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ABSTRACT 

	Chickpea (Cicer arietinum L.) is a key rabi pulse crop in India, primarily grown in semi-arid and tropical areas that are frequently affected by drought. The aim of present investigation was to find out the effect of seed enhancement treatment on different seed quality parameters in chickpea. Among the tested varieties, Virat (V2) recorded the highest germination percentage (95.99%) and field emergence (92.41%), with the shortest time to emergence (7.57 days). Seed priming with sodium nitroprusside (SNP) @ 25 ppm + Vitavax 0.25% (T3), followed by potassium nitrate (KNO₃) @ 100 ppm + Vitavax 0.25% (T7), significantly improved both germination (up to 97.12%) and field emergence (up to 94.56%). Interaction effects revealed that the Virat variety treated with T3 and T7 exhibited superior performance, with a maximum field emergence of 96.17%. The findings suggest that SNP @ 25 ppm + Vitavax 0.25% is an effective seed treatment for enhancing the planting value and establishment of chickpea, especially under resource-limited conditions.




Keywords: Chickpea, Seed treatment, Sodium nitroprusside, Vitavax, Germination and Field emergence

1. INTRODUCTION 

The chickpea (Cicer arietinum L.) is a self-pollinating pulse crop with diploid genome (2n = 16). It is a nutrient-dense food source. This annual pulse crop is cultivated and eaten primarily for the high-quality, easily digestible protein (17–31 %) found in its seeds, which also contain significant amounts of essential amino acids like leucine, isoleucine, lysine, valine and phenylalanine (Wang et al., 2018). As a pulse crop, it is ranked 3rd globally, covering an area of roughly 14.81 million hectares, producing 18.09 million tons and having a productivity of 850 kg ha-1 (FAO STAT, 2023). It covered an about 9.58 million hectares in India, producing 11.03 million t with 1151 kg ha-1 of productivity. With a production of 28.35 lakh tons and a productivity of 1055 kg ha-1, it occupies 26.87 lakh ha in the state of Maharashtra (INDIA STAT, 2023). There are two main types of chickpeas: the kabuli and desi one. The desi chickpea has a dark-colored coat, small seed size, rough seeds, whereas the kabuli chickpea has a large, edgeless seed with a beige coat on its surface. Moreover, kabuli produces white flowers, whereas desi chickpea produces pink ones (Xiao et al., 2023). In spite of this enormous output, the population is growing and production is not sufficient to feed increasing population. The global population is projected to soar in the coming decades, presenting formidable challenges in feeding billions and addressing malnutrition and climate change. With an annual growth rate of 0.84 per cent, the global population is expected to reach 8.5 billion by 2030, 9.7 billion by 2050 and an up to 10.4 billion by 2100 (United Nations, 2022). We need to make new strategies to tackle all these problems.
 Among desi and kabuli chickpea, desi chickpea has small seed, dark coloured thick seed coat. It has proper germination rate and optimum crop stand. Whereas kabuli chickpea have bigger seed size, unpigmented thin seed coat. Conversely kabuli chickpea has lower germination rate, which ultimately results in low crop stand in the field. Furthermore, kabuli chickpea takes prolonged time for germination. This lower germination of kabuli chickpea is due to its bigger seed size and variation in respiratory metabolism (Pandey et al., 2019). Proper germination and uniform crop stand leads to high yield of any crops. This uniform crop stand depends upon optimum vigour of the seed. This high vigour means the seed that can come out of the soil quickly and completely producing normal and vigorous seedlings which shows little or no sensitivity to external factors, enabling them to establish in a wide range of climatic conditions (Lamichaney et al., 2016). 
Seed priming is a pre-sowing treatment that involves soaking seeds in water or a chemical solution to initiate the early stages of germination. This process enhances seed vigor, improves germination rates and ensures more uniform and robust seedling growth. Primed seeds often exhibit better stress tolerance and higher yields compared to non-primed seeds (Nawaz et al., (2013). The literature gives information about role of various chemicals used in seed priming such as Sodium Nitroprusside (SNP) (Hameed et al., 2013), Potassium Nitrate (KNO3) (Choudhury and Bordolui, 2022), Calcium Chloride (CaCl2) (Kumeera et al., 2018) and Vitavax (Karjule and Shelar, 2019). Many researchers used combination of two and more priming treatments to improve the seed germination and final crop stand. Keeping this fact in view the present investigation was undertaken to find most appropriate seed enhancement treatment for better field performance in chickpea.
2. material and methods 
2.1 Materials
The seed of chickpea varieties used for the present investigation were obtained from the Pulses Improvement project, Mahatma Phule Krishi Vidyapeeth, Rahuri. Following varieties were used in experimental trial on growth and seed quality of Kabuli chickpea (Table 1).
Table 1: Details of varieties used in experiment.
	Sr. No.
	Name of Varieties
	Pedigree
	Source

	1.
	V1 : Kripa 
	Selection from local germplasm
	Pulses Improvement Project, MPKV, Rahuri. 

	2.
	V2 : Virat 
	(ICC-7676 × ICCC-32) × [(ICCC-49 × FLIP-82-1C) × (ICCV-3)]
	

	3.
	V3 : Phule G-16318 
	VR × ICCV-95333
	



Table 2: Details of seed treatments used in experiment.
	Sr. No.
	Treatment 
	Treatment details
	Sr. No.
	Treatment 
	Treatment details

	1
	T1
	Control
	7
	T7
	Potassium nitrate (KNO3) @ 100 ppm + Vitavax 0.25 %

	2
	T2
	Sodium Nitroprusside (SNP) @ 25 ppm
	8
	T8
	Calcium chloride (CaCl2) @ 2 %

	3
	T3
	Sodium Nitroprusside (SNP) @ 25 ppm+Vitavax 0.25 %
	9
	T9
	Calcium chloride (CaCl2) @ 2 % + Vitavax 0.25 %

	4
	T4
	Potassium nitrite (KNO2) @ 50 ppm
	10
	T10
	Salicylic acid @ 10 ppm


	5
	T5
	Potassium nitrite (KNO2) @ 50 ppm + Vitavax 0.25 % 
	11
	T11
	Salicylic acid @ 10 ppm + Vitavax 0.25 % 


	6
	T6
	Potassium nitrate (KNO3) @ 100 ppm
	12
	T12
	Vitavax @ 0.25 %




Table 3: Variety × Treatment combinations
	V1T1
	V1T2
	V1T3
	V1T4
	V1T5
	V1T6
	V1T7
	V1T8
	V1T9
	V1T10
	V1T11
	V1T12

	V2T1
	V2T2
	V2T3
	V2T4
	V2T5
	V2T6
	V2T7
	V2T8
	V2T9
	V2T10
	V2T11
	V2T12

	V3T1
	V3T2
	V3T3
	V3T4
	V3T5
	V3T6
	V3T7
	V3T8
	V3T9
	V3T10
	V3T11
	V3T12


2.2 Methodology
The experiment was carried out on PGI Farm, MPKV, Rahuri during the Rabi 2021-22 and Rabi 2022-23. The laboratory research work was carried at Seed Technology Research Unit, Mahatma Phule Krishi Vidyapeeth, Rahuri. The field experiment was conducted in Factorial Randomized Block Design (FRBD) with spacing of 45 × 10 cm and plot size of 3.00 × 2.70 m2. The storage experiment was taken in laboratory by using Factorial Completely Randomized Design (FCRD) with three replications.
 For seed priming treatment chickpea seeds were soaked in different chemicals solution having different concentrations of fungicide vitavax in water for 4 hours. The treated seeds were surface dried back to the original moisture content. Untreated seeds were considered as control (Ali and Kamel, 2009). (Table 2 & 3).
2.3 Observations recorded
2.3.1 Germination percentage (%)
 The germination was tested according to ISTA Rules (Anonymous, 2014). Hundred seeds of each genotype were kept for germination in four replications in seed germinator at 25 + 50C temperature and at 90 + 5 percent relative humidity for 8 days using between paper method. Accordingly, germination percentage was computed on normal seedling with the formula given below.
                                              Number of normal seedlings
Germination (%) = -------------------------------------------------------- × 100
                               Total numbers of seeds kept for germination
2.3.2 Days to field emergence
Days required to field emergence from sowing were counted and expressed as the days to field emergence.
2.3.3 Field emergence (%)
The seeds were sown in well prepared soil at 3 to 4 cm depth and covered with soil. Numbers of seedlings emerged after eight days of sowing were counted. Field emergence percentage were calculated for each treatment by using the following formula,
                                                 Total number of seedlings emerged
 	Field emergence (%) = ------------------------------------------------ × 100
                                                  Total number of seeds sown in a plot
2.4 Statistical analysis
The experimental data obtained from field and laboratory experiment were analysed by FRBD (Factorial Randomized Block Design) and FCRD (Factorial Completely Randomized Design) respectively as per the procedure given by Panse and Sukhatme, (1995).
3. results and discussion
3.1 Germination percentage
 	The data on germination percentage as influenced by varieties, seed priming treatments and their interactions are presented in Table 4. The germination percentage of the seeds of kabuli chickpea declined progressively with the advancement in storage period.
3.1.1 Effect of varieties
 	The data presented in Table 4 revealed that the germination percentage of seed of different varieties differed significantly. 
 	At the initial storage period, higher germination percentage was recorded in all three varieties i.e., Virat (V2), Phule G-16318 (V3) and Kripa (V1). Seeds of Virat (V2) exhibited higher germination (95.99 %) followed by seeds of Phule G-16318 (V3) (94.26 %). The lowest germination (93.06 %) was recorded from variety Kripa (V1) on pooled basis. A similar trend i.e. decreased in germination percentage was observed throughout the entire storage period of 300 days. The variety Virat (V2) exhibited higher germination by 3.14 per cent than that of variety Kripa (V1).  
 	Among the varieties, all varieties-maintained germination percentage up to 240 days of storage well above (85.00 %) as per Indian Minimum Seed Certification Standards, 2013. However, at 270 days of storage, germination percentage was decreased below (85.00 %) in two varieties i.e. Kripa (V1) (82.86 %) and Phule G-16318 (V3) (84.06 %) while, variety Virat maintained (85.79 %) germination percentage on pooled basis. Among three varieties, Virat (V2) recorded higher germination percentage (82.79 %), whereas lowest germination percentage was recorded by Kripa (V1) (79.86 %) at 300 days of storage on pooled basis. Similarly, Gnyandev et al. 2015 studied germination in different varieties of Chickpea, in their study the variety A-1 and BGD-103 maintained satisfactory germination upto 9 months, the variety Bheema for 8 months and ICCV-2 and KAK-2 for 7 months above Indian Minimum Seed Certification Standards and they also observed that smaller and medium sized seeds in both Kabuli and Desi chickpea varieties were found better in storability. Furthermore, Vanangamudi (1988), observed varietal differences in seed longevity of soybean and confirmed that small seeded cultivars retained their viability for longer periods than large size seeds. These results were also in conformation with studies conducted by Merwade, (2000) and Sushma, (2013) in chickpea.
3.1.2 Effect of seed priming treatments
 	As indicated in Table 4, it was observed that the seed priming treatments showed significant differences for germination percentage in both years and on pooled basis. At the initial storage period, sodium nitroprusside (SNP) @ 25 ppm + vitavax @ 0.25 % (T3) recorded significantly higher germination percentage as 97.41, 96.84 and 97.12 (%) followed by potassium nitrate (KNO3) @100 ppm + vitavax @ 0.25 % (T7) as 96.28, 95.25 and 95.76 (%) in the year 2022-23, 2023-24 and on pooled basis, respectively. However, lower seed germination was recorded in control (T1) as 92.89, 91.56 and 92.22 (%) in the year 2022-23, 2023-24 and on pooled basis respectively. Regardless of variety, it was observed that the germination percentage declined as the increased in storage period. Among the seed priming treatments, seeds primed with sodium nitroprusside (SNP) @ 25 ppm + vitavax @ 0.25 % (T3) recorded higher germination by 5.31 % as compared to control (T1).
 	The seeds treated with sodium nitroprusside (SNP) @ 25 ppm + vitavax @ 0.25 % (T3) 86.92 (%) maintained germination percentage above (85.00 %) as per Indian Minmium Seed Certification Standards, 2013 as compared to control (T1) 82.02 (%) at 270 days of storage on pooled basis. In storage the seeds primed with sodium nitroprusside (SNP) @ 25 ppm + vitavax @ 0.25 % (T3) extended the viability by 30 days as compared to contol (T1). The germination percentage was declined below 85.00 % at 300 days during storage. 
3.1.3 Interaction effect
 	The results showed that the kabuli chickpea varieties, seed priming treatments and interaction of them had significant effect on germination percentage throughout the storage period in both years and on pooled basis are presented in Table 4. 
 	Initially, among the interaction of varieties and seed priming treatments (V × T), interaction of V2T3 recorded significantly highest germination percentage 98.17, 98.57 and 98.37 (%) followed by interaction V2T7 recorded as 97.17, 97.20 and 97.18 (%). While lowest germination percentage recorded in interaction V1T1 as 91.33, 89.67 and 90.50 (%) in the year 2022-23, 2023-24 and on pooled basis, respectively. It was observed that the germination percentage declined as the storage period increased.
 	At the end of storage period (300 days after storage), germination percentage of all the interactions were reduced below (85 %) as per Indian Minimum Seed Certification Standards, 2013 except V2T3 (85.17 %) on pooled basis. Seed priming is a commercially used technique for improving seed germination and vigour (Varier et al., 2010). Seeds treated with sodium nitroprusside 50 μM performed well by recording highest germination and vigour in maize (Revathy et al., 2021). Sodium nitroprusside, as a nitric oxide-releasing compound, has an active and reactive nitrogen molecule, like reactive oxygen species, could produced radical or signaling effects commensurate with the concentration; nitric oxide, as a signaling molecule, plays a key role in germination of chickpea crop (Mohammadi et al., 2023). The application of NO donors stimulated the seeds as they increased germination rates and germination speed and also increased the α-amylase and β-amylase activities, which promotes a greater and faster conversion of starch to soluble sugars (Gama et al., 2018). NO exists widely in plants and involved in respiration, seed germination and disease resistance. Exogenously supplied NO induced the defense gene expression and/or production of antimicrobial compounds known as phytoalexins in various plant species (Chandok et al., 2003). Priming with NO yielded seeds that were more capable of repair damage and as a result, showed lower oxidative damages, leading to a higher germination rate and percentage in sunflower (Pereira et al., 2022). 








