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Addressing Water Hyacinth (Eichhornia crassipes) Problem Through Composting: Exploring its Potential as a Organic Soil Amendment



ABSTRACT
[bookmark: _Hlk188734566]Water hyacinth (Eichhornia crassipes) is a fast-growing aquatic weed posing significant environmental challenges. This study explored its potential as compost for sustainable agriculture by investigating the impact of the composting process on compost quality and its suitability as an organic fertilizer and soil amendment. Anaerobic composting of water hyacinth was conducted using the Orgadec activator for a period of 14 weeks, producing 156 kg of compost, representing a yield of 21.67%. The compost was characterized by assessing color, odor, temperature, pH, and chemical properties, including the content of macronutrients (N, P, K), sulfur (S), C-organic, C/N ratio, and heavy metals concentrations. The compost exhibited an average temperature of 33.19 °C during the composting period. The analysis revealed the following chemical properties: N (1.13%), P (0.62%), K (0.78%), S (1978 ppm), C-organic (25.12%), and a C/N ratio of 22.23. Comparison with the Ministry of Agriculture Decree No. 261/KPYS/SR.310/M/4/2019 showed that all parameters met the standard except for moisture content, which was lower than minimum at 5.66%. The compost analysis revealed that the water hyacinth compost meets the technical requirements for organic soil amendments, boasting a balanced nutrient profile and low heavy metal content. These results demonstrate that composting effectively enhances the quality of water hyacinth, making it a viable option as a organic soil amendment. Therefore, composting offers a promising approach to convert this invasive weed into a valuable resource for sustainable agriculture, simultaneously reducing its detrimental effects on the environment.
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1. INTRODUCTION
Water hyacinth (Eichhornia crassipes) is an aquatic weed characterized by an exceptionally high growth rate. This weed is recognized as one of the world's most invasive aquatic plants due to its detrimental effects on community livelihoods and aquatic ecosystems (Begum et al., 2021). The massive proliferation of water hyacinth can lead to the blockage of waterways, accelerate the evaporation of river water, and reduce light penetration into aquatic environments. This condition results in a decrease in dissolved oxygen levels in the water, an increase in habitats for human disease vectors, as well as a decline in the aesthetic value of aquatic environments (Kusrinah et al., 2016; Prasetyo et al., 2021).
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Picture 1. Water Hyacinth in Jatiluhur Reservoir
Despite its negative environmental impacts, water hyacinth also possesses beneficial nutrient content when managed appropriately. Analysis of fresh water hyacinth reveals the following composition: organic matter (C-organic) 48.12%, total nitrogen (N-total) 1.51%, total phosphorus (P-total) 0.19%, total potassium (K-total) 1.63%, and sulfur (S) 49.41 ppm. These constituents indicate the potential of water hyacinth as a raw material for compost. Composting represents one viable strategy to mitigate the adverse effects of water hyacinth, specifically through physical harvesting and processing it into compost (Prasetyo et al., 2021).
Composting water hyacinth not only manages invasive biomass but also produces a valuable soil amendment. Proper process management ensures destruction of all viable plant propagules, preventing futher spead of the weed. The resulting compost can improve soil fertility and structure, supporting sustainable agriculture (Mathur et al., 2016; Montoya et al., 2013). Composting increases the availability of essential macronutrients nitrogen (N), phosphorus (P), and potassium (K) in water hyacinth biomass (Begum et al., 2021). The decomposition process breaks down complex organic compounds, making nutrients more accessible to plants. This is particularly true when water hyacinth is co-composted with materials like cattle or poultry manure, which further enriches nutrient content (Begum et al., 2021; Kuke & Hunde, 2019; Osoro et al., 2014).
The composting process reduces pathogen levels, making the compost safer for agricultural use (Begum et al., 2021). Studies also indicate that heavy metal concentrations in water hyacinth compost generally remain below permissible limits, ensuring its safety for soil application (Begum et al., 2021; Kassa et al., 2025).
2. MATERIAL AND METHODS
2.1 Place and Time
This experiment was carried out in the experimental field of the laboratory of soil chemistry and Plant Nutrition, Faculty of Agriculture, Universitas Padjadjaran, Jatinangor, Sumedang Regency. The analysis of water hyacinth and water hyacinth compost was carried out at the soil fertility and plant nutrition laboratory, Department of Soil Science and Land Resources, Faculty of Agriculture, Universitas Padjadjaran, Jatinangor District, Sumedang Regency, West Java. This experiment was carried out from July to November 2024.
The methodology of this research encompassed a literature review, research preparation, compost production, observation (data collection), data analysis, and the writing of the research findings.
2.2 Tools and Materials
	The materials utilized in this research were 720 kg of water hyacinth plants and 5 kg of Orgadec bioactivator. The equipment employed included a digital soil thermometer, a weighing scale, tarpaulins for covering the composting pits, a chopping machine, shovels (used for turning the compost material), a camera (for documentation), and a sieve with a mesh size of 5 mm x 5 mm (for sieving the mature compost).
2.3 Research Parameters
	The parameters observed in this study encompassed the final volume of the water hyacinth compost, macronutrients (Nitrogen (N), Phosphorus (P), Potassium (K), Sulfur (S)), heavy metals (Arsenic (As), Mercury (Hg), Lead (Pb), Cadmium (Cd), Chromium (Cr), Nickel (Ni)), micronutrients (Iron (Fe), Zinc (Zn)), organic carbon (C-organic), temperature, pH, and moisture content of the compost.

