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ABSTRACT 

Water hyacinth (Eichhornia crassipes) is one of the most invasive aquatic weeds, causing serious 
environmental and economic impacts in water bodies. However, it has the potential to be composted as an 
organic fertilizer because of its high nutrient content. The purpose of this study was to make compost from 
water hyacinth and assess its suitability for use in agriculture. Water hyacinth biomass was harvested, 
mechanically chopped, mixed with carbon-rich bulking agents (rice straw, cow dung, ash, and soil), and 
composted for four months with periodic turning. Fertility assays were used to examine the germination%, 
relative root growth and elongation of shooting and rootingof the compost.The results indicated a seed 
germination index >80%, showing that the compost was non-toxic and safe for agricultural application. When 
compared to control soil, plant height and quality were enhanced by the compost application. According to 
the research, water hyacinth compost can serve as an inexpensive sustainable fertilizer that lessens reliance 
on chemical fertilizers and aids the environment by controlling invasive weeds. 

 
Keywords: Water hyacinth (Eichhornia crassipes), compost, nitrogen, nutrients organic fertilizer, 
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INTRODUCTION 
 

Water hyacinth is one of the world's 
most aggressive invasive aquatic plants, 
rapidly colonizing freshwater bodies and 
forming dense mats that disrupt ecological 
balance, impede navigation, reduce ecological 
oxygen, and harm fisheries and water 
management systems (Canning et al., 2025; 
Gaurav et al., 2020). The plant flourishes in 
nutrient-rich eutrophic environments, resulting 
in large biomass buildup and significant 
ecological management costs (Nandiyanto et 
al., 2024). Paradoxically, the same 
characteristics that harm the environment—
rapid growth, high cellulose content, and strong 
nutrient uptake capacity—make water hyacinth 
a promising biomass resource for valorization 
pathways, particularly composting and circular 
bioeconomy solutions. Composting allows 
water hyacinth biomass to be converted into a 
nutrient-rich organic amendment for agricultural 
use (Begum, 2021; Vincent-Akpu et al., 2024). 
Composting biologically transforms organic 
materials, lowering phytotoxicity, stabilizing 
organic matter, and increasing nutrient 
availability, particularly nitrogen, phosphorus, 
and potassium (Serafini, 2025). When used 

correctly, water hyacinth compost increases 
soil structure, water retention, microbial activity, 
and crop output (Dushimeyesu et al., 2024; 
Mazumder, 2021). Co-composting with bulking 
agents such cow dung, rice straw, sawdust, or 
biochar has also been shown to improve 
aeration, carbon-to-nitrogen balance, and 
decomposition efficiency (Serafini et al., 2024). 

Despite these advantages, safety 
concerns persist about the presence of heavy 
metals and environmental toxins acquired by 
water hyacinth during its life cycle, particularly 
in polluted water bodies (Patinha, 2025). 
Several authors have advocated pretreatment 
procedures, root system removal, controlled 
mixing ratios, and field application rates to 
assure environmental safety. According to life-
cycle assessment research, incorporating 
water hyacinth compost into agricultural 
systems has the potential to significantly 
reduce synthetic fertilizer dependency, carbon 
footprint, and eutrophication impacts while also 
supporting community-scale circular economy 
strategies (Abba et al., 2025). 

Overall, existing research shows that 
composting water hyacinth provides an 
environmentally friendly waste-to-resource 
pathway that can address ecological 
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management issues while also supporting 
sustainable agriculture and soil enhancement 
goals (Canning et al., 2025; Serafini, 2025). 
However, more study is needed to standardize 
composting techniques, analyze long-term field 
impacts, measure soil-plant metal mobility, and 
develop regulatory frameworks for safe 
agricultural usage (Patinha et al., 2025; Abba 
et al., 2025). According to this need, the current 
investigation addresses the controlled 
composting of water hyacinth biomass utilizing 
widely available carbon-rich substrates such as 
rice straw, cow dung, ash, and soil. Throughout 
the decomposition process, the compost was 
observed and assessed for maturity, safety, 
and nutrient performance using germination 
bioassays and plant growth trials. The 
conclusions of this research are expected to 
give scientific basis for the conversion of an 
invasive weed into a valuable agricultural input, 
while simultaneously solving waste 
management difficulties and lowering the 
dependency on chemical fertilizers. Ultimately, 
this study contributes to promoting sustainable 
agriculture and circular biomass usage 
techniques by demonstrating the potential of 
water-hyacinth-based compost as an eco-
friendly soil additive. 
 

