPKS fertilization can maintain high shallot
productivity while decreasing reliance on chemical fertilizers, enhancing soil fertility,
and providing an environmentally beneficial use for invasive aquatic biomass—
supporting sustainable and circular nutrient management in low-fertility tropical soils
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INTRODUCTION

The consumption of shallots by the Indonesian
population from 2019 to 2023 has shown fluctuating
but relatively increasing trends (Indonesian Ministry of
Agriculture, 2023). A crucial aspect of optimizing shallot
production is the use of synthetic and organic fertilizers.
Currently, the most commonly utilized organic fertilizers

are animal manure. Applying cow manure at a dose of
20t ha™", combined with liquid organic fertilizer at a
concentration of 15 mL L™, yielded the highest shallot
production compared to other treatments (Lasmini et al.,
2024). While animal manure is beneficial for enhancing
shallot yields, water hyacinth compost offers several
advantages as well.

Water hyacinth ranks among the world’s ten worst
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invasive aquatic plants, disrupting local ecosystems and
livelihoods (Churko et al., 2024). It significantly affects
water flow, blocks sunlight from reaching aquatic plants,
and serves as a bioindicator of polluted water (Pendse
and Deshmukh, 2024). The highest biomass of water
hyacinth recorded was 408.1 t ha? in a wetland ecosystem
of the Brahmaputra floodplain in India om September
2021 (Lahon et al., 2023). Composting the water offers
an effective strategy for controlling its spread while
repurposing it as a valuable agricultural input. Once
converted into compost, water hyacinth can provide
organic carbon (C) at 28.73%, nitrogen (N) at 1.85%,
phosphorus (P) at 4.06%, and potassium (K) at 2.75%
(Sofyan, 2023). Compost produced with cow dung and
cassava peel waste showed total nitrogen, phosphorus,
and potassium of 1.37%, 0.48%, and 0.25%, respectively
(Sebayang et al., 2023). Another study using cow rumen
contents as a starter solution reported phosphorus and
potassium content of 0.37% and 2.21%, consecutively
(Nurdiansyah et al., 2023). Compared to cow manure,
water hyacinth compost has demonstrated superior
effectiveness in enhancing soil’s physical, chemical, and
biological properties, making it a promising alternative
for sustainable agriculture (Begum et al., 2022).

Applying water hyacinth compost has been shown
to increase soil pH by up to 0.69 units, soil organic
carbon by 24.3%, total nitrogen (N) by 28.6%, available
phosphorus (P) by 80.2%, and exchangeable potassium
(K) by 112.7% (Gezahegn et al., 2024). This increase in
pH occurs because water hyacinth compost releases
organic acids that can bind with H* ions, effectively
reducing soil acidity and raising pH levels (Jutakanoke et
al., 2023). Additionally, a significant reduction in soil bulk
density (24.8%) was observed in land supplied with
compost over three consecutive growing seasons
compared to treatments without fertilizers (Chen et al.,
2022).

Water hyacinth compost also enhances soil nitrogen
by supplying organic matter and stimulating microbial
decomposition, releasing ammonium (NH;*) and nitrate
(NOs") for plant absorption (Lewoyehu et al., 2024).
This compost boosts microbial activity, facilitating the
nitrogen cycle and enabling bacteria to fix atmospheric
nitrogen into usable forms. The shift toward neutral pH
further enhances phosphorus, where orthophosphate
jons may convert from PO43" to HPO4* or H,PO,”
(phosphate ions) for plant uptake (Hardjowigeno, 2010).
The use of water hyacinth compost not only improves
soil chemistry but also enhances nutrient uptake and
overall plant health, resulting in higher yields and better-
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guality shallots (Remona et al., 2020).

Applying N, P, and K fertilizers alongside organic
fertilizers significantly improves shallot yield and
increases disease resistance. A combination of organic
and synthetic fertilizers increased the dry weight of shal-
lots by 40.79% or 16.89 t.ha™ compared to plots without
organic fertilizers (Ramadhan et al., 2018). Fertilizers
applied at optimal doses also promote the number of
offshoots and plant height, which in turn improve the
fresh weight of shallots (Soenyoto, 2016). Studies show
that higher doses of solid organic fertilizers, such as 3.5
kg per plot or 20 t.ha™, improve plant height and bulb
yield (Hakim and Sulardi, 2023).

