Seed quality and vigour of chickpea (Cicer arietinum L.) as influenced by priming with plant growth regulators (PGRs)
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Introduction
Chickpea (Cicer arietinum L.) is the third most important food legume in the world and a staple crop for millions of people, particularly in developing countries (Anonymous, 2022; Varshney et al., 2013). Chickpea is an important legume worldwide; however, there are seed quality problems such as low germination, non-uniform emergence in the field, and susceptibility to abiotic stresses (Gaur et al., 2010; Toker et al., 2007; Singh et al., 2018). These conditions further increase yield gaps, particularly in rainfed systems where drought and soil salinity prevail (Passioura, 2006; Pushpavalli et al., 2020). Seed priming has been identified as the low cost and farmer-friendly technique for restoration of these limitations, which ensures better crop stand establishment and yield stability under marginal environments (Farooq et al., 2006; 2019; Shareef et al., 2023). Of the several methods tested, hormonal priming has been particularly explored for improving seed vigour and stress tolerance (Ashraf, 2010). Hormonal phytochemicals are key in the physiology of seed and process of germination, as gibberellins (GA₃) play a role in the release of dormancy end promotion of germination, auxins (IAA, IBA, NAA) regulate the initiation of roots, cytokinin’s (kinetin) drive the division of cells, and the regulators of growth (early CCC and ethrel) are involved stress signaling and architecture of the plant (Khan et al., 2009; Taiz et al., 2015; Paparella et al., 2015).

Materials and Methods
In order to assess the effect of various priming treatments on seed quality and vigour parameters on chickpea (Cicer arietinum L. cv. KWR 108). A field experiment was conducted at the SIF of C.S. Azad University of Agriculture and Technology in Kanpur. The experiment investigated fifteen treatments: GA₃ (50 ppm for 12 hours; 100 ppm for 8 hours), IAA (50 ppm for 12 hours; 100 ppm for 8 hours), IBA (50 ppm for 12 hours; 100 ppm for 8 hours), CCC (50 ppm for 12 hours; 100 ppm for 8 hours), Ethrel (50 ppm for 12 hours; 100 ppm for 8 hours), NAA (50 ppm for 12 hours; 100 ppm for 8 hours), Kinetin (50 ppm for 12 hours; 100 ppm for 8 hours), and an untreated control group. Seeds were prepped according to the procedures. The seeds were obtained from the University’s Seed Processing Unit. The study was performed throughout the rabi season of 2023-24 and 2024-25. The seeds were picked and dried to a safe moisture level, namely 10%. The observation documented multiple seed quality parameters, including standard germination (%), peak germination value (%), mean daily germination (%), germination value, relative growth index, seed viability (%), seedling length (cm), seedling dry weight (g), vigour index I, and vigour index II. The laboratory evaluations used a Completely Randomised Design (CRD) with four replications, and the seed quality study was performed in the Department of Seed Science and Technology.

