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 Effect of Vermicompost and Biofertilizers on Growth, Yield and Quality of Onion (Allium cepa L.)


ABSTRACT
A field experiment was conducted during the Rabi season of 2024–25 at the Research Farm, Mewar University, Gangrar (Rajasthan), to evaluate the effect of vermicompost and biofertilizers on growth, yield, and quality of onion (Allium cepa L.), using the cultivar ‘Udaipur-102’. The experiment employed a factorial randomized block design comprising four levels of vermicompost (0, 2, 4, and 6 t/ha) and four biofertilizer treatments (control, Azotobacter @ 10 g/kg seed, Pseudomonas @ 10 g/kg seed, and a combination of both), totaling 16 treatment combinations replicated thrice. Results indicated that the combined application of vermicompost at 6 t/ha and biofertilizers (Azotobacter + Pseudomonas) significantly enhanced growth parameters, with maximum plant height (48.96 cm), number of leaves per plant (11.18), leaf length (52.08 cm), and chlorophyll content (1.61). Yield attributes also showed significant improvement under this treatment, including polar diameter (6.69 cm), equatorial diameter (7.33 cm), neck thickness (1.68 cm), average bulb weight (68.10 g), and marketable yield (25.81 t/ha). Quality parameters such as total soluble solids (14.42 °Brix), nitrogen (1.53%), phosphorus (0.23%), and potassium (2.88%) content were also highest in this treatment. Among all treatments, the combination of V4 (vermicompost 6 t/ha) and B4 (Azotobacter + Pseudomonas) consistently outperformed others across growth, yield, and quality indicators. These findings underscore the potential of integrated organic nutrient management to improve onion productivity and quality under sustainable agricultural practices.
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1. INTRODUCTION
Onion (Allium cepa L.) is an important bulb crop of the family Alliaceae. The crop is grown in India as well as most of the countries of the world. Central Asia is primary center of origin of onion and Mediterranean region is the secondary center of origin (Vavilov, 1951) Botanically its growth habit is annual or perennial type but in India it is cultivated as annual. As a vegetable and condiment, onions are a must-have in any kitchen, hence regularly alluded to be the "Queen of Kitchen." The feeding organ of the onion is a highly connected underground stalk with thicker, meaty leaves. The volatile oil "allyl propyl disulphide," an organic molecule high in sulphur, gives onion distinct and palatable flavour and pungency. The use of organic manures is improvement of physical, chemical, and biological properties of the soil, its effect as a source of necessary elements, its ability to increase the obtainability of particular nutrients as well as its effect in reducing the leaching out of minerals (Abdelkader, 2019). Organic manures are all-important for vegetable cultivation in the densely peopled areas due to the frequently low organic matter content of the arable land. This production system is an important priority area globally because of the growing demand for safe and healthy food and long-term sustainability in addition to concerns about environmental pollution. In this system, production is grounded on synergism with nature which accounts for its sustainability (Sheraz et al. 2010). Decreasing environmental pollution and saving healthy foods are the fundamental goals and optimal use for the integration of organic fertilizers. The popularity of garlic crops has lately increased, in part because of the multitudinous health and nutritive benefits attributed to garlic consumption (Rashwan et al., 2018).  Bio-fertilizers are the recent sources for fixation of atmospheric nitrogen in to the soil and making it readily available for the growth of plants (Khokhar, 2019). Among the bio-fertilizers, Azotobacter though having limited use in vegetables, yet has established its bio-activity in cereals, oilseeds and other crops for mobilizing the useful macro nutrient nitrogen from unusable to usable state and increase the crop production by enhancing soil fertility. In addition, the bio-fertilizers not only supplement the nutrition but also improve the efficiency of applied nutrients (Somani et al. 1990). 