A treatment of % compost combined with % doses
of N, P, K, and S fertilizers resulted in the highest sulfur
availability and uptake, which in turn improved the
aroma, color, and yield of shallot bulbs (Sofyan et al.,
2023). Another study in Bangalore found that 45 kg S
per hectare, combined with recommended fertilizers,
resulted in the highest bulb yield (61.96 t ha-1) under drip
irrigation (Haris et al., 2021). Furthermore, potassium
is a key player in ATP synthesis, which is essential for
energy transfer within plant cells. This energy is crucial
for various metabolic processes, including those
involved in bulb development (Singh et al., 2024).

With these advantages, additional studies should
further explore how water hyacinth compost contrib-
utes to improving soil N, P, and K levels, nutrient uptake
efficiency, and shallot yield. Previous research has
primarily focused on the use of water hyacinth compost
as a single organic amendment, with limited evaluation
of its interaction with synthetic fertilizers under field
conditions. This experiment addresses that gap by
investigating the combined application of water
hyacinth compost and reduced N, P, K, and S fertilizer
doses. The findings provide new insight into optimizing
nutrient management and enhancing shallot productivity
on nutrient-deficient Inceptisols. This study aimed
to determine the optimal dose of water hyacinth
compost for improving soil chemical properties,
nutrient assimilation, and productivity of shallot
(Allium ascalonicum L.).

MATERIALS AND METHODS

Study Area

This study was conducted experimentally in a
greenhouse at the Soil Chemistry and Plant Nutrition
Laboratory, Faculty of Agriculture, Universitas Padjadjaran,
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in Jatinangor District, Sumedang Regency, Indonesia
from July to October 2023. The site is located at an altitude
of 725 meters above sea level, with an average rainfall
of 4.075 mm per month. Soil and plant analyses were
performed at the Soil Chemistry and Plant Nutrition
Laboratory in the university. The materials used in this
experiment were Inceptisols soil from Jatinangor,
classified under the subgroup Fluventic Eutrudepts.
Based on laboratory analysis results, Inceptisols from
Jatinangor have a slightly acidic pH of 6.48; low organic
carbon content of 1.25%; a moderate C/N ratio of 13;
very low total nitrogen of 0.10%; moderate P205 (HCI
25%) of 20.84 mg.100g™"; very high K20 (HCl 25%) of
78.42 mg.100g™"; and low SO4%™ of 41.42 mg.kg™". The
shallot seeds used were of the Batu ljo variety due to
their superior performance in previous local trials,
demonstrating higher growth rates and vyields
compared to other varieties. The fertilizers applied
included compost made from water hyacinth, urea
containing 46% N, SP-36 containing 36% P,0s, KCI
containing 60% K,0O, and ZA (ammonium sulfate)
containing 21% N and 24% S.

Production of Water Hyacinth Compost

The material used for compost production was 70 kg
of water hyacinth (Figure 1) from Jatiluhur Reservoir,
Purwakarta, Indonesia. The water hyacinth was first
chopped into small pieces measuring 3-5 cm. This aims
to increase the surface area for decomposition by the
microorganisms added, thereby accelerating the
decomposition process of the water hyacinth. The
chopped water hyacinth was then treated with Orgadec
bio-activator, added to the compost pile at a dose of 350 g,
and evenly mixed using a hoe (Sofyan, 2023). Composting

Figure 1. Fresh water hyacinth from Jatiluhur Reservoir,
Purwakarta, Indonesia

157

was carried out anaerobically to reduce water evaporation
and maintain the stability of the compost temperature.

The maintenance of the compost involves turning
and watering to regulate temperature, humidity, and
oxygen levels. Turning and watering were performed
weekly. Temperature measurements were taken by
inserting a thermometer into the compost pile. When
the temperature in the compost pile drops to 27°C, the
compost is ready to be applied in the field (Remona,
2020). Samples for laboratory analysis were taken at four
weeks of composting by collecting compost samples
from five points on each side of the compost pile, each
about a tablespoon, and then compositing the samples.
The samples were subsequently placed in zip-lock bags
to avoid contamination. Based on laboratory test, water
hyacinth compost contains 16.94% organic carbon (C),
1.25% nitrogen (N), a C/N ratio of 14, 1.31% phosphorus
(P), and 0.39% potassium (K), along with a moisture
content of 11.66% and a pH of 7.77. The compost used
meets the quality standards based on SNI 19-7030-2004.