Table 4. Effect of varieties, priming treatments and their interactions on germination (%) of kabuli chickpea during storage 
	
	Initial
	30 DAS
	60 DAS
	90 DAS
	120 DAS
	150 DAS

	
	2022-23
	2023-24
	Pooled
	2022-23
	2023-24
	Pooled
	2022-23
	2023-24
	Pooled
	2022-23
	2023-24
	Pooled
	2022-23
	2023-24
	Pooled
	2022-23
	2023-24
	Pooled

	V.
	Varieties 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	V1 :
	Kripa
	93.76
(75.66)
	92.36
(74.01)
	93.06
(74.83)
	93.26
(75.06)
	91.86
(73.47)
	92.56
(74.27)
	92.86
(74.6)
	91.46
(73.05)
	92.16
(73.83)
	92.26
(73.93)
	90.86
(72.44)
	91.56
(73.19)
	91.46
(73.08)
	90.06
(71.66)
	90.76
(72.37)
	90.44
(72.05)
	89.03
(70.69)
	89.73
(71.37)

	V2 :
	Virat
	96.12
(78.74)
	95.87
(78.43)
	95.99
(78.58)
	95.62
(78.00)
	95.37
(77.7)
	95.49
(77.85)
	95.22
(77.44)
	94.97
(77.15)
	95.09
(77.29)
	94.62
(76.64)
	94.37
(76.36)
	94.49
(76.5)
	93.82
(75.65)
	93.57
(75.38)
	93.69
(75.52)
	92.80
(74.47)
	92.54
(74.2)
	92.67
(74.34)

	V3 :
	Phule G 16318
	94.53
(76.58)
	93.98
(75.91)
	94.26
(76.24)
	94.03
(75.94)
	93.48
(75.3)
	93.76
(75.62)
	93.63
(75.46)
	93.08
(74.84)
	93.36
(75.15)
	93.03
(74.76)
	92.48
(74.16)
	92.76
(74.46)
	92.23
(73.87)
	91.68
(73.3)
	91.96
(73.59)
	91.22
(72.81)
	90.65
(72.24)
	90.93
(72.52)

	
	SE ±
	0.08
	0.07
	0.03
	0.07
	0.07
	0.03
	0.07
	0.07
	0.03
	0.07
	0.06
	0.03
	0.06
	0.06
	0.03
	0.05
	0.05
	0.02

	
	CD @ 5%
	0.23
	0.21
	0.09
	0.21
	0.20
	0.08
	0.21
	0.19
	0.08
	0.20
	0.18
	0.08
	0.18
	0.17
	0.07
	0.15
	0.15
	0.06

	
	CD @ 1%
	0.31
	0.28
	0.12
	0.29
	0.27
	0.11
	0.28
	0.26
	0.11
	0.26
	0.25
	0.10
	0.25
	0.23
	0.10
	0.20
	0.20
	0.08

	T.
	Treatments 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	T1 :
	Control
	92.89
(74.58)
	91.56
(73.17)
	92.22
(73.88)
	92.39
(74.03)
	91.06
(72.66)
	91.72
(73.35)
	91.99
(73.6)
	90.66
(72.26)
	91.32
(72.93)
	91.39
(72.97)
	90.06
(71.67)
	90.72
(72.32)
	90.59
(72.17)
	89.26
(70.91)
	89.92
(71.54)
	89.53
(71.15)
	88.16
(69.91)
	88.84
(70.53)

	T2 :
	SNP @ 25 ppm
	95.44
(77.76)
	95.38
(77.74)
	95.41
(77.75)
	94.94
(77.07)
	94.88
(77.06)
	94.91
(77.06)
	94.54
(76.55)
	94.48
(76.53)
	94.51
(76.54)
	93.94
(75.81)
	93.88
(75.78)
	93.91
(75.79)
	93.14
(74.86)
	93.08
(74.83)
	93.11
(74.85)
	92.08
(73.68)
	92.02
(73.66)
	92.05
(73.67)

	T3 :
	SNP @ 25 ppm + Vitavax @ 0.25 %
	97.41
(80.8)
	96.84
(80.05)
	97.12
(80.42)
	96.91
(79.92)
	96.34
(79.19)
	96.62
(79.56)
	96.51
(79.27)
	95.94
(78.56)
	96.22
(78.92)
	95.91
(78.36)
	95.34
(77.68)
	95.62
(78.02)
	95.11
(77.25)
	94.54
(76.6)
	94.82
(76.92)
	94.08
(75.93)
	93.47
(75.28)
	93.77
(75.61)

	T4 :
	KNO2 @ 50 ppm
	94.80
(76.87)
	93.32
(75.1)
	94.06
(75.98)
	94.30
(76.23)
	92.82
(74.52)
	93.56
(75.38)
	93.90
(75.74)
	92.42
(74.08)
	93.16
(74.91)
	93.30
(75.03)
	91.82
(73.44)
	92.56
(74.23)
	92.50
(74.13)
	91.02
(72.61)
	91.76
(73.37)
	91.48
(73.05)
	89.98
(71.58)
	90.73
(72.32)

	T5 :
	KNO2 @ 50 ppm + Vitavax @ 0.25 %
	95.55
(77.87)
	94.34
(76.31)
	94.95
(77.09)
	95.05
(77.19)
	93.84
(75.69)
	94.4
5(76.44)
	94.65
(76.67)
	93.44
(75.22)
	94.05
(75.94)
	94.05
(75.92)
	92.84
(74.53)
	93.45
(75.22)
	93.25
(74.97)
	92.04
(73.66)
	92.65
(74.31)
	92.25
(73.86)
	91.01
(72.58)
	91.63
(73.22)

	T6 :
	KNO3 @ 100 ppm
	94.55
(76.56)
	93.44
(75.31)
	94.00
(75.94)
	94.05
(75.93)
	92.94
(74.73)
	93.5
(75.33)
	93.65
(75.45)
	92.54
(74.27)
	93.10
(74.86)
	93.05
(74.76)
	91.94
(73.62)
	92.50
(74.19)
	92.25
(73.87)
	91.14
(72.78)
	91.70
(73.32)
	91.25
(72.82)
	90.14
(71.78)
	90.70
(72.3)

	T7 :
	KNO3 @ 100 ppm + Vitavax @ 0.25 %
	96.28
(78.95)
	95.25
(77.57)
	95.76
(78.26)
	95.78
(78.2)
	94.75
(76.89)
	95.26
(77.54)
	95.38
(77.63)
	94.35
(76.37)
	94.86
(77.00)
	94.78
(76.83)
	93.75
(75.62)
	94.26
(76.23)
	93.98
(75.83)
	92.95
(74.68)
	93.46
(75.26)
	92.97
(74.65)
	91.95
(73.58)
	92.46
(74.12)

	T8 :
	CaCl2 @ 2 %
	93.00
(74.74)
	93.27
(75.08)
	93.14
(74.91)
	92.50
(74.18)
	92.77
(74.5)
	92.64
(74.34)
	92.10
(73.74)
	92.37
(74.06)
	92.24
(73.9)
	91.50
(73.11)
	91.77
(73.41)
	91.64
(73.26)
	90.70
(72.3)
	90.97
(72.58)
	90.84
(72.44)
	89.69
(71.31)
	89.96
(71.58)
	89.82
(71.45)

