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Effect of Seed Priming with Plant Growth Regulators (PGRs) on Plant Growth Parameters of Chickpea (Cicer arietinum L.)
[bookmark: _Hlk205705151]Abstract: A field experiment at Student’s instructional Farm of C.S. Azad University of Agriculture and Technology, Kanpur, during the rabi seasons of 2023-24 and 2024-25 was conducted to assess the effect of various priming treatments on plant growth characters for chickpea (Cicer arietinum L. cv. KWR 108). The experiment examined fifteen treatments, which included different plant growth regulators and in different concentrations under Randomized Block Design (RBD) with three replications. Various parameters, viz., field emergence (%), days to flowering initiation, days to 50 % flowering, plant height (cm), number of primary branches, and number of secondary branches, revealed significant treatment effects. However, priming with GA₃ at 100 ppm for 8 hours gave peak responses for various parameters viz., field emergence (90.85%), days to flowering initiation (64.17), days to 50 % flowering (76.31), plant height (65.27cm), number of primary branches (7.93), number of secondary branches (15.68). Apart from this, the untreated control showed lowest results for all the various parameters studied. Hence, from the above results it could be concluded that the optimal priming with GA₃ at 100 ppm for 8h. substantially enhanced all the various parameters in chickpea.
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INTRODUCTION:
Pulses stand among nature's most precious crops, offering great agronomic and nutritional benefits. They are agents of sustainable agricultural systems through biological nitrogen fixation, deep rooting systems, and improvement of the physical properties of the soil as well as its fertility. Pulses, when grown in cereal-based cropping systems, help maintain and restore soil health; together with nutrient management, they increase productivity. From a nutritional perspective, pulses are a cheap source of dietary protein, minerals, vitamins, and crude fibre. They are fed on by both humans and livestock, with utmost importance in alleviating protein malnutrition in South Asia and Africa. Moreover, short-duration pulses can be used for further crop intensification in irrigated areas and fragile ecosystems. Chickpea or Cicer arietinum is a major pulse crop in the semi-arid regions, containing 18 to 20 percent protein and essential minerals like phosphorus, iron, zinc, etc. (Upadhyaya et al.,2016; Agrawal et al., 2018) The biotic stresses such as drought, high temperature, poor seedling emergence; these stresses limit chickpea production further under climate change scenarios (Jame & Cutforth, 2004; Kumar et al., 2021). Seed priming is said to be one of the most promising strategies used to alleviate these problems. It is essentially a pre-sowing operation that initiates early metabolic processes in the seed without radicle protrusion. It is an environment-friendly and low-cost method to improve germination, seedling vigor, and performance of the crop under stress (Farooq et al., 2019). Upon priming, the biochemical and physiological modifications include increased enzyme activity, re-establishment of hormonal balance, and membrane repair, all of which eventually help in better establishment of seedlings and yield. Priming with PGRs such as gibberellic acid (GA3), indole-3-acetic acid (IAA), indole-3-butyric acid (IBA), kinetin, and ethrel controls certain crucial physiological processes to improve stress tolerance, synchronize flowering, and promote further pod development in legumes (Jisha et al., 2013). These practices are useful in improving crop establishment and yield in fragile, rainfed ecosystems. According to some recent literature, seed priming is indeed a feasible technology for improving chickpea productivity; it is also sustainable in the realm of low-input and climate-resilient agriculture (Kaushal et al., 2024). Hence, it is a scalable solution available to any farmer for enhancing seed-quality and ensuring better field performance while conserving natural resources. In light of these advantages, this study seeks to investigate how fertilization treatments influence chickpea growth attributes in order to find cheap and environment-friendly techniques that will improve crop establishment and contribute toward sustainable chickpea production in semi-arid areas.
MATERIALS AND METHODS:
Experimental Site
At SIF, CS Azad University of Agriculture and Technology, Kanpur, an experiment was conducted in Rabi seasons 2023-24 and 2024-25 to study the effect of different priming treatments on enhancing planting value and yield attribute traits in chickpea (KWR 108). Geographically, located at 26.49 0N Latitude and 80.29 0E Longitudes at an Altitude of 125.9 meters above from Mean Sea Level.  The mean annual rainfall is about 850-1050 mm.  It lies in the alluvial belt of Gangetic plains of North central plain of Indian subcontinent. 
Treatments and Observations
The experiment examined fifteen treatments viz., GA₃ (50 ppm for 12h; 100 ppm for 8h), IAA (50 ppm for 12h; 100 ppm for 8h), IBA (50 ppm for 12h; 100 ppm for 8h), CCC (50 ppm for 12h; 100 ppm for 8h), Ethrel (50 ppm for 12h; 100 ppm for 8h), NAA (50 ppm for 12h; 100 ppm for 8h), Kinetin (50 ppm for 12h; 100 ppm for 8h), and an untreated control under Randomized Block Design (RBD) with three replications were applied to chickpea seeds sourced from the University’s Seed Processing Unit. The various observations were recorded following standard procedure, as detailed below.
Field emergence (%) 
	The emergence data was collected by selecting at 100 plants from each treatment to record the time taken by each plant to emerge from the soil to the first true leaves, calculate average emergence, and monitor environmental factors.
Days to flowering initiation
	Days to flowering initiation were recorded as the number of days from sowing to the appearance of the first flower on the plant.
Days to 50 % flowering
	Days to 50% flowering were recorded as the number of days from sowing to the time when 50% flowers open of the plants in each plot.
Plant height (cm) 
	Ten plants of each plot were selected randomly for the study.  Plant height was measured from the soil surface to apex of the plant in cm with the help of meter scale, at the time of maturity.  The value of the ten selected plants was averaged to calculate plant height.
Number of primary branches
	Number of primary branches was counted from each plot at maturity stage from tagged five plants.
Number of secondary branches 
	Number of secondary branches was counted from each plot at maturity stage from tagged plants.
STATISTICAL ANALYSIS:
[bookmark: _Hlk209908699]	OPState software was used to analyze data obtained on various parameters for a RBD to determine the significant difference at the 5% level. This was used to see if the means of the 15 treatments differed significantly.