Experimental Design

The experiment was arranged in a Randomized
Complete Block Design (RCBD) consisting of seven
treatments with three replications. The treatments
included: (A) control (without water hyacinth compost
or NPKS fertilizers), (B) % of the recommended N, P, K,
and S doses, (C) 1 dose of water hyacinth compost, (D)
% dose of water hyacinth compost + % of the N, P, K, and
S doses, (E) % dose of water hyacinth compost + % of
the N, P, K, and S doses, (F) % dose of water hyacinth
compost + % of the N, P, K, and S doses, and (G) 1 dose
of water hyacinth compost + % of the N, P, K, and S
doses. Water hyacinth compost was incorporated into
the soil two weeks before transplanting, while mineral
fertilizers were applied according to shallot growth
stages—half at planting and the remainder at 30 days
after planting. Detailed treatment combinations are
presented in Table 1.

Variables of Observation and Statistical Analysis

Observations consisted of analysis of pH, total N, P,
and K, and the yield component including the number
of shoots, the number of bulbs, and the fresh weight of
the bulbs. The tested parameters were analyzed according
to the technical guidelines for the analysis of fertilizers,
water, soil, and plants from Balai Penelitian Tanah
(2009). Sampling was conducted when the shallot
plants were 42 days after planting (DAP) or had reached
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Table 1. Arrangement of water hyacinth compost and N, P, K, S fertilizers treatments on shallot

Treatment

Fertilizer Dose

Water hyacinth compost Urea SP-36 KCl ZA
t.hat kg.hat

A Control 0 0 0 0 0
B % of the recommended N, P, K, and S doses 0 150 225 150 375
C 1 dose of compost 25.00 0 0 0 0
D 7 dose of compost + % of the N, P, K, and S doses 6.25 150 225 150 375
E 7 dose of compost + % of the N, P, K, and S doses 12.50 150 225 150 375
F % dose of compost + % of the N, P, K, and S doses 18.75 150 225 150 375
G 1 dose of compost + % of the N, P, K, and S doses 25.00 150 225 200 375

maximum vegetative growth, characterized by the
appearance of flowers, with a total weight of 500 g.

Polybag measuring 30 x 30 cm was filled with eight
kilograms of soil. Next, water hyacinth compost was
mixed into the soil according to the treatment and
incubated for two weeks. Planting was carried out by
placing one shallot bulb (Batu ljo variety) in the polybag,
with half of the bulb buried in the soil and half above
the surface. Before planting, the outer skin of the bulb
and any remaining roots were cleaned, and the tip was
cut off by approximately %4. The application of SP-36 and
KCl fertilizers was performed at the time of planting,
while urea and ZA fertilizers were applied at 7 and 21
DAP.

Plant maintenance included watering in the morning
or evening, which was stopped approximately 7-10 days
before harvest to allow proper bulb maturation and
prevent rot. Weeding was done manually by pulling out
the weeds growing around the planting medium by
hand. Weeds were collected into a trash bag and

disposed of in the waste bin. Plant pests was carried
out preventively by applying Furadan before planting.
Harvesting was conducted at 67 DAP when the stem
bases were soft, 80% of the leaves turned yellow and
dried, fully filled bulbs with dark reddish-purple color
emerged above the soil surface.

The resultant data were statistically analyzed using
analysis of variance (ANOVA) with SPSS version 16.0.
When significant differences were detected, mean
separation was performed using Duncan’s Multiple
Range Test (DMRT) at a 5% significance level. Figures
presented in this paper are editable to ensure clarity;
any nonessential figures not discussed in the text were
removed to maintain conciseness.

RESULTS AND DISCUSSION

Soil Chemical Properties

Based on the data in Table 2, water hyacinth
compost can enhance the levels of pH, total nitrogen

Table 2. Effects of water hyacinth compost and N, P, K, S fertilizers on soil chemical properties in Inceptisols

oH 'Total Available Availa'ble

Treatment Nitrogen  phosphorus  potassium

(%) (mg kg™) (cmol kg*)
A Control 6.97 a 0.10 a 7.21 a 2.09 a
B % of the recommended N, P, K, and S doses 7.29 b 0.24 bc 19.12 b 422 b
C 1 dose of compost 7.28 b 0.22 b 20.74 b 446 b
D % dose of compost + % of the N, P, K, and S doses 721 b 0.26 bc 25.85 ¢ 4,28 b
E % dose of compost + % of the N, P, K, and S doses 7.54 ¢ 0.26 bc 24.00 c 430b
F % dose of compost + % of the N, P, K, and S doses 7.41 c 0.29 cd 32.12 5.48 ¢
G 1 dose of compost + % of the N, P, K, and S doses 7.50 c 032 d 31.19 462 b

