
Effect Of Seed Pelleting On Seedling Emergence, Plant Growth, Seed Yield And Quality Parameters In Mustard 
ABSTRACT 
	
	Aims: The aim of the study is to describe the process of application of botanicals products by pelleting mustard seed prior to the time of sowing. These materials can be kept close to the seed by using botanical powder as a protective covering, allowing it to benefit from this nutrient intake for a longer amount of time. 
Study design:  Experiment were CRD and RBD design
Place and Duration of Study: Department of Seed Science and Technology, B. A. College of Agriculture, Anand Agricultural University, Anand, between October 2024 and February 2025.
Methodology: This experiment comprised of pelleted seeds with botanicals such as Neem leaf powder, Tulsi leaf powder, Prosopis leaf powder, Tobacco leaf powder and Bio NPK at various concentration. Unpelleted seeds used as a control.
Results: Highest germination (100%) recorded in treatment with Neem leaf powder @ 200 g/kg, Tulsi leaf powder @ 200 g/kg, Tobacco leaf powder @ 200 g/kg and 400 g/kg, as well as Bio NPK @ 5 ml/kg, @ 10 ml/kg and 15 ml/kg. seeds pelleted with Bio NPK @ 5 ml/kg recorded highest seedling root length (8.91 cm), seedling length (16.22 cm) and seedling vigour index I (1622.33). The treatment with Bio NPK @ 10 ml/kg resulted in the highest seedling fresh weight (0.78 g) and seeds per siliqua (17), while Bio NPK @ 15 ml/kg recorded the maximum seedling shoot length (7.47 cm), seedling dry weight (0.047 g), seedling vigour index II (4.67), field emergence (74%), siliqua length (5.99 cm) and seed yield per plot (5.75 kg). Maximum number of branches per plant (11) observed in seed pelleted with Neem leaf powder @ 200 g/kg and Tulsi leaf powder @ 400 g/kg. Neem leaf powder @ 200 g/kg pelleted seed recorded the highest 1000 seed weight (6.30 g) and seed yield per plant (83.59 g). The highest plant height (189.87 cm) recorded in Prosopis leaf powder @ 200 g/kg, while maximum siliqua per plant recorded in treatment with Tulsi leaf powder @ 200 g/kg. 
Conclusion: This study examined the effects of seed pelleting on mustard seed under lab and field conditions. This study examined the effects of seed pelleting mustard under lab and field conditions. Treatments with Bio NPK and botanicals (Neem, Tulsi, Prosopis) improved germination, seedling vigour, growth and yield. Benefits were linked to better nutrient uptake and microbial activity. Excessive botanical doses caused phytotoxicity, highlighting the need for optimal levels. 
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1. INTRODUCTION

Mustard is the second most important oilseed crop after groundnut, contributing 33% to India's oilseed output (Kumar et al., 2019). Indian mustard (Brassica juncea), a rabi crop from the Brassicaceae family, originated in Asia and was introduced from China. It was formed from cross between Brassica campestris (2n=2x=20) and Brassica nigra (2n=2x=16), it is an amphidiploid (2n=36) (Nagaharu 1935). 
India contributes 12% to the global production, securing the third position in both area and production, after China and Canada (Saharan et al., 2016). In India, mustard was grown on 8.85 million hectares, yielding 12.64 million tones, with a productivity of 1428 kg/ha in the 2022-23 (Anonymous, 2023a). The main mustard producing states in India are Rajasthan, Punjab, Uttar Pradesh, Haryana, Gujarat and Assam. Over 2.68 lakh hectares, Gujarat produces 5.30 lakh tons of mustard with a productivity of 1978 kg/ha (Anonymous, 2023b). In Gujarat, mustard is primarily grown in the districts of Banaskantha, Mehsana, Sabarkantha, Kheda, Ahmedabad, Kutch, and Gandhinagar (Anonymous, 2023a).
Mustard seeds contain 33–46% oil and 28–36% protein are mainly crushed for edible oil, also used in Ayurveda and industries like soap, paint and lubricants. The by-product meal serves as cattle feed. Nutritionally, mustard is rich in vitamins A, D, E, K, minerals (Ca, Mg and P), B4 and E, and contains healthy fatty acids like oleic, linoleic and linolenic acids. Sulfur plays a key role in producing flavour compounds like allyl isothiocyanate and essential proteins.
Seed deterioration is unavoidable and irreversible, but its rate can be slowed down through seed enhancement methods such as treatment, coating, or pelleting with appropriate chemicals, botanicals, micronutrients and bio control agents. These techniques help minimize both quantitative and qualitative losses while preserving seed quality for extended storage (Zala, 2016). Seed management techniques not only revitalize the seed but also alter its physical and biochemical traits, contributing to enhanced productivity (Anbarasan et al., 2016).
Seed pelleting is a treatment process that modifies seed physical and physiological traits to improve durability and enable precise mechanical sowing (Sun et al., 2019). It enhances seed size uniformity, reduces labour needs and improves crop stands, while offering protection against pests, diseases and environmental stress (Gatch, 2016). Pelleting also supports better germination and plant growth, especially when enriched with nutrients or botanical leaf powders, which improve soil moisture, nutrient availability and microbial activity. Botanical pelleting is a cost-effective, eco-friendly alternative to chemicals, offering antioxidant and pest-resistant benefits during storage (Panwar et al., 2023).