Results and Discussion
The study examined various parameters of seed quality, including standard germination percentage, peak germination percentage, mean daily germination percentage, germination value, relative growth index, seed viability percentage, seedling length in centimetres, seedling dry weight in grammes, vigour index- I, and vigour index- II. The seed quality indicators and seed end quality were statistically evaluated and are provided in the accompanying tables, with comparisons from existing literature.
Standard germination
The difference of Table 1 and Figure 1 clearly shows that the treatments significantly influenced standard germination. The highest pooled Standard germination occurred in GA3 at 100 ppm for 8 hours (92.38%), followed by IAA at 100 ppm for 8 hours (92.09%), both being significantly superior to control (85.71%). Higher germination percentage shows the potential of gibberellin and auxin treatments by accelerating metabolic activities in the seeds leading to a decrease in seed dormancy. Similar observations were reported as well by Parimala et al., 2017 and Kumar et al., 2019.
Peak value of germination
It is evident from the Table 1 and fig. 1 that the treatments have significant effect on peak value of germination. The highest pooled peak value was noted in GA3 at 100 ppm for 8 hours (20.80) followed by IAA at 100 ppm for 8 hours (20.04), which was significantly superior to the Control (14.44). However, the high level of synchronised germination on peak day could be due to uniform hormone signalling that triggers metabolic activation of embryos resulting in uniform radicle protrusion.
Mean daily germination
The interventions had a significant impact on the mean daily germination rate as shown in Table 1 and Figure 1. The highest mean daily germination was pooled for GA3 at 100 ppm for 8 hours (11.55) followed by IBA at 100 ppm for 8 hours (11.51) being significantly much higher than that for control (10.72). The significant increase in average daily germination could possibly be attributed to the improved efficiency of mitochondria and ATP synthesis by GA3 treatment that provides sustained energy resources for seedling development.
Germination value
As it is evident from Table 1 and Figure 1, the treatments had a significant influence on germination value. The highest pooled germination value was observed in GA3 at 100 ppm for 8 hours (240.21) and IAA at 100ppm for 8 h. (230.53), and these were significantly higher than the control (154.65). The increased germination figures, obviously, imply a role played by the plant growth regulators in promoting rate as well as percentage of germination through increased metabolic activity and decreasing dormancy.
Relative growth index
The effect of treatments on relative growth index was highly significant as shown in Table 1 and Figure 1. The maximum pooled value was also recorded in GA3 at 100 ppm for 8 hours (72.54) followed by IAA 100 ppm for 8 hours (71.36) which were significantly well above the control (61.14). This significant elevate of relative growth index can be interpreted by better use efficiency of photosynthetic resources to the plant organs through balancing leaf expansion and the distribution of root biomass.
Seed viability
Table 1 and Figure 1 show that the treatments significantly influenced the seed viability. The highest pooled seed viability was observed with GA3 at 100 ppm for 8 hours (94.09%) followed by IAA at 100 ppm for 8 hours (93.47%) which were significantly greater than their respective control (85.58%). The enhancement of seed viability suggests that gibberellins and auxins stimulate metabolic repair reactions or decrease the seed deterioration during imbibition. The above findings are in accordance to the results reported by Kumar et al., 2019. 
Seedling length
The results of Table 1 and Figure 1 show that the treatments have a significant impact on seedling length. The maximum pooled seedling length was observed for GA3 100 ppm for 8 hours (10.54 cm) followed by IAA 100 ppm for 8 hours (9.78 cm), both significantly higher than the negative control (6.06 cm). The significant enhancement of seedling elongation caused by GA and auxin may be due to their primary roles in the elongation, division and proliferation of cells. Similar results were also reported by Kumar et al., 2019; Tiwari & Agarwal 2021.
Seedling dry weight
Table 1 and Figure 1 indicate the treatments significantly influenced the dry weight of seedlings. Highest pooled seedling dry weight was recorded in GA3 at 100 ppm for 8 hours (1.81 g) followed by IAA at 100 ppm for 8 hours) (1.72 g) and were significantly better than the control (1.34 g). The sharp increase in the dry weight of seedling caused by plant hormones revealed improved biomass accumulation and metabolism transference from the seed storages. Similar results were also reported by Parimala et al., 2017

Vigour index-I
Tables 1 and Figure 1 show the highly positive effect of the treatments on vigour index-I. The highest pooled mean was observed in GA3 at 100 ppm for 8 hours (970.02), this was at par with IAA at 100 ppm for 8 hours (902.46) and they were significantly better than control (519.41). The high increase in vigour index-I could be due to the interaction of germination attributes with seedling length. These results are in conformity to the results reported by Kumar et al., 2019; Tiwari & Agarwal 2021.
Vigour index-II
As can be seen from Table 1 and Figure 1, Vigour Index-II is significantly influenced by treatments. GA3 at 100 ppm for 8 hours (166.90) was the maximum pooled mean value which was statistically at par with IAA at 100 ppm for 8 hours (158.57) while both were performing significantly better over control (114.77). The emphasize indicator in vigour index-II represents the combined attribute of germination rate and biomass accumulation. These results are in conformity to the results reported by Tiwari et al., 2015; Kumar et al., 2019.
Conclusion
From the above results, it may be concluded that priming chickpea seeds with optimal dose of hormones have significant effect on seed quality characters and seed vigour. It is also evident that hormonal priming of chickpea seeds with GA3 @ 100 ppm solution for 8 hours is more effective for getting better seed quality and enhanced vigour.
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Table 1: Effect of priming with plant growth regulators on seed quality and vigour characteristics of chickpea.
	Treatments
	Standard germination %
	Peak value of germination %
	Mean daily germination %
	Relative growth index
	Germination value
	Seed viability %
	Seedling length (cm)
	Seedling dry weight (g)
	Vigour index- I
	Vigour index- II

