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The practice of hydroponic farming needs inert growth materials to surround plant root. However, materials like rockwool and perlite present environmental insecurities as they are not biodegradable. This research evaluates three biodegradable material options including coconut coir, peat moss, and biochar for their effects on plant development and nutrient storage in addition to sustainability evaluation. The experimental data shows that using biodegradable substrates leads to higher water storage capacity together with better microbial function along with lower waste production. Research outcomes validate the use of sustainable hydroponic substrate materials for promoting extended environmental sustainability in farming systems without soil.  
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1. Introduction
The hydroponic farming system emerged as an innovative production approach which combines resource-maximization and soil-minimalism together with controlled growing conditions for plant development. Non-biodegradable substrates which include rockwool, perlite and expanded clay pellets spread sustainability issues throughout hydroponic systems. These materials produce landfill pollution which worsens hydroponic system environmental impact while generating sustainability concerns for future operations (Lim et al., 2020; Vinci and Rapa, 2019). The research effort to examine biodegradable materials for usage as replacements has intensified through the identification of coconut coir, peat moss and biochar as promising substitutes since these materials exhibit organic properties together with high water retention potential and decreased environmental influence (Both et al., 2023; Zhao et al., 2022; Ashpreet et al., 2023). Scientists extensively research coconut coir as an appropriate hydroponic substrate because it originates from coconut husk fibers. Scientific research shows that coir substrates provide effective growth support to plants since studies reveal coir maintains essential chemical development properties unchanged (Lim et al., 2020). Hydrophilicity in coir promotes efficient water retention thus making it appropriate for hydroponic system applications (Both et al., 2023; Schulker et al., 2020). Coir's physical characteristics along with its moisture retention and root aeration functionality are essential for plant health development (Both et al., 2023; Schulker et al., 2020; Tuckeldoe et al., 2023).
Hydroponic applications demonstrate strong performance potential when utilizing coir instead of usual growing materials. The performance of coir as a hydroponic substrate matches traditional substrates such as rockwool when used for growing melons and strawberries according to Lim et al. (2020), Aurdal et al. (2022), and Tuckeldoe et al. (2023). The introduction of coir into hydroponic systems both enhances sustainability efforts and carries beneficial effects on how plants absorb nutrients through its stable foundation for root development (Zheng et al., 2024; Zhao et al., 2022; Inkaew et al., 2024). The organic nature of coir in hydroponic applications helps decrease reliance on chemical fertilizer consumption since it acts as a nutrition source for the substrate (Zheng et al., 2024; Tuckeldoe et al., 2023).
Hydroponic systems use peat moss as a biodegradable choice because it maintains water well and provides great aeration properties. The extraction procedure for peat creates substantial environmental problems because it endangers vital ecosystems that store carbon and support biodiversity (Gruda, 2019). Coconut coir stands apart from other alternatives because it functions as a renewable agriculture waste product that offers sustainable production methods (Mariotti et al., 2020; Ravindranath, 2019). The coir production process utilizes agricultural waste to achieve waste reduction goals while promoting a circular economy in agricultural operations according to Ravindranath (2019) and Lebedeva et al. (2022).
Biochar represents a possible hydroponic substrate substitute because it arises from organic matter pyrolysis into carbon-rich material. These unique physical characteristics in biochar promote better nutrient absorption and microbial activity within hydroponic substrates according to Rosli et al., 2023 (Machado & Hải, 2021). Biochar combined with coir and compost has proven effective for enhancing plant development and yield production according to Rosli et al., 2023 and Machado & Hải, 2021. Utilizing biochar in hydroponic systems produces two positive effects by promoting plant productivity and maintaining soil quality while storing carbon which helps build sustainable agricultural methods (Rosli et al., 2023; Machado & Hải, 2021).
Research lacks thorough evaluation of the performance capabilities of biodegradable substrates in hydroponic systems when compared to traditional hydroponic substrates. Studies conducted by Zheng et al. (2024) and Tuckeldoe et al. (2023) and Zhao et al. (2022) showed the possibilities of coconut coir and peat moss and biochar in plant cultivation however researchers need to explore their optimal usage and long-term effects on nutrient systems in hydroponic environments. University researchers need to perform a more comprehensive study of organic substrates alongside different nutrient solutions because this assessment is critical for optimizing their benefits when used in hydroponics (Zheng et al., 2024; Tuckeldoe et al., 2023; Zhao et al., 2022).
Evaluations must be performed to determine the economic feasibility of using biodegradable substrates in production since they must consider both manufacturing expenses and availability alongside consumer market preferences. Supporting the adoption of coconut coir in hydroponic farming depends on building a strong supply network due to its rising recognition for sustainability and performance (Ravindranath 2019; Lebedeva et al. 2022). Consistency in hydroponic crop production and quality demands standardized practices for biodegradable substrate use (Zheng et al., 2024; Tuckeldoe et al., 2023; Zhao et al., 2022) and standardized practices need development.
The move towards biodegradable alternatives for hydroponic farming establishes a major advance towards sustainability and greener environmental practices. Hydroponic agriculture gains sustainability through the utilization of coconut coir together with peat moss and biochar which effectively aid plant growth while resolving non-degradable substrate problems. The development of these biodegradable materials requires additional research to determine how effective they are as well as how to optimize their integration into hydroponic systems. The hydroponic industry will strengthen environmental food production systems when it selects sustainable resources as primary components.
Research Objectives
1. Plants undergoing growth in biodegradable cultivation mediums need to be studied for their performance evaluation.  
2. Researchers must perform tests concerning the ability of different substrates to store water and hold nutrients.  
3. The assessment of both water conservation and active ingredient accumulation within biodegradable hydroponic growth media will happen.  