2.4 Implementation of Research
2.4.1 Water Hyacinth Compost Production
	Prior to composting, the water hyacinth was initially cut to a size of 3-5 cm and subsequently shredded using a chopping machine. This shredding process aimed to increase the contact surface area between the organic material and the decomposing microorganisms, thereby accelerating the decomposition process (Rohmawati et al., 2023). Following the shredding of all the water hyacinth, the material was transferred into the composting pit. Subsequently, 5 kg of Orgadec bioactivator was evenly distributed and mixed using a hoe. The composting process was conducted anaerobically by covering the compost pile with tarpaulins to establish free oxygen conditions (Remona et al., 2020).
	Maintaining ideal temperature and humidity levels within the compost is necessary and can be achieved through weekly turning and watering. Elevated temperatures can lead to the degradation of the compost (Marjenah & Simbolon, 2021; Worotitjan et al., 2022). The temperature of the compost was monitored periodically using a digital soil thermometer. After 14 weeks, the compost material will have undergone complete decomposition and be ready for use as an organic soil amendment. The compost is considered mature and ready for application when its temperature decreases to match the ambient temperature (26°–27°C), its color turns dark brown to black, and it emits an earthy odor. The mature compost is then air-dried until its moisture content reaches approximately 8–20%. Following this, the compost is ground using a grinding machine or blender and sieved to ensure a uniform particle
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Picture 2. (a) chopping (b) air-drying (c) temperature measurement
2.4.2 Compost Nutrient Analysis
	Samples of the water hyacinth compost were collected after the composting process had proceeded for six and fourteen weeks. Composite samples were obtained by combining approximately 100 g of subsamples randomly taken from various points within the compost pile. The samples were stored in airtight containers to prevent contamination. Nutrient analysis was conducted at the Soil Fertility and Plant Nutrition Laboratory, Faculty of Agriculture, Universitas Padjadjaran.

2.4.2 Calculation of Compost Pile Shrinkage
	Shrinkage was measured once all the compost had reached maturity. The formula employed to calculate the shrinkage was as follows:
Shrinkage = 
3. RESULTS AND DISCUSSION
3.1 Water Hyacinth Compost Output
	The yield of the composting process was calculated upon the completion of fermentation in the compost pile. The mature, air-dried compost was weighed to determine the initial weight of the materials, the final weight of the compost product, as well as the extent of shrinkage. The results of the composting are presented in the table below:
Table 1. Compost Output
	Initial Weight
(kg)
	Compost Yield
(kg)
	Shrinkage
(%)