RESULTS AND DISCUSSION:
Field emergence (%) 
It is evident from the table 1 and fig.1 that the treatments have significant effect on field emergence. The highest pooled value was recorded in GA3 at 100 ppm for 8 h. (90.85%), statistically comparable to GA3 at 50 ppm for 12 h. (90.57%), IAA at 100 ppm for 8 h. (90.55%), IBA at 100 ppm for 8 h. (90.36%), NAA at 100 ppm for 8 h. (90.20%), CCC at 100ppm for 8 h. (89.94%), kinetin at 100ppm for 12 h. (88.53%), IAA at 50 ppm for 8 h. (88.06%), IBA at 50 ppm for 8 h. (88.02%), NAA at 50 ppm for 8 h. (87.32%), CCC at 50ppm for 8 h. (86.15%) and kinetin at 50ppm for 12 h. (85.71%). The lowest value occurred in control (79.82%). Similar observations were reported as well by chickpea (Aziz and Pekşen, 2020; Jennada et al., 2023; Parimala et al., 2017; Kumar et al., 2019).
Days to flowering initiation
Table 1 and fig. 1 clearly show that the treatments significant effect at days to flowering initiation. The highest pooled value was recorded in GA3 at 100 ppm for 8 h. (64.17), statistically comparable to GA3 at 50 ppm for 12 h. (66.50), IAA at 100 ppm for 8 h. (66.80), IBA at 100 ppm for 8 h. (66.83), NAA at 100 ppm for 8 h. (68.28), CCC at 100ppm for 8 h. (68.33), kinetin at 100ppm for 12 h. (70.50), IAA at 50 ppm for 8 h. (70.67), IBA at 50 ppm for 8 h. (70.83), NAA at 50 ppm for 8 h. (71.33), CCC at 50ppm for 8 h. (72.83) and kinetin at 50ppm for 12 h. (73.67). The lowest value occurred in control (81.83). The above findings are in accordance to the results reported by Sunflower (Thakur et al., 2025).
Days to 50 % flowering
Table 1 and fig.1 confirm that treatments significant effect at days to 50 % flowering. The highest pooled value was recorded in GA3 at 100 ppm for 8 h. (76.31), statistically comparable to GA3 at 50 ppm for 12 h. (77.57), IAA at 100 ppm for 8 h. (77.92), IBA at 100 ppm for 8 h. (78.02), NAA at 100 ppm for 8 h. (79.54), CCC at 100ppm for 8 h. (79.56), kinetin at 100ppm for 12 h. (81.32), IAA at 50 ppm for 8 h. (81.94), IBA at 50 ppm for 8 h. (82.82), NAA at 50 ppm for 8 h. (82.99), CCC at 50ppm for 8 h. (84.56) and kinetin at 50ppm for 12 h. (85.54). The lowest value occurred in control (89.63). Similar results were also reported by chickpea (Zanzad et al., 2023).
Plant height (cm)
Table 1 and fig.1 demonstrate that treatments significant effect on plant height. The highest pooled value was recorded in GA3 at 100 ppm for 8 h. (65.27 cm), statistically comparable to GA3 at 50 ppm for 12 h. (59.39 cm), IAA at 100 ppm for 8 h. (52.47 cm), IBA at 100 ppm for 8 h. (51.95 cm), NAA at 100 ppm for 8 h. (51.71 cm), CCC at 100ppm for 8 h. (51.11 cm), kinetin at 100ppm for 12 h. (51.01 cm), IAA at 50 ppm for 8 h. (50.80 cm), IBA at 50 ppm for 8 h. (49.00 cm), NAA at 50 ppm for 8 h. (46.16 cm), CCC at 50ppm for 8 h. (46.67 cm) and kinetin at 50ppm for 12 h. (45.58 cm). The lowest value occurred in control (41.31 cm). These results are in conformity to the results reported by chickpea (Reddy and Luikham, 2021; Singh et al., 2017), shallot (Pangestuti et al., 2021) and wheat (Tiwari et al., 2016).
Number of primary branches
It is evident from the table 1 and fig.1 that the treatments have significant effect on number of primary branches. The highest pooled value was recorded in GA3 at 100 ppm for 8 h. (7.93), statistically comparable to GA3 at 50 ppm for 12 h. (7.51), IAA at 100 ppm for 8 h. (6.72), IBA at 100 ppm for 8 h. (6.62), NAA at 100 ppm for 8 h. (6.25), CCC at 100ppm for 8 h. (6.12), kinetin at 100ppm for 12 h. (6.07), IAA at 50 ppm for 8 h. (5.98), IBA at 50 ppm for 8 h. (5.88), NAA at 50 ppm for 8 h. (5.83), CCC at 50ppm for 8 h. (5.53) and kinetin at 50ppm for 12 h. (5.43). The lowest value occurred in control (4.53). The above findings are in accordance to the results reported by Kabuli chickpea (Nagarjuna and Chaurasia, 2021) and lentil (Singh et al., 2017).
Number of secondary branches 
	It is evident from the table 1 and fig.1 that the treatments have significant effect on number of secondary branches. The highest pooled value was recorded in GA3 at 100 ppm for 8 h. (15.68), statistically comparable to GA3 at 50 ppm for 12 h. (15.35), IAA at 100 ppm for 8 h. (14.45), IBA at 100 ppm for 8 h. (14.27), NAA at 100 ppm for 8 h. (13.17), CCC at 100ppm for 8 h. (12.95), kinetin at 100ppm for 12 h. (12.88), IAA at 50 ppm for 8 h. (12.72), IBA at 50 ppm for 8 h. (12.80), NAA at 50 ppm for 8 h. (12.27), CCC at 50ppm for 8 h. (11.72) and kinetin at 50ppm for 12 h. (11.68). The lowest value occurred in control (10.42). These results are in conformity to the results reported by chickpea (Mazed et al., 2015).
CONCLUSION:
	From the above results, it can be concluded that priming chickpea seeds with an optimal dose of hormones have a significant effect on plant growth characters. It is also evident that hormonal priming of chickpea seeds with GA3 at 100 ppm solution for 8 hours is more effective for improving field emergence (%), days to flowering initiation, days to 50 % flowering, plant height (cm), number of primary branches, number of secondary branches.
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Table 1: Effect of priming with plant growth regulators on plant growth characteristics of chickpea (Pooled).
	Treatments
	Field emergence (%)
	Days to flowering initiation
	Days to 50% flowering
	Plant height
	No. of primary branches
	No. of secondary branches

