Effect of Bio-Enzyme and Humic Acid on Growth and Yield of Onion (Allium cepa L.)



Abstract
[bookmark: _GoBack]A field experiment was conducted at Research Farm, Mewar University Gangrar, Chittorgarh (Rajasthan) during Rabi 2024 season to check of effect of of bio-enzyme and humic acid on growth and yield of onion, variety “Nasik Red‟ was used in this study. The result revealed that the growth parameters like plant height (48.23 and 48.03 cm), number of leaves per plant (7.15 and 7.25), leaf length (44.13 and 43.73 cm) and yield parameters like maximum polar diameter of bulb (5.87 and 5.62 cm), equatorial diameter of bulb (6.64 and 6.52 cm), neck thickness (1.13 and 1.12 cm), bulb weight (64.15 and 63.58 g) and yield (27.15 and 26.94 t/ha)was recorded with (B4-Salicylic acid @ 100 ppm + Citrus peel-based Bio Enzyme @ 60 ppm + H4-Humic acid @ 3 kg/ha) So, it was concluded that the treatment combination (B4-Salicylic acid @ 100 ppm + Citrus peel-based Bio Enzyme @ 60 ppm + H4-Humic acid @ 3 kg/ha) are found superior among all treatments in growth and yield. So, the treatment combination B4H4 are good for practices as compare to other treatments.
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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. Onions are cool season crops, but can grow well in diverse climates. Optimal conditions include mild weather without extreme cold, heat or excessive rainfall. Salicylic acid (SA) is a phenolic phytochrome that acts as a key regulator of the signalling network in plants under abiotic and biotic stresses. Salicylic acid exerts stimulatory effects on various physiological processes related to plant growth and development. Salicylic acid is one of the important bio-regulator which positively affects growth of plants. By the application of Humic substance to plants, the growing plants are supplied with food, its application also results in productive and fertile soil, which increase the water holding capacity of soil. It plays a pivot role in making the plants more resistant against drought stress, and also stimulates germination. Humic is technically not a fertilizer, although in some walks, people do consider it that, Humic is an effective agent use as a complement to synthetic or organic fertilizers. In many instances, use of Humic regularly, will reduce the need for fertilization due to the soil's and plant's ability to make better use of it. In some occurrences, fertilization can be eliminated entirely if sufficient organic material is present and the soil can become self-sustaining through microbial processes and humus production. Whenever possible, the use of Humic with fertilizer, Humic ability to absorb fertilizer components and increases their release to plants is well documented. The judicious use of Humic and fertilizer, will improve the performance of marginally fertile soils, of soils with low native organic matter, and of crops grown in arid regions (Chen and Aviad, 1990). Humic substances are formed through the process of humification of organic materials as byproduct of microbial metabolism and are found in soil, coal, sediments water, peat and organic matter. HA is a complex molecule and is considered an alkali soluble, polymeric organic acid of aromatic structure substituted by carboxyl, phenolic, hydroxyl and alkyl groups linked together by ester linkages (Gaines and Yilmaz, 1983).
2. Materials and Methods
A field experiment was conducted during Kharif season of 2024-25 at research farm, Department of Agriculture (Horticulture), Faculty of Agriculture and Veterinary Sciences, Mewar University Gangrar, Chittorgarh (Rajasthan). Soil of the experimental field was sandy loam in texture, saline in reaction with a pH value of 7.6, poor in organic carbon (0.16%), deficient in available zinc (0.48 ppm) and iron (1.2 ppm) low in available nitrogen (176 kg/ha) and phosphorus (20.2 kg/ha) but medium in available potassium (320 kg/ha). The experiment was laid out in factorial randomized block design with three replications level-I viz: Control (No application), Salicylic acid @ 100 ppm, Citrus peel-based Bio-Enzyme @ 60 ppm, Salicylic acid @ 100 ppm + Citrus peel-based Bio-Enzyme @ 60 ppm and Level-II:- Control (No application), Humic acid @ 1 kg/ha, Humic acid @ 2 kg/ha and Humic acid @ 3 kg/ha. Total treatment combination is 16 and three replications than total number of plots is 48. 
3. Results and Discussion
The purpose of this study was to determine the extent of performance for growth and yield parameters. 
3.1 Growth parameters
[bookmark: _Hlk169133704]In case of bio-enzyme the data were showed significant effect on plant height at 60 days after transplanting. The maximum plant height (48.23 cm) was observed with treatments B4-Salicylic acid @ 100 ppm + Citrus peel-based Bio Enzyme @ 60 ppm; it was found at par with B3-Citrus peel-based Bio Enzyme @ 60 ppm (46.71 cm). The minimum plant height was recorded with B1-Control (No application) (43.54 cm). In case of humic acid, the data were showed significant effect on plant height at 60 days after transplanting. The maximum plant height (48.03 cm) was observed with treatments H4-Humic acid @ 3 kg/ha; it was found at par with H4-Humic acid @ 2 kg/ha and H3-Humic acid @ 1 kg/ha (47.33 and 45.85 cm). The minimum plant height was recorded with H1-Control (No application) (43.17 cm). In case of bio-enzyme the data were showed significant effect on number of leaves per plant at 60 days after transplanting. The maximum number of leaves per plant (7.15) was observed with treatments