	T9 :
	CaCl2 @ 2 % + Vitavax @ 0.25 %
	94.35
(76.35)
	93.80
(75.77)
	94.07
(76.06)
	93.85
(75.73)
	93.30
(75.16)
	93.57
(75.44)
	93.45
(75.25)
	92.90
(74.7)
	93.17
(74.97)
	92.85
(74.56)
	92.30
(74.02)
	92.57
(74.29)
	92.05
(73.68)
	91.50
(73.16)
	91.77
(73.42)
	91.03
(72.63)
	90.49
(72.13)
	90.76
(72.38)

	T10 :
	Salicylic acid @ 10 ppm
	93.82
(75.70)
	93.53
(75.35)
	93.68
(75.52)
	93.32
(75.11)
	93.03
(74.77)
	93.18
(74.94)
	92.92
(74.65)
	92.63
(74.31)
	92.78
(74.48)
	92.32
(73.98)
	92.03
(73.66)
	92.18
(73.82)
	91.52
(73.13)
	91.23
(72.83)
	91.38
(72.98)
	90.51
(72.11)
	90.22
(71.82)
	90.37
(71.96)

	T11 :
	Salicylic acid @ 10 ppm + Vitavax @ 0.25 %
	94.77
(76.89)
	94.61
(76.67)
	94.69
(76.78)
	94.27
(76.25)
	94.11
(76.04)
	94.19
(76.14)
	93.87
(75.75)
	93.71
(75.55)
	93.79
(75.65)
	93.27
(75.04)
	93.11
(74.85)
	93.19
(74.94)
	92.47
(74.14)
	92.31
(73.95)
	92.39
(74.04)
	91.46
(73.06)
	91.30
(72.89)
	91.38
(72.98)

	T12 :
	Vitavax @ 0.25 %
	94.78
(76.82)
	93.49
(75.27)
	94.13
(76.04)
	94.28
(76.18)
	92.99
(74.7)
	93.63
(75.44)
	93.88
(75.69)
	92.59
(74.25)
	93.23
(74.97)
	93.28
(74.99)
	91.99
(73.6)
	92.63
(74.29)
	92.48
(74.1)
	91.19
(72.77)
	91.83
(73.43)
	91.48
(73.04)
	90.18
(71.76)
	90.83
(72.4)

	
	SE ±
	0.16
	0.14
	0.06
	0.15
	0.14
	0.06
	0.14
	0.13
	0.06
	0.13
	0.13
	0.05
	0.13
	0.12
	0.05
	0.10
	0.10
	0.04

	
	CD @ 5%
	0.46
	0.42
	0.18
	0.43
	0.40
	0.17
	0.41
	0.38
	0.16
	0.39
	0.37
	0.15
	0.37
	0.35
	0.14
	0.30
	0.29
	0.12

	
	CD @ 1%
	0.59
	0.54
	0.23
	0.55
	0.51
	0.22
	0.53
	0.49
	0.21
	0.50
	0.47
	0.20
	0.47
	0.45
	0.19
	0.38
	0.38
	0.16


Figures in parenthesis are arcsine transformed values





	V x T
	Initial
	30 DAS
	60 DAS
	90 DAS
	120 DAS
	150 DAS

	
	2022-23
	2023-24
	Pooled
	2022-23
	2023-24
	Pooled
	2022-23
	2023-24
	Pooled
	2022-23
	2023-24
	Pooled
	2022-23
	2023-24
	Pooled
	2022-23
	2023-24
	Pooled

	V1T1
	91.33
(72.88)
	89.67
(71.25)
	90.50
(72.06)
	90.83
(72.38)
	89.17
(70.78)
	90.00
(71.58)
	90.43
(71.98)
	88.77
(70.42)
	89.60
(71.2)
	89.83
(71.41)
	88.17
(69.88)
	89.00
(70.64)
	89.03
(70.66)
	87.37
(69.18)
	88.20
(69.92)
	88.00
(69.73)
	86.23
(68.22)
	87.12
(68.98)

	V1T2
	94.67
(76.65)
	93.33
(75.04)
	94.00
(75.85)
	94.17
(76.03)
	92.83
(74.47)
	93.50
(75.25)
	93.77
(75.54)
	92.43
(74.04)
	93.10
(74.79)
	93.17
(74.85)
	91.83
(73.4)
	92.50
(74.12)
	92.37
(73.96)
	91.03
(72.58)
	91.70
(73.27)
	91.30
(72.85)
	90.00
(71.57)
	90.65
(72.21)

	V1T3
	96.90
(79.87)
	95.00
(77.08)
	95.95
(78.47)
	96.40
(79.07)
	94.50
(76.44)
	95.45
(77.75)
	96.00
(78.47)
	94.10
(75.94)
	95.05
(77.21)
	95.40
(77.62)
	93.50
(75.23)
	94.45
(76.43)
	94.60
(76.57)
	92.70
(74.32)
	93.65
(75.45)
	93.60
(75.35)
	91.63
(73.19)
	92.62
(74.27)

	V1T4
	94.03
(75.86)
	92.33
(73.93)
	93.18
(74.89)
	93.53
(75.27)
	91.83
(73.4)
	92.68
(74.33)
	93.13
(74.81)
	91.43
(72.98)
	92.28
(73.9)
	92.53
(74.14)
	90.83
(72.38)
	91.68
(73.26)
	91.73
(73.29)
	90.03
(71.6)
	90.88
(72.44)
	90.73
(72.28)
	89.00
(70.63)
	89.87
(71.45)

	V1T5
	94.57
(76.52)
	93.00
(74.66)
	93.78
(75.59)
	94.07
(75.9)
	92.50
(74.11)
	93.28
(75.00)
	93.67
(75.42)
	92.10
(73.68)
	92.88
(74.55)
	93.07
(74.73)
	91.50
(73.05)
	92.28
(73.89)
	92.27
(73.85)
	90.70
(72.24)
	91.48
(73.05)
	91.27
(72.81)
	89.67
(71.25)
	90.47
(72.03)

	V1T6
	93.65
(75.41)
	91.67
(73.22)
	92.66
(74.32)
	93.15
(74.83)
	91.17
(72.71)
	92.16
(73.77)
	92.75
(74.38)
	90.77
(72.31)
	91.76
(73.35)
	92.15
(73.73)
	90.17
(71.73)
	91.16
(72.73)
	91.35
(72.9)
	89.37
(70.97)
	90.36
(71.93)
	90.33
(71.89)
	88.37
(70.06)
	89.35
(70.97)

	V1T7
	95.17
(77.3)
	93.67
(75.43)
	94.42
(76.36)
	94.67
(76.65)
	93.17
(74.85)
	93.92
(75.75)
	94.27
(76.15)
	92.77
(74.4)
	93.52
(75.27)
	93.67
(75.42)
	92.17
(73.75)
	92.92
(74.59)
	92.87
(74.51)
	91.37
(72.91)
	92.12
(73.71)
	91.83
(73.39)
	90.37
(71.92)
	91.10
(72.66)

	V1T8
	91.33
(72.88)
	91.50
(73.05)
	91.42
(72.96)
	90.83
(72.38)
	91.00
(72.54)
	90.92
(72.46)
	90.43
(71.98)
	90.60
(72.15)
	90.52
(72.06)
	89.83
(71.41)
	90.00
(71.57)
	89.92
(71.49)
	89.03
(70.66)
	89.20
(70.81)
	89.12
(70.74)
	88.00
(69.73)
	88.20
(69.91)
	88.10
(69.82)

	V1T9
	93.00
(74.66)
	91.00
(72.54)
	92.00
(73.6)
	92.50
(74.11)
	90.50
(72.05)
	91.50
(73.08)
	92.10
(73.68)
	90.10
(71.66)
	91.10
(72.67)
	91.50
(73.05)
	89.50
(71.09)
	90.5
(72.07)
	90.70
(72.24)
	88.70
(70.36)
	89.70
(71.30)
	89.67
(71.25)
	87.70
(69.47)
	88.68
(70.36)

	V1T10
	91.97
(73.53)
	92.06
(73.64)
	92.02
(73.59)
	91.47
(73.02)
	91.56
(73.12)
	91.52
(73.07)
	91.07
(72.61)
	91.16
(72.71)
	91.12
(72.66)
	90.47
(72.02)
	90.56
(72.11)
	90.52
(72.06)
	89.67
(71.25)
	89.76
(71.34)
	89.72
(71.3)
	88.63
(70.3)
	88.76
(70.42)
	88.70
(70.36)

	V1T11
	93.55
(75.29)
	93.06
(74.72)
	93.30
(75.01)
	93.05
(74.72)
	92.56
(74.17)
	92.80
(74.44)
	92.65
(74.27)
	92.16
(73.74)
	92.40
(74.00)
	92.05
(73.62)
	91.56
(73.11)
	91.80
(73.37)
	91.25
(72.79)
	90.76
(72.3)
	91.00
(72.55)
	90.23
(71.79)
	89.76
(71.33)
	89.99
(71.56)

	V1T12
	94.96
(77.03)
	91.99
(73.56)
	93.48
(75.3)
	94.46
(76.39)
	91.49
(73.04)
	92.98
(74.72)
	94.06
(75.9)
	91.09
(72.64)
	92.58
(74.27)
	93.46
(75.19)
	90.49
(72.04)
	91.98
(73.61)
	92.66
(74.28)
	89.69
(71.28)
	91.18
(72.78)
	91.63
(73.18)
	88.69
(70.35)
	90.16
(71.77)

	V2T1
	94.17
(76.03)
	93.43
(75.15)
	93.80
(75.59)
	93.67
(75.43)
	92.93
(74.58)
	93.30
(75.01)
	93.27
(74.96)
	92.53
(74.14)
	92.90
(74.55)
	92.67
(74.29)
	91.93
(73.50)
	92.30
(73.90)
	91.87
(73.43)
	91.13
(72.68)
	91.50
(73.05)
	90.80
(72.34)
	90.03
(71.6)
	90.42
(71.97)

	V2T2
	96.83
(79.76)
	96.90
(79.86)
	96.87
(79.81)
	96.33
(78.97)
	96.40
(79.06)
	96.37
(79.01)
	95.93
(78.37)
	96.00
(78.46)
	95.97
(78.42)
	95.33
(77.53)
	95.40
(77.62)
	95.37
(77.57)
	94.53
(76.48)
	94.60
(76.56)
	94.57
(76.52)
	93.47
(75.19)
	93.53
(75.27)
	93.50
(75.23)

	V2T3
	98.17
(82.23)
	98.57
(83.13)
	98.37
(82.68)
	97.67
(81.23)
	98.07
(82.01)
	97.87
(81.62)
	97.27
(80.49)
	97.67
(81.22)
	97.47
(80.85)
	96.67
(79.49)
	97.07
(80.14)
	96.87
(79.81)
	95.87
(78.27)
	96.27
(78.86)
	96.07
(78.57)
	94.80
(76.82)
	95.20
(77.34)
	95.00
(77.08)