	control
	79.82
	81.43
	89.63
	41.31
	4.53
	10.42

	GA3 @ 50ppm for 12 h.
	90.57
	66.50
	77.57
	59.39
	7.51
	15.35

	GA3 @ 100ppm for 8 h.
	90.85
	64.17
	76.31
	65.27
	7.93
	15.68

	IAA @ 50ppm for 12 h.
	88.06
	70.67
	81.94
	50.80
	5.98
	12.72

	IAA @ 100ppm for 8 h.
	90.55
	66.80
	77.92
	52.47
	6.72
	14.45

	IBA @ 50ppm for 12 h.
	88.02
	70.83
	82.22
	49.00
	5.88
	12.80

	[bookmark: _Hlk203521992]IBA @ 100ppm for 8 h.
	90.36
	66.83
	78.02
	51.95
	6.62
	14.27

	CCC @ 50ppm for 12 h.
	86.15
	72.83
	84.56
	46.67
	5.53
	11.72

	CCC @ 100ppm for 8 h.
	89.94
	68.33
	79.56
	51.11
	6.12
	12.95

	Ethrel @ 50ppm for 12 h.
	85.39
	74.17
	87.46
	42.85
	5.13
	11.25

	Ethrel @ 100ppm for 8 h.
	85.08
	76.50
	87.37
	44.41
	4.80
	10.67

	NAA @ 50ppm for 12 h.
	87.32
	71.33
	82.99
	46.16
	5.83
	12.27

	[bookmark: _Hlk203522027]NAA @ 100ppm for 8 h.
	90.20
	68.28
	79.54
	51.71
	6.25
	13.17

	Kinetin @ 50ppm for 12 h.
	85.71
	73.67
	85.54
	45.58
	5.43
	11.68

	Kinetin @ 100ppm for 8 h.
	88.53
	70.50
	81.32
	51.01
	6.07
	12.88

	SE(m)±
	2.07
	1.61
	1.24
	1.51
	0.32
	0.52

	CD
	5.91
	4.59
	3.54
	4.29
	0.92
	1.49

	CV (%)
	4.09
	3.94
	2.62
	5.22
	9.32
	7.07






[bookmark: _GoBack]Fig. 1: Graph showing effect of priming with plant growth regulators on plant growth characteristics of chickpea.
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