CV (%) 1.67 2.19 9.15 6.92

Note: Means followed by the same letters in the same column are not significantly different according to Duncan’s multiple
range test at a 5% significance level. CV = Coefficient of Variation.
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(N), available phosphorus (P), and available potassium
(K) in Inceptisols. The control treatment showed
significantly different results compared to all other
test treatments. The treatment with % dose of compost
+% dose of N, P, K, and S produced a higher pH value
of 7.54 compared to other treatments, but did not
significantly differ from the treatments with % dose
of compost + % dose of N, P, K, and S and 1 dose of
compost + % dose of N, P, K, and S. This increase in
pH occurs because water hyacinth compost releases
organic acids that can bind with H* ions, effectively
reducing soil acidity and raising pH levels (Jutakanoke
et al., 2023).

In the observation of total soil nitrogen, the
treatment with % dose of compost + % dose of N, P, K,
and S showed significantly different results compared
to the control treatment and the treatment with 1 dose
of compost. The treatment with 1 dose of compost +
% dose of N, P, K, and S yielded total soil nitrogen of
0.32% and did not significantly differ from the
treatment with % dose of compost + % dose of N, P,
K, and S. The increase in total nitrogen in the soil due
to the use of water hyacinth compost can occur for
several reasons. First, water hyacinth compost is a
rich source of nitrogen, which is released into the
soil during the decomposition process. During this
process, microorganisms break down organic matter,
producing nitrogen in the form of ammonium (NH,*)
and nitrate (NOs’) that can be absorbed by plants
(Lewoyehu et al., 2024). Additionally, this compost
enhances soil microbial activity, which plays arole in the
nitrogen cycle, including nitrogen fixation by bacteria
that convert atmospheric nitrogen into usable forms.
The stability of nitrogen in the soil is also improved
because the organic matter in the compost helps

reduce nitrogen loss due to volatilization or leaching
(Begum et al., 2022).

According to Table 2, the available phosphorus
content showed an increase in value with the
application of both compost and synthetic fertilizers.
The treatment with % dose of compost + % dose of
N, P, K, and S exhibited results that were not
significantly different from the treatment with 1
dose of compost + % dose of N, P, K, and S, yielding
available phosphorus content of 32.12 mg/kg and
31.19 mg/kg, respectively. This increase is attributed
to the phosphorus content, one of the essential
nutrients in water hyacinth compost, which contributes
to the increase of available P in the soil. Compost
derived from nutrient-rich organic materials releases
these nutrients into the soil after the decomposition
process, making them available for plant absorption
(Hardjowigeno, 2010).

In terms of available potassium content, the
treatment with % dose of compost + % dose of all
the element could directly increase the K,O levels in
the soil. The total potassium content in the studied
water hyacinth compost was found to be 1.37%,
which can enhance the K,O content in the soil
through decomposition by microorganisms that
release potassium as K;0. The subsequent reduction
in extractable K observed in treatment G (1 dose of
compost + % dose of N, P, K, and S) may be explained
by several interacting mechanisms in the Inceptisols
studied. A higher dose of compost may have stimulated
microbial activity, leading to temporary immobilization
of potassium within organic complexes during the
decomposition process (Wolf et al., 2021). Moreover,
depending on the clay mineralogy of the Inceptisol,
the increased concentration of cations resulting

Table 3. Effects of water hyacinth compost and N, P, K, S fertilizers on nutrient uptake by shallots in Inceptisols

Treatment Total Nitrogen Total P»O¢ Total K5O
(mg/plant)
A Control 6.86a 6.38a 8.82a
B % of the recommended N, P, K, and S doses 16.49bc 16.14b 9.43a
C 1 dose of compost 15.42b 18.64c 11.02b
D % dose of compost + % of the N, P, K, and S doses 18.63bc 19.66¢d 11.36b
E % dose of compost + % of the N, P, K, and S doses 21.45cd 19.74cd 14.57¢c
F % dose of compost + % of the N, P, K, and S doses 21.95cd 22.29%e 14.82c
G 1 dose of compost + % of the N, P, K, and S doses 24.94d 21.86de 11.51b
CV (%) 6.91 9.55 3.31

Note: Means followed by the same letters in the same column are not significantly different according to Duncan’s multiple
range test at a 5% significance level. CV = Coefficient of Variation.
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Figure 2. The number of shallot offshoots as affected by the application of water hyacinth compostand N, P, K, S

fertilizers

from compost mineralization could have enhanced K
fixation or adsorption onto interlayer sites of certain
clay minerals, thereby reducing the extractable K
measured by standard methods (Annapurna et al.,
2016).