	V2T4
	96.05
(78.53)
	95.13
(77.26)
	95.59
(77.89)
	95.55
(77.82)
	94.63
(76.61)
	95.09
(77.21)
	95.15
(77.27)
	94.23
(76.11)
	94.69
(76.69)
	94.55
(76.5)
	93.63
(75.39)
	94.09
(75.94)
	93.75
(75.52)
	92.83
(74.47)
	93.29
(75.00)
	92.75
(74.38)
	91.77
(73.33)
	92.26
(73.85)

	V2T5
	96.50
(79.22)
	95.57
(77.88)
	96.03
(78.55)
	96.00
(78.46)
	95.07
(77.2)
	95.53
(77.83)
	95.60
(77.89)
	94.67
(76.67)
	95.13
(77.28)
	95.00
(77.08)
	94.07
(75.92)
	94.53
(76.5)
	94.20
(76.06)
	93.27
(74.98)
	93.73
(75.52)
	93.20
(74.88)
	92.20
(73.79)
	92.70
(74.34)

	V2T6
	95.84
(78.24)
	95.90
(78.32)
	95.87
(78.28)
	95.34
(77.54)
	95.40
(77.62)
	95.37
(77.58)
	94.94
(77.01)
	95.00
(77.08)
	94.97
(77.04)
	94.34
(76.24)
	94.40
(76.31)
	94.37
(76.28)
	93.54
(75.28)
	93.60
(75.35)
	93.57
(75.31)
	92.54
(74.16)
	92.60
(74.21)
	92.57
(74.19)

	V2T7
	97.17
(80.32)
	97.20
(80.37)
	97.18
(80.34)
	96.67
(79.49)
	96.70
(79.53)
	96.68
(79.51)
	96.27
(78.86)
	96.30
(78.91)
	96.28
(78.89)
	95.67
(77.99)
	95.70
(78.03)
	95.68
(78.01)
	94.87
(76.91)
	94.90
(76.95)
	94.88
(76.93)
	93.87
(75.66)
	93.90
(75.7)
	93.88
(75.68)

	V2T8
	94.83
(76.86)
	95.41
(77.63)
	95.12
(77.25)
	94.33
(76.23)
	94.91
(76.97)
	94.62
(76.6)
	93.93
(75.74)
	94.51
(76.45)
	94.22
(76.1)
	93.33
(75.04)
	93.91
(75.72)
	93.62
(75.38)
	92.53
(74.14)
	93.11
(74.79)
	92.82
(74.47)
	91.53
(73.09)
	92.11
(73.69)
	91.82
(73.39)

	V2T9
	96.20
(78.76)
	95.90
(78.32)
	96.05
(78.54)
	95.70
(78.04)
	95.40
(77.62)
	95.55
(77.83)
	95.30
(77.48)
	95.00
(77.08)
	95.15
(77.28)
	94.70
(76.69)
	94.40
(76.31)
	94.55
(76.5)
	93.90
(75.71)
	93.60
(75.35)
	93.75
(75.53)
	92.90
(74.55)
	92.60
(74.21)
	92.75
(74.38)

	V2T10
	95.5
(77.75)
	95.30
(77.48)
	95.4
(77.62)
	95.00
(77.08)
	94.80
(76.82)
	94.9
(76.95)
	94.60
(76.56)
	94.40
(76.31)
	94.50
(76.44)
	94.00
(75.82)
	93.8
(75.58)
	93.90
(75.70)
	93.2
(74.88)
	93.00
(74.66)
	93.10
(74.77)
	92.20
(73.78)
	92.00
(73.57)
	92.10
(73.68)

	V2T11
	96.6
(79.37)
	96.23
(78.81)
	96.41
(79.09)
	96.10
(78.6)
	95.73
(78.08)
	95.91
(78.34)
	95.70
(78.03)
	95.33
(77.52)
	95.51
(77.78)
	95.10
(77.21)
	94.73
(76.73)
	94.91
(76.97)
	94.30
(76.18)
	93.93
(75.74 )
	94.11
(75.96)
	93.30
(74.99)
	92.93
(74.58)
	93.11
(74.79)

	V2T12
	95.53
(77.79)
	94.90
(76.95)
	95.22
(77.37)
	95.03
(77.12)
	94.40
(76.31)
	94.72
(76.72)
	94.63
(76.6)
	94.00
(75.82)
	94.32
(76.21)
	94.03
(75.86)
	93.40
(75.11)
	93.72
(75.49)
	93.23
(74.92)
	92.60
(74.21)
	92.92
(74.57)
	92.23
(73.81)
	91.60
(73.15)
	91.92
(73.48)

	V3T1
	93.17
(74.85)
	91.57
(73.12)
	92.37
(73.98)
	92.67
(74.29)
	91.07
(72.61)
	91.87
(73.45)
	92.27
(73.86)
	90.67
(72.21)
	91.47
(73.03)
	91.67
(73.22)
	90.07
(71.63)
	90.87
(72.43)
	90.87
(72.41)
	89.27
(70.88)
	90.07
(71.64)
	89.80
(71.38)
	88.20
(69.91)
	89.00
(70.64)

	V3T2
	94.83
(76.86)
	95.91
(78.33)
	95.37
(77.6)
	94.33
(76.23)
	95.41
(77.63)
	94.87
(76.93)
	93.93
(75.74)
	95.01
(77.09)
	94.47
(76.42)
	93.33
(75.04)
	94.41
(76.32)
	93.87
(75.68)
	92.53
(74.14)
	93.61
(75.36)
	93.07
(74.75)
	91.47
(73.02)
	92.53
(74.14)
	92.00
(73.58)

	V3T3
	97.16
(80.3)
	96.95
(79.94)
	97.05
(80.12)
	96.66
(79.47)
	96.45
(79.13)
	96.55
(79.3)
	96.26
(78.85)
	96.05
(78.53)
	96.15
(78.69)
	95.66
(77.97)
	95.45
(77.68)
	95.55
(77.83)
	94.86
(76.89)
	94.65
(76.62)
	94.75
(76.76)
	93.83
(75.62)
	93.57
(75.31)
	93.70
(75.46)

	V3T4
	94.31
(76.2)
	92.50
(74.11)
	93.41
(75.16)
	93.81
(75.6)
	92.00
(73.57)
	92.91
(74.58)
	93.41
(75.13)
	91.60
(73.15)
	92.51
(74.14)
	92.81
(74.45)
	91.00
(72.54)
	91.91
(73.5)
	92.01
(73.58)
	90.20
(71.76)
	91.11
(72.67)
	90.97
(72.51)
	89.17
(70.78)
	90.07
(71.65)

	V3T5
	95.59
(77.88)
	94.47
(76.4)
	95.03
(77.14)
	95.09
(77.2)
	93.97
(75.78)
	94.53
(76.49)
	94.69
(76.68)
	93.57
(75.31)
	94.13
(75.99)
	94.09
(75.93)
	92.97
(74.62)
	93.53
(75.28)
	93.29
(74.99)
	92.17
(73.75)
	92.73
(74.37)
	92.29
(73.88)
	91.17
(72.71)
	91.73
(73.3)

	V3T6
	94.17
(76.03)
	92.77
(74.4)
	93.47
(75.21)
	93.67
(75.43)
	92.27
(73.85)
	92.97
(74.64)
	93.27
(74.96)
	91.87
(73.43)
	92.57
(74.2)
	92.67
(74.29)
	91.27
(72.81)
	91.97
(73.55)
	91.87
(73.43)
	90.47
(72.02)
	91.17
(72.72)
	90.87
(72.41)
	89.47
(71.06)
	90.17
(71.74)

	V3T7
	96.50
(79.22)
	94.88
(76.92)
	95.69
(78.07)
	96.00
(78.46)
	94.38
(76.28)
	95.19
(77.37)
	95.60
(77.89)
	93.98
(75.79)
	94.79
(76.84)
	95.00
(77.08)
	93.38
(75.09)
	94.19
(76.08)
	94.20
(76.06)
	92.58
(74.19)
	93.39
(75.13)
	93.20
(74.88)
	91.58
(73.13)
	92.39
(74.01)

	V3T8
	92.83
(74.47)
	92.90
(74.55)
	92.87
(74.51)
	92.33
(73.93)
	92.40
(74)
	92.37
(73.96)
	91.93
(73.5)
	92.00
(73.57)
	91.97
(73.54)
	91.33
(72.88)
	91.40
(72.95)
	91.37
(72.91)
	90.53
(72.08)
	90.60
(72.15)
	90.57
(72.11)
	89.53
(71.13)
	89.57
(71.16)
	89.55
(71.14)

	V3T9
	93.83
(75.62)
	94.50
(76.44)
	94.17
(76.03)
	93.33
(75.04)
	94.00
(75.82)
	93.67
(75.43)
	92.93
(74.59)
	93.60
(75.35)
	93.27
(74.97)
	92.33
(73.93)
	93.00
(74.66)
	92.67
(74.29)
	91.53
(73.09)
	92.20
(73.78)
	91.87
(73.43)
	90.53
(72.08)
	91.17
(72.71)
	90.85
(72.4)

	V3T10
	94
(75.82)
	93.23
(74.92)
	93.62
(75.37)
	93.50
(75.23)
	92.73
(74.36)
	93.12
(74.8)
	93.10
(74.77)
	92.33
(73.93)
	92.72
(74.35)
	92.50
(74.11)
	91.73
(73.29)
	92.12
(73.7)
	91.70
(73.26)
	90.93
(72.48)
	91.32
(72.87)
	90.70
(72.24)
	89.90
(71.47)
	90.30
(71.86)

	V3T11
	94.17
(76.02)
	94.53
(76.48)
	94.35
(76.25)
	93.67
(75.42)
	94.03
(75.86)
	93.85
(75.64)
	93.27
(74.96)
	93.63
(75.39)
	93.45
(75.17)
	92.67
(74.29)
	93.03
(74.70)
	92.85
(74.49)
	91.87
(73.43)
	92.23
(73.82)
	92.05
(73.62)
	90.87
(72.41)
	91.20
(72.74)
	91.03
(72.58)

	V3T12
	93.83
(75.62)
	93.57
(75.31)
	93.70
(75.46)
	93.33
(75.04)
	93.07
(74.73)
	93.20
(74.89)
	92.93
(74.58)
	92.67
(74.29)
	92.80
(74.44)
	92.33
(73.93)
	92.07
(73.64)
	92.20
(73.78)
	91.53
(73.08)
	91.27
(72.81)
	91.40
(72.95)
	90.57
(72.11)
	90.23
(71.79)
	90.40
(71.95)

	SEm (±)
	0.27
	0.25
	0.11
	0.26
	0.24
	0.10
	0.24
	0.23
	0.10
	0.23
	0.22
	0.09
	0.22
	0.21
	0.09
	0.18
	0.17
	0.07

	[bookmark: _GoBack]CD@5%
	0.79
	0.73
	0.31
	0.74
	0.69
	0.29
	0.71
	0.67
	0.28
	0.68
	0.63
	0.27
	0.64
	0.60
	0.25
	0.51
	0.51
	0.21


Figures in parenthesis are arcsine transformed values

Table 4 contd….
	
