 
Comparative Evaluation of Conventional and Onion Peel-Enriched Vermiwash on Seed Germination and Early Seedling Growth of Coriandrum sativum L. in a Hydroponic System

ABSTRACT 
Objective: The present study evaluated the effects of conventional vermiwash and onion peel-enriched vermiwash on seed germination and early seedling growth of Coriandrum sativum L. under hydroponic conditions and determined the optimum vermiwash concentration for improved plant growth.
Methods: Vermiwash was prepared using Perionyx excavatus in two experimental set-ups: conventional vermiwash and onion peel-enriched vermiwash. Five treatments were evaluated in each set-up: 100% water (control) and 10%, 20%, 40%, and 60% vermiwash. Twenty-five healthy coriander seeds were used per treatment, with three independent replicates, in a hydroponic cup-culture system. Germination percentage, plant height, shoot length, root length, number of leaves, and leaf length were recorded on days 15, 20, and 25. The biochemical characteristics of the vermiwash, including total nitrogen (TN), total phosphorus (TP), and total potassium (TK), were also determined. Data were expressed as the mean ± standard deviation (SD).
Results: The onion peel-enriched vermiwash showed higher potassium concentrations across corresponding treatments and a higher maximum nitrogen concentration, whereas phosphorus concentrations varied among treatments. For conventional vermiwash, the 20% treatment (T2) produced the greatest plant height (6.07 ± 0.035 cm) and the highest germination percentage (20%). For onion peel-enriched vermiwash, the 40% treatment (T3) produced the highest germination percentage (56%), whereas the 10% and 20% treatments produced the greatest plant height (7.03 cm). The 60% concentration did not provide the best response for either germination or seedling growth.
Conclusion: Onion peel enrichment altered the nutrient composition and biological performance of vermiwash under the tested hydroponic conditions. Moderate dilutions were more favourable than the highest concentration, with the best responses occurring at 20% conventional vermiwash and at 20–40% onion peel-enriched vermiwash. These findings indicate that diluted vermiwash may have potential as an organic nutrient input for early coriander growth in hydroponic cup culture; however, further replicated and longer-duration studies are required before broader recommendations can be made.
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1. INTRODUCTION
Agriculture is fundamental to global food security because it provides food, raw materials, and livelihoods for billions of people. However, conventional agricultural systems are increasingly challenged by population growth, urbanisation, industrialisation, climate change, freshwater scarcity, and the excessive use of chemical fertilisers. These pressures have accelerated environmental degradation, reduced cultivable land, impaired soil fertility, and threatened sustainable crop production (Bennett & Khush, 2003; Senthilmurugan et al., 2018; Shanila et al., 2024). Global assessments have also identified climate change, land degradation, and natural-resource depletion as major constraints on future agricultural productivity and food security (Food and Agriculture Organization [FAO], 2023; Zheng et al., 2024).
Water scarcity is another major challenge in modern agriculture. Approximately 70% of the world's freshwater resources are used for agricultural production, making efficient water management essential for sustainable farming (Simonovic, 2002; Wallace, 2000). In addition, rising temperatures, erratic rainfall, prolonged droughts, and extreme weather events continue to reduce crop productivity and threaten farmers' livelihoods. Consequently, developing sustainable agricultural technologies that maximise crop production while minimising water and nutrient inputs has become a major research priority (Kulkarni et al., 2018; Rajaseger et al., 2023).
Among emerging climate-smart agricultural technologies, hydroponics has gained considerable attention as an efficient soilless cultivation system. In hydroponics, plants are grown in nutrient solutions, with or without inert growing media, allowing close control of nutrient availability, water supply, and environmental conditions. Hydroponic cultivation can improve water and nutrient management, reduce dependence on cultivable soil, and support controlled crop production (Bradley & Marulanda, 2001; Dubey & Nain, 2020; Hasan et al., 2018; Khan et al., 2021; Nguyen et al., 2016). It also supports urban, protected, and vertical production systems and is increasingly considered in discussions of resilient and sustainable food production (Despommier, 2010; El-Kazzaz & El-Kazzaz, 2017; Palmitessa et al., 2024; de Sousa et al., 2024).
The increasing adoption of hydroponic systems has created a demand for environmentally sustainable nutrient-management practices. Commercial hydroponic production primarily relies on synthetic nutrient solutions, which may increase production costs and raise environmental concerns. Consequently, attention has shifted towards organic nutrient sources and biofertilisers that may partially replace chemical inputs while maintaining plant growth. Studies and reviews of organic hydroponics indicate that appropriately managed organic nutrient solutions can support plant development and improve resource use (Park & Williams, 2024; Salas-Sanjuán et al., 2023; Singh et al., 2024).
The performance of organic nutrient solutions in hydroponics depends on the mineralisation of organic inputs and the careful management of pH, electrical conductivity, dissolved oxygen, and microbial activity (Park & Williams, 2024; Salas-Sanjuán et al., 2023).
