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Essential Oils as Biostimulants for Yield and Quality Enhancement in Garlic (Allium sativum L.)
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ABSTRACT
A research trial was conducted during the Rabi season of 2023-24 at the Central Research Field, Department of Plant Pathology, Naini Agricultural Institute, Sam Higginbottom University of Agriculture, Technology And Sciences, Prayagraj, Uttar Pradesh. The aim of the experiment was to assess the impact of various essential oils on the purple blotch disease in garlic, which is caused by Alternaria porri, as well as other growth parameters. The trial included seven treatments: T1- neem oil (5%), T2- eucalyptus oil (5%), T3- clove oil (5%), T4- castor oil (5%), T5- mustard oil (5%), T6- mancozeb 75 WP (0.2%), and T0- control, with each treatment replicated three times to manage the disease and to analyse the effects of the treatments on growth parameters. It was noted that all treatments significantly enhanced the growth parameters of garlic and lowered the severity of the disease. From the study of results, it was concluded that among all the treatments, the most effective for influencing the growth parameters viz. plant height (cm) was T6- Mancozeb (57.13) followed by T1- Neem oil (55.60), T3- Clove oil (53.46), T2- Eucalyptus oil (52.00), T4- Castor oil (50.93) and T5- Mustard oil (50.60) as compared to T0- Control (46.66), number of leaves was T6- Mancozeb (5.93) followed by T1- Neem oil (5.86), T3- Clove oil (5.60), T2- Eucalyptus oil (5.53), T4- Castor oil (5.33) and T5- Mustard oil (5.26) as compared to T0- Control (4.93). The study also concluded that cost benefit ratio significantly increased in the treatment T6- Mancozeb (1:6.15) followed by T1- Neem oil (1:4.30), T3- Clove oil (1:3.95), T2- Eucalyptus oil (1:3.74), T4- Castor oil (1:3.55) and T5- Mustard oil (1:3.40) as compared to T0- Control (1:2.47).
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1. [bookmark: _Hlk180960015]INTRODUCTION
Garlic (Allium sativum L.) belongs to the family Amaryllidaceae and is the second most important bulb crop after onion (Rubatzky and Yamaguchi, 1997). It is commonly referred to as "Lasan" (Singh et al., 2021). The economic yield is obtained from underground develop part known as bulbs. Often the bulb contains 10 to 20 cloves that are asymmetric in shape. The small central cloves are not usually used because they produce small plants and hence small bulbs (Purseglove, 1975).
Alternaria porri causing purple blotch of garlic is a common saprophyte on plant debris and plant tissue. It leads to considerable loss in yield and quality of garlic. It is the most destructive disease of Allium sp. (onions, garlic, shallots, leeks, scallions and chives). The pathogenicity of Alternaria sp. is due to production of host specific or nonspecific toxins that may induce disease. These toxins are mainly secondary metabolites that destroy susceptible cultivars by leaf necrosis (Mamgain et al., 2013). The disease usually affects the leaves and bulbs of a plant, and reducing their yield up to 97% (Kareem et al., 2012).
Garlic offers a higher nutritional value than other bulb crops. It serves as a rich source of carbohydrates (29%), proteins (7%), fibres (0.8%), minerals (0.3%), fat (0.2%), essential oils (0.1-0.4%), and is also a source of vitamin C and sulphur (Memane et al., 2008). Moreover, garlic exhibits a broad range of effects. It possesses antibacterial, antiviral, antifungal, and antiprotozoal abilities. Additionally, it benefits both the cardiovascular and immune systems and has properties that are antioxidant and anticancer (Harris et al., 2001). 
Originating from Central Asia, China had the highest production of garlic throughout the Asia-Pacific region, in which over 20,712,087 tons of garlic was produced, India being second in position with production of 2,917,000 tons. Madhya Pradesh recorded the highest production of garlic across India in financial year 2022, amounting to over two million metric tons followed by Rajasthan, Uttar Pradesh and Gujarat. The country produced over 3.1 million metric tons of the garlic in 2021 (Minhas, 2023). The primary states in India renowned for garlic production include Gujarat (3.29%), Uttar Pradesh (6.57%), Madhya Pradesh (62.85%), Rajasthan (16.81%), and Punjab (2.66%) (NHB, 2021-22) (Tripathi and Lawande, 2006).
The main diseases affecting this crop include purple blotch, botrytis rot, botrytis leaf blight, cercospora leaf spot, downy mildew, fusarium basal rot, damping-off, white rot, stem and bulb nematode, and mosaic virus, among others. The decay caused by Alternaria sp. is a significant contributor to economic losses in garlic (Prajapati et al., 2020).
Considering the poor economic condition of farmers, high cost of disease control and environmental concerns, it is necessary to incorporate use of cost-effective treatment i.e., use of essential oils to carry out an experiment in crop improvement programme. Therefore, the present study is aimed at to screen the garlic germplasm for yield and susceptibility to purple blotch disease and correlation among the traits.
2. MATERIALS AND METHODS
Field investigations took place at the Central Research Field of the Department of Plant Pathology at Sam Higginbottom University of Agriculture, Technology and Sciences, Prayagraj (U.P.) during the rabi season of 2023-24. The seeds were planted in December, 2023 with a spacing of 15 cm between rows and 10 cm between plants.
[bookmark: _Hlk180959555]In order to assess the effect of various treatment, seven treatments applied viz. T1- neem oil (5%), T2- eucalyptus oil (5%), T3- clove oil (5%), T4- castor oil (5%), T5- mustard oil (5%), T6- mancozeb 75 WP (0.2%) and T0- control with each treatment replicating three times to evaluate the effect of treatments on the growth parameters and cost benefit ratio of crop.
[bookmark: _Hlk180959738][bookmark: _Hlk156511125]Observations were recorded under field condition i.e., growth parameters viz. plant height, number of leaves at 30, 60 and 90 days and cost benefit ratio.
2.1 Plant height (cm)
Plant heights were recorded at 30, 60 and 90 days after sowing (DAS). Five plants were selected randomly in each plot and tagged for identification. Plant height was measured from ground level to the tip of plant using a measuring scale.