2. material and methods

Mustard seeds were pelleted using various botanical powders, including Neem leaf powder (Azadirachta indica), Tulsi leaf powder (Ocimum sanctum), Prosopis leaf powder (Prosopis juliflora), Tobacco leaf powder (Nicotiana tabacum) and Bio NPK. The pelleting process was carried out using a drum seed treater. The seeds were first introduced into the machine through an intake, after which the pelleting materials and a binding agent mixed with an inert substance were applied. Talcum powder used as the inert substance for the treatment of Bio NPK. Following pelleting, the treated seeds were taken out of the machine and dried with a dryer.

Table 1.Treatment details

	
	Treatments
	Dose

	T1
	Control (Without Pelleting)
	-

	T2
	Neem leaf powder (Azardirachta indica)
	200 g/kg

	T3
	Neem leaf powder (Azardirachta indica)
	400 g/kg

	T4
	Tulsi leaf powder (Ocimum sanctum)
	200 g/kg

	T5
	Tulsi leaf powder (Ocimum sanctum)
	400 g/kg

	T6
	Prosopis leaf powder (Prosopis juliflora)
	200 g/kg

	T7
	Prosopis leaf powder (Prosopis juliflora)
	400 g/kg

	T8
	Tobacco leaf powder (Nicotiana tabacum)
	200 g/kg

	T9
	Tobacco leaf powder (Nicotiana tabacum)
	400 g/kg

	T10
	Bio NPK + Filler material (Talcum powder)
	5 ml/kg

	T11
	Bio NPK + Filler material (Talcum powder)
	10 ml/kg

	T12
	Bio NPK + Filler material (Talcum powder)
	15 ml/kg



2.1 Observations Recorded (Laboratory)

2.1.1 Germination (%) 
The standard germination test was performed following the ISTA guidelines using the top-of-paper method at a temperature of 20-30°C/20°C. The seventh test day was the final germination count was noted.

2.1.2 Seedling Root Length (cm)
Ten healthy seedlings were selected at random for the assessment of root length during the final germination count. The primary root's tip and the hypocotyl's base were used to measure the root's length.

2.1.3 Seedling Shoot Length (cm)
The ten seedlings selected for the measurement of root length were also utilized to measure shoot length. The distance between the base of the primary leaf and the base of the hypocotyl was used to measure the shoot length.

2.1.4 Seedling Length (cm)
A random selection of ten seedlings was made to measure seedling length. Whereas the root length was measured from the collar region to the tip of the primary root, the shoot length was measured from the collar region to the tip of the primary shoot.
Seedling length (cm) = Shoot length (cm) + Root length (cm)

2.1.5 Seedling Fresh Weight (g)
Ten normal seedlings were selected to measure the seedling's fresh weight. The primary leaves were detached and weighed while they were still moist.

2.1.6 Seedling Dry Weight (g)
Ten healthy seedlings were chosen for measuring root and shoot length and these same seedlings were used to determine dry weight. They were placed in a hot air oven for 24 hours at 80°C. After that, the seedling dry weight was determined.