Among organic biofertilisers, vermicompost has emerged as a widely investigated alternative to chemical fertilisers. Vermicompost is produced through earthworm-mediated decomposition of organic wastes and can contain plant-available nutrients, beneficial microorganisms, humic substances, enzymes, and other biologically active compounds (Atiyeh et al., 1999, 2002; Edwards & Bohlen, 1996; Edwards & Burrows, 1988; Lim et al., 2015). Vermicomposting can also support organic-waste recycling and improve the value of biodegradable residues (Ansari & Ismail, 2001; Edwards et al., 2004; Kale, 1998; Yadav & Garg, 2011).
Vermiwash, a liquid extract collected from active vermicomposting units, is a valuable by-product of vermicomposting and has attracted interest as a natural liquid biofertiliser. Its composition may include soluble nutrients and biologically active substances derived from the vermicomposting system (Hatti et al., 2010; Ismail, 2005; Karuna et al., 1999; Nath et al., 2009; Verma et al., 2017). Previous studies have associated vermiwash and related organic extracts with seed germination, vegetative growth, nutrient uptake, and plant-health responses (Al-Dahmani et al., 2003; Chattopadhyay, 2015; Gudeta et al., 2021; Singh et al., 2024; Tharmaraj et al., 2011).
Organic seed treatment and low-concentration vermiwash application have been associated with improved germination and early seedling development in several crop species (Fathima & Sekar, 2014; Jaybhaye et al., 2015; Rahman et al., 2025; Soniya et al., 2022).
The nutritional composition and biological activity of vermiwash are influenced by the organic substrates used during vermicomposting. Onion peel is an abundant agro-industrial residue containing minerals and bioactive compounds. Its recovery and reuse may reduce waste while providing a substrate for value-added agricultural products (Benítez et al., 2011; Kumar et al., 2022; Sharma et al., 2016; Yadav & Garg, 2011). Vermicompost and vermiwash applications have also been investigated as nutrient-management options in crop production (Joshi et al., 2023).
Recent experimental evidence indicates that appropriately prepared onion peel-derived products may be evaluated as agricultural amendments or biostimulant inputs because diluted preparations have promoted growth in vegetable crops (Zhang et al., 2024).
Coriandrum sativum L. (coriander) is an economically important spice and medicinal herb cultivated for its culinary, nutritional, and therapeutic value. Uniform and rapid seed germination is important for crop establishment and subsequent seedling development. Because coriander seeds may germinate slowly and unevenly, the crop provides a suitable model for evaluating natural biostimulants during early plant development. Improving germination using environmentally sustainable nutrient inputs may therefore contribute to more sustainable coriander production.
Although hydroponics and vermiwash have each been investigated, evidence on onion peel-enriched vermiwash in hydroponic cultivation remains limited, particularly for seed germination and early seedling development of Coriandrum sativum L. Most previous studies have examined soil-grown crops, whereas information on organic liquid biofertilisers in hydroponic systems is comparatively scarce. A direct comparison of conventional and onion peel-enriched vermiwash at different concentrations is therefore needed to determine whether onion peel enrichment alters nutrient composition and early plant responses under hydroponic conditions.
Accordingly, the present study compared the nutrient composition of conventional vermiwash and onion peel-enriched vermiwash and evaluated their effects on seed germination and early seedling growth of Coriandrum sativum L. under hydroponic conditions. The study also sought to identify the concentration associated with the most favourable germination and early growth responses within the tested cup-culture system.
[bookmark: _heading=h.j8lgnn2s80ol]1.1.OBJECTIVES
      The present study was undertaken with the following objectives:
1. To compare the nutrient composition of conventional vermiwash and onion peel-enriched vermiwash.
2. To evaluate the effects of different concentrations of conventional vermiwash and onion peel-enriched vermiwash on seed germination of Coriandrum sativum L. under hydroponic conditions.
3. To assess the effects of different vermiwash concentrations on the early seedling growth and exomorphological characteristics of Coriandrum sativum L.
4. To determine the optimum concentration of conventional and onion peel-enriched vermiwash for improving seed germination and early seedling growth under hydroponic conditions.
2. MATERIALS AND METHODS
The materials and methods used in the study are presented under the following headings.
2.1. COLLECTION OF EARTHWORMS 
Healthy adult earthworms (Perionyx excavatus) were collected manually from moist soil on the Queen Mary's College campus after rainfall. The worms were carefully hand-picked with a small quantity of their native soil to minimise stress and retain their associated microbial community. The collected specimens were maintained under moist conditions until use. The earthworms were taxonomically identified as Perionyx excavatus by Dr Hyder Ali A., Associate Professor, The New College, Chennai.
[image: ]
Plate 1. Perionyx excavatus
2.2 SELECTION OF FOOD FOR VERMICOMPOSTING     
The feed materials consisted of biodegradable waste. The following raw materials were used as feed for the earthworms:
•	Small Broken Bricks
•	Sand
•	Cow dung
•	Straw
•	Onion peel
2.3. Construction of vermiwash unit



