Effect of Botanicals and Chemicals on Growth, Yield, and Seed Quality of Mustard (Brassica juncea)

Abstract
A field experiment was carried out during the Rabi season of 2018–2019 at the Research Farm, Department of Genetics and Plant Breeding, Sam Higginbottom Institute of Agriculture, Technology and Sciences (SHIATS), Prayagraj, to evaluate the effect of different concentrations of botanicals and chemicals on growth, yield and seed quality of mustard. The experiment was laid out in a Randomized Block Design with three replications and eleven treatments. The treatments consisted of garlic, ginger and neem extracts at 10%, 15% and 20% concentrations, along with carbendazim, thiram and a control. The control (T0) recorded the lowest values for most traits, with 79.15% field emergence, 39 days to flowering, 125.43 cm plant height, 38.73 siliquae per plant, 7.40 seeds per siliqua and only 0.74 g seed yield per plant. Among the botanicals, garlic extract at 10% concentration (T7) performed best, producing the highest field emergence (92.55%), earliest flowering (33.67 days), 136.20 cm plant height, 40.80 siliquae per plant, 10.27 seeds per siliqua and the highest seed yield (1.85 g per plant), along with the maximum economic yield (48.41 g) and harvest index (31.63%). For seed quality parameters, garlic extract at 15% concentration (T8) recorded superior performance, enhancing germination percentage, root length, seedling length and vigour index compared to the rest. Although ginger and neem extracts at 10–20% concentrations produced comparatively lower yield values—such as neem 10% (T4) showing 74.07% field emergence and 1.40 g seed yield per plant—they remain eco-friendly, safe and low-cost alternatives to chemical seed treatments. Overall, the study concludes that garlic extract at 10% concentration is most effective for improving mustard growth and yield, while 15% garlic extract is superior for enhancing seed quality. These findings indicate that farmers can adopt garlic extract seed treatments at appropriate concentrations as an affordable and eco-friendly method to improve mustard productivity and seed quality under field conditions.
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Introduction
      Mustard (Brassica juncea) is one of the first domesticated crops in Rabi-2018 season. It is widely cultivated in tropical and sub-tropical areas of the world. Globally, it is mainly cultivated in India, Canada, China, Pakistan, Poland, Bangladesh, Sweden and France. About 35% area of the total cultivated area of world is in India with 16% of shares in production. India is the fifth major mustard producing consuming country in the world. The major mustard growing states in India are Rajasthan, Uttar Pradesh, Haryana, Madhya Pradesh, Gujarat and West Bengal.  The government of India has introduced National Mission on Oilseeds and Oil Palm (NMOOP), with a vision to increase production of vegetable oils sourced from oilseeds. Apart from that, various other initiatives have been taken to increase oilseed production in India, including mustard in order to meet domestic as well as global demand. In India, Rajasthan contributes about 49% to the county’s total mustard production, followed by Uttar Pradesh (11%), Haryana (11%), Madhya Pradesh (11%), Gujarat (6%), West Bengal (5%) and other districts (7%). (http://www. commoditiescontrol.com). Mustard is grown for its oil rich seeds. Apart from extracting oil, seeds are also used directly in the preparation of almost all Indian curries particularly in a process called “Tadka”. India occupies the first position both in area and production of mustard. The mustard seed gives edible oil which is used as cooking medium in north India. Oil content in mustard varies from 30 to 49%.Rajasthan is one of the major mustard producing states in the country, contributing 46.2 % of total production of India. National and state yield of mustard in 2014-15 are 1010 kg/ha and 1183 kg/ha, respectively (Anonymous, 2014-15). Although, yield of mustard in Rajasthan is more than its national average yield, but we are still lagging behind by 840 kg/ha as compared to the world’s productivity. Among the various constraints attributing to low productivity of mustard in arid and semi-arid region, the erratic nature of climate, inefficient irrigation water, weed infestation, fertilizer management and poor soil physical conditions are the most important factors which lead to the low crop yield of Mustard.
 