2.1.7 Seedling Vigour Index I
The seedling vigour index I was calculated following the method proposed by Abdul-Baki and Anderson (1984) and was expressed as a whole number.
Seedling Vigour Index I = Germination (%) × Seedling length (cm)

2.1.8 Seedling Vigour Index II
The Abdul-Baki and Anderson (1984) technique was used to calculate the seedling vigour index II.
Seedling Vigour Index II = Germination (%) × Seedling dry weight (g)

2.2 Observations Recorded (Field)

2.2.1 Field Emergence (%)
The count of germinated seeds from the total sown in the experimental plot were measured at 14 days after sowing (DAS) and documented as the field emergence percentage.
Field emergence (%) =Number of seeds germinated × 100 /Total number of seed sow

2.2.2 Plant Height (cm)
The height of the plants in the field were measured and recorded from five randomly selected tagged plants at the maturity stage. The average height was calculated and noted in centimeters for each treatment.

2.2.3 Number of Branches per Plant
The number of branches per plant were counted and recorded from five randomly selected tagged plants at the maturity stage. For each treatment, the average number of branches per plant was determined and recorded.

2.2.4 Siliqua Length (cm)
Five tagged siliqua at the maturity stage were selected at random and their lengths were measured. The siliqua length in centimeters for each treatment was the average, which was calculated and recorded.

2.2.5 Number of Siliqua per Plant
At the harvesting stage, the number of siliqua from five randomly selected tagged plants was counted and documented. For each treatment, the average number of siliqua per plant was calculated and recorded.

2.2.6 Number of Seeds per Siliqua
The number of seeds were counted and recorded from five randomly selected tagged siliqua at the harvesting stage. The average was calculated and documented as the number of seeds per siliqua for each treatment.

2.2.7 1000 Seed Weight (g)
A sample of one thousand seeds were randomly selected using a seed counter from the composite produce of each treatment and weighed in grams using an electronic balance.

2.2.8 Seed Yield per Plant (g)
The seed yield per plant was determined by collecting data from five randomly selected tagged plants. The weight was measured using an electronic balance and recorded in grams as the seed yield per plant.

2.2.9 Seed Yield per Plot (kg)
The seed yields from each individual net plot of each treatment across all replications were weighed using an electronic balance and recorded as the seed yield per plot in kilograms.

3. results and discussion

Germination (%): The highest germination (%) was recorded in the treatment with Neem leaf powder @ 200 g/kg (T2), which was statistically at par with the treatments Tulsi leaf powder @ 200 g/kg (T4), Tobacco leaf powder both @ 200 g/kg (T8) and 400 g/kg (T9), as well as Bio NPK applied at 5 ml/kg (T10), 10 ml/kg (T11) and 15 ml/kg (T12). The treatment with Neem leaf extract recorded a higher germination rate (100%), which might be attributed to its ability to absorb, regulate, and maintain moisture content. Similarly, Tulsi leaf powder also resulted in a 100% germination rate, possibly due to its rich nutritional content, including vitamins C and A, minerals such as calcium, zinc, and iron, as well as chlorophyll and various other phytonutrients (Venudevan and Srimathi, 2018).

Seedling root length & seedling length: The treatment Bio NPK at 5 ml/kg (T10) recorded the highest seedling root length (8.91 cm) and seedling length (16.22 cm). The highest root length and seedling length observed in treatments with Bio NPK may be due to the adequate availability of essential nutrients such as nitrogen, phosphorus and potassium. Providing these nutrients in optimal amounts and at the appropriate growth stage supports vegetative development (Vessey, 2003).

Seedling shoot length & dry weight: The treatment Bio NPK at 15 ml/kg combined with filler material (T12) recorded the highest seedling shoot length (7.47 cm) and seedling dry weight (0.047 g). The highest shoot length and dry weight observed under bio-NPK treatments can be attributed to the positive effects of plant growth-promoting rhizobacteria (PGPR), which were known to enhance shoot development through the production of phytohormones. The timely and optimal supply of these nutrients during the vegetative growth phase promotes vigorous growth, ultimately enhancing seedling shoot length and dry weight, as noted by Singla et al. (2024)

Seedling fresh weight: The highest seedling fresh weight (0.78 g) was recorded in the treatment with Bio NPK @ 10 ml/kg (T₁₁), which was significantly superior to the other treatments. This increase in fresh weight may be attributed to the greater seedling length observed in the same treatment, as a longer seedling tends to accumulated more biomass.

Seedling vigour index I: The highest seedling vigour index I of 1622.33 was recorded in the treatment with Bio NPK at 5 ml/kg (T₁₀). The significantly highest seedling vigour index was observed in the treatment where seeds were pelleted with Bio NPK. The enhanced seedling vigour index I observed in seeds pelleted with Bio NPK may be attributed to the higher germination rate and greater seedling length recorded in the same treatment.