The experiment was conducted in the Department of Zoology, Queen Mary's College, Chennai. A vermiwash unit was designed according to Ismail (1997), with minor modifications. Two experimental set-ups, conventional vermiwash (control set-up) and onion peel-enriched vermiwash (test set-up), were maintained. A 15-L plastic bucket was used for each set-up, and an opening was made near the bottom to fit a tap for regulating water flow and collecting vermiwash. Broken brick pieces were placed at the base, followed by a 2–4 cm layer of sand and a layer of chopped straw. In the conventional set-up, a mixture of cow dung and soil was placed above the straw. In the onion peel-enriched set-up, onion peel was added with cow dung and soil above the lower brick, sand, and straw layers.


.1
2.3.1. Treatment structure: 
Vermiwash Control (C)
· Brick pieces
· Sand
· Cowdung 
· Dry straw
· Earth worms(50)
· Conventional vermiwash 


Vermiwash with source (T)
· Brick pieces
· Sand
· Cowdung 
· Dry straw
· Onion peel 
· Earth worms(50)
· Onion peel-enriched vermiwash

2.3.2. Inoculation of earthworm
Fifty earthworms were introduced into each pre-decomposed vermicomposting unit after the covering was removed. The earthworms gradually moved into the compost bed.

2.3.3. Watering the vermicompost unit 
A moisture content of 75–90% was maintained throughout the experiment. After feeding, the earthworms gradually became established and multiplied within the vermicomposting units. Watering was stopped one week before vermiwash collection. The compost surface was kept wet and moist during the experiment. A pipe fitted at the bottom of each experimental container (C and T) was used to collect the vermiwash.
2.4. Extraction of vermiwash:- 
Water was sprinkled regularly to maintain moisture and allowed to percolate through the vermicompost as the earthworms decomposed the organic matter. During percolation, the water mixed with materials present in the vermicomposting bed, producing nutrient-containing vermiwash that was collected through the outlet tap into clean containers. The collected vermiwash was subsequently evaluated for its effects on plant growth (Nath et al., 2009).
2.4.1. Preparation of vermiwash Solutions
Both conventional vermiwash and onion peel-enriched vermiwash were diluted to different concentrations to examine their effects on C. sativum seed germination. The following treatments were prepared: T1 (10%), T2 (20%), T3 (40%), T4 (60%), and a control. The corresponding dilutions were prepared by mixing 10, 20, 40, or 60 mL of conventional or onion peel-enriched vermiwash with 90, 80, 60, or 40 mL of distilled water, respectively, to obtain final concentrations of 10%, 20%, 40%, and 60% (v/v). Distilled water alone served as the control. Fresh treatment solutions were prepared immediately before use.
2.5 Experimental Plant Material
Coriandrum sativum L. (coriander), a member of the family Apiaceae, was selected as the experimental plant because of its economic importance, nutritional value, and comparatively low germination percentage. Healthy, uniform, disease-free coriander seeds were obtained from a local agricultural seed supplier. Damaged and broken seeds were discarded, and only healthy seeds of uniform size were selected for hydroponic cultivation.
2.6 Hydroponic Cup Culture Experiment
A hydroponic cup-culture experiment was conducted to evaluate the effects of conventional vermiwash and onion peel-enriched vermiwash on seed germination and early seedling growth of Coriandrum sativum L. Transparent plastic cups were filled with the respective treatment solutions, and twenty-five healthy coriander seeds were placed in each cup. Each treatment was conducted in triplicate (n = 3). The cups were covered with transparent plastic wrapping containing small holes for aeration.
The experiment comprised two treatment groups: conventional vermiwash and onion peel-enriched vermiwash. Each group included five treatments: control (100% distilled water), T1 (10% vermiwash + 90% distilled water), T2 (20% vermiwash + 80% distilled water), T3 (40% vermiwash + 60% distilled water), and T4 (60% vermiwash + 40% distilled water). Twenty-five healthy coriander seeds were used for each treatment, and each treatment was conducted in triplicate (n = 3). Seed germination was monitored daily. Plant height, shoot length, root length, number of leaves, and leaf length were recorded on days 15, 20, and 25 after sowing.