Testing the chemical properties of the soil plays
a crucial role in determining nutrient availability.
Additionally, chemical testing helps monitor changes
in soil quality over time, including the impacts of
agricultural practices and resource management.
According to Begum et al. (2022), organic fertilizers
based on water hyacinth demonstrate advantages
over manure, as they have a more significant impact
on soil properties, particularly in terms of pH value,
cation exchange capacity (CEC), and primary nutrients
(N, P, and K).

Nutrient Uptake

Pursuant to the data showcased in Table 3, it is
perceivable that the confluence of water hyacinth
compost and N, P, K, S fertilizers substantially
enhanced the assimilation of nitrogen, phosphorus,
and potassium by plants compared to the control
treatment. Increased nutrient uptake by the plants
correlates with the availability of nutrients in the soil
(Hardjowigeno, 2010). The control treatment exhibited
the lowest nitrogen absorption value, which was
6.86 mg per plant. The treatment with 1 dose of
compost + % dose of N, P, K, S fertilizers yielded a
significantly different result compared to the control
treatment, % dose of recommended N, P, K, S, 1 dose
of compost, and % dose of compost + % dose of N, P,
K, S fertilizers, with a value of 24.94 mg per plant.
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This phenomenon can be attributed to the equipoise
between organic fertilizers derived from it, which
facilitates quicker nutrient availability for the plants.
This condition enables nutrients such as nitrogen to
be more readily assimilated by the plants.

This salutary change enhances the solubility of
various nutrients, especially phosphorus, in the soil.
The form of orthophosphate ions may have
transmogrified from PO,> to HPO4* or even H,PO4
(phosphate ions) in a short time, leading to an
increase in phosphorus concentration in the plants
(Hardjowigeno, 2010). Regarding potassium absorption,
the treatment with % dose of compost + % dose of
N, P, K, S fertilizers yielded results that were not
significantly different from the treatment with %
dose of compost + % dose of N, P, K, S fertilizers, with
values of 14.82 and 14.57 mg per plant, respectively.
Result indicates that the synergy of water hyacinth
compost and synthetic fertilizers enhance potassium
uptake by the plants. Yatoo et al. (2025) reported
that compost derived from aquatic plants, including
water hyacinth, significantly enhanced soil nutrient
status and microbial activity, demonstrating its potential
as an eco-friendly soil amendment. Similarly, Kelbesa
(2021) found that the application of organic composts
in tropical soils increased the availability of nitrogen,
phosphorus, and potassium, leading to higher vegetable
crop yields.

Shallot Yield Results

Pursuant to the data showcased in Figure 2, it is
discernible that shallots subjected to 1 dose of compost
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Table 4. Effects of water hyacinth compost and N, P, K, S fertilizers on the number of bulbs and fresh weight of shal-

lots on Inceptisols

Treatment Number of Bulbs Fresh Weight of Shallots (g)
A Control 5 a 92.89 a
B % of the recommended N, P, K, and S doses 7 107.27 b
C 1 dose of compost 7 98.09 a
D Y% dose of compost + % of the N, P, K, and S doses 8 bc 115.14 ¢
E ¥ dose of compost + % of the N, P, K, and S doses 8 bc 121.93 cd
F % dose of compost + % of the N, P, K, and S doses 8 bc 124.82 de
G 1 dose of compost + % of the N, P, K, and S doses 9 ¢ 132.26 e
CV (%) 8.82 3

Note: Means followed by the same letters in the same column are not significantly different according to Duncan’s multiple

range test at a 5% significance level. CV = Coefficient of Variation.