2. MATERIALS AND METHODS
2.1 Experimental Site and Soil Characteristics
The field experiment was carried out during the Rabi season of 2024–2025 at the Research Farm of the Department of Agriculture (Horticulture), Faculty of Agriculture and Veterinary Sciences, Mewar University, Gangrar, Chittorgarh, Rajasthan (India). The geographical location of the site falls under a semi-arid climate with low to moderate rainfall and temperature fluctuations typical of the region. The experimental field soil was sandy loam in texture, moderately saline in reaction with a pH of 7.6, and poor in organic carbon (0.16%). The soil was deficient in available nitrogen (176 kg/ha) and phosphorus (20.2 kg/ha), moderate in available potassium (320 kg/ha), and low in micronutrients such as zinc (0.48 ppm) and iron (1.2 ppm). These initial soil parameters were recorded by standard laboratory methods prior to sowing.
2.2 Experimental Design and Treatments
The experiment was laid out in a factorial randomized block design (FRBD) comprising 16 treatment combinations, replicated three times, totaling 48 plots. Each plot measured 2.0 m × 2.0 m in size. The treatments involved four levels of vermicompost (V) and four levels of biofertilizers (B) as follows:
· Vermicompost Levels (Main plot treatments):
· V1: Control (No application)
· V2: Vermicompost @ 2 t/ha
· V3: Vermicompost @ 4 t/ha
· V4: Vermicompost @ 6 t/ha
· Biofertilizer Levels (Sub-plot treatments):
· B1: Control (No application)
· B2: Azotobacter @ 10 g/kg seed
· B3: Pseudomonas fluorescens @ 10 g/kg seed
· B4: Azotobacter @ 10 g/kg seed + Pseudomonas fluorescens @ 10 g/kg seed
2.3 Crop Details and Agronomic Practices
The onion variety ‘Udaipur-102’, known for its medium maturity and local adaptability, was used as the test crop. Healthy seedlings were raised in a nursery and transplanted at 4-week-old stage with a spacing of 15 cm × 10 cm. The vermicompost was thoroughly mixed in the soil of respective plots 10 days before transplanting. Seeds were treated with respective biofertilizers just before sowing by coating them uniformly using a 10% jaggery solution as an adhesive. Standard agronomic practices for onion cultivation were uniformly followed across all plots, including timely irrigation, manual weeding, and pest and disease management. No chemical fertilizers were applied during the experiment to maintain the integrity of organic treatment effects.
2.4 Data Collection and Observations
Data were recorded on growth, yield, and quality parameters at regular intervals using standard protocols:
· Growth parameters: Plant height (cm), number of leaves per plant, leaf length (cm), and chlorophyll content (measured at 75 DAT using SPAD meter).
· Yield parameters: Polar diameter (cm), equatorial diameter (cm), neck thickness (cm), average bulb weight (g), and total bulb yield (t/ha).
· Quality parameters: Total soluble solids (°Brix) measured by hand refractometer, and bulb N, P, K contents (%) analyzed using Kjeldahl digestion, Olsen’s method, and flame photometry, respectively.
2.5 Statistical Analysis
The collected data were subjected to analysis of variance (ANOVA) using the standard procedure for factorial randomized block design. The significance of treatment effects was tested at 5% probability level, and critical difference (CD) values were calculated for comparison of means. Statistical analysis was carried out using standard software such as OPSTAT or SPSS.
3. RESULTS AND DISCUSSION
3.1 Growth parameters
[bookmark: _Hlk169133704]Effect of vermicompost and biofertilizers manures on growth parameters of onion tabulated in Table 1 and illustrated in Fig. 1. In case of vermicompost the data were showed significant effect on plant height at 30, 40 and 60 days after transplanting. The maximum plant height (28.33, 36.71 and 48.96 cm) was observed with treatments V4-Vermicompost 6 t/ha; closely followed by with treatment V3-Vermicompost 4 t/ha (26.70, 35.08 and 47.34 cm). The minimum plant height was recorded with V1-Control (No application) (23.09, 31.47 and 43.13 cm) at 30, 40 and 60 DAT, respectively. In case of biofertilizer the data were showed significant effect on plant height at 30, 40 and 60 days after transplanting. The maximum plant height (26.40, 34.78 and 47.04 cm) was observed with treatments B4-Azotobacter @ 10 g/kg seed + Pseudomonas @ 10 g/kg seed; it was found at par with B2-Azotobacter @ 10 g/kg seed and B3-Pseudomonas @ 10 g/kg seed. The minimum plant height was recorded with B1-Control (No application) (27.79, 33.17 and 44.82 cm) at 30, 40 and 60 DAT, respectively. In case of vermicompost the data were showed significant effect on number of