                                 [image: ]
 Plate.2.cup culture experiment 
[bookmark: _heading=h.u8lsxw95yzqs]2.6.1 Seed Germination
Ten transparent plastic containers (2 L capacity) were used to construct the hydroponic system. Each container was cut into two halves, and the upper half was inverted into the lower half. Tissue paper was placed in the upper half, and twenty-five healthy coriander seeds were arranged evenly on the paper. A small hole was made in the bottom of the upper half, through which a cotton thread was inserted to facilitate capillary movement of the treatment solution from the lower reservoir to the seeds. The respective treatment solutions were added to the lower half of the containers. Seed germination was monitored daily, and the number of germinated seeds was recorded. Germination percentage was calculated using the following formula:
Where:
Germination percentage = NG÷NT×100
NG = Number of germinated seeds
NT = Total number of seeds treated (25)
Germination percentage was compared among the control, conventional vermiwash, and onion peel-enriched vermiwash treatments.
[bookmark: _heading=h.1x3hmxavpbff]2.6.2 Growth Parameters
The seedlings were maintained under the different treatment concentrations, and observations were recorded on days 15, 20, and 25 after sowing. The following growth parameters were measured for all treatments:
· Root length (cm)
· Shoot length (cm)
·  Plant height (cm)
·  Number of leaves per plant 
·   leaf length(cm).
   2.7 QUALITATIVE AND QUANTITATIVE ANALYSIS FOR BIOCHEMICAL PARAMETERS
The biochemical parameters of the study samples were determined at the TWAD Board Testing Laboratory (Chennai 600005, Tamil Nadu, India). Samples of conventional vermiwash and onion peel-enriched vermiwash were analysed using standard analytical procedures for major nutrients. Total nitrogen, total potassium, and total phosphorus were expressed in milligrams per litre (mg/L). The nutrient compositions were compared to evaluate the influence of onion peel incorporation during vermicomposting.
    2.8. STATISTICAL ANALYSIS:
The results were analysed using descriptive statistical methods. For the seedling characteristics, each treatment was reported as having triplicate samples for each parameter. The mean, standard deviation, and standard error of the mean were calculated for each parameter according to standard methods.
       3. RESULTS
Table 1 presents the qualitative biochemical composition of conventional vermiwash and onion peel-enriched vermiwash. Table 2 presents the quantitative analysis of conventional vermiwash. Among the T1–T4 treatments, total nitrogen ranged from 0.008 ± 0.000226 to 0.040 ± 0.00226 mg/L, total potassium ranged from 2.6 ± 0.113 to 15.6 ± 0.0924 mg/L, and total phosphorus ranged from 0.1663 ± 0.00523 to 1.2367 ± 0.435 mg/L. Table 3 presents the quantitative analysis of onion peel-enriched vermiwash. Among the T1–T4 treatments, total nitrogen ranged from 0.003 ± 0.0013 to 0.120 ± 0.00026 mg/L, total potassium ranged from 4.0 ± 0.113 to 24.0 ± 0.226 mg/L, and total phosphorus ranged from 0.3333 ± 0.121 to 1.20 ± 0.0113 mg/L.
Hydroponic cup-culture experiments were conducted to investigate the effects of vermiwash on coriander growth. Growth parameters were recorded on days 15, 20, and 25 after sowing. The measured parameters were plant height, shoot length, root length, number of leaves, and leaf length. The results in Tables 4 and 5 indicate that selected growth parameters improved at moderate vermiwash concentrations, although the response varied among treatments. In the conventional vermiwash group, the greatest plant height was recorded for T2 (6.07 ± 0.035 cm). In the onion peel-enriched group, the greatest plant height was recorded for both T1 and T2 (7.03 cm).
The effects of different concentrations of conventional vermiwash and onion peel-enriched vermiwash on germination of Coriandrum sativum L. are presented in Tables 6 and 7. In the conventional vermiwash group, T2 produced the highest germination percentage (20%), followed by T3 (16%) and T1 (12%); the control and T4 each produced 8% germination. In the onion peel-enriched group, T3 produced the highest germination percentage (56%), followed by T2 (44%), T4 (36%), T1 (32%), and the control (8%).