	
	Pooled
	Pooled
	Pooled
	Pooled
	Pooled
	Pooled
	Pooled
	Pooled
	Pooled
	Pooled

	control
	85.71
	14.44
	10.72
	61.14
	154.65
	85.58
	6.06
	1.34
	519.41
	114.77

	GA3 @ 50ppm for 12 h.
	91.04
	18.68
	11.38
	70.43
	225.54
	91.42
	6.94
	1.51
	619.86
	132.95

	GA3 @ 100ppm for 8 h.
	92.38
	20.8
	11.55
	72.54
	240.21
	94.09
	10.54
	1.81
	970.02
	166.90

	IAA @ 50ppm for 12 h.
	88.98
	16.45
	11.13
	68.67
	182.94
	89.93
	6.83
	1.46
	609.76
	130.80

	IAA @ 100ppm for 8 h.
	92.09
	20.04
	11.50
	71.36
	230.53
	93.47
	9.78
	1.72
	901.13
	158.57

	IBA @ 50ppm for 12 h.
	88.93
	16.30
	11.12
	66.19
	181.18
	89.52
	6.82
	1.41
	603.96
	127.94

	[bookmark: _Hlk203521992]IBA @ 100ppm for 8 h.
	91.94
	19.59
	11.51
	70.67
	225.54
	92.64
	9.78
	1.53
	902.46
	141.39

	CCC @ 50ppm for 12 h.
	87.79
	15.96
	10.97
	67.25
	175.06
	88.55
	6.70
	1.39
	587.97
	123.28

	CCC @ 100ppm for 8 h.
	90.05
	18.06
	11.26
	68.03
	203.30
	90.87
	6.90
	1.50
	612.40
	130.35

	Ethrel @ 50ppm for 12 h.
	87.02
	14.98
	10.88
	66.36
	162.84
	88.07
	6.33
	1.37
	547.74
	119.03

	Ethrel @ 100ppm for 8 h.
	86.59
	14.95
	10.82
	65.84
	161.69
	87.60
	6.15
	1.37
	537.68
	118.68

	NAA @ 50ppm for 12 h.
	88.59
	16.38
	11.08
	65.78
	181.30
	89.35
	6.81
	1.40
	604.36
	123.65

	[bookmark: _Hlk203522027]NAA @ 100ppm for 8 h.
	91.91
	19.33
	11.49
	70.42
	222.13
	92.37
	8.80
	1.52
	809.18
	139.73

	Kinetin @ 50ppm for 12 h.
	87.18
	15.44
	10.90
	66.03
	168.20
	88.52
	6.38
	1.38
	569.62
	121.66

	Kinetin @ 100ppm for 8 h.
	89.29
	17.12
	11.16
	67.39
	191.12
	90.06
	6.85
	1.48
	614.80
	131.11

	SE(m)±
	0.58
	0.23
	0.07
	0.79
	2.58
	1.15
	0.08
	0.02
	10.15
	2.29

	CD
	1.65
	0.67
	0.21
	2.28
	7.38
	3.29
	0.22
	0.05
	29.00
	6.55

	CV (%)
	1.29
	2.72
	1.3
	2.35
	2.68
	2.56
	2.03
	2.38
	3.04
	3.47


Fig. 1: Effect of priming with plant growth regulators on seed quality and vigour characteristics of chickpea.
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