+ % dose of N, P, K, S and % dose of compost + %
dose of N, P, K, S engendered 8 offshoots at 42
days subsequent to planting. Conversely, the control
treatment resulted in the lowest number of offshoots,
with merely 4. The quantity of offshoots is influenced
by nitrogen availability, as nitrogen plays a pivotal
role in the rate of photosynthesis and enhances protein
synthesis, which is essential for cell formation and
optimizing vegetative growth (Begum et al., 2022).
The number of offshoots directly impacts the quantity
of shallot bulbs produced. An increase in the number
of offshoots leads to a higher bulb yield. Nutrient
availability plays a vital role in affecting the number of
offshoots in plants. The addition of N, P, K, S fertilizers
and water hyacinth compost contributes to higher
plant yields, increasing the number of offshoots, fresh
weight, dry weight, and the weight of shallot plant
shoots compared to treatments without fertilization
(Suwandi et al., 2016; Supadma et al., 2020).
According to Table 4, the control treatment (without
the application of water hyacinth compost nor N, P,

Figure 3. a) Shallot plants one week after planting; b) Shallot plants
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K, S fertilizers) had the lowest average number of
bulbs, which was 5. This occurs because the nutrient
requirements of the plants were not met, hindering
their growth and development. The treatment with
1 dose of compost + % dose of N, P, K, S produced a
higher average number of bulbs, reaching 9; however,
this was not significantly different from the treatments
of % dose of compost + % dose of N, P, K, S, % dose
of compost + % dose of N, P, K, S, and % dose of compost
+ % dose of N, P, K, S. The treatment using only % of
the recommended N, P, K, S dose resulted in an average
number of bulbs of 7, which was significantly different
from the control treatment and the treatment with
1 dose of compost + % dose.

The application of water hyacinth compost can
provide a balanced nutrient profile in the soil. Providing
balanced sulfur will improve onion bulb harvests
(Shiferaw et al., 2015). However, excessive sulfur
application can hinder the growth of shallot plants,
leading to reduced yields. In addition, the application
of water hyacinth compost significantly affects the

o =

five weeks after planting
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fresh weight of bulbs compared to using N, P, K, S fer-
tilizers only.

The treatment with 1 dose of compost + % dose
of N, P, K, S yielded a higher fresh bulb weight of
132.26 g, but did not show a significant difference
from the treatment of % dose of compost + % dose
of N, P, K, S, which produced 124.82 g. This aligns
with the findings of Lasmini et al. (2024), which
showed that the use of both organic and synthetic
fertilizers can improve shallot yield, shallot bulb quality,
soil quality, and the efficiency of synthetic fertilization.

Figure 3 illustrates the growth condition of shallot
plants at one and five weeks after planting. High
shallot yields are influenced by the availability of
essential nutrients N, P, K, and S, whose roles cannot
be replaced by other nutrients. Nitrogen plays a crucial
role in chlorophyll formation, photosynthetic rate,
and protein synthesis for cell development. Nitrogen
optimizes vegetative growth and the photosynthesis
process in shallot plants, thereby promoting both
the quantity and the fresh and dry weight of the
bulbs (Supriyatna et al., 2016). Phosphorus also plays
a role in photosynthesis, particularly in chlorophyll
formation and energy transport from metabolism,
which can stimulate bulb growth. Additionally,
potassium is a key player in ATP synthesis, which is
essential for energy transfer within plant cells. This
energy is crucial for various metabolic processes,
including those involved in bulb development (Singh
et al., 2024). A positive relationship was observed
between soil nutrient availability (N, P, K) and nutrient
uptake by shallot plants, which was reflected in the
corresponding increase in bulb yield. This indicates
that improvements in soil fertility directly enhance
plant performance.

CONCLUSIONS

Compost derived from water hyacinth exhibited
considerable promise in ameliorating the edaphic
attributes, nutrient assimilation, and productivity of
shallot cultivars cultivated in Inceptisol soil. The
concomitant application of water hyacinth compost
and % of the recommended N, P, K, and S fertilizer
doses improved plant growth and yield compared
to synthetic fertilizers alone. The treatment combining
% compost (18.75 t ha') with % of the recommended
N, P, K, and S fertilizer doses (150 kg ha*; 225 kg ha';
150 kg ha; and 375 kg ha’, respectively) resulted
in the most significant enhancement in soil chemical
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properties, nutrient uptake, and shallot yield in
Inceptisols. This approach underscores the potential
of utilizing water hyacinth, an abundant aquatic
macrophyte, as an eco-friendly compost material to
support sustainable agriculture on soils with low
fertility, such as Inceptisols.

REFERENCES

Annapurna, M. V. V. 1., & Kadam, B. S. (2016). Potassium
release and fixation capacity of representative
soil series of sub-montane zone of maharashtra.
Journal of Innovative Agriculture, 3(2), 20-24.