3.1QUALITATIVE ANALYSIS OF BIOCHEMICAL COMPOSITION 
Table 1 presents the qualitative biochemical composition of conventional vermiwash and onion peel-enriched vermiwash.

	S.NO
	BIOCHEMICAL
COMPOSITION
	CONTROL
	CONVENTIONAL VERMIWASH 
	ONION PEEL ENRICHED VERMIWASH 

	1.
	Nitrogen
	+
	+++
	++

	2.
	Potassium
	+
	+++
	+++

	3.
	Phosphorus
	+
	+++
	+++

	4.
	Chlorine
	+
	++
	++

	5.
	Nitrite
	+
	++
	++

	6.
	Ammonia 
	+
	++
	++

	7.
	Iron
	-
	-
	-

	8.
	Fluoride
	+
	++
	++

	9.
	pH
	+
	++
	++


Note: ++ Strongpositive., + Semipositive., -Negative
3.2.QUANTITATIVE ANALYSIS OF BIOCHEMICAL COMPOSITION
Table 2 . Biochemical composition of conventional vermiwash 
	S.No
	Vermiwash
Concentration
(%)
	Total nitrogen
(mg/L)
	Total potassium
(mg/L)
	Total phosphorus
(mg/L)

	1.
	C
	0.01
	2.6 ±0.226
	1.69 ±0.0113

	2.
	T1
	0.02 ±0.00113
	2.6 ±0.113
	0.1663 ±0.00523

	3.
	T2
	0.04 ±0.00226
	5.2 ±0.113
	0.336 ±0.00559

	4.
	T3
	0.008 ± 0.000226
	10.4 ±0.113
	0.6753 ±0.0057

	5.
	T4
	0.012 ±0.00026
	15.6 ± 0.0924
	1.2367 ±0.435


C = Control (100% distilled water); T1 = 10% vermiwash; T2 = 20% vermiwash; T3 = 40% vermiwash; T4 = 60% vermiwash.
Table 2 presents the quantitative analysis of conventional vermiwash. Among the T1–T4 treatments, total nitrogen ranged from 0.008 ± 0.000226 to 0.040 ± 0.00226 mg/L, total potassium ranged from 2.6 ± 0.113 to 15.6 ± 0.0924 mg/L, and total phosphorus ranged from 0.1663 ± 0.00523 to 1.2367 ± 0.435 mg/L.
Table 3 . Biochemical composition of onion peel enriched vermiwash 
	S. No
	Vermiwash 
Concentration 
Source (%)
	Total nitrogen 
(mg/L)
	Total potassium
(mg/L )
	Total phosphorus 
(mg/L)

	1
	C
	 0.03
	4±0.226
	2 ±0.0226

	2
	T1
	0.003 ±0.0013
	4 ±0.113
	0.3333±0.121

	3
	T2
	0.006 ±0.000297
	8 ±0.113
	0.4 ±0.0113

	4
	T3
	0.12 ±0.00026
	16 ±0.0226
	0.8 ±0.0113

	5
	T4
	0.018 ±0.00226
	24 ±0.226
	1.2 ±0.0113