Phytochemical Profile of Eichhornia 
crassipes 
 

Eichhornia crassipes (Fig. 1) is 
chemically relevant for environmental, 
agricultural, and medicinal purposes since 
recent phytochemical studies have shown that 
it contains a wide variety of bioactive 
chemicals. The presence of phenolics, 
flavonoids, tannins, alkaloids, saponins, 
terpenoids, glycosides, sterols, and organic 

acids in various plant parts has been confirmed 
by thorough LC–MS/MS and GC–MS analyses; 
leaves and flowers show the highest 
concentrations of secondary metabolites 
(Bakrim et al., 2025).The plant's vast chemical 
complexity has been demonstrated by the 
discovery that methanolic extracts include up to 
72 different chemical elements, such as 
stigmasterol, β-sitosterol, derivatives of caffeic 
acid, and flavonoid glycosides (Hasnat et al., 
2024). The functional roles of these 
compounds in free-radical scavenging 
processes are confirmed by recent studies that 
show considerable antioxidant activity 
connected with high total phenolic and 
flavonoid content (Deshlahre& Kulkarni, 2025; 
Shukla et al., 2023). Furthermore, enhanced 
recovery of phenolics and flavonoids has been 
shown by extraction optimization utilizing AI-
assisted modeling, underscoring the possibility 
of bioactive extraction on an industrial scale 
(Korkmaz et al., 2025).Further evidence that 
these phytochemicals contribute to 
antimicrobial and antiproliferative activities, 
supporting possible therapeutic uses, comes 
from bioactivity assays, such as cytotoxic and 
antibacterial studies (Febriani et al., 2024; 
Ahmed et al., 2025). Many of these chemicals 
undergo microbial change and breakdown 
during composting, which lowers initial 
phytotoxicity and aids in humification 
processes. This is consistent with the high 
germination index found in this study. All things 
considered, E. crassipes' phytochemical 
richness explains both its ecological resilience 
and its growing significance as a biomass 
resource for applications in circular 
bioeconomy, green chemistry, and biofertilizer 
production. 

 Classification 

 

  
 Kingdom: Plantae 

 Phylum: Tracheophyta 

 Class: Liliopsida 

 Order: Commelinales 

 Family: Pontederiaceae 

 Genus: Pontederia  

 Species: P. crassipes (or E. crassipes)  

Fig. 1: Water hyacinth plant and their classification 
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MATERIAL AND METHODS 
 

Water hyacinth, Bulking Agent, animal 
manure (cow dung or other animal manure), 
rice straw, wood chips or sawdust, water, soil 
and ash. 
 
Sample Collection  
 

The water hyacinth was harvested 
manually from Pulgaon Nala Durg, in a stream 
about 5 km from Bharti University. 
 
Water hyacinth compost preparation 
 

Compost was prepared from using 
water hyacinth (the main source) with other 
bulking agents (cow manure, rice straw, soil 
and ash). Cow manure was added to speed up 
the composting and enhance nutrient levels in 
the final compost product (Wan et al., 2012), 
while rice straw was added to adjust the C/N 
ratio and moisture level for efficient composting 
(Iqbal et al., 2010). Soil was utilized as a 
microbial source for organic matter 
decomposition(Nigussie et al., 2021), and 
adding ash plays a crucial role in regulating the 
compost pH levels and enhancing the liming 
effect of the final compost (fig. 2)(Juárez et al., 
2015). Water hyacinth was collected before its 
flowering stage from Lake Tana, Northwestern 
Ethiopia (10°45′54.1′' N, 36°10′24.9′' E and 
12°50′15.9′' N, 38°50′54.48′' E) at different 
infested areas of the lake. Cattle manure was 
collected from the cattle farm of the College of 