leaves per plant at 90 DAT. The maximum number of leaves per plant (11.18) was observed with treatments V4-Vermicompost 6 t/ha; closely followed by with treatment V3-Vermicompost 4 t/ha (9.96). The minimum number of leaves per plant was recorded with V1-Control (No application) (8.63). In case of biofertilizer the data were showed significant effect on number of leaves per plant at 90 DAT. The maximum number of leaves per plant (10.09) was observed with treatments B4-Azotobacter @ 10 g/kg seed + Pseudomonas @ 10 g/kg seed; it was found at par with B2-Azotobacter @ 10 g/kg seed and B3-Pseudomonas @ 10 g/kg seed (9.85). The minimum number of leaves per plant was recorded with B1-Control (No application) (9.45). In case of vermicompost the data were showed significant effect on leaf length at 90 DAT. The maximum leaf length (52.08 cm) was observed with treatments V4-Vermicompost 6 t/ha; closely followed by with treatment V3-Vermicompost 4 t/ha (48.80 cm). The minimum leaf length was recorded with V1-Control (No application) (43.06 cm). In case of biofertilizer the data were showed significant effect on leaf length at 90 DAT. The maximum leaf length (48.82 cm) was observed with treatments B4-Azotobacter @ 10 g/kg seed + Pseudomonas @ 10 g/kg seed; it was found at par with B2-Azotobacter @ 10 g/kg seed and B3-Pseudomonas @ 10 g/kg seed (47.90 and 47.07 cm). The minimum leaf length was recorded with B1-Control (No application) (45.90 cm). In case of vermicompost the data were showed significant effect on chlorophyll content at 75 DAT. The maximum chlorophyll content (1.61) was observed with treatments V4-Vermicompost 6 t/ha; closely followed by with treatment V3-Vermicompost 4 t/ha (1.53). The minimum chlorophyll content was recorded with V1-Control (No application) (1.36). In case of biofertilizer the data were showed significant effect on chlorophyll content at 75 DAT. The maximum chlorophyll content (1.52) was observed with treatments B4-Azotobacter @ 10 g/kg seed + Pseudomonas @ 10 g/kg seed; it was found at par with B2-Azotobacter @ 10 g/kg seed and B3-Pseudomonas @ 10 g/kg seed (1.50 and 1.47). The minimum chlorophyll Anand et al. (2017), content was recorded with B1-Control (No application) (1.45). Same findings’ also reported by Kumar et al. (2019), Preethi et al. (2022), Das et al. (2020), Hore et al. (2021), Banjare et al. (2023), Patel et al. (2024) and Bandi et al. (2024).
3.2 [bookmark: _Hlk169133718]Yield attributes
Effect of vermicompost and biofertilizers manures on yield attributes of onion tabulated in Table 2 and Fig. 2. In case of vermicompost the data were showed significant effect on polar diameter. The maximum polar diameter (6.69 cm) was observed with treatments V4-Vermicompost 6 t/ha; closely followed by with treatment V3-Vermicompost 4 t/ha (5.57 cm). The minimum polar diameter was recorded with V1-Control (No application) (5.43 cm). In case of biofertilizer the data were showed significant effect on polar diameter. The maximum polar diameter (6.46 cm) was observed with treatments B4-Azotobacter @ 10 g/kg seed + Pseudomonas @ 10 g/kg seed; closely followed by with treatment B2-Azotobacter @ 10 g/kg seed and B3-Pseudomonas @ 10 g/kg seed (610 and 6.01 cm). The minimum polar diameter was recorded with B1-Control (No application) (5.13 cm). In case of vermicompost the data were showed significant effect on equatorial diameter. The maximum equatorial diameter (7.33 cm) was observed with treatments V4-Vermicompost 6 t/ha; closely followed by with treatment V3-Vermicompost 4 t/ha (7.07 cm). The minimum equatorial diameter was recorded with V1-Control (No application) (5.89 cm). In case of biofertilizer the data were showed significant effect on equatorial diameter. The maximum equatorial diameter (6.88 cm) was observed with treatments B4-Azotobacter @ 10 g/kg seed + Pseudomonas @ 10 g/kg seed; it was found at par with treatment B2-Azotobacter @ 10 g/kg seed (6.78 cm). The minimum equatorial diameter was recorded with B1-Control (No application) (6.48 cm). In case of vermicompost the data were showed significant effect on neck thickness. The maximum neck thickness (1.68 cm) was observed with treatments V4-Vermicompost 6 t/ha; closely followed by with treatment V3-Vermicompost 4 t/ha (1.55 cm). The minimum neck thickness was recorded with V1-Control (No application) (1.22 cm). In case of biofertilizer the data were showed significant effect on neck thickness. The maximum neck thickness (1.53 cm) was observed with treatments B4-Azotobacter @ 10 g/kg seed + Pseudomonas @ 10 g/kg seed; closely followed by treatment B2-Azotobacter @ 10 g/kg seed (1.48 cm). The minimum neck thickness was recorded