Balai Penelitian Tanah. (2009). Petunjuk Teknis
Analisis Kimia Tanah, Tanaman, Air, dan Pupuk.
Balai Penelitian Tanah: Bogor. [Indonesian]

Begum, S.L., Himaya, S.M.M.S. and Afreen, S.M.M.S.
(2022). Potential of water hyacinth (Eichhornia
crassipes) as compost and its effect on soil
and plant properties: A review. Agricultural
Reviews, 43(1), pp.20-28.

Churko, E.E., Nhamo, L. and Chitakira, M. (2024).
Multispectral remote sensing approach of
predicting the potential distribution and
evaluating the current spread of water hyacinth
(Eichhornia crassipes). Sustainable Water
Resources Management, 10(1), p.35.

Chen, D., Ye, X., Jiang, Y., Xiao, W., Zhang, Q., Zhao,
S., Shao, S., Gao, N., Huang, M. and Hu, J.
(2022). Continuously applying compost for
three years alleviated soil acidity and heavy
metal bioavailability in a soil-asparagus lettuce
system. Frontiers in Plant Science, 13,
p.972789.

Gezahegn, A., Selassie, Y.G., Agegnehu, G., Addisu,
S., Mihretie, F.A., Kohira, Y., Lewoyehu, M. and
Sato, S. (2024). Sustainable weed management
and soil enrichment with water hyacinth
composting and mineral fertilizer integration.
Environmental Challenges, 16, p.101007.

Hardjowigeno, S. 2010. lImu Tanah. Akademik
Pressindo. Jakarta

Haris, M.M., Osmani, K.S. and Younusi, M. M.
(2021). Effect of different levels of sulphur on
growth and vyield of onion (Allium cepa L.)
under drip irrigation. International Journal of
Plant & Soil Science, pp.60-65.

Hakim, T., Sulardi, S. and Wasito, M.M. (2023).
Analysis of the utilization of agricultural waste
fermentation in increasing shallot production.
Jurnal llmiah Membangun Desa dan Pertanian,



Sofyan et al.: Impact of Water Hyacinth Compost and Compound Fertilizers on Soil Chemistry, Nutrient Uptake, and Shallot Yield.

8(2), pp.61-67.

Hendrawan, A. E. Y. and Isnaini. (2018). Pengaruh
pemberian kompos eceng gondok dan jarak
tanam terhadap pertumbuhan dan produksi
tanaman bawang merah (Allium ascalonicum
L.). JOM Faperta UR, 5(1). (Indonesian).

Jutakanoke, R., Intaravicha, N., Charoensuksai, P.,
Mhuantong, W., Boonnorat, J., Sichaem, J.,
Phongsopitanun, W., Chakritbudsabong, W.
and Rungarunlert, S. (2023). Alleviation of
soil acidification and modification of soil
bacterial community by biochar derived from
water hyacinth Eichhornia crassipes. Scientific
Reports, 13(1), p.397.

Indonesian Ministry of Agriculture. (2023). Statistics of
Food Consumption 2023. Jakarta. [Indonesian].

Kelbesa, W. A. (2021). Effect of compost in improving
soil properties and its consequent effect on
crop production—A review. Journal of Natural
Sciences Research, 12(10), 15-25.

Lasmini, S.A., Idham, I., Tambing, Y., Nasir, B.H. and
Tegar, M. (2024). Increasing shallot yields by
using solid organic fertilizer and liquid organic
fertilizer on dryland. In IOP Conference
Series: Earth and Environmental Science (Vol.
1355, No. 1, p. 012009). IOP Publishing.

Lahon, D., Sahariah, D., Debnath, J., Nath, N., Meraj,
G., Farooq, M., Kanga, S., Singh, S.K. and
Chand, K. (2023). Growth of water hyacinth
biomass and its impact on the floristic
composition of aquatic plants in a wetland
ecosystem of the Brahmaputra floodplain of
Assam, India. PeerJ, 11, p.e14811.

Lewoyehu, M., Kohira, Y., Fentie, D., Addisu, S. and
Sato, S. (2024). Water hyacinth biochar: a
sustainable approach for enhancing soil
resistance to acidification stress and nutrient
dynamics in an acidic nitisol of the northwest
highlands of Ethiopia. Sustainability, 16 (13),
p.5537.

Nurdiansyah, A., Pribadi, A., Suprayogi, D. and Karami,
A.A. (2023). Quality of cow dung composting
fertilizer with additional starter solution of
cow rumen contents. Journal Konversi, 12(1),
pp.19-24.