	180 DAS
	210 DAS
	240 DAS
	270 DAS
	300 DAS

	
	2022-23
	2023-24
	Pooled
	2022-23
	2023-24
	Pooled
	2022-23
	2023-24
	Pooled
	2022-23
	2023-24
	Pooled
	2022-23
	2023-24
	Pooled

	V.
	Varieties 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	V1 :
	Kripa
	89.16
(70.83)
	87.76
(69.55)
	88.46
(70.19)
	87.56
(69.39)
	86.16
(68.18)
	86.86
(68.78)
	85.76
(67.86)
	84.36
(66.72)
	85.06
(67.29)
	83.56
(66.11)
	82.16
(65.03)
	82.86
(65.57)
	80.56
(63.86)
	79.16
(62.85)
	79.86
(63.35)

	V2 :
	Virat
	91.52
(73.1)
	91.27
(72.86)
	91.39
(72.98)
	89.92
(71.51)
	89.67
(71.29)
	89.79
(71.4)
	88.12
(69.85)
	87.87
(69.64)
	87.99
(69.75)
	85.92
(67.97)
	85.67
(67.78)
	85.79
(67.87)
	82.92
(65.6)
	82.67
(65.41)
	82.79
(65.5)

	V3 :
	Phule G 16318
	89.93
(71.54)
	89.38
(71.02)
	89.66
(71.28)
	88.33
(70.05)
	87.78
(69.57)
	88.06
(69.81)
	86.53
(68.49)
	85.98
(68.04)
	86.26
(68.27)
	84.33
(66.7)
	83.78
(66.27)
	84.06
(66.49)
	81.33
(64.41)
	80.78
(64.01)
	81.06
(64.21)

	
	SE ±
	0.05
	0.05
	0.02
	0.05
	0.05
	0.02
	0.05
	0.05
	0.02
	0.04
	0.04
	0.02
	0.04
	0.04
	0.02

	
	CD @ 5%
	0.16
	0.15
	0.06
	0.15
	0.14
	0.06
	0.14
	0.13
	0.06
	0.13
	0.13
	0.05
	0.12
	0.12
	0.05

	
	CD @ 1%
	0.22
	0.21
	0.08
	0.20
	0.19
	0.08
	0.19
	0.18
	0.07
	0.18
	0.17
	0.07
	0.16
	0.16
	0.06

	T.
	Treatments 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	T1 :
	Control
	88.29
(70.01)
	86.96
(68.86)
	87.62
(69.44)
	86.69
(68.62)
	85.36
(67.53)
	86.02
(68.07)
	84.89
(67.14)
	83.56
(66.1)
	84.22
(66.62)
	82.69
(65.43)
	81.36
(64.44)
	82.02
(64.93)
	79.69
(63.22)
	78.36
(62.29)
	79.02
(62.76)

	T2 :
	SNP @ 25 ppm
	90.84
(72.41)
	90.78
(72.38)
	90.81
(72.4)
	89.24
(70.88)
	89.18
(70.84)
	89.21
(70.86)
	87.44
(69.26)
	87.38
(69.22)
	87.41
(69.24)
	85.24
(67.42)
	85.18
(67.38)
	85.21
(67.40)
	82.24
(65.09)
	82.18
(65.05)
	82.21
(65.07)

	T3 :
	SNP @ 25 ppm + Vitavax @ 0.25 %
	92.81
(74.46)
	92.24
(73.89)
	92.52
(74.17)
	91.21
(72.76)
	90.64
(72.23)
	90.92
(72.5)
	89.41
(71.01)
	88.84
(70.52)
	89.12
(70.77)
	87.21
(69.05)
	86.64
(68.59)
	86.92
(68.82)
	84.21
(66.59)
	83.64
(66.16)
	83.92
(66.37)

	T4 :
	KNO2 @ 50 ppm
	90.20
(71.77)
	88.72
(70.41)
	89.46
(71.09)
	88.60
(70.28)
	87.12
(68.99)
	87.86
(69.64)
	86.80
(68.71)
	85.32
(67.49)
	86.06
(68.1)
	84.60
(66.9)
	83.12
(65.76)
	83.86
(66.33)
	81.60
(64.6)
	80.12
(63.53)
	80.86
(64.07)

	T5 :
	KNO2 @ 50 ppm + Vitavax @ 0.25 %
	90.95
(72.51)
	89.74
(71.35)
	90.35
(71.93)
	89.35
(70.97)
	88.14
(69.88)
	88.75
(70.42)
	87.55
(69.35)
	86.34
(68.33)
	86.95
(68.84)
	85.35
(67.51)
	84.14
(66.55)
	84.75
(67.03)
	82.35
(65.17)
	81.14
(64.27)
	81.75
(64.72)

	T6 :
	KNO3 @ 100 ppm
	89.95
(71.54)
	88.84
(70.55)
	89.40
(71.05)
	88.35
(70.06)
	87.24
(69.12)
	87.80
(69.59)
	86.55
(68.5)
	85.44
(67.61)
	86.00
(68.06)
	84.35
(66.71)
	83.24
(65.87)
	83.80
(66.29)
	81.35
(64.42)
	80.24
(63.63)
	80.80
(64.03)

	T7 :
	KNO3 @ 100 ppm + Vitavax @ 0.25 %
	91.68
(73.25)
	90.65
(72.25)
	91.16
(72.75)
	90.08
(71.65)
	89.05
(70.72)
	89.56
(71.18)
	88.28
(69.99)
	87.25
(69.11)
	87.76
(69.55)
	86.08
(68.1)
	85.05
(67.28)
	85.56
(67.69)
	83.08
(65.72)
	82.05
(64.95)
	82.56
(65.33)

	T8 :
	CaCl2 @ 2 %
	88.40
(70.12)
	88.67
(70.38)
	88.54
(70.25)
	86.80
(68.72)
	87.07
(68.96)
	86.94
(68.84)
	85.00
(67.24)
	85.27
(67.46)
	85.14
(67.35)
	82.80
(65.52)
	83.07
(65.73)
	82.94
(65.62)
	79.80
(63.31)
	80.07
(63.50)
	79.94
(63.4)

	T9 :
	CaCl2 @ 2 % + Vitavax @ 0.25 %
	89.75
(71.36)
	89.20
(70.89)
	89.47
(71.13)
	88.15
(69.89)
	87.6
(69.44)
	87.87
(69.67)
	86.35
(68.34)
	85.80
(67.91)
	86.07
(68.13)
	84.15
(66.55)
	83.60
(66.15)
	83.87
(66.35)
	81.15
(64.28)
	80.60
(63.90)
	80.87
(64.09)

	T10 :
	Salicylic acid @ 10 ppm
	89.22
(70.87)
	88.93
(70.6)
	89.08
(70.74)
	87.62
(69.43)
	87.33
(69.18)
	87.48
(69.3)
	85.82
(67.91)
	85.53
(67.67)
	85.68
(67.79)
	83.62
(66.15)
	83.33
(65.92)
	83.48
(66.03)
	80.62
(63.90)
	80.33
(63.69)
	80.48
(63.79)

	T11 :
	Salicylic acid @ 10 ppm + Vitavax @ 0.25 %
	90.17
(71.77)
	90.01
(71.61)
	90.09
(71.69)
	88.57
(70.27)
	88.41
(70.12)
	88.49
(70.2)
	86.77
(68.7)
	86.61
(68.56)
	86.69
(68.63)
	84.57
(66.89)
	84.41
(66.76)
	84.49
(66.82)
	81.57
(64.59)
	81.41
(64.47)
	81.49
(64.53)

	T12 :
	Vitavax @ 0.25 %
	90.18
(71.74)
	88.89
(70.55)
	89.53
(71.15)
	88.58
(70.25)
	87.29
(69.13)
	87.93
(69.69)
	86.78
(68.68)
	85.49
(67.62)
	86.13
(68.15)
	84.58
(66.88)
	83.29
(65.88)
	83.93
(66.38)
	81.58
(64.58)
	80.29
(63.65)
	80.93
(64.12)

	
	SE ±
	0.11
	0.10
	0.05
	0.10
	0.10
	0.04
	0.10
	0.09
	0.04
	0.09
	0.09
	0.04
	0.08
	0.08
	0.03

	
	CD @ 5%
	0.32
	0.31
	0.13
	0.30
	0.29
	0.12
	0.28
	0.27
	0.11
	0.26
	0.25
	0.10
	0.24
	0.23
	0.10

	
	CD @ 1%
	-
	-
	-
	-
	-
	-
	-
	-
	-
	0.34
	0.32
	0.14
	0.31
	0.30
	0.13



	V x T
	180 DAS
	210 DAS
	240 DAS
	270 DAS
	300 DAS

	
	2022-23
	2023-24
	Pooled
	2022-23
	2023-24
	Pooled
	2022-23
	2023-24
	Pooled
	2022-23
	2023-24
	Pooled
	2022-23
	2023-24
	Pooled

	V1T1
	86.73
(68.64)
	85.07
(67.27)
	85.90
(67.95)
	85.13
(67.32)
	83.47
(66.01)
	84.30
(66.66)
	83.33
(65.91)
	81.67
(64.65)
	82.50
(65.28)
	81.13
(64.26)
	79.47
(63.06)
	80.30
(63.66)
	78.13
(62.12)
	76.47
(60.98)
	77.30
(61.55)

	V1T2
	90.07
(71.63)
	88.73
(70.39)
	89.40
(71.01)
	88.47
(70.15)
	87.13
(68.98)
	87.80
(69.56)
	86.67
(68.58)
	85.33
(67.48)
	86.00
(68.03)
	84.47
(66.79)
	83.13
(65.75)
	83.80
(66.27)
	81.47
(64.50)
	80.13
(63.53)
	80.80
(64.02)

	V1T3
	92.30
(73.89)
	90.40
(71.95)
	91.35
(72.92)
	90.70
(72.25)
	88.80
(70.45)
	89.75
(71.35)
	88.90
(70.54)
	87.00
(68.87)
	87.95
(69.7)
	86.70
(68.61)
	84.80
(67.05)
	85.75
(67.83)
	83.70
(66.19)
	81.80
(64.75)
	82.75
(65.47)

	V1T4
	89.43
(71.03)
	87.73
(69.5)
	88.58
(70.26)
	87.83
(69.59)
	86.13
(68.14)
	86.98
(68.86)
	86.03
(68.05)
	84.33
(66.68)
	85.18
(67.37)
	83.83
(66.29)
	82.13
(65.00)
	82.98
(65.64)
	80.83
(64.04)
	79.13
(62.82)
	79.98
(63.43)