2. Materials and Methods
2.1 Experimental Design
Three biodegradable media served as the foundation for this study that took place in a controlled hydroponic greenhouse.  
The coconut coir product comes from coconut husks where researchers highlight its strong ability to hold water.  
The organic matter peat moss helps improve both substrate air circulation and nutrient intake ability.  
The charred organic biochar substance brings multiple advantages through its ability to nourish microbes while managing nutrient cycles.  
All experiments utilized Rockwool as the standard medium for testing purposes. Each treatment block included three plant species: lettuce, basil and tomatoes under three different biodegradable media structures.  
2.2 Growth Conditions and Nutrient Solution
A standardized hydroponic nutrient solution with essential macronutrients and micronutrients served to cultivate all the plants. The growing conditions maintained the following environmental factors:  
- Temperature: 22–26°C  
- Humidity: 55–65%  
- pH level: 5.5–6.5  
- EC (electrical conductivity): 1.5–2.5 mS/cm  
The growth lights used an LED setup for a 14-hour cycle of light exposure.    
2.3 Data Collection
The following parameters were measured:  
- Plant Growth Performance: Height, root development, biomass accumulation, and yield.  
- Water Retention Capacity: The ability of each medium to retain moisture over a 24-hour period.  
-Nutrient Retention Efficiency: Analysis of nitrogen (N), phosphorus (P), and potassium (K) retention.  
- Decomposition Rate: The biodegradability of each medium over a 12-week period.  
2.4 Statistical Analysis  
Analysis of Variance (ANOVA) was conducted to compare plant growth, water retention, and nutrient-holding capacity across different media. Tukey’s post hoc test determined significant differences at p < 0.05.

3. Results and Discussion 
3.1 Plant Growth Performance
Biodegradable media supported comparable or superior plant growth compared to rockwool. Coconut coir demonstrated the highest plant height and biomass yield, followed by peat moss and biochar.  
Table 1 : Plant Growth Performance
	Growth Medium   
	Lettuce Height (cm)
	Basil Biomass (g)
	Tomato Yield (g/plant)

	Coconut Coir   
	25.3 ± 1.2          
	42.5 ± 3.1         
	340 ± 15            

	Peat Moss      
	24.1 ± 1.0          
	39.2 ± 2.8         
	310 ± 14            

	Biochar  
	23.5 ± 1.3          
	35.8 ± 2.5         
	290 ± 13            

	Rockwool
	22.8 ± 1.1          
	38.6 ± 2.9         
	300 ± 14            



Coconut coir facilitated superior root development due to its balanced aeration and water retention properties, contributing to higher plant biomass.  
3.2 Water Retention and Nutrient-Holding Capacity  
The ability of a growth medium to retain moisture and nutrients directly affects plant health and hydroponic system efficiency.  
Table 2 : Water Retention and Nutrient-Holding Capacity  
	Growth Medium   
	Water Retention (%)
	Nitrogen Retention (mg/kg)
	Phosphorus Retention (mg/kg)
	Potassium Retention (mg/kg)

	Coconut Coir   
	85.2 ± 2.3          
	32.4 ± 1.8                
	18.2 ± 1.3                  
	29.5 ± 2.1                 

	Peat Moss      
	79.5 ± 2.1          
	30.1 ± 1.6                
	16.8 ± 1.2                  
	27.3 ± 2.0                 

	Biochar     
	72.8 ± 2.0          
	28.5 ± 1.4                
	15.2 ± 1.1                  
	25.9 ± 1.8                 

	Rockwool  
	65.3 ± 1.9          
	26.7 ± 1.3                
	14.9 ± 1.0                  
	24.7 ± 1.6                 



Coconut coir exhibited the highest water retention, reducing the need for frequent irrigation. Biochar improved nutrient retention, benefiting long-term plant health by stabilizing nitrogen and phosphorus levels.  
3.3 Decomposition and Environmental Impact 
Biodegradability is a critical factor in evaluating the sustainability of hydroponic growth media. Over 12 weeks, biochar exhibited the slowest decomposition rate, while peat moss degraded most rapidly.  
Table 3 : Decomposition and Environmental Impact
	Growth Medium   
	Decomposition (%) over 12 Weeks
	Environmental Impact Score

	Coconut Coir   
	65 ± 5                        
	Low                     

	Peat Moss      
	78 ± 6                        
	Moderate                

	Biochar
	52 ± 4                        
	Very Low                

	Rockwool
	5 ± 1                         
	High                     



Rockwool’s minimal degradation confirms its environmental drawback, whereas coconut coir and peat moss offer promising biodegradable solutions with reduced waste accumulation.  
3.4 Advantages of Biodegradable Hydroponic Growth Media  
The use of such materials generates sustainability by lowering non-biodegradable waste production while supporting circular agricultural practices.  
The substance maintains water retention together with nutrient levels while fostering beneficial microbial functions.  
- Cost-Effectiveness: Readily available and renewable, reducing long-term farming expenses.  
3.5 Challenges and Considerations
The decomposition speed of certain biodegradable materials makes them require regular maintenance through replacement.  
The organic media dimension creates pH changes that need periodic checks due to their instability.  
The sustainability of biodegradable media remains valuable but the monetary investment needed during purchase exceeds normal commercial options.  
4. Conclusion 
The research examined demonstrates that coconut coir, peat moss, and biochar act as successful environmentally friendly solutions for hydroponic media replacement of rockwool. The material assists plant growth positively and enhances nutrient and water retention functions for environmental sustainability. Sustainable and eco-friendly agricultural practices receive support through hydroponic farming when biodegradable substrates are implemented.  
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