B4-Salicylic acid @ 100 ppm + Citrus peel-based Bio Enzyme @ 60 ppm; closely followed by treatments B3-Citrus peel-based Bio Enzyme @ 60 ppm (6.93). The minimum number of leaves per plant was recorded with B1-Control (No application) (6.33). In case of humic acid, the data were showed significant effect on number of leaves per plant at 60 days after transplanting. The maximum number of leaves per plant (7.25) was observed with treatments H4-Humic acid @ 3 kg/ha; closely followed by treatments H3-Humic acid @ 2 kg/ha (7.06). The minimum number of leaves per plant was recorded with H1-Control (No application) (7.17). In case of bio-enzyme the data were showed significant effect on leaf length at 60 days after transplanting. The maximum leaf length (44.13 cm) was observed with treatments B4-Salicylic acid @ 100 ppm + Citrus peel-based Bio Enzyme @ 60 ppm; ; it was found at par with treatments B3-Citrus peel-based Bio Enzyme @ 60 ppm (42.44 and 41.91 cm). The minimum leaf length was recorded with B1-Control (No application) (40.53). In case of humic acid, the data were showed significant effect on leaf length at 60 days after transplanting. The maximum leaf length (43.73 cm) was observed with treatments H4-Humic acid @ 3 kg/ha; it was found at par with treatments H4-Humic acid @ 2 kg/ha and H4-Humic acid @ 1 kg/ha (42.99 and 42.09 cm). The minimum leaf length was recorded with H1-Control (No application) (40.19 cm). Similar result also reported by Calvo et al. (2014), Mohammed and Ibraheem (2020), El-Saadony et al. (2018), Dixit et al. (2018), Sajid et al. (2018), Koppad et al. (2020), Prajapati et al. (2023) and Abdel et al. (2024).
3.2 Yield attributes
[bookmark: _Hlk169133718] In case of bio-enzyme the data were showed significant effect on polar diameter of bulb. The maximum polar diameter of bulb (5.87 cm) was observed with treatments B4-Salicylic acid @ 100 ppm + Citrus peel-based Bio Enzyme @ 60 ppm; closely followed by treatments B3-Citrus peel-based Bio Enzyme @ 60 ppm (5.25 cm). The minimum polar diameter of bulb was recorded with B1-Control (No application) (4.38 cm). In case of humic acid, the data were showed significant effect on polar diameter of bulb. The maximum polar diameter of bulb (5.62 cm) was observed with treatments H4-Humic acid @ 3 kg/ha; closely followed by treatments H3-Humic acid @ 2 kg/ha and H2-Humic acid @ 1 kg/ha (5.14 and 4.81 cm). The minimum polar diameter of bulb was recorded with H1-Control (No application) (40.19 cm). In case of bio-enzyme the data were showed significant effect on equatorial diameter of bulb. The maximum equatorial diameter of bulb (6.64 cm) was observed with treatments B4-Salicylic acid @ 100 ppm + Citrus peel-based Bio Enzyme @ 60 ppm; closely followed by treatments B3-Citrus peel-based Bio Enzyme @ 60 ppm (6.24 cm). The minimum equatorial diameter of bulb was recorded with B1-Control (No application) (5.61 cm). In case of humic acid, the data were showed significant effect on equatorial diameter of bulb. The maximum equatorial diameter of bulb (6.52 cm) was observed with treatments H4-Humic acid @ 3 kg/ha; it was found at par with treatments H3-Humic acid @ 2 kg/ha (6.31 cm). The minimum equatorial diameter of bulb was recorded with H1-Control (No application) (5.60 cm). In case of bio-enzyme the data were showed significant effect on neck thickness. The maximum neck thickness (1.13 cm) was observed with treatments B4-Salicylic acid @ 100 ppm + Citrus peel-based Bio Enzyme @ 60 ppm; closely followed by treatments B3-Citrus peel-based Bio Enzyme @ 60 ppm (1.06 cm). The minimum neck thickness was recorded with B1-Control (No application) (0.95 cm). In case of humic acid, the data were showed significant effect on neck thickness. The maximum neck thickness (1.12 cm) was observed with treatments H4-Humic acid @ 3 kg/ha; it was found at par with treatments H3-Humic acid @ 2 kg/ha (1.08 cm). The minimum neck thickness was recorded with H1-Control (No application) (0.92 cm). In case of bio-enzyme the data were showed significant effect on average bulb weight. The maximum average bulb weight (64.15 g) was observed with treatments B4-Salicylic acid @ 100 ppm + Citrus peel-based Bio Enzyme @ 60 ppm; closely followed by treatments B3-Citrus peel-based Bio Enzyme @ 60 ppm (61.08 g). The minimum average bulb weight was recorded with B1-Control (No application) (57.50 g). In case of humic acid, the data were showed significant effect on average bulb weight. The maximum average bulb weight (63.58 g) was observed with treatments H4-Humic acid @ 3 kg/ha; it was found at par with treatments H3-Humic acid @ 2 kg/ha (62.10 g). The minimum average bulb weight was recorded with H1-Control (No application) (56.73 g). In case of bio-enzyme the data were showed significant effect on yield. The maximum yield (27.15 t/ha) was observed with treatments B4-Salicylic acid @ 100 ppm + Citrus peel-based Bio Enzyme @ 60 ppm; closely followed by treatments B3-Citrus peel-based Bio Enzyme @ 60 ppm (25.82 t/ha). The minimum yield was recorded with B1-Control (No application) (23.14 t/ha). In case of humic acid, the data were showed significant effect on yield. The maximum yield (26.94 t/ha) was observed with treatments H4-Humic acid @ 3 kg/ha; it was found at par with treatments H3-Humic acid @ 2 kg/ha (26.44 t/ha). The minimum yield was recorded with H1-Control (No application) (22.73 t/ha). Similar result also confirmed by Yadagiri et al. (2019), Ranjan et al. (2020), Abd-Elkader (2020), Dixit et al., (2022), Patel et al. (2022), Kumar et al. (2023)