C = Control (100% distilled water); T1 = 10% vermiwash; T2 = 20% vermiwash; T3 = 40% vermiwash; T4 = 60% vermiwash.
Table 3 presents the quantitative analysis of onion peel-enriched vermiwash. Among the T1–T4 treatments, total nitrogen ranged from 0.003 ± 0.0013 to 0.120 ± 0.00026 mg/L, total potassium ranged from 4.0 ± 0.113 to 24.0 ± 0.226 mg/L, and total phosphorus ranged from 0.3333 ± 0.121 to 1.20 ± 0.0113 mg/L.

 3.3.Effect of different concentration of vermiwash on C. sativum plant height, shoot length, and root length :
 Table 4. Effect of different concentration of vermiwash on C. sativum plant height, shoot length, and root length 
	
SAMPLE
	
PARAMETER
	DAYS

	
	
	15
	20
	25

	
C
	Plant height
	3.5±0.15
	4.0±0.016
	5.57±0.17

	
	Shoot length
	3.1±0.5
	3.8±0.6
	4.2±0.69

	
	Root length
	1.5±0.1
	2.0±0.12
	2.37±0.13

	
	No of leaves
	0
	0
	2± 0

	
	Leaf length
	0
	0
	0.3

	
T1
	Plant height
	3.9±2.1
	4.9±2.2
	5.7±2.31

	
	Shoot length
	3.2±0.2
	4.2±0.45
	4.47±0.51

	
	Root length
	0.8±1.0
	1.2±1.1
	1.53±1.13

	
	No of leaves
	0
	0
	2±0

	
	Leaf length
	0
	0
	0.2

	
T2
	Plant height
	4.2±0.3
	5.3±0.34
	6.07±0.035

	
	Shoot length
	3.5±0.4
	4.2±0.45
	4.47±0.51

	
	Root length
	0.9±0.3
	1.3±0.35
	1.6±0.41

	
	No of leaves
	0
	0
	2±0

	
	Leaf length
	0
	0
	0.3

	
T3
	Plant height
	3.5±1.2
	4.3±1.3
	5.2±1.27

	
	Shoot length
	2.7±0.5
	3.1±0.6
	3.6±0.62

	
	Root length
	1.1±0.4
	1.4±0.5
	1.63±1.56

	
	No of leaves
	0
	0
	2±0

	
	Leaf length
	0
	0
	0.2

	
T4
	Plant height
	1.0±0.06
	1.7±0.06
	2.3±0.07

	
	Shoot length
	1.0±1.3
	1.3±1.4
	1.53±1.56

	
	Root length
	0.3±0.6
	0.5±0.7
	0.53±0.79

	
	No of leaves
	0
	0
	0

	
	Leaf length
	0
	0
	0


C = Control (100% distilled water); T1 = 10% vermiwash; T2 = 20% vermiwash; T3 = 40% vermiwash; T4 = 60% vermiwash.
Table 5. Effect of different concentration of vermiwash on C. sativum plant height, shoot length, and root length 
	