Objective:
1. To study about different doses of botanicals and chemicals on seed growth and yield in mustard.
2. To study about doses of botanicals and chemicals on seed quality in mustard.
Materials and Methods
                    The field experiment entitled “To Study the Effect of Different Doses of Botanicals and Chemicals on Growth, Yield and Seed Quality in Mustard” was conducted during the Rabi season of 2018–2019 at the Field Experimentation Centre, Department of Genetics and Plant Breeding, Sam Higginbottom University of Agriculture, Technology and Sciences (SHUATS), Prayagraj, Uttar Pradesh, India. The details of the materials used, the methods followed, and the criteria adopted for treatment evaluation are presented in this chapter. The experiment was laid out in a Randomized Block Design (RBD) with three replications and eleven treatments.
 Table:1 The details of the treatments used in the study are presented in table
	Sl. No.
	Treatment 
	Description of Treatment

	1
	T0
	Control (Untreated seeds)

	2
	T1
	Garlic extract @ 10%

	3
	T2
	Garlic extract @ 15%

	4
	T3
	Garlic extract @ 20%

	5
	T4
	Ginger extract @ 10%

	6
	T5
	Ginger extract @ 15%

	7
	T6
	Ginger extract @ 20%

	8
	T7
	Neem extract @ 10%

	9
	T8
	Neem extract @ 15%

	10
	T9
	Neem extract @ 20%

	11
	T10
	Carbendazim (standard chemical seed treatment)

	12
	T11
	Thiram (standard chemical seed treatment)



Seed growth and yield parameters: Field emergences, Days to 50% flowering, Number of branches, Plant height, Number of siliqua per plant, Number of seeds per siliqua,Days of maturity, Seed yield per plant, Test weight, Biological yield, Economic yield, and Harvest index 
Seed quality parameters: For seed quality assessment germination test was conducted using the paper towel method as prescribed in ISTA rules (1996), by providing the optimum conditions. The germination counts was made on normal seedlings and expressed in per cent. Root length, shoot length, seedling length were measured and expressed in centimetres. Seedling fresh weight and seedling dry weight were measured in grams. Vigour indices were computed by adopting the following formula as suggested by Abdul Baki and Anderson (1973) and expressed in number. Vigour Index I = Germination (%) X Seedling length (cm) Vigour Index II = Germination (%) X Seedling dry weight (g).
Statistical analysis: Analysis of observation taken on different variable was carried out to know the degree of variation among all the treatments. The results were obtained through analysis of variance (ANOVA).
Results and Discussion
The analysis of growth parameters revealed clear differences among the various botanical and chemical seed treatments applied to mustard. Field emergence showed considerable variation, ranging from 73.03% in T₅ (Ginger 15%) to 92.55% in T₇ (Garlic 10%). The superior emergence in T₇ indicates the effectiveness of garlic extract in enhancing initial seedling establishment, likely due to antimicrobial compounds such as allicin, which suppress seed-borne pathogens and improve seed vigor. Recent findings also demonstrate the strong antifungal potential of garlic-based treatments in improving seed health and yield performance in mustard (Kumar & Lal, 2024; Kumar et al., 2024). Treatments T₂ (Neem 15%) and T₆ (Ginger 20%) also performed relatively well, indicating that botanical extracts can suppress seed-borne microbial load and enhance germination. In contrast, untreated seeds (T₀) recorded lower emergence, underscoring the importance of seed treatment in promoting early seedling growth. Treatments T₂ (Neem 15%) and T₆ (Ginger 20%) also performed relatively well, supported by findings showing that neem and ginger extracts enhance germination by reducing fungal infection (Cobbinah et al., 2023). In contrast, untreated seeds (T₀) recorded lower emergence, underscoring the importance of seed treatment in promoting early growth.