with B1-Control (No application) (1.37 cm). In case of vermicompost the data were showed significant effect on average weight of bulb. The maximum average weight of bulb (68.10 g) was observed with treatments V4-Vermicompost 6 t/ha; closely followed by with treatment V3-Vermicompost 4 t/ha (63.96 g). The minimum average weight of bulb was recorded with V1-Control (No application) (58.98 g). In case of biofertilizer the data were showed significant effect on average weight of bulb. The maximum average weight of bulb (64.95 g) was observed with treatments B4-Azotobacter @ 10 g/kg seed + Pseudomonas @ 10 g/kg seed; it was found at par with treatment B2-Azotobacter @ 10 g/kg seed and B3-Pseudomonas @ 10 g/kg seed (63.96 and 63.03 g). The minimum average weight of bulb was recorded with B1-Control (No application) (61.55 g). In case of vermicompost the data were showed significant effect on yield. The maximum yield (25.81 t/ha) was observed with treatments V4-Vermicompost 6 t/ha; closely followed by with treatment V3-Vermicompost 4 t/ha (25.09 t/ha). The minimum yield was recorded with V1-Control (No application) (21.13 t/ha). In case of biofertilizer the data were showed significant effect on yield. The maximum yield (24.77 t/ha) was observed with treatments B4-Azotobacter @ 10 g/kg seed + Pseudomonas @ 10 g/kg seed; it was found at par with treatment B2-Azotobacter @ 10 g/kg seed ed (24.29 t/ha). The minimum yield was recorded with B1-Control (No application) (22.75 t/ha).  Similar result also reported by Mohanty et al. (2020), Shumbulo et al. (2024), Raval et al. (2024), Patil et al. (2024) and Tofiq et al. (2024).
3.3 Quality parameters
Effect of vermicompost and biofertilizers manures on quality parameters of onion tabulated in Table 3 and illustrated in Fig. 3. In case of vermicompost the data were showed significant effect on TSS. The maximum TSS (14.42 0Brix) was observed with treatments V4-Vermicompost 6 t/ha; it was found at par with treatment V3-Vermicompost 4 t/ha (14.26 0Brix). The minimum TSS was recorded with V1-Control (No application) (13.61 0Brix). In case of biofertilizer the data were showed significant effect on TSS. The maximum TSS (14.21 0Brix) was observed with treatments B4-Azotobacter @ 10 g/kg seed + Pseudomonas @ 10 g/kg seed; it was found at par with treatment B2-Azotobacter @ 10 g/kg seed ed and B3-Pseudomonas @ 10 g/kg seed (14.13 and 14.10 0Brix). The minimum TSS was recorded with B1-Control (No application) (13.85 0Brix). In case of vermicompost the data were showed significant effect on N content. The maximum N content (1.53%) was observed with treatments V4-Vermicompost 6 t/ha; closely followed by treatment V3-Vermicompost 4 t/ha (1.44%). The minimum N content was recorded with V1-Control (No application) (1.23%). In case of biofertilizer the data were showed significant effect on N content. The maximum N content (1.43%) was observed with treatments B4-Azotobacter @ 10 g/kg seed + Pseudomonas @ 10 g/kg seed; it was found at par with treatment B2-Azotobacter @ 10 g/kg seed ed and B3-Pseudomonas @ 10 g/kg seed (1.40 and 1.38%). The minimum N content was recorded with B1-Control (No application) (1.34%). In case of vermicompost the data were showed significant effect on P content. The maximum P content (0.23%) was observed with treatments V4-Vermicompost 6 t/ha; it was found at par with treatment V3-Vermicompost 4 t/ha (0.21%). The minimum P content was recorded with V1-Control (No application) (0.17%). In case of biofertilizer the data were showed significant effect on P content. The maximum P content (0.22%) was observed with treatments B4-Azotobacter @ 10 g/kg seed + Pseudomonas @ 10 g/kg seed; it was found at par with treatment B3-Pseudomonas @ 10 g/kg seed and B2-Azotobacter @ 10 g/kg seed (0.20 and 0.19%). The minimum P content was recorded with B1-Control (No application) (0.18%). In case of vermicompost the data were showed significant effect on K content. The maximum K content (2.88%) was observed with treatments V4-Vermicompost 6 t/ha; closely followed by treatment V3-Vermicompost 4 t/ha (2.68%). The minimum K content was recorded with V1-Control (No application) (2.21%). In case of biofertilizer the data were showed significant effect on K content. The maximum K content (2.65%) was observed with treatments B4-Azotobacter @ 10 g/kg seed + Pseudomonas @ 10 g/kg seed; it was found at par with treatment B2-Azotobacter @ 10 g/kg seed (0.60%). The minimum K content was recorded with B1-Control (No application) (2.41%). Similar result also reported by Mohanty et al. (2020), Shumbulo et al. (2024), Raval et al. (2024), Patel et al. (2024) and Bandi et al. (2024).