	720
	156 (21.67 %)
	78.33


Based on the table, it can be observed that the final yield of mature compost was 156 kg (21.67%). The composting results indicated that the compost exhibited an earthy odor, a fine texture, and a dark brown to black color at the end of the composting period. The maturity of the compost was also evident from the compost weight reduction of 78.33% from the initial weight. According Nurullita dan Budiyono (2012) one of the parameters for assessing compost maturity is the shrinkage of the compost material reaching up to 60%, while Yuwono (2005) stated that during the composting process, organic matter will typically undergo a shrinkage ranging from 30% to 50%.
	During the composting process, transformations occur that are mediated by microorganisms, specifically the decomposition of cellulose, hemicellulose, fats, and other organic materials into carbon dioxide (CO2) and water. These changes result in a reduction of both the weight and volume of the compost material, ranging from 40% to 60%, depending on the type of compost feedstock and the composting method employed (Yuwono, 2005). According to Nur et al., (2009) the breakdown of organic components like cellulose, hemicellulose, fats, and lignin results in the release of carbon dioxide (CO2), water, and thermal energy. This process leads to a 40-60% decrease in the weight and overall composition of the compost's original materials, with the extent of reduction varying based on the starting materials and the composting method employed. The significant volume loss observed is largely due to the activity of composting microbes, which utilize oxygen to decompose organic matter, generating H2O, CO2, essential nutrients, and energy. Furthermore, structural changes within the material, such as compaction and the loss of both water and air from pore spaces, contribute to the substantial shrinkage of the composting raw materials.
	The mature compost resulting from the composting process exhibits a physically decomposed state, no longer resembling the original form of the raw materials. It possesses a fine texture, an earthy odor, and a color that has transformed into dark brown to black. The darkening of compost to a black hue signifies an increase in humic substance development (Nur et al., 2009). This color transformation is a visual cue that compost has undergone physical maturation. Mature compost no longer emits the pungent smells associated with earlier stages of decomposition, instead possessing an earthy aroma. This shift is attributed to bacterial activity, which effectively breaks down the waste's constituent elements carbon, hydrogen, oxygen, nitrogen, and sulfur, thereby eliminating foul odors (Hapsoh et al., 2016). Collectively, the observed changes in color, smell, and texture confirm that the compost meets the quality criteria set forth in the Indonesian National Standards SNI 19-7030-2004.
3.2 Compost Temperature
	Temperature plays a crucial role in influencing the rate of composting or decomposition. The result of temperature measurements of the water hyacinth compost during the research are shown in the following figure.
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Picture 3. Compost Pile Temperature Graph During Composting
	From the figure, average temperature in the compost is 33.19°C, with the lowest temperature occurring in week 14, which is an average of 28.58°C, and the highest temperature occurring in week 2, which is an average of 39.56°C. The observed maturity temperature of 28.58°C is in accordance with SNI NO 19-7030-2004 regarding the specifications of mature compost, wich states that the temperature of mature compost should be around the same as the ground water temperature (28°C).
	Compost wil decompose more quickly if the temperature is right, the ideal temperature for the composting process is 30-50°C. Due to insufficient nitrogen in the compost, anaerobic composting operates at lower temperatures compared to the aerobic method, resulting in less heat generation (Meena et al., 2021). 
3.3 Nutrient Content Analysis of Water Hyacinth Compost at Various Composting Durations
	The results of the nutrient content analysis of the water hyacinth compost at various composting durations can be observed in the table below:
Table 2. Nutrient Content of Water Hyacinth Compost at Various Composting Durations
	No
	Parameter
	Unit
	Weeks
	Standar

	
	
	
	14
	6
	4
	

	1
	pH
	-
	9.3
	7.9
	8.83
	> 6.80

	2
	C - Organic
	%
	25.12
	32.16
	31.92
	9.80-32

	3
	N
	%
	1.13
	1.10
	1.57
	0.40

	
	P
	%
	0.62
	0.22
	3.69
	0.10

	
	K
	%
	0.78
	0.82
	2.50
	0.20

	
	S
	ppm
	1978
	-
	900
	-

	4
	C/N
	-
	22.23
	29.23
	19
	

	5
	Moisture Content
	%
	5.66
	14.72
	28.17
	

	
	Method
	
	Anaerob
	Anaerob
	Anaerob
	

	
	Reference
	
	This Research
	This Research
	(Remona et al., 2020)
	



	The table above shows that water hyacinth compost in this study was determined to be immature at week 6 due to C/N ratio higher than 25%. In the 2020 study by Remona, the composting of water hyacinth for four weeks resulted in compost with a higher macronutrient content compared to the other treatments. This may be because the content of the fresh water hyacinth itself is different, perhaps higher than the fresh water hyacinth compost used in this study. Water hyacinth compost this study (14 Weeks) meets soil amendment standards.
	The duration of the composting period influences the C/N ratio. A longer composting time tends to result in a lower C/N ratio, which indicates that the decomposition process is proceeding effectively and the compost is maturing. Compost with a low C/N ratio (around 12–20) suggests a higher availability of nutrients for plants. Conversely, a high C/N ratio signifies that the compost is not yet mature and the available nutrient content is still limited (Wulandari et al., 2016). 
The composting duration of water hyacinth influences nutrient content, particularly nitrogen and phosphorus, through the reduction of the C/N ratio and the transformation of organic matter by microorganisms. An optimal and efficient composting period yields mature compost with higher and more stable nutrient levels, making it ready for use as a fertilizer or organic soil amendment (Marjenah & Simbolon, 2021; Wulandari et al., 2016).


3.4 Analysis of Nutrient Elements in Various Composts
	The table shows that water hyacinth compost has advatages in pH, nutrient content of P, K, and S, which can increase the pH of acidic soil and add nutrients to the soil. In addition, its C/N ratio is the closest to the soil C/N ratio, so it will be more readily available in the soil. Water hyacinth compost also has a sufficiently high S content, which is very good for plants that prioritize the aroma of their yield. An example is onion plants.
	Water hyacinth compost contains essential nutrients such as nitrogen (N), phosphorus (P), potassium (K), and sulfur (S) in sufficiently high and balanced concentrations compared to other organic materials (Istiqomah et al., 2018; Wahdah et al., 2024). Water hyacinth also contains humic substances and natural cyanide compounds that can accelerate root growth and enhance soil fertility (Aidi et al., 2021). Utilizing water hyacinth as compost also represents one of the efforts to address environmental issues polluted by the invasive water hyacinth weed (Begum et al., 2021).
Table 3. Nutrient Content of Various Composts
	No
	Parameter
	Unit
	Water Hyacinth
	Rice Straw
	Leaf