Plant height also differed significantly among treatments, ranging from 122.80 cm in T₁₀ (Carbendazim) to 167.53 cm in T₆ (Ginger 20%). The maximum height in T₆ suggests that higher concentrations of ginger extract may stimulate vegetative growth through improved metabolic activity, as supported by studies on seed priming and botanical treatments enhancing early growth and seedling vigor (Bhateshwar et al., 2020;). Garlic treatments (T₇–T₉) also showed good plant height performance, indicating their role in promoting cell elongation and nutrient uptake. Control plants remained shorter (125.43 cm), reflecting weaker vegetative vigor.
The number of branches per plant ranged from 4.13 in T₀ and T₁₀ to 5.27 in T₅ (Ginger 15%). The highest branching in T₅ suggests a cytokinin-like stimulatory effect of ginger extract on lateral growth.Treatments T₂ (Neem 15%) and T₈ (Garlic 15%) also produced moderate branching, whereas the control exhibited the least branching, consistent with reduced plant vigor.
Days to 50% flowering varied between 33.67 days in T₇ and 40.33 days in T₉ (Garlic 20%). Early flowering in T₇ reflects enhanced physiological development due to improved seed vigor, while delayed flowering in T₉ suggests that higher concentrations of garlic may prolong the vegetative phase. Such dose-dependent responses have been reported in botanical seed treatment studies (Yeasmin et al., 2012).
Days to maturity also showed noticeable variation. The earliest maturity occurred in T₂ (Neem 15%) at 93.67 days, while the latest (101 days) was recorded in T₇ (Garlic 10%). Earlier maturity in neem-treated seeds is likely due to improved nutrient mobilization and reduced pathogen load (Cobbinah et al., 2023). The longer maturity period in T₇ corresponds with its vigorous vegetative growth, as stronger plants often require more time to complete their life cycle.
Yield parameters—including siliquae per plant, seeds per siliqua, seed yield per plant, biological yield, and economic yield—clearly demonstrated the superiority of garlic, particularly T₇. The number of siliquae per plant ranged from 21.13 in T₉ to 40.80 in T₇. The markedly higher siliquae count in T₇ suggests improved assimilate partitioning and enhanced floral initiation. Similarly, the number of seeds per siliqua was highest in T₇ (10.27), followed by T₂ (9.53) and T₆ (9.53), whereas the control recorded the lowest (7.40). The higher seed set in garlic-treated plants may be attributed to greater plant vigor and better reproductive efficiency.
Seed yield per plant ranged from 0.74 g in T₀ to 1.85 g in T₇, showing more than a two-fold increase over the control. This highlights the effectiveness of garlic extract in enhancing productivity, aligning with documented cases where seed addressed garlic treatments significantly increased seed yield and mature plant yield in other crops (Golubkina et al., 2024). Biological yield was highest in T₇ (153.17 g), followed by T₂ and T₉, indicating greater biomass accumulation. Economic yield followed a similar pattern, with T₇ recording the maximum (48.41 g), while the control recorded the minimum (26.03 g). The highest harvest index (31.63%) observed in T₇ demonstrates its superior efficiency in converting biomass into seed yield. Similar seed‑priming and botanical seed‑treatment studies have shown enhanced yield attributes and harvest index under field conditions, including in lentil, maize, and mustard (Seed Priming Boosts Plant Growth, 2024; Batool et al., 2022; Busireddy Sai Harsha Vardhan Reddy et al., 2022).
Overall, the combined results of growth and yield parameters clearly indicate that T₇ (Garlic 10%) was the most effective treatment, recording the highest emergence, enhanced vegetative growth, superior reproductive performance, and maximum productivity. Neem extract (T₂) also showed notable benefits in emergence, seed set, and biomass production, making it a viable alternative botanical treatment.
Table-2: Mean performance of growth and yield parameters of mustard.
	Sl. NO
	Treatment
	Field emergence
	