2.2 Number of leaves per plant
Total number of leaves was counted at 30, 60 and 90 days after sowing (DAS) from five different randomly selected plants to calculate the mean value.
2.3 Cost benefit ratio
Gross returns were calculated by multiplying total yield with market price of the produce. Cost of cultivation and cost of treatments were deducted from the gross returns, to find out returns and cost benefit of ratio by following formula (Reddy and Reddi, 1995).
The C:B ratio was calculated by the given formula:

3. RESULTS AND DISCUSSIONS
Effects of essential oils were assessed on growth parameters viz. plant height, number of leaves at 30, 60 and 90 days and cost benefit ratio of garlic.
3.1 Effect of treatments on plant height (cm) of garlic (Allium sativum L.) at 30, 60 and 90 DAS(Days After Sowing)
Study of data on plant height (cm) presented in Table 1. and illustrated in Figure 1. reveals that increase in plant height (cm) at 30 DAS resulted significantly in the treatment T1- Neem oil (35.26), followed by T6- Mancozeb (33.40), T2- Eucalyptus oil (31.26), T3- Clove oil (30.06), T4- Castor oil (29.13) and T5- Mustard oil (29.06) as compared to non-treated check, T0- Control (28.40).
At 60 DAS the increase in plant height (cm) resulted significantly in the treatment T6- Mancozeb (53.46) followed by T1- Neem oil (51.86), T3- Clove oil (50.86), T2- Eucalyptus oil (50.20), T4- Castor oil (49.73) and T5- Mustard oil (48.66) as compared to non-treated check, T0- Control (40.00).
[bookmark: _Hlk179124969]At 90 DAS the increase in plant height (cm) resulted significantly in the treatment T6- Mancozeb (57.13) followed by T1- Neem oil (55.60), T3- Clove oil (53.46), T2- Eucalyptus oil (52.00), T4- Castor oil (50.93) and T5- Mustard oil (50.60) as compared to non-treated check, T0- Control (46.66).
Table 1. Effect of treatments on plant height (cm) of garlic at 30, 60 and 90 DAS
	Treatments
	Plant Height (cm)