Seedling vigour index II: The treatment with Bio NPK at 15 ml/kg (T12) recorded the highest seedling vigour index II (4.67) likely due to an enhancement in seedling dry weight, as seedling vigour index II is calculated by multiplying germination percentage with seedling dry weight. Enhanced nutrient availability from Bio NPK may had contributed to better seedling development and increased dry matter accumulation.








	
Table 2. Mean performance of quality parameters of mustard 

	Sr.No.
	Treatments
	G (%)
	SRL
	SSL
	SL
	SFW
	SDW
	SVI I
	SVI II

	1
	T1
	99.33
	7.70
	6.09
	13.79
	0.37
	0.032
	1369.81
	3.17

	2
	T2
	100.00
	6.93
	6.96
	13.89
	0.43
	0.038
	1389.00
	3.83

	3
	T3
	99.33
	5.16
	5.47
	10.63
	0.41
	0.035
	1054.96
	3.48

	4
	T4
	100.00
	7.89
	6.61
	14.51
	0.62
	0.044
	1451.00
	4.43

	5
	T5
	91.33
	7.82
	5.99
	13.81
	0.58
	0.038
	1261.22
	3.50

	6
	T6
	97.33
	8.08
	6.69
	14.77
	0.57
	0.041
	1437.95
	3.96

	7
	T7
	94.67
	7.49
	6.96
	14.46
	0.67
	0.044
	1368.56
	4.16

	8
	T8
	100.00
	7.89
	7.31
	15.21
	0.72
	0.043
	1520.67
	4.30

	9
	T9
	100.00
	7.77
	7.07
	14.86
	0.73
	0.045
	1485.67
	4.53

	10
	T10
	100.00
	8.91
	7.31
	16.22
	0.66
	0.046
	1622.33
	4.63

	11
	T11
	100.00
	8.71
	7.45
	16.17
	0.78
	0.045
	1616.67
	4.50

	12
	T12
	100.00
	8.63
	7.47
	16.10
	0.73
	0.047
	1610.33
	4.67

	
	S.Em. ±
	1.04
	0.20
	0.21
	0.34
	0.02
	0.001
	35.66
	0.13

	
	CD @ 5 %
	3.02
	0.59
	0.62
	0.98
	0.06
	0.004
	104.09
	0.38

	
	CV %
	1.82
	4.53
	5.39
	4.00
	5.55
	5.48
	4.31
	5.32


G (%) – Germination (%); SRL – Seedling root length (cm); SSL – Seedling shoot length (cm); SL – Seedling length (cm); SFW – Seedling fresh weight (g); SDW – Seedling dry weight (g); SVI I – Seedling vigour index I; SVI II – Seedling vigour index II 

Field emergence (%): The highest field emergence (74.67%) was observed in the treatment with Bio NPK at 15 ml/kg (T12). This improvement can be attributed to the activation of cellular processes, which enhances mitochondrial activity. As a result, there was increased production of high-energy compounds and essential biomolecules that play a crucial role during the early stages of germination (Dubey et al. 2023).

Plant height: The maximum plant height (189.87 cm) was recorded in the treatment with Prosopis leaf powder at 200 g/kg (T6). The initial vigour of seeds treated with Prosopis leaf powder may had stimulated seedling development and enhanced nutrient absorption through the foliage, thereby promoting rapid growth and resulting in increased plant height (Singh et al., 2012).

Number of branches per plant:  The treatment with Neem leaf powder at 200 g/kg (T2) and Tulsi leaf powder at 400 g/kg (T5) recorded the highest number of branches per plant in mustard (11), which could be attributed to its ability to aid in soil moisture retention, regulate water availability and enhance nutrient uptake through the foliage. These factors collectively contribute to improved plant growth and increased branching.

Siliqua length & seed yield per plot: Among all treatments, treatment with Bio NPK at 15 ml/kg (T12) recorded the maximum siliqua length of 5.99 cm and seed yield per plot of 5.75 kg. Bio NPK contains beneficial microorganisms, including nitrogen-fixing, phosphate-solubilizing and potash-mobilizing bacteria, which improve nutrient absorption and support overall plant growth and siliqua length. Longer siliqua tend to accommodate more seeds, thereby contributing to a higher seed count. This condition promotes better plant growth and reproductive development, resulted in superior siliqua formation and increased seed yield per plot.