Days to flowering
	Plant height (cm)
	No.of branches/plant
	No.of siliqua/plant
	No.of seeds /siliqua
	Days to maturity
	Seed yield /plant(gm)
	Biological yield
(gm)
	Economical yield
(gm)
	Harvest index

	1
	T0
	79.15
	39.00
	125.43
	4.13
	38.73
	7.40
	98.67
	0.74
	120.08
	26.03
	21.54

	2
	T1
	80.24
	37.67
	126.13
	4.67
	26.53
	7.93
	99.33
	1.34
	122.34
	27.74
	22.52

	3
	T2
	87.65
	34.33
	128.27
	4.73
	25.40
	9.53
	93.67
	1.72
	144.52
	37.04
	25.78

	4
	T3
	81.67
	36.00
	133.00
	4.73
	29.60
	8.13
	96.33
	1.34
	127.28
	29.77
	23.29

	5
	T4
	74.07
	39.00
	137.13
	4.47
	28.13
	8.60
	97.00
	1.40
	131.44
	35.86
	26.85

	6
	T5
	73.03
	37.33
	127.13
	5.27
	33.73
	8.50
	96.33
	1.28
	133.80
	32.31
	23.82

	7
	T6
	82.45
	34.00
	167.53
	4.33
	39.87
	9.53
	97.33
	1.61
	137.85
	34.44
	24.97

	8
	T7
	92.55
	33.67
	136.20
	4.47
	40.80
	10.27
	101.0
	1.85
	153.17
	48.41
	31.63

	9
	T8
	82.60
	36.67
	145.53
	4.60
	31.80
	8.40
	98.33
	1.46
	124.84
	32.96
	26.44

	10
	T9
	79.47
	40.33
	127.20
	4.47
	21.13
	8.67
	99.33
	1.38
	142.18
	40.21
	28.00

	11
	T10
	83.13
	39.67
	122.80
	4.13
	23.33
	9.00
	100.9
	1.61
	142.67
	40.54
	28.33

	12
	T11
	75.03
	38.00
	125.40
	4.73
	23.53
	8.67
	97.67
	1.45
	141.24
	39.30
	27.77

	GRANDMEAN
	80.92
	37.13
	133.50
	4.56
	30.21
	8.70
	99.55
	1.43
	135.12
	35.38
	25.91



In seed quality parameters, germination percentage, root length, seedling length, and vigour index I were highest in T₈ (Garlic 15%) and lowest in T₀ (Control). The superior performance of garlic‑treated seeds may be attributed to bioactive sulfur‑containing compounds such as allicin and ajoene, which enhance enzymatic activity, suppress seed-borne pathogens, and improve early seedling growth (Perelló & Slusarenko, 2013; Cobbinah et al., 2023; Songmi et al., 2025).
Shoot length was maximum in T₁ (Neem 10%), consistent with findings that botanical seed treatments can favor shoot elongation and overall seedling growth under certain conditions (Songmi et al., 2025). Fresh weight was highest in T₅ (Ginger 15%), likely due to the growth-promoting effects of gingerol, shogaol, and other phenolic compounds that enhance metabolic activity and biomass accumulation. Vigour Index II recorded the highest value in T₁₀ (Carbendazim @ 2 g kg/seed) owing to its fungicidal efficiency in protecting seedlings from early pathogen attack, thereby supporting greater dry matter accumulation. Dry weight was also highest in T₅ (Ginger 15%), reaffirming the role of seed treatments in promoting biomass development. The lowest values across all parameters in T₀ emphasize the importance of seed treatment in improving mustard seed quality.
Table-3: Mean performance seed quality parameters of mustard.
	S. NO
	TREATMENT
	Germination %
	Root length(cm)
	Shoot length
(cm)
	Seedling fresh weight
(cm)
	Seedling dry weight
	Seedling length
(cm)
	Vigour index 1
	Vigour index II

	1
	T0
	80.25
	10.30
	5.79
	0.38
	0.12
	16.10
	1288.20
	9.45

	2
	T1
	84.25
	8.58
	6.63
	0.51
	0.13
	15.18
	1296.69
	10.49

	3
	T2
	78.50
	9.29
	6.23
	0.48
	0.13
	15.44
	1211.84
	10.47

	4
	T3
	84.00
	10.12
	5.79
	0.57
	0.17
	16.10
	1350.08
	14.29

	5
	T4
	80.50
	9.94
	6.48
	0.52
	0.15
	16.19
	1303.59
	11.90

	6
	T5
	81.00
	8.84
	6.24
	0.66
	0.18
	15.18
	1232.31
	14.40

	7
	T6
	80.75
	9.43
	6.04
	0.56
	0.15
	15.23
	1231.08
	12.17

	8
	T7
	83.75
	10.04
	6.15
	0.51
	0.16
	16.16
	1355.46
	13.64

	9
	T8
	84.75
	10.71
	5.89
	0.50
	0.16
	17.12
	1450.32
	13.68

	10
	T9
	84.5
	10.05
	6.35
	0.48
	0.17
	16.61
	1402.55
	14.18

	11
	T10
	79.75
	9.14
	5.85
	0.50
	0.18
	14.99
	1134.28
	14.61

	12
	T11
	78.75
	10.36
	6.03
	0.59
	0.15
	15.59
	1225.67
	11.79

	GRAND MEAN
	81.73
	9.73
	6.12
	0.52
	0.15
	15.75
	1290.17
	12.59

	CD(5%)
	6.89
	2.09
	1.03
	0.20
	0.04
	1.87
	192.58
	3.94

	CD(1%)
	9.30
	2.83
	1.39
	0.27
	0.06
	2.52
	259.94
	5.32

	SE(D)
	3.33
	1.01
	0.50
	0.10
	0.02
	0.90
	93.17
	1.91


Conclusion
The study demonstrated that botanical and chemical seed treatments significantly improved seed quality parameters in mustard compared to the untreated control. Among the treatments, T8 (Garlic 15 ml @ 100 ml water) recorded the highest germination percentage, root length, seedling length, and vigour index-I, indicating its strong potential in enhancing early seedling vigor. T1 (Neem 10 ml) showed maximum shoot length, while T5 (Ginger 15 ml) exhibited superior fresh and dry weight, reflecting its ability to enhance biomass accumulation. T10 (Carbendazim 2 g) recorded the highest vigour index-II, confirming the effectiveness of chemical fungicides in improving seedling dry matter. Overall, the results clearly indicate that botanical extracts—especially garlic and ginger—are highly effective, eco-friendly alternatives for improving seed quality in mustard.
Limitations:
The study was limited to early seedling parameters under controlled conditions and did not assess long-term field performance or yield. Additionally, the effects of botanical treatments on pest and disease resistance under field conditions were not evaluated.
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