	
	30 DAS*
	60 DAS*
	90 DAS*

	T0
	Control
	28.40e
	40.00
	46.66

	T1
	Neem oil @5%
	35.26
	51.86b
	55.60ab

	T2
	Eucalyptus oil @5%
	31.26
	50.20cd
	52.00cd

	T3
	Clove oil @5%
	30.06d
	50.86bc
	53.46bc

	T4
	Castor oil @5%
	29.13de
	49.73d
	50.93d

	T5
	Mustard oil @5%
	29.06de
	48.66
	50.60d

	T6
	Mancozeb @0.2%
	33.40
	53.46
	57.13a

	C.D. (0.05)
	1.05
	1.05
	2.49

	S.Ed. (±)
	0.48
	0.48
	1.14




Figure 1. Effect of treatments on plant height (cm) of garlic at 30, 60 and 90 DAS
3.2 Effect of treatments on number of leaves of garlic (Allium sativum L.) at 30, 60 and 90 DAS
Study of data on plant height (cm) presented in Table 2. and illustrated in Figure 2. reveals that no. of leaves significantly increased in the treatment T1- Neem oil (4.86), followed by T6- Mancozeb (4.66), T2- Eucalyptus oil (4.60), T3- Clove oil (4.53), T4- Castor oil (4.46) and T5- Mustard oil (4.33) as compared to non-treated check, T0- Control (4.00).
At 60 DAS the increase in no. of leaves resulted significantly in the treatment T6- Mancozeb (5.33) followed by T1- Neem oil (5.06), T3- Clove oil (5.00), T2- Eucalyptus oil (4.93), T4- Castor oil (4.86) and T5- Mustard oil (4.73) as compared to non-treated check, T0- Control (4.53).
[bookmark: _Hlk179125050][bookmark: _Hlk179125063]At 90 DAS the increase in no. of leaves resulted significantly in the treatment T6- Mancozeb (5.93) followed by T1- Neem oil (5.86), T3- Clove oil (5.60), T2- Eucalyptus oil (5.53), T4- Castor oil (5.33) and T5- Mustard oil (5.26) as compared to non-treated check, T0- Control (4.93).
Table 2. Effect of treatments on number of leaves of garlic at 30, 60 and 90 DAS
	Treatments
	Number of leaves

	
	30 DAS*
	60 DAS*
	90 DAS*

	T0
	Control
	4.00
	4.53c
	4.93d

	T1
	Neem oil @5%
	4.86a
	5.06ab
	5.86ab

	T2
	Eucalyptus oil @5%
	4.60abc
	4.93b
	5.53bc

	T3
	Clove oil @5%
	4.53bc
	5.00ab
	5.60abc

	T4
	Castor oil @5%
	4.46bc
	4.86bc
	5.33c

	T5
	Mustard oil @5%
	4.33c
	4.73bc
	5.26cd

	T6
	Mancozeb @0.2%
	4.66ab
	5.33a
	5.93a

	C.D. (0.05)
	0.33
	0.35
	0.40

	S.Ed. (±)
	0.15
	0.16
	0.18



Figure 2. Effect of treatments on number of leaves of garlic at 30, 60 and 90 DAS
3.3 Effect of treatments on cost benefit ratio
According to the current findings, study of data on cost benefit ratio of garlic is presented in Table 3. and illustrated in Figure 3. reveals that the C:B significantly increased in the treatment T6- Mancozeb (1:6.15) followed by T1- Neem oil (1:4.29), T3- Clove oil (1:3.95), T2- Eucalyptus oil (1:3.74), T4- Castor oil (1:3.55) and T5- Mustard oil (1:3.40) as compared to non-treated check, T0- Control (1:2.47).
Table 3. Cost Benefit Ratio
	Treatment
	Treatment   details
	Yield
(q/ha)
	Gross return (₹/ha)
	Total cost of cultivation (₹/ha)
	Net return (₹/ha)
	Cost benefit ratio