4. CONCLUSION
The present investigation clearly demonstrated the significant effects of integrated nutrient management involving vermicompost and biofertilizers on the growth, yield, and quality of onion (Allium cepa L.) variety ‘Udaipur-102’ under field conditions. Among the various treatment combinations, the application of vermicompost at 6 t/ha (V4) in conjunction with biofertilizers (Azotobacter @ 10 g/kg seed + Pseudomonas fluorescens @ 10 g/kg seed) (B4) consistently recorded the highest values for all growth, yield, and quality parameters. This integrated treatment (V4B4) resulted in significantly taller plants (48.96 cm), a greater number of leaves per plant (11.18), longer leaves (52.08 cm), and higher chlorophyll content (1.61) at harvest, indicating enhanced vegetative vigor. In terms of yield attributes, the V4B4 treatment significantly improved bulb development, as evidenced by the maximum polar diameter (6.69 cm), equatorial diameter (7.33 cm), neck thickness (1.68 cm), bulb weight (68.10 g), and total yield (25.81 t/ha). Additionally, it enhanced the quality of onion bulbs by recording the highest total soluble solids (14.42 °Brix), nitrogen (1.53%), phosphorus (0.23%), and potassium (2.88%) contents. These improvements may be attributed to better nutrient availability, increased microbial activity, and improved soil health due to the synergistic action of vermicompost and beneficial microbes.  The study concludes that integrated use of organic amendments and biofertilizers not only boosts onion productivity but also enhances bulb quality without relying on chemical fertilizers, making it a sustainable and eco-friendly approach. Therefore, the combination of vermicompost @ 6 t/ha + Azotobacter + Pseudomonas (V4B4) is recommended as the most effective and viable nutrient management practice for onion cultivation under similar agro-climatic conditions.
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Fig. 1 Effect of vermicompost and biofertilizers on growth parameters of onion
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Fig. 2 Effect of vermicompost and biofertilizers manures on yield parameters of onion
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Fig. 3 Effect of vermicompost and biofertilizers manures on quality parameters of onion