Conclusion
On the basis of one year experimentation, it was concluded that the treatment combination (B4-Salicylic acid @ 100 ppm + Citrus peel-based Bio Enzyme @ 60 ppm + H4-Humic acid @ 3 kg/ha) are found superior among all treatments in growth and yield prospective. So, the treatment combination B4H4 are good for practices as compare to other treatments.








Table 1 Effect of bio enzyme and humic acid on plant height, number of leaves per plant and leaf length at 60 DAS
	Treatments
	Plant height 
(cm)
	Number of leaves per plant
	Leaf length (cm)

	Factor-A (Bio Enzyme)

	B1-Control (No application)
	43.54
	6.33
	40.53

	B2-Salicylic acid @ 100 ppm
	45.90
	6.79
	41.91

	B3-Citrus peel-based Bio Enzyme @ 60 ppm
	46.71
	6.93
	42.44

	B4-Salicylic acid @ 100 ppm + Citrus peel-based Bio Enzyme @ 60 ppm
	48.23
	7.15
	44.13

	S. Em. ±
	0.78
	0.06
	0.77

	CD @0.05%
	2.26
	0.17
	2.23

	Factor-B (Humic acid)

	H1-Control (No application)
	43.17
	6.17
	40.19

	H2-Humic acid @ 1 kg/ha
	45.85
	6.72
	42.09

	H3-Humic acid @ 2 kg/ha
	47.33
	7.06
	42.99

	H4-Humic acid @ 3 kg/ha
	48.03
	7.25
	43.73

	S. Em. ±
	0.78
	0.06
	0.77

	CD @0.05%
	2.26
	0.17
	2.23






Table 2 Effect of bio enzyme and humic acid on yield parameters of onion 
	Treatments
	Polar diameter of bulb (cm)
	Equatorial diameter of bulb
	Neck thickness (cm)
	Average bulb weight (g)
	Yield (t/ha)

	Factor-A (Bio Enzyme)
	
	

	B1-Control (No application)
	4.38
	5.61
	0.95
	57.50
	23.14

	B2-Salicylic acid @ 100 ppm
	5.41
	5.94
	1.02
	60.00
	25.10

	B3-Citrus peel-based Bio Enzyme @ 60 ppm
	5.25
	6.24
	1.06
	61.08
	25.82

	B4-Salicylic acid @ 100 ppm + Citrus peel-based Bio Enzyme @ 60 ppm
	5.87
	6.64
	1.13
	64.15
	27.15

	S. Em. ±
	0.08
	0.07
	0.02
	0.88
	0.42

	CD @0.05%
	0.23
	0.21
	0.05
	2.54
	1.22

	Factor-B (Humic acid)
	
	

	H1-Control (No application)
	4.35
	5.60
	0.92
	56.73
	22.73

	H2-Humic acid @ 1 kg/ha
	4.81
	6.00
	1.02
	60.32
	25.09

	H3-Humic acid @ 2 kg/ha
	5.14
	6.31
	1.08
	62.10
	26.44

	H4-Humic acid @ 3 kg/ha
	5.62
	6.52
	1.12
	63.58
	26.94

	S. Em. ±
	0.08
	0.07
	0.02
	0.88
	0.42

	CD @0.05%
	0.23
	0.21
	0.05
	2.54
	1.22
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