Agriculture and Environmental Sciences 
(CAES), Bihar Dar University, and rice straw 
was collected from farmers. Soil and ash were 
also collected from the CAES campus of Bihar 
Dar University. Before sun drying, fresh water 
hyacinth biomass was chopped into smaller 
pieces (2 - 3 cm). The drying was required to 
manage the moisture inside the compost mix. 
After sun drying the biomass for two weeks, the 
compost mix was made in a 50:30:10:10 ratio 
(dry weight basis) of water hyacinth, cow 
manure, rice straw, and a mix of soil and ash, 
respectively. The compost ingredients and 
ratios were based on(Roshan et al., 2012), with 
some modifications of adding soil and ash. 
During mixing, water was sprinkled. The 
compost mix was then converted into a 
composting heap with a volume of 3 m3 (1 m 
height, 1.5 m width, 2 m length). Plastic sheets 
covered the inner walls of the compost heap. A 
rice straw was laid at the base of the 
composting heap before converting the bulk 
compost mix. After constructing the compost 
hip, it was covered with grass to prevent 
moisture loss and allow air circulation. The 
compost moisture level was maintained at 60 
% for better microbial activity (Gurusamy et al., 
2021). The compost mix was turned once a 
month for better aeration and biomass 
degradation. The compost matured after four 
months of composting. Matured compost was 
air dried, crushed, and screened using a 2-mm 
and 4-mm sieve for chemical analysis and land 
application, respectively (Fig. 3). 

 

 
 

Fig. 2: Applied steps for Compost preparation by using water hyacinth plants 



 

35 Utilization of water hyacinth in production and for sustainable agriculture 

 

 
 

Fig. 3: The compost preparation by using Water hyacinth used process 
 
Compost fertility assay 
 

The main scope of this paper was to 
analyze that were successfully proven to be 
appropriate for fertility assays (Agachi et al., 
2025). The water hyacinth compost fertilizers 
capacity was evaluated using pea 
andpaddyseeds and it’s sterilized for five 
minutes with 0.1% HgCl2 (w/v). Seeds were 
deep in water (10-10 seeds) &water hyacinth 
compost extracts solution (10-10 seeds) for 12 
hours. All tests were applied to the seeds, and 
they maintained at room temperature during 
each treatment. After 48 hours of treatment, the 
rate of seed germination was assessed. The 
seeds that had sprouted were moved to 
separate container that had soil and water 
hyacinth compost mix soil at the bottom for a 
substrate. Subsequently, they were subjected 
to the without compost soil and prepared water 
hyacinth compost mix soil. The assay was 
carried out for seven days while the 
observation maintained. To see any notable 
changes, the parameters, including the 
percentage of seed germination, relative root 
growth, elongation of shooting and rooting, 
relative root growth %, relative seed 
germination %, germination index and 
germination rate index required to be noted 

(Kalyani et al. 2009; Rao and Prasad 
2014;Agachi et al., 2025)). 
 
Parameters studied:The characteristics 
mentioned below were studied. 
 
a) Seed germination %: The following 
formula was used to calculate the percentage 
of seed germination:  

 
 

b). Elongation of shooting and rooting: 
Root length (RL) and shoot length (SL) was 
measured in each of the seedlings 
corresponding to each used of water hyacinth 
compost and controls. 
 
c). Relative root growth %: For every 
experimental set, the root lengths of the water 
hyacinth compost extracts solution and the 
control (water) were measured. The main root's 
end to the hypocotyl's base was used to 
measure the root's length. The relative root 
growth (RRG) was calculated using Equation to 
get its percentage.  
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d). Relative seed germination: Using 
Equation, the relative seed germination (RSG) 
was calculated. 

 
e). Germination index: It was calculated 
according to with formal seed analysis criteria 
and represents the estimated germination rate 
of seedlings. 

 
f). Germination rate index: The germination 
rate index was calculated by dividing the 
germination index by the germination 
percentage for each treatment and replication. 