	T0
	Control
	26.10
	6,52,500
	1,88,500
	4,64,000
	1:2.46

	T1
	Neem Oil (5%)
	40.50
	10,12,500
	1,91,200
	8,21,300
	1:4.29

	T2
	Eucalyptus Oil (5%)
	37.30
	9,32,500
	1,97,050
	7,35,450
	1:3.73

	T3
	Clove Oil (5%)
	38.30
	9,57,500
	1,93,900
	7,63,600
	1:3.94

	T4
	Castor Oil (5%)
	35.60
	8,90,000
	1,93,000
	6,97,000
	1:3.61

	T5
	Mustard Oil (5%)
	33.10
	8,27,500
	1,89,550
	6,37,950
	1:3.36

	T6
	Mancozeb 75 WP (0.2%)
	54.10
	13,52,500
	1,89,292
	11,63,208
	1:6.14



Figure 3. Effect of treatments on cost benefit ratio
The present study demonstrates the potential of essential oils as eco-friendly alternatives to synthetic fungicides in managing purple blotch disease of onion (Allium cepa L.), a major constraint in onion production caused by Alternaria porri. Essential oils, known for their broad-spectrum antimicrobial properties, offer a natural, biodegradable, and less toxic solution to disease management in sustainable agriculture.
Among the tested essential oils, [neem oil, clove oil, castor oil, eucalyptus oil, mustard oil] T1- Neem oil exhibited significant highest plant height (cm), maximum number of leaves and cost benefit ratio under in vivo conditions. These results are in agreement with previous studies that reported by Prajapati et. al., 2020 and Singh et. al., 2021.
Beyond their direct action against pathogens, essential oils may also stimulate the plant's internal defense systems, enhancing its resistance to infection. This combined mechanism of action positions essential oils as effective components within integrated disease management frameworks.
When compared to synthetic fungicides, essential oils offer the benefits of lower environmental impact and reduced potential for resistance development. To conclude, essential oils show strong promise as sustainable agents for controlling purple blotch disease in onions. Continued research through large-scale field evaluations and cost-effectiveness studies will be key to facilitating their practical use in agriculture.
CONCLUSION
Based on the findings obtained from present studies it was concluded that treatment T1- Neem oil @5% was the most effective for the results. Thus, use of essential oils have been taken in consideration for the management of purple blotch of garlic and effectiveness in yield and growth parameters with effect in cost benefit ratio. As it is beneficial and eco-friendly, easy to get for farmers therefore it may be recommended for the better management of purple blotch disease of garlic. Results of the present study were found to be significantly effective under Prayagraj agro-climatic conditions. It may vary with region and climatic conditions, therefore for validation of the results more such trials should be carried out in future for further recommendations.
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Cost Benefit Ratio	T0	T1	T2	T3	T4	T5	T6	2.46	4.29	3.73	3.94	3.61	3.36	6.14	Treatments
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Plant height (cm)

30 DAS	T0	T1	T2	T3	T4	T5	T6	28.4	35.26	31.26	30.06	29.13	29.06	33.4	60 DAS	T0	T1	T2	T3	T4	T5	T6	40	51.86	50.2	50.86	49.73	48.66	53.46	90 DAS	T0	T1	T2	T3	T4	T5	T6	46.66	55.6	52	53.46	50.93	50.6	57.13	Treatments
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Number of leaves

30 DAS	T0	T1	T2	T3	T4	T5	T6	4	4.8600000000000003	4.5999999999999996	4.53	4.46	4.33	4.66	60 DAS	T0	T1	T2	T3	T4	T5	T6	4.53	5.0599999999999996	4.93	5	4.8600000000000003	4.7300000000000004	5.33	90 DAS	T0	T1	T2	T3	T4	T5	T6	4.93	5.86	5.53	5.6	5.33	5.26	5.93	Treatments
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