SAMPLE
	
PARAMETER
	DAYS

	
	
	15
	20
	25

	
C
	Plant height 
	5.0±0.35
	6.3±0.42
	6.87±0.45

	
	Shoot length 
	3.3±1.0
	4.0±1.1
	4.47±1.27

	
	Root length 
	1.6±0.15
	2.1±0.16
	2.4±0.18

	
	No of leaves 
	0
	0
	2

	
	Leaf length
	0
	0
	0.2

	
T1
	Plant height 
	5.5±0.4
	6.2±0.45
	7.03±0.46

	
	Shoot length 
	3.7±0.2
	4.2±0.60
	4.77±0.29

	
	Root length 
	1.7±0.2
	2.0±0.24
	2.27±0.29

	
	No of leaves 
	0
	0
	2

	
	Leaf length
	0
	0
	0.2

	
T2
	Plant height 
	5.7±1.8
	6.4±1.8
	7.03±2.03

	
	Shoot length 
	3.8±0.9
	4.1±1.0
	4.5±1.13

	
	Root length 
	1.6±1.0
	1.9±1.1
	2.3±1.52

	
	No of leaves 
	0
	0
	2

	
	Leaf length
	0
	0
	0.2

	
T3
	Plant height 
	4.0±2.1
	4.8±2.3
	5.3±2.44

	
	Shoot length 
	3.3±1.0
	3.8±1.2
	4.93±1.46

	
	Root length 
	1.9±1.8
	2.1±2.0
	2.73±2.34

	
	No of leaves 
	0
	0
	2

	
	Leaf length
	0
	0
	0.2

	
T4
	Plant height 
	5.6±0.4
	6.0±0.42
	6.87±0.45

	
	Shoot length 
	2.8±0.5
	3.2±0.56
	3.65±0.62

	
	Root length 
	1.2±1.5
	1.5±1.7
	2.12±2.01

	
	No of leaves 
	0
	0
	2

	
	Leaf length
	0
	0
	0.2


C = Control (100% distilled water); T1 = 10% vermiwash; T2 = 20% vermiwash; T3 = 40% vermiwash; T4 = 60% vermiwash.
Hydroponic cup-culture experiments were conducted using Coriandrum sativum L. seedlings. Growth parameters were recorded on days 15, 20, and 25 after sowing. The measured parameters were plant height, shoot length, root length, number of leaves, and leaf length. Tables 4 and 5 show that responses varied according to treatment and concentration. In the conventional vermiwash group, the greatest plant height was recorded for T2 (6.07 ± 0.035 cm). In the onion peel-enriched group, the greatest plant height was recorded for T1 and T2 (7.03 cm).
3.4. Effect of Conventional and Onion Peel-Enriched Vermiwash on Seed Germination of Coriandrum sativum L.
TABLE 6. Effect of vermiwash control on germination percentage
of C. sativum .
	S.No
	Sample
	Days  to germination 
	seeds germinated (25seeds)
	Germination percentage (%)

	1
	C
	6
	2
	8

	2
	T1
	6
	3
	12

	3
	T2
	5
	5
	20

	4
	T3
	4
	4
	16

	5
	T4
	5
	2
	8


 C = Control (100% distilled water); T1 = 10% vermiwash; T2 = 20% vermiwash; T3 = 40% vermiwash; T4 = 60% vermiwash.
Table 7. Effect of vermiwash with source on germination of C. sativum and germination percentage
	S.No
	Sample 
	Days
	No of seeds germinated (25 seeds) 
	Germination percentage (%)

	1
	C
	5
	2
	8

	2
	T1
	5
	8
	32

	3
	T2
	4
	11
	44

	4
	T3
	3
	14
	56

	5
	T4
	5
	9
	36


 C = Control (100% distilled water); T1 = 10% vermiwash; T2 = 20% vermiwash; T3 = 40% vermiwash; T4 = 60% vermiwash.
The effects of conventional vermiwash and onion peel-enriched vermiwash on germination of Coriandrum sativum L. are presented in Tables 6 and 7. In the conventional vermiwash group, T2 produced the highest germination percentage (20%), followed by T3 (16%) and T1 (12%); the control and T4 each produced 8% germination. In the onion peel-enriched group, T3 produced the highest germination percentage (56%), followed by T2 (44%), T4 (36%), T1 (32%), and the control (8%).