	V1T5
	89.97
(71.53)
	88.40
(70.09)
	89.18
(70.81)
	88.37
(70.06)
	86.80
(68.7)
	87.58
(69.38)
	86.57
(68.5)
	85.00
(67.21)
	85.78
(67.86)
	84.37
(66.71)
	82.80
(65.50)
	83.58
(66.10)
	81.37
(64.43)
	79.80
(63.29)
	80.58
(63.86)

	V1T6
	89.05
(70.68)
	87.07
(68.92)
	88.06
(69.8)
	87.45
(69.25)
	85.47
(67.59)
	86.46
(68.42)
	85.65
(67.74)
	83.67
(66.16)
	84.66
(66.95)
	83.45
(66)
	81.47
(64.50)
	82.46
(65.25)
	80.45
(63.76)
	78.47
(62.35)
	79.46
(63.06)

	V1T7
	90.57
(72.11)
	89.07
(70.69)
	89.82
(71.4)
	88.97
(70.6)
	87.47
(69.27)
	88.22
(69.93)
	87.17
(69.01)
	85.67
(67.75)
	86.42
(68.38)
	84.97
(67.19)
	83.47
(66.01)
	84.22
(66.60)
	81.97
(64.87)
	80.47
(63.77)
	81.22
(64.32)

	V1T8
	86.73
(68.64)
	86.90
(68.78)
	86.82
(68.71)
	85.13
(67.32)
	85.30
(67.46)
	85.22
(67.39)
	83.33
(65.91)
	83.50
(66.03)
	83.42
(65.97)
	81.13
(64.26)
	81.30
(64.38)
	81.22
(64.32)
	78.13
(62.12)
	78.30
(62.24)
	78.22
(62.18)

	V1T9
	88.40
(70.09)
	86.40
(68.36)
	87.40
(69.22)
	86.80
(68.7)
	84.80
(67.05)
	85.80
(67.87)
	85.00
(67.21)
	83.00
(65.65)
	84.00
(66.43)
	82.80
(65.50)
	80.80
(64.01)
	81.80
(64.76)
	79.80
(63.29)
	77.80
(61.89)
	78.80
(62.59)

	V1T10
	87.37
(69.18)
	87.46
(69.26)
	87.42
(69.22)
	85.77
(67.84)
	85.86
(67.92)
	85.82
(67.88)
	83.97
(66.4)
	84.06
(66.47)
	84.02
(66.43)
	81.77
(64.72)
	81.86
(64.79)
	81.82
(64.76)
	78.77
(62.56)
	78.86
(62.63)
	78.82
(62.6)

	V1T11
	88.95
(70.58)
	88.46
(70.14)
	88.70
(70.36)
	87.35
(69.17)
	86.86
(68.74)
	87.10
(68.95)
	85.55
(67.66)
	85.06
(67.26)
	85.30
(67.46)
	83.35
(65.92)
	82.86
(65.54)
	83.10
(65.73)
	80.35
(63.69)
	79.86
(63.33)
	80.1
(63.51)

	V1T12
	90.36
(71.92)
	87.39
(69.2)
	88.88
(70.56)
	88.76
(70.41)
	85.79
(67.86)
	87.28
(69.14)
	86.96
(68.83)
	83.99
(66.42)
	85.48
(67.63)
	84.76
(67.02)
	81.79
(64.74)
	83.28
(65.88)
	81.76
(64.72)
	78.79
(62.58)
	80.28
(63.65)

	V2T1
	89.57
(71.16)
	88.83
(70.48)
	89.20
(70.82)
	87.97
(69.7)
	87.23
(69.07)
	87.60
(69.38)
	86.17
(68.17)
	85.43
(67.56)
	85.80
(67.86)
	83.97
(66.4)
	83.23
(65.83)
	83.06
(66.11)
	80.97
(64.13)
	80.23
(63.6)
	80.6
(63.87)

	V2T2
	92.23
(73.82)
	92.30
(73.89)
	92.27
(73.85)
	90.63
(72.18)
	90.70
(72.24)
	90.67
(72.21)
	88.83
(70.48)
	88.90
(70.54)
	88.87
(70.51)
	86.63
(68.56)
	86.70
(68.61)
	86.67
(68.58)
	83.63
(66.14)
	83.70
(66.19)
	83.67
(66.16)

	V2T3
	93.57
(75.31)
	93.97
(75.78)
	93.77
(75.55)
	91.97
(73.54)
	92.37
(73.96)
	92.17
(73.75)
	90.17
(71.73)
	90.57
(72.11)
	90.37
(71.92)
	87.97
(69.7)
	88.37
(70.06)
	88.17
(69.88)
	84.97
(67.19)
	85.37
(67.51)
	85.17
(67.35)

	V2T4
	91.45
(72.99)
	90.53
(72.08)
	90.99
(72.54)
	89.85
(71.42)
	88.93
(70.57)
	89.39
(70.99)
	88.05
(69.77)
	87.13
(68.98)
	87.59
(69.38)
	85.85
(67.9)
	84.93
(67.16)
	85.39
(67.53)
	82.85
(65.53)
	81.93
(64.85)
	82.39
(65.19)

	V2T5
	91.9
(73.46)
	90.97
(72.52)
	91.43
(72.99)
	90.30
(71.85)
	89.37
(70.98)
	89.83
(71.42)
	88.50
(70.18)
	87.57
(69.36)
	88.03
(69.77)
	86.30
(68.28)
	85.37
(67.51)
	85.83
(67.9)
	83.30
(65.88)
	82.37
(65.17)
	82.83
(65.53)

	V2T6
	91.24
(72.79)
	91.30
(72.85)
	91.27
(72.82)
	89.64
(71.23)
	89.70
(71.28)
	89.67
(71.25)
	87.84
(69.6)
	87.90
(69.64)
	87.87
(69.62)
	85.64
(67.74)
	85.70
(67.78)
	85.67
(67.76)
	82.64
(65.38)
	82.70
(65.42)
	82.67
(65.4)

	V2T7
	92.57
(74.18)
	92.60
(74.22)
	92.58
(74.20)
	90.97
(72.51)
	91.00
(72.54)
	90.98
(72.53)
	89.17
(70.78)
	89.20
(70.81)
	89.18
(70.8)
	86.97
(68.84)
	87.00
(68.87)
	86.98
(68.85)
	83.97
(66.4)
	84.00
(66.42)
	83.98
(66.41)

	V2T8
	90.23
(71.79)
	90.81
(72.36)
	90.52
(72.07)
	88.63
(70.3)
	89.21
(70.83)
	88.92
(70.56)
	86.83
(68.72)
	87.41
(69.22)
	87.12
(68.97)
	84.63
(66.92)
	85.21
(67.39)
	84.92
(67.15)
	81.63
(64.62)
	82.21
(65.06)
	81.92
(64.84)

	V2T9
	91.60
(73.16)
	91.30
(72.85)
	91.45
(73.00)
	90.00
(71.57)
	89.70
(71.28)
	89.85
(71.42)
	88.20
(69.91)
	87.90
(69.64)
	88.05
(69.78)
	86.00
(68.03)
	85.70
(67.78)
	85.85
(67.91)
	83.00
(65.65)
	82.70
(65.42)
	82.85
(65.54)

	V2T10
	90.90
(72.44)
	90.70
(72.24)
	90.80
(72.34)
	89.30
(70.91)
	89.10
(70.72)
	89.20
(70.81)
	87.50
(69.3)
	87.30
(69.12)
	87.40
(69.21)
	85.30
(67.46)
	85.10
(67.29)
	85.20
(67.37)
	82.30
(65.12)
	82.10
(64.97)
	82.20
(65.05)

	V2T11
	92.00
(73.57)
	91.63
(73.19)
	91.81
(73.38)
	90.40
(71.95)
	90.03
(71.60)
	90.21
(71.77)
	88.60
(70.26)
	88.23
(69.94)
	88.41
(70.1)
	86.40
(68.36)
	86.03
(68.05)
	86.21
(68.21)
	83.40
(65.95)
	83.03
(65.68)
	83.21
(65.81)

	V2T12
	90.93
(72.47)
	90.30
(71.85)
	90.62
(72.16)
	89.33
(70.93)
	88.70
(70.36)
	89.02
(70.65)
	87.53
(69.32)
	86.90
(68.78)
	87.22
(69.05)
	85.33
(67.48)
	84.70
(66.97)
	85.02
(67.23)
	82.33
(65.14)
	81.70
(64.67)
	82.02
(64.91)

	V3T1
	88.57
(70.24)
	86.97
(68.84)
	87.77
(69.54)
	86.97
(68.84)
	85.37
(67.51)
	86.17
(68.17)
	85.17
(67.35)
	83.57
(66.09)
	84.37
(66.72)
	82.97
(65.63)
	81.37
(64.43)
	82.17
(65.03)
	79.97
(63.41)
	78.37
(62.28)
	79.17
(62.85)

	V3T2
	90.23
(71.79)
	91.31
(72.86)
	90.77
(72.32)
	88.63
(70.30)
	89.71
(71.29)
	89.17
(70.79)
	86.83
(68.72)
	87.91
(69.65)
	87.37
(69.19)
	84.63
(66.92)
	85.71
(67.79)
	85.17
(67.36)
	81.63
(64.62)
	82.71
(65.43)
	82.17
(65.03)

	V3T3
	92.56
(74.17)
	92.35
(73.94)
	92.45
(74.05)
	90.96
(72.5)
	90.75
(72.29)
	90.85
(72.39)
	89.16
(70.77)
	88.95
(70.58)
	89.05
(70.68)
	86.96
(68.83)
	86.75
(68.65)
	86.85
(68.74)
	83.96
(66.39)
	83.75
(66.22)
	83.85
(66.31)

	V3T4
	89.71
(71.29)
	87.90
(69.64)
	88.81
(70.47)
	88.11
(69.83)
	86.30
(68.28)
	87.21
(69.05)
	86.31
(68.29)
	84.50
(66.82)
	85.41
(67.55)
	84.11
(66.51)
	82.30
(65.12)
	83.21
(65.82)
	81.11
(64.24)
	79.30
(62.94)
	80.21
(63.59)

	V3T5
	90.99
(72.54)
	89.87
(71.44)
	90.43
(71.99)
	89.39
(70.99)
	88.27
(69.97)
	88.83
(70.48)
	87.59
(69.38)
	86.47
(68.42)
	87.03
(68.9)
	85.39
(67.53)
	84.27
(66.63)
	84.83
(67.08)
	82.39
(65.19)
	81.27
(64.35)
	81.83
(64.77)