 
 
Statistical analysis 
 

The results are mean ± standard 
deviation, and all research experiments were 
carried out in triplicate (n = 3). Means and 
standard deviations were used to show the 
data. MS software was used for each statistical 
procedure 
 
RESULTS AND DISCUSSION 
  
Compost fertilizer effect 
 

 The fertilizer effect test showed that 
water hyacinth compost extract did not inhibit 
the germination of pea and paddy seeds. As 
depicted in water hyacinth compost extract 
solution resulted in a germination rate (GR) of ≥ 
80 % and > 100 % for pea and paddy seeds, 
respectively. Similarly, the control without 
compost resulted in a germination rate (GR) of 
≥ 70 % and > 90 % for pea and paddy seeds, 
respectively.The pea and paddy seeds in the 
water hyacinth compost had relative root 
growth, relative seed germination, germination 
index and germination rate index % of 
182.85%, 163.91%, 114.28, 111.11, 209.94, 
182.12, 2.62 and 1.82 respectively. The 
elongation of shooting and rooting were 
showed in table1. Water hyacinth compost 
contains nutrients like nitrogen, phosphorus, 
and potassium that are beneficial for plant 

growth. The presence of these nutrients helps 
plants grow taller and stronger. Using water 
hyacinth compost can also improve plant 
quality. The nutrients and other compounds 
present in the compost help plants become 
healthy and robust. Several studies have found 
that using water hyacinth compost can improve 
plant height and quality. For example, our study 
found that using water hyacinth compost 
increased the height of paddy and pea plants 
compared then water treat.  

 
Table1: Effect of used compost on root and 
shoot elongation of pea and paddy seedlings 
 

Seed Sample 
Root length 

(cm) 
Shoot length 

(cm) 

Pea 

Without 
compost 

1.05±0.49 1.72±0.56 

Used 
compost 

1.92±0.37 2.38±0.36 

Paddy 

Without 
compost 

1.94±0.69 3.25±0.40 

Used 
compost 

3.18±0.28 4.24±0.55 

 
When utilized compost was applied to pea and 
paddy seedlings, it improved both root and 
shoot growth compared to the control.Compost 
treatment enhanced root length in pea 
seedlings from 1.05 ± 0.49 cm to 1.92 ± 0.37 
cm and shoot length from 1.72 ± 0.56 cm to 
2.38 ± 0.36 cm.Similarly, adding compost to 
paddy seedlings improved their growth. The 
root length rose from 1.94 ± 0.69 cm to 3.18 ± 
0.28 cm, whereas the shoot length increased 
from 3.25 ± 0.40 cm to 4.24 ± 0.55 cm.Overall, 
the findings suggest that utilized compost 
enhances early seedling growth by increasing 
root and shoot elongation. 
 
CONCLUSION 
 

The current study shows that water 
hyacinth (Eichhornia crassipes), an invasive 
aquatic weed, may be effectively converted into 
a beneficial organic fertilizer by controlled 
composting with appropriate bulking agents 
such as cow dung, rice straw, soil, and ash. 
The composting technique produced a mature, 
stable, and non-phytotoxic compost, as 
evidenced by a germination index of over 80% 
and improved early growth responses in pea 
and paddy seedlings. When compared to the 
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control soil, the created compost showed 
significant improvements in seed germination, 
root and shoot elongation, and overall seedling 
vigor, indicating that it has agronomic potential. 
The findings show that water hyacinth compost 
contains important plant nutrients and 
promotes healthy plant growth while improving 
soil quality. Furthermore, the composting 
process aids in the detoxification of bioactive 
phytochemicals found in plant material, 
lowering potential phytotoxic effects and 
boosting humification. This strategy combines 
invasive species management and sustainable 
nutrient recycling by transforming an 
environmentally harmful weed into a positive 
agricultural input. 
Overall, the study supports the use of water 
hyacinth compost as a low-cost, 
environmentally benign alternative to chemical 
fertilizers, especially in small-scale and 
sustainable farming systems. The findings help 
to advance circular bioeconomy initiatives by 
promoting waste-to-resource conversion, 

minimizing environmental pollution, and 
supporting sustainable agriculture practices. 
More long-term field research and metal 
mobility assessments are needed to strengthen 
guidelines for large-scale use. 
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