4.DISCUSSION
The qualitative biochemical assessment indicated the presence of nutrients in conventional vermiwash and onion peel-enriched vermiwash. Such observations should be interpreted in the context of organic nutrient solutions, in which mineralisation, nutrient availability, and microbial processes may influence plant responses (Arancon et al., 2004; Atiyeh et al., 2002; Park & Williams, 2024).
The quantitative results showed that onion peel-enriched vermiwash had higher potassium concentrations than conventional vermiwash at corresponding treatments and a higher maximum nitrogen concentration. However, the phosphorus pattern varied among treatments. Onion residues contain minerals and bioactive constituents, and onion peel-derived products have been investigated for possible agricultural use (Benítez et al., 2011; Kumar et al., 2022; Sharma et al., 2016; Zhang et al., 2024).
The present study showed concentration-dependent changes in the growth of Coriandrum sativum L. under hydroponic conditions. In the conventional vermiwash group, T2 produced the greatest plant height, whereas T1 and T2 produced the greatest plant height in the onion peel-enriched group. Comparable growth responses to vermicompost or vermiwash have been reported in other crops, although the magnitude of the response depends on the crop, formulation, and application conditions (Adhikary & Gantayet, 2012; Ansari, 2008; Atiyeh et al., 1999, 2002; Hatti et al., 2010).
Shoot length, root length, number of leaves, and leaf length varied among treatments. Improvements at selected moderate concentrations may reflect differences in nutrient availability and the biological activity of the vermiwash, but this interpretation requires confirmation through more complete chemical and statistical analyses. Growth-promoting effects of vermiwash have been reported in several crop species (Fathima & Sekar, 2014; Gajalakshmi & Abbasi, 2004; Jaybhaye et al., 2015; Senthilmurugan et al., 2018; Tharmaraj et al., 2011).
The germination results indicated that moderate vermiwash concentrations were generally more favourable than the highest concentration. In the conventional group, T2 produced the highest germination percentage, whereas T3 produced the highest germination percentage in the onion peel-enriched group. Previous studies have similarly reported that diluted vermiwash or other organic inputs can support germination and early seedling development, while response may decline when concentrations are unsuitable (Chattopadhyay, 2015; Gudeta et al., 2021; Lim et al., 2015; Soniya et al., 2022).

Conclusions
Modern agricultural practices involving pesticides, fertilisers, and growth regulators have contributed to crop production; however, prolonged or inappropriate chemical inputs may adversely affect soil quality and the wider environment. This study therefore examined conventional vermiwash and onion peel-enriched vermiwash as organic nutrient inputs for early growth of Coriandrum sativum L. in a hydroponic cup-culture system.
Within the tested conditions, moderate vermiwash dilutions produced more favourable responses than the highest concentration. Conventional vermiwash at 20% produced the greatest plant height and germination percentage within its treatment group. Onion peel-enriched vermiwash at 40% produced the highest germination percentage, whereas the 10% and 20% treatments produced the greatest plant height. These findings suggest that onion peel enrichment may modify vermiwash composition and early plant responses. Nevertheless, the results do not establish superiority across all measured parameters, and broader recommendations require further controlled experimentation.
Limitations
The study used a small, short-duration hydroponic cup-culture system and assessed only germination and early seedling growth. The relationship between the reported triplicate design and the germination counts presented per 25 seeds requires clarification. Inferential statistical comparisons were not reported, and important hydroponic variables, including pH, electrical conductivity, dissolved oxygen, and microbial composition, were unavailable. Some nutrient and growth measurements also require clearer reporting of units and replication. Consequently, the findings should be considered preliminary and should not be generalised beyond the tested conditions.
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