	V3T6
	89.57
(71.16)
	88.17
(69.88)
	88.87
(70.52)
	87.97
(69.70)
	86.57
(68.50)
	87.27
(69.10)
	86.17
(68.17)
	84.77
(67.03)
	85.47
(67.6)
	83.97
(66.4)
	82.57
(65.32)
	83.27
(65.86)
	80.97
(64.13)
	79.57
(63.13)
	80.27
(63.63)

	V3T7
	91.90
(73.46)
	90.28
(71.83)
	91.09
(72.65)
	90.30
(71.85)
	88.68
(70.34)
	89.49
(71.09)
	88.50
(70.18)
	86.88
(68.76)
	87.69
(69.47)
	86.30
(68.28)
	84.68
(66.95)
	85.49
(67.62)
	83.30
(65.88)
	81.68
(64.65)
	82.49
(65.27)

	V3T8
	88.23
(69.94)
	88.30
(70.00)
	88.27
(69.97)
	86.63
(68.56)
	86.70
(68.61)
	86.67
(68.58)
	84.83
(67.08)
	84.90
(67.13)
	84.87
(67.11)
	82.63
(65.37)
	82.70
(65.42)
	82.67
(65.4)
	79.63
(63.17)
	79.70
(63.22)
	79.67
(63.2)

	V3T9
	89.23
(70.85)
	89.90
(71.47)
	89.57
(71.16)
	87.63
(69.41)
	88.30
(70.00)
	87.97
(69.7)
	85.83
(67.89)
	86.50
(68.44)
	86.17
(68.17)
	83.63
(66.14)
	84.30
(66.66)
	83.97
(66.4)
	80.63
(63.89)
	81.30
(64.38)
	80.97
(64.13)

	V3T10
	89.40
(71)
	88.63
(70.3)
	89.02
(70.65)
	87.80
(69.56)
	87.03
(68.89)
	87.42
(69.23)
	86.00
(68.03)
	85.23
(67.4)
	85.62
(67.71)
	83.80
(66.27)
	83.03
(65.68)
	83.42
(65.97)
	80.80
(64.01)
	80.03
(63.46)
	80.42
(63.74)

	V3T11
	89.57
(71.16)
	89.93
(71.5)
	89.75
(71.33)
	87.97
(69.7)
	88.33
(70.03)
	88.15
(69.87)
	86.17
(68.17)
	86.53
(68.47)
	86.35
(68.32)
	83.97
(66.4)
	84.33
(66.68)
	84.15
(66.54)
	80.97
(64.13)
	81.33
(64.40)
	81.15
(64.27)

	V3T12
	89.23
(70.85)
	88.97
(70.6)
	89.10
(70.72)
	87.63
(69.41)
	87.37
(69.18)
	87.50
(69.3)
	85.83
(67.89)
	85.57
(67.67)
	85.7
(67.78)
	83.63
(66.14)
	83.37
(65.93)
	83.50
(66.03)
	80.63
(63.89)
	80.37
(63.70)
	80.50
(63.79)

	SEm (±)
	0.19
	0.18
	0.08
	0.18
	0.17
	0.07
	0.17
	0.16
	0.07
	0.15
	0.15
	0.06
	0.14
	0.14
	0.06

	CD@5%
	0.55
	0.53
	0.22
	0.52
	0.49
	0.20
	0.48
	0.46
	0.19
	0.45
	0.44
	0.18
	0.42
	0.41
	0.17


Figures in parenthesis are arcsine transformed values


3.2 Days to field emergence
 	The data on days to field emergence as influenced by different varieties (V), treatments (T) and their interactions (V x T) are presented in Table 5 and 5(a). 
3.2.1 Effect of varieties
 	The results revealed that there was a significant difference among the chickpea varieties in both years and on pooled basis (Table 5). 
 	Among varieties, significantly minimum days to field emergence was recorded by Virat (V2) as 6.72, 7.08 and 6.90 followed by Phule G-16318 (V3) as 7.47, 7.69 and 7.58. Whereas maximum days to field emergence was recorded by Kripa (V1) as 8.53, 8.78 and 8.65 during the year 2021-22, 2022-23 and on pooled basis respectively, irrespective of priming treatments.
3.2.2 Effect of treatments
 	Days to field emergence was significantly differed due to seed priming treatments in both years and on pooled basis (Table 5). Regarding the effect of seed priming treatments on days to field emergence, seed priming with sodium nitroprusside (SNP) @ 25 ppm + vitavax @ 0.25 % (T3) took minimum days to field emergence as 6.33, 6.67 and 6.50 followed by potassium nitrate (KNO3) + vitavax @ 0.25 % (T7). Whereas, treatment (T1) control recorded maximum days to field emergence 9.00, 9.22 and 9.11 during the year 2021-22, 2022-23 and on pooled basis, respectively irrespective of varieties. Among seed priming treatments, seed treated with sodium nitroprusside (SNP) @ 25 ppm + vitavax @ 0.25 % (T3) took minimum days to field emergence by (3 days) as compared to control.
3.2.3 Effect of interaction
 	Data pertaining to days to field emergence of kabuli chickpea as influenced by varieties and seed priming treatments revealed that there were significant differences in both years and on pooled basis are presented in Table 5(a). 
 	In the interaction effect of varieties and seed priming treatments (V × T), the lowest days to field emergence were recorded in interaction of V2T3 as 6.00, 6.33 and 6.17 days followed by interaction V2T7 of 6.33, 6.67 and 6.50. While, the maximum days to field emergence as 10.33, 10.00 and 10.17 days were recorded in interaction V1T1 during 2021-22, 2022-23 and on pooled basis, respectively. Among the interactions, the interaction V2T3 took 4 days less for field emergence as compared to V1T1. Effect of seed priming was related to de novo protein synthesis, an improved membrane repair and germination substrates for vigorous and earlier production of seedlings leads to minimize days for field emergence (Lamichaney et al., 2018). Application of NO (Nitric oxide) donors i.e. SNP (sodium nitroprusside) increase rate and speed of germination which facilitates early field emergence. There is also increase of α-amylase and β-amylase activities, which promotes a greater and faster conversion of starch to soluble sugars (Gama et al., 2018). The levels of amino acids and organic acids were increased in Kabuli as a result of SNAP treatment, concluded that, the importance of NO in chickpea germination via the control of respiration and ROS accumulation (Pandey et al., 2019). Seed priming with varying levels of SNP more promptly reduced the mean germination time (MGT) of the wheat seeds (Hameed et al., 2013).

Table 5. 	Effect of varieties (V) and priming treatments (T) on days to field emergence of kabuli chickpea
	Sr. No.
	Treatment 
	Days to field emergence

	
	
	2021-22
	2022-23
	Pooled

	V.
	Varieties 
	
	
	

	V1 :
	Kripa
	8.53
	8.78
	8.65

	V2 :
	Virat
	6.72
	7.08
	6.90

	V3 :
	Phule G 16318
	7.47
	7.69
	7.58

	
	SE ±
	0.08
	0.07
	0.06

	
	CD @ 5%
	0.22
	0.21
	0.16

	T.
	Treatments 
	
	
	

	T1 :
	Control
	9.00
	9.22
	9.11

	T2 :
	Sodium Nitroprusside (SNP) @ 25 ppm
	6.89
	7.11
	7.00

	T3 :
	Sodium Nitroprusside (SNP) @ 25 ppm + Vitavax @ 0.25 %
	6.33
	6.67
	6.50

	T4 :
	Potassium nitrite (KNO2) @ 50 ppm
	7.67
	8.11
	7.89

	T5 :
	Potassium nitrite (KNO2) @ 50 ppm + Vitavax @ 0.25 %
	7.44
	7.56
	7.50

	T6 :
	Potassium nitrate (KNO3) @ 100 ppm
	7.44
	7.78
	7.61

	T7 :
	Potassium nitrate (KNO3) @ 100 ppm + Vitavax @ 0.25 %
	6.67
	6.89
	6.78

	T8 :
	Calcium chloride (CaCl2) @ 2 %
	8.11
	8.22
	8.17

	T9 :
	Calcium chloride (CaCl2) @ 2 % + Vitavax @ 0.25 %
	7.44
	7.78
	7.61

	T10 :
	Salicylic acid @ 10 ppm
	8.00
	8.22
	8.11

	T11 :
	Salicylic acid @ 10 ppm + Vitavax @ 0.25 %
	7.78
	8.11
	7.94

	T12 :
	Vitavax @ 0.25 %
	8.11
	8.56
	8.33

	
	SE ±
	0.16
	0.15
	0.11

	
	CD @ 5%
	0.44
	0.42
	0.31



Table 5(a). 	Interaction effect of varieties and priming treatments (V × T) on days to field emergence of kabuli chickpea
	Interaction
	Days to field emergence

	
	2021-22
	2022-23
	Pooled

	V1T1
	10.33
	10.00
	10.17

	V1T2
	7.33
	7.67
	7.50

	V1T3
	6.67
	7.33
	7.00

	V1T4
	8.67
	9.00
	8.83

	V1T5
	8.33
	8.33
	8.33

	V1T6
	8.67
	9.00
	8.83

	V1T7
	7.33
	7.33
	7.33

	V1T8
	9.33
	9.33
	9.33

	V1T9
	8.33
	8.67
	8.50

	V1T10
	9.33
	9.67
	9.50

	V1T11
	9.00
	9.33
	9.17

	V1T12
	9.00
	9.67
	9.33

	V2T1
	7.67
	8.33
	8.00

	V2T2
	6.67
	6.67
	6.67

	V2T3
	6.00
	6.33
	6.17

	V2T4
	6.67
	7.33
	7.00

	V2T5
	6.67
	6.67
	6.67

	V2T6
	6.67
	7.33
	7.00

	V2T7
	6.33
	6.67
	6.50

	V2T8
	7.00
	7.33
	7.17

	V2T9
	6.67
	7.00
	6.83

	V2T10
	6.67
	7.00
	6.83

	V2T11
	6.67
	7.00
	6.83

	V2T12
	7.00
	7.33
	7.17

	V3T1
	9.00
	9.33
	9.17

	V3T2
	6.67
	7.00
	6.83

	V3T3
	6.33
	6.33
	6.33

	V3T4
	7.67
	8.00
	7.83

	V3T5
	7.33
	7.67
	7.50

	V3T6
	7.00
	7.00
	7.00

	V3T7
	6.33
	6.67
	6.50

	V3T8
	8.00
	8.00
	8.00

	V3T9
	7.33
	7.67
	7.50

	V3T10
	8.00
	8.00
	8.00

	V3T11
	7.67
	8.00
	7.83

	V3T12
	8.33
	8.67
	8.50

	S.Em. (±)
	0.27
	0.26
	0.19

	CD @ 5%
	0.77
	0.73
	0.54



3.3 Field emergence percentage
 	The data on field emergence (%) as influenced by different varieties (V), treatments (T) and their interactions are presented in Table 6 and 6(a).
3.3.1 Effect of varieties
 	From the Table 6, it was seen that the field emergence (%) showed significant difference due to varieties. Among varieties, significantly maximum field emergence 93.19, 91.63 and 92.41 (%) was recorded by Virat (V2) followed by Phule G-16318 (V3) as 91.83, 90.11 and 90.97 (%) and the minimum field emergence was recorded in Kripa (V1) as 88.78, 87.47 and 88.13 (%) during the year 2021-22, 2022-23 and on pooled basis, respectively, irrespective of treatments. The variety Virat (V2) recorded higher field emergence by (4.85 %) than that of variety Kripa (V1).