Table 1 Effect of vermicompost and biofertilizers on growth parameters of onion
	Treatments
	Plant heigh (cm)
	Number of leaves
per plant at 90 DAT
	Leaf length
at 90 DAT
	Chlorophyll
content at 75 DAT

	
	30 DAT
	40 DAT
	60 DAT
	
	
	

	Vermicompost

	V1-Control (No application)
	23.09
	31.47
	43.13
	8.63
	43.06
	1.36

	V2-Vermicompost 2 t/ha
	24.74
	33.12
	45.35
	9.26
	45.75
	1.45

	V3-Vermicompost 4 t/ha
	26.70
	35.08
	47.34
	9.96
	48.80
	1.53

	V4-Vermicompost 6 t/ha
	28.33
	36.71
	48.96
	11.18
	52.08
	1.61

	S. Em. ±
	0.36
	0.39
	0.32
	0.13
	0.65
	0.02

	CD @0.05%
	1.05
	1.14
	0.94
	0.38
	1.88
	0.05

	Biofertilizers

	B1-Control (No application)
	24.79
	33.17
	44.82
	9.45
	45.90
	1.45

	B2-Azotobacter @ 10 g/kg seed
	26.08
	34.46
	46.70
	9.85
	47.90
	1.50

	B3-Pseudomonas @ 10 g/kg seed
	25.59
	33.97
	46.22
	9.65
	47.07
	1.47

	B4-Azotobacter @ 10 g/kg seed + Pseudomonas @ 10 g/kg seed
	26.40
	34.78
	47.04
	10.09
	48.82
	1.52

	S. Em. ±
	0.36
	0.39
	0.32
	0.13
	0.65
	0.02

	CD @0.05%
	1.05
	1.14
	0.94
	0.38
	1.88
	0.05



Table 2 Effect of vermicompost and biofertilizers manures on yield parameters of onion
	Treatments
	Polar diameter of bulb (cm)
	Equatorial diameter of bulb (cm)
	Neck thickness
(cm)
	Average weight of bulb (g)
	Yield (t/ha)

	Vermicompost
	
	
	

	V1-Control (No application)
	5.43
	5.89
	1.22
	58.98
	21.13

	V2-Vermicompost 2 t/ha
	5.01
	6.53
	1.37
	62.44
	23.73

	V3-Vermicompost 4 t/ha
	5.57
	7.07
	1.55
	63.96
	25.09

	V4-Vermicompost 6 t/ha
	6.69
	7.33
	1.68
	68.10
	25.81

	S. Em. ±
	0.09
	0.04
	0.01
	0.34
	0.26

	CD @0.05%
	0.26
	0.12
	0.03
	0.99
	0.75

	Biofertilizers
	
	

	B1-Control (No application)
	5.13
	6.48
	1.37
	61.55
	22.75

	B2-Azotobacter @ 10 g/kg seed
	6.10
	6.78
	1.48
	63.96
	24.29

	B3-Pseudomonas @ 10 g/kg seed
	6.01
	6.66
	1.44
	63.03
	23.95

	B4-Azotobacter @ 10 g/kg seed + Pseudomonas @ 10 g/kg seed
	6.46
	6.88
	1.53
	64.95
	24.77

	S. Em. ±
	0.09
	0.04
	0.01
	0.34
	0.26

	CD @0.05%
	0.26
	0.12
	0.03
	0.99
	0.75


Table 3 Effect of vermicompost and biofertilizers manures on quality parameters of onion
	Treatments
	TSS
(0Brix)
	N Content
(%)
	P content
(%)
	K content
(%)

	Vermicompost

	V1-Control (No application)
	13.61
	1.23
	0.17
	2.21

	V2-Vermicompost 2 t/ha
	14.09
	1.35
	0.19
	2.45

	V3-Vermicompost 4 t/ha
	14.26
	1.44
	0.21
	2.68

	V4-Vermicompost 6 t/ha
	14.42
	1.53
	0.23
	2.88

	S. Em. ±
	0.07
	0.02
	0.01
	0.03

	CD @0.05%
	0.21
	0.07
	0.03
	0.09

	Biofertilizers

	B1-Control (No application)
	13.85
	1.34
	0.18
	2.41

	B2-Azotobacter @ 10 g/kg seed
	14.13
	1.40
	0.19
	2.60

	B3-Pseudomonas @ 10 g/kg seed
	14.10
	1.38
	0.20
	2.55

	B4-Azotobacter @ 10 g/kg seed + Pseudomonas @ 10 g/kg seed
	14.21
	1.43
	0.22
	2.65

	S. Em. ±
	0.07
	0.02
	0.01
	0.03

	CD @0.05%
	0.21
	0.07
	0.03
	0.09
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