	1
	pH
	-
	9.3
	8.47
	6

	2
	C - Organic
	%
	25.12
	-
	31.94

	3
	N
	%
	1.13
	0.66 – 0.73
	1.30

	
	P
	%
	0.62
	0.11 – 0.12
	0.12

	
	K
	%
	0.78
	0.40 – 0.69
	0.47

	
	S
	ppm
	1978
	-
	-

	4
	C/N
	-
	22.23
	23.69 – 27.42
	25

	5
	Moisture Content
	%
	5.66
	-
	14.17

	
	Method
	
	Anaerob
	Anaerob
	Anaerob

	
	Activator
	
	Orgadec
	EM4
	EM4

	
	Reference
	
	This Research
	(Barus, 2012)
	(Ekawandani, 2019)



3.5 Water Hyacinth Compost as a Soil Amendment: An Evaluation of Nutrient Content Based on Minimum Standards
	The table below indicates that the moisture content of the compost reached 5.66%, a number that does not meet the minimum standards for the moisture content parameter. This is suspected to have occurred due to the compost drying process being too long, resulting in excessive water evaporation. Enviromental temperature and humidity, along with the drying process during composting have a subtantial impact on the moisture content of the compost. Elevated temperatures can speed up water evaporation, whereas high humidity can raise the moisture level within the compost pile (Pantura et al., 2021).
	Regarding the remaining parameters, this water hyacinth compost complies with the technical quality standards for soil amendments as per the indonesian ministry of Agriculture Decree No. 261.Especially heavy metal content, the occurrence of heavy metals in soil amendments or fertilizers poses a threat to soil quality. Heavy metals are capable of damaging and polluting the soil, consequently impeding plant growth thereon (Wan et al., 2024).
Table 4. Evaluation of Water Hyacinth Compost Nutrient Content  Based on Minimum Standards
	No
	Parameter
	Unit
	Water Hyacinth Compost
	Minimum Technical Requirements

	1
	pH
	-
	9.3
	4 – 9

	2
	C - Organic
	%
	25.12
	Minimum 15

	3
	N
	%
	1.13
	-

	4
	C/N
	-
	22.23
	≤ 25

	5
	Moisture Content
	%
	5.66
	8 - 20

	6
	Heavy Metals
As
Hg
Pb
Cd
Cr
Ni
	
ppm
ppm
ppm
ppm
ppm
ppm
	
0.00
0.00
20.80
0.28
2.82
3.12
	
Maximum 10
Maximum 1
Maximum 50
Maximum 2
Maximum 180
Maximum 50


	7
	Micronutrient
Fe
	
ppm
	
10652
	
Maximum 15000



3.6 Water Hyacinth Compost and its Role in Soil Quality Improvement
	Water hyacinth compost influences the physical properties of soil, such as aggregate stability, porosity, bulk density, and water holding capacity. The organic matter in the compost tends to act as a binding agent in soil aggregation, thus leading to an increase in soil aggregates. Furthermore, water hyacinth compost can provide readily available nutrients for plant uptake; the total N and available P content in water hyacinth compost is higher compared to fresh water hyacinth (Balasubramanian et al., 2013). 
Water hyacinth compost exhibits a high humus content, high porosity, hydrophilic properties enabling greater water absorption and retention, and a substantial amount of organic matter. Consequently, water hyacinth compost can enhance soil organic carbon (C-organic), macronutrients (N, P, K), and soil Cation Exchange Capacity (CEC) (Balasubramanian et al., 2013; Eltaib et al., 2015; Muktamar et al., 2016).
4. CONCLUSIONS
	Composting offers a viable solution to address the negative effects of water hyacinth by converting it into a valuable soil amendment. The composting process effectively increases the nutrient content of the resulting compost. Analysis of the water hyacinth compost (C-organic 25.12%, N 1.13%, P 0.62%, K 0.78%, S 1978 ppm, C/N ratio 22.23) demonstrates that it fulfills the technical requirements for organic soil amendments as stipulated in the Ministry of Agriculture Decree No. 261/KPYS/SR.310/M/4/2019. As a soil amendment, water hyacinth compost contributes to increased soil organic matter, improved soil structure, and enhanced soil fertility. Utilizing an anaerobic composting method with the Orgadec bioactivator, the process requires 14 weeks, characterized by fluctuating temperatures throughout the composting period. The final compost product experiences a significant volume reduction of 78.33% compared to the initial raw material.
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