Petrokimia Gresik dan Dinas Pertanian Gresik. (2011).
Anjuran Umum Pemupukan Berimbang
Menggunakan Pupuk Tunggal. Available
at: www.petrokimia-gresik.com. [Accessed 6
Mei 2023].

Pendse, D. S., and Deshmukh, M. P. (2024). A
comprehensive study on an integrated
approach for water hyacinth management to

163

conserve natural water resources in India.
Materials Today: Proceedings.

Ramadhan, A.F.N. and Sumarni, T. (2018). Respon
tanaman bawang merah (Allium ascalonicum
L.) terhadap pupuk kandang dan pupuk
anorganik (NPK). Jurnal Produksi Tanaman,
6(5), pp.815-822. (Indonesian).

Remona, R., Sofyan, E.T., Joy, B., Sudirja, R., Yuniarti,
A. and Hamdani, J.S. (2020). Quantity and
quality of shallot (Allium ascalonicum L.) as
influenced by water hyacinth compost on
Fluventic Eutrudepts. American Journal of
Biological and Environmental Statistics, 6(3),
pp.50-57.

Sebayang, N.U.W., Akasah, W., Manurung, V.R.,
Sinamo, K.N., Perangin-angin, G.A., Lesmana,
A.F. and Rahma, K.A. (2023). Chemical
Characteristics and SEM Analysis of Compost
from Cassava Peel Waste and Cow Manure:
Production by Pendawa | Farmer Group,
Candi Rejo Village. Abdimas Talenta: Jurnal
Pengabdian Kepada Masyarakat, 8(1),
pp.604-610.

Shiferaw, D., Dechassa, N., Woldetsadik, K., Tabor,
G. and Sharma, J.J. (2015). Effect of nitrogen,
phosphorus, and sulphur fertilizers on growth,
yield, and economic returns of Garlic (Allium
sativum L.). Journal of Science, Technology
and Arts Research, 4(2), pp.10-22.

Singh, K., Gupta, S. and Singh, A.P. (2024). Nutrient-
nutrient interactions governing underground
plant adaptation strategies in a heterogeneous
environment. Plant Science, p.112024.

Soenyoto, E., 2016. Pengaruh dosis pupuk anorganik
NPK Mutiara (16: 16: 16) dan pupuk organik
Mashitam terhadap pertumbuhan dan produksi
tanaman bawang merah (Allium ascalonicum
L.) Varietas Bangkok Thailand. Jurnal Iimiah
Hijau Cendekia, 1(1), pp.21-27.

Sofyan, E. T., Remona, R., and Mulyani, O. (2023).
Changes of Soil Nutrient Content as Influenced
by Water Hyacinth Compost and Inorganic
Fertilizers on Shallot. In E3S Web of Conferences
(Vol. 444, p. 04018). EDP Sciences.

Supadma, A.N., Dana, I.M. and Arthagama, |.D.M.
(2020). Peningkatan Hasil Bawang Merah dan
Perubahan Sifat Kimia Tanah dengan Pemupukan
Berimbang Semi Organik pada Tanah Inceptisol.
Agrotop, 10(1), pp.67-76. (Indonesian).

Supriyatna, S., Salman, S. and Nugraha, D.R. (2016).
Kombinasi penggunaan pupuk organik cair,
kompos dan anorganik terhadap pertumbuhan
dan hasil tanaman bawang merah (Allium



ascalonicum. L) kultivar Maja Cipanas. Agrivet:
Jurnal llmu-limu Pertanian dan Peternakan
(Journal of Agricultural Sciences and Veter-
iner), 4(1).

Suwandi, S., Sopha, G.A. and Yufdy, M.P. (2015).
Efektivitas pengelolaan pupuk organik, NPK,
dan pupuk hayati terhadap pertumbuhan dan
hasil bawang merah. Jurnal hortikultura,
25(3), pp.208-221.

Volf, M. R., Crusciol, C. A. C., de Azevedo, A. C,,
Thompson, M. L., Kovar, J. L., & Rosolem, C. A.
(2021). Potassium bioavailability in a tropical
kaolinitic soil. Agronomy, 11(10), 2016.

Yatoo, A. M., Suthar, S., Elrys, A. S., Ali, M. N., & Hussain,
S. (2025). Management of Aquatic Macrophytes
by Vermicomposting: A Green Technology for
Organic Resource Management, Nutrient
Recovery, and Agricultural Sustainability.
Journal of Soil Science and Plant Nutrition,
25(1), 1643-1660.

164