Number of siliqua per plant: The treatment with Tulsi leaf powder (T4) recorded the highest number of siliqua per plant, which attributed to the increased plant height and greater number of branches observed under this treatment.

Number of seeds per siliqua: The treatment with Bio NPK @ 10 ml/kg (T11) recorded the highest number of seeds per siliqua (17.00), which may be due to the longer siliqua length observed in the same treatment. As siliqua length was directly related to its capacity to hold seeds, the increased length likely facilitated a higher seed count per siliqua. The improved initial vigour of Bio NPK treated seeds likely promoted robust seedling growth and enhanced nutrient absorption, particularly through the foliage, which supports overall plant development and reproductive success.

1000 seed weight & yield per plant: The highest 1000 seed weight (6.30 g) and seed yield per plant (83.59 g ) was recorded in the treatment with Neem leaf powder at 200 g/kg (T2)  which can be attributed to the presence of bioactive compounds such as limonoids (e.g., azadirachtin and nimbin), flavonoids (e.g., quercetin) and sterols (e.g., nimbosterol) in the Neem leave powder. Additionally, Neem leaves were a rich source of essential micronutrients like zinc and contain natural plant growth regulators such as gibberellins, which help enhance seedling vigour and overall growth performance. Physiological enhancements collectively contributed to better plant development and ultimately higher yields. (Venudevan and Srimathi, 2018).

Table 3. Mean performance of yield parameters of mustard

	Treatments
	FE (%)
	PH
	NBP
	SL
	NSP
	NSS
	TSW
	YP
	SYP

	T1
	43.67
	173.73
	8.67
	5.46
	694.67
	15.00
	5.45
	56.73
	2.61

	T2
	41.33
	181.50
	11.00
	5.93
	847.33
	16.00
	6.30
	83.59
	3.73

	T3
	35.00
	189.53
	10.00
	5.87
	850.00
	15.67
	5.63
	73.24
	2.81

	T4
	47.67
	186.77
	9.67
	5.88
	859.67
	16.33
	5.78
	79.54
	4.01

	T5
	45.33
	187.53
	11.00
	5.77
	801.00
	15.33
	5.56
	67.55
	3.32

	T6
	57.00
	189.87
	10.00
	5.78
	776.33
	15.67
	6.06
	71.43
	4.44

	T7
	52.67
	185.27
	9.67
	5.80
	743.67
	16.00
	5.65
	65.93
	3.71

	T8
	45.67
	187.80
	9.33
	5.80
	749.33
	16.00
	5.91
	67.17
	3.31

	T9
	41.67
	188.73
	10.00
	5.78
	785.67
	16.00
	5.99
	72.48
	3.22

	T10
	73.67
	180.93
	9.67
	5.80
	743.00
	15.33
	5.82
	64.59
	5.05

	T11
	62.33
	181.20
	10.00
	5.89
	766.33
	17.00
	5.89
	71.10
	4.83

	T12
	74.67
	184.67
	10.67
	5.99
	789.67
	16.00
	5.93
	71.93
	5.75

	S.Em. ±
	1.26
	2.28
	0.33
	0.07
	15.97
	0.33
	0.12
	2.40
	0.03

	CD @ 5 %
	3.70
	6.69
	0.97
	0.22
	46.83
	0.97
	0.36
	7.03
	0.09

	CV %
	4.22
	2.14
	5.77
	2.20
	3.53
	3.63
	3.69
	5.89
	1.32


FE (%) – Field emergence (%); PH – Plant height (cm); NBP – Number of branches per plant; SL – Siliqua length (cm); NSP – Number of siliqua per plant; NSS – Number of seed per siliqua; TSW – 1000 seed weight (g); YP – Seed yield per plant (g); SYP – Seed yield per plot (kg)   

4. Conclusion

The study demonstrated that seed pelleting significantly improved seed quality and yield in mustard (Brassica juncea L.) under lab and field conditions. Pelleting treatments with Bio NPK and botanicals like Neem, Tulsi, and Prosopis enhanced germination, seedling growth and vigour, leading to better field emergence, increased plant height, more branches and higher seed yield. However, higher botanical doses showed phytotoxic effects, so the need for optimal application. Overall, seed pelleting offer sustainable, eco-friendly approaches to boost mustard productivity.
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