Table 6: 	Effect of varieties (V) and priming treatments (T) on field emergence percentage of kabuli chickpea
	Sr. No.
	Treatment 
	Field emergence (%)

	
	
	2021-22
	2022-23
	Pooled

	V.
	Varieties 
	
	
	

	V1 :
	Kripa
	88.78
(70.53)
	87.47
(69.38)
	88.13
(69.96)

	V2 :
	Virat
	93.19
(75.09)
	91.63
(73.39)
	92.41
(74.24)

	V3 :
	Phule G 16318
	91.83
(73.59)
	90.11
(71.80)
	90.97
(72.69)

	
	SE ±
	0.10
	0.10
	0.04

	
	CD @ 5%
	0.29
	0.31
	0.12

	T.
	Treatments 
	
	
	

	T1 :
	Control
	85.11
(67.32)
	83.97
(66.42)
	84.54
(66.87)

	T2 :
	Sodium Nitroprusside (SNP) @ 25 ppm
	93.22
(75.10)
	92.22
(73.89)
	92.72
(74.49)

	T3 :
	Sodium Nitroprusside (SNP) @ 25 ppm + Vitavax @ 0.25 %
	95.11
(77.38)
	94.00
(75.93)
	94.56
(76.66)

	T4 :
	Potassium nitrite (KNO2) @ 50 ppm
	90.56
(72.15)
	89.56
(71.2)
	90.06
(71.67)

	T5 :
	Potassium nitrite (KNO2) @ 50 ppm + Vitavax @ 0.25 %
	92.00
(73.66)
	90.78
(72.43)
	91.39
(73.04)

	T6 :
	Potassium nitrate (KNO3) @ 100 ppm
	91.67
(73.31)
	90.22
(71.85)
	90.94
(72.58)

	T7 :
	Potassium nitrate (KNO3) @ 100 ppm + Vitavax @ 0.25 %
	94.22
(76.25)
	92.78
(74.53)
	93.50
(75.39)

	T8 :
	Calcium chloride (CaCl2) @ 2 %
	90.11
(71.81)
	88.22
(69.97)
	89.17
(70.89)

	T9 :
	Calcium chloride (CaCl2) @ 2 % + Vitavax @ 0.25 %
	91.44
(73.15)
	89.00
(70.65)
	90.22
(71.90)

	T10 :
	Salicylic acid @ 10 ppm
	90.22
(71.85)
	88.56
(70.35)
	89.39
(71.1)

	T11 :
	Salicylic acid @ 10 ppm + Vitavax @ 0.25 %
	91.11
(72.77)
	89.22
(71.01)
	90.17
(71.89)

	T12 :
	Vitavax @ 0.25 %
	90.44
(72.11)
	88.33
(70.07)
	89.39
(71.09)

	
	SE ±
	0.20
	0.21
	0.08

	
	CD @ 5%
	0.58
	0.62
	0.23


Figures in parenthesis are arcsine transformed values

Table 6(a). 	Interaction effect of varieties and priming treatments (V × T) on field emergence percentage of kabuli chickpea
	Interaction 
(V x T)
	Field emergence (%)

	
	2021-22
	2022-23
	Pooled

	V1T1
	83.67
(66.16)
	81.67
(64.65)
	82.67
(65.41)

	V1T2
	90.33
(71.89)
	90.00
(71.57)
	90.17
(71.73)

	V1T3
	93.00
(74.66)
	92.00
(73.57)
	92.50
(74.11)

	V1T4
	89.00
(70.63)
	88.00
(69.73)
	88.50
(70.18)

	V1T5
	89.67
(71.25)
	88.33
(70.03)
	89.00
(70.64)

	V1T6
	90.33
(71.89)
	89.00
(70.63)
	89.67
(71.26)

	V1T7
	91.67
(73.22)
	90.67
(72.22)
	91.17
(72.72)

	V1T8
	86.67
(68.58)
	86.00
(68.03)
	86.33
(68.31)

	V1T9
	88.00
(69.73)
	87.67
(69.44)
	87.83
(69.59)

	V1T10
	87.67
(69.44)
	85.00
(67.22)
	86.33
(68.33)

	V1T11
	88.00
(69.73)
	85.00
(67.21)
	86.50
(68.47)

	V1T12
	87.33
(69.15)
	86.33
(68.31)
	86.83
(68.73)

	V2T1
	86.67
(68.59)
	85.57
(67.67)
	86.12
(68.13)

	V2T2
	95.67
(77.99)
	93.67
(75.43)
	94.67
(76.71)

	V2T3
	96.67
(79.49)
	95.67
(78.00)
	96.17
(78.74)

	V2T4
	92.33
(73.93)
	91.67
(73.22)
	92.00
(73.58)

	V2T5
	93.67
(75.43)
	93.33
(75.04)
	93.50
(75.23)

	V2T6
	94.00
(75.82)
	92.67
(74.29)
	93.33
(75.06)

	V2T7
	95.67
(77.99)
	95.00
(77.08)
	95.33
(77.53)

	V2T8
	92.67
(74.29)
	89.00
(70.63)
	90.83
(72.46)



Table 6(a) contd….
	Interaction
	Field emergence (%)

	
	2021-22
	2022-23
	Pooled

	V2T9
	93.67
(75.43)
	89.33
(70.94)
	91.50
(73.18)

	V2T10
	92.00
(73.57)
	91.33
(72.88)
	91.67
(73.23)

	V2T11
	92.67
(74.29)
	92.33
(73.93)
	92.50
(74.11)

	V2T12
	92.67
(74.29)
	90.00
(71.57)
	91.33
(72.93)

	V3T1
	85.00
(67.21)
	84.67
(66.95)
	84.83
(67.08)

	V3T2
	93.67
(75.43)
	93.00
(74.66)
	93.33
(75.04)

	V3T3
	95.67
(77.99)
	94.33
(76.23)
	95.00
(77.11)

	V3T4
	90.33
(71.89)
	89.00
(70.63)
	89.67
(71.26)

	V3T5
	92.67
(74.29)
	90.67
(72.21)
	91.67
(73.25)

	V3T6
	90.67
(72.21)
	89.00
(70.63)
	89.83
(71.42)

	V3T7
	95.33
(77.53)
	92.67
(74.29)
	94.00
(75.91)

	V3T8
	91.00
(72.54)
	89.67
(71.25)
	90.33
(71.9)

	V3T9
	92.67
(74.29)
	90.00
(71.57)
	91.33
(72.93)

	V3T10
	91.00
(72.54)
	89.33
(70.94)
	90.17
(71.74)

	V3T11
	92.67
(74.29)
	90.33
(71.89)
	91.50
(73.09)

	V3T12
	91.33
(72.88)
	88.67
(70.33)
	90.00
(71.60)

	S.Em. (±)
	0.34
	0.36
	0.14

	CD @ 5%
	1.00
	1.07
	0.40


Figures in parenthesis are arcsine transformed values

3.3.2 Effect of treatments
 	Seed priming treatments were significantly different for field emergence (%). Among the treatments sodium nitroprusside (SNP) @ 25 ppm + vitavax @ 0.25 % (T3) recorded maximum field emergence as 95.11, 94.00 and 94.56 (%) followed by potassium nitrate (KNO3) @ 100 ppm + vitavax @ 0.25 % (T7) as 94.22, 92.78 and 93.50 (%). Whereas, treatment (T1) control recorded less field emergence 85.11, 83.97 and 84.54 (%) during the year 2021-22, 2022-23 and on pooled basis, respectively irrespective of varieties. The seeds primed with sodium nitroprusside (SNP) @ 25 ppm + vitavax @ 0.25 % (T3) recorded higher field emergence by (11.85 %) as compared to control (T1).
3.3.3 Effect of interaction
 	Among the interaction effect of varieties and seed invigorated treatments (V ×T), the highest field emergence percentage was recorded in interaction V2T3 as 96.67, 95.67 and 96.17 (%) followed by interaction V2T7 as 95.67, 95.00 and 95.33 (%). Whereas, the lowest field emergence percentage was recorded by V1T1 as 83.67, 81.67 and 82.67 (%) in the year 2021-22, 2022-23 and on pooled basis, respectively. The interaction V2T3 revealed maximum field emergence by (16.32 %) as compared to V1T1. Seed priming with sodium nitroprusside was effective in improving germination and seedling vigor of aged seeds through alleviating oxidative stress caused by drought condition in groundnut seed (Sepehri and Rouhi, 2016). Pre-treatment of B. juncea seeds with sodium nitroprusside (SNP; NO donor) significantly improved the seed germination rate (Rather et al., 2020). Seeds subjected to priming show increased germination rates which result in high levels of biotic or abiotic stress resistance and crop yields (Paparella et al., 2015). The favorable effect of seed priming was related to de novo protein synthesis, an improved membrane repair and germination substrates for vigorous and earlier production of seedlings; priming improved field emergence and seed yield over control in chickpea, (Lamichaney et al., 2018).
4. Conclusion

In chickpea cultivation, inadequate crop establishment remains a significant constraint to productivity. The application of seed enhancement treatments has been shown to improve plant stand by promoting the development of healthy and vigorous seedlings. Such improvements can play a crucial role in enhancing the livelihoods of resource-limited farmers. Among the varieties, Virat (V2) recorded the highest germination percentage (95.99%). With respect to priming treatments, seeds primed with sodium nitroprusside (SNP) @ 25 ppm + Vitavax 0.25% (T3), followed by potassium nitrate (KNO₃) @ 100 ppm + Vitavax 0.25% (T7), exhibited the highest germination percentage (97.12%). In terms of interactions, seeds of the Virat variety treated with SNP @ 25 ppm + Vitavax 0.25% (T3) and KNO₃ @ 100 ppm + Vitavax 0.25% (T7) showed significantly improved germination percentage (95.95%). Furthermore, the Virat variety also recorded the highest field emergence percentage (92.41%) and required the least number of days for field emergence (7.57 days). Among the seed treatments, SNP @ 25 ppm + Vitavax 0.25% (T3), followed by KNO₃ @ 100 ppm + Vitavax 0.25% (T7), resulted in superior field emergence percentage (94.56%). Regarding the interactions, seeds of the Virat variety treated with T3 and T7 treatments showed significantly higher field emergence percentage (96.17%). Thus, it was concluded that seeds treated with sodium nitroprusside (SNP) @ 25 ppm + Vitavax 0.25% could be used for enhancing the planting value in chickpea.
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