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Effect Of Priming Techniques on Plant Growth Characteristics 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.	Comment by khan haris: The abstract lacks a clear hypothesis or objective statement. Include one line such as:
The study aimed to determine the most effective priming agent and concentration for improving growth and phenological traits of chickpea.	Comment by khan haris: Condense this to a brief general description instead of listing all combinations.
Suggested revision:
“Fifteen treatments involving different plant growth regulators (GA₃, IAA, IBA, NAA, CCC, kinetin, and ethrel) were evaluated under a randomized block design with three replications

[bookmark: _Hlk205706568]Keywords: Field emergence, GA3, Optimal priming, IAA, NAA.
INTRODUCTION:
Pulses are wonderful gifts of nature.  They have a unique ability of biological nitrogen fixation, a deep root system, mobilization of insoluble soil nutrients and bring qualitative changes in soil physical properties, and restore soil fertility. Pulses can arrest the declining trend in productivity of cereal-based cropping systems. Inclusion of pulses in an intensive cereal-based cropping system acts as a component of integrated nutrient supply.  Therefore, pulses have emerged as an available option to improve soil health, conserve the natural resources and sustain the agricultural productivity. They are cheap and an excellent source of dietary protein, minerals, vitamins and crude fiber and also a source of feed and fodder for animals.  Pulses are considered as healthy, food and offer nutritional security to millions of populations suffering with protein malnutrition, especially in south Asia and Africa.  Some of the short duration pulses have shown great promise for crop intensification in irrigated areas.  The alleviatory effects of pulses on the yield of subsequent crops have long been realized and documented. Chickpea (Cicer arietinum) is a self-pollinating diploid (2n=2x=16) pulse crop with a 738-Mbp genome (Varshney et al., 2013). Chickpea is believed to have originated from Cicer reticulatum Ladizinsky about 11,000 years ago (Zohari and Hopf, 2000; Kerem et al., 2007). This range-variable wild species originates from various parts of southeastern Turkey (Kerem et al., 2007). The desi seeds are split and consumed as channa dal in Southeast Asia. Genus Cicer is specified with 43 species, out of which nine are annual and thirty-four are perennial types, and are divided into four sections: Monocicer, Chamaecicer, Acanthocicer, and Polycicer, based on morphology, lifespan, and geographic distribution (Van der Maesen, 1987). Characteristic of the chickpea is stiff, angular ribbed, pubescent stem due to the presence of hypodermal collenchyma, giving off primary 1 to 8, secondary, and tertiary branches. Leaves are compound imparipinnate, bearing 5-7 pairs of either hairy or glabrous leaflets. Its root system has a thick taproot bearing lateral roots and nodules, the latter of which is formed by Mesorhizobium ciceri, which can fix nitrogen symbiotically. Its inflorescence has axillary racemes with usually one papilionaceous flower, sometimes two or three (Sajja et al., 2017). Flowers are regular and bisexual with five minutely fused sepals, five petals in a papilionaceous fashion (standard, wings, keel), stamens diadelphous-(9+1), and ovary sessile and pubescent, bearing 1-4 ovules (Cubero, 1987). Flowering starts between 24 and 80 days after sowing, depending on genotypes and other environmental factors (Kumar and Rao, 1996; Gaur et al., 2012), and continues until moisture shortage brings on senescence. Chickpea are primarily self-pollinated as the anthers open before anthesis. Pods measure 15-30 mm long with 1-2 seeds. In seed morphology, they vary and mostly look like a ram's head, having seeds with smooth or tuberculate coat and no endosperm. Chickpeas are divided into desi and kabuli types based on seed size and seed coat features: desi being small, thick-coated, and pigmented; kabuli being large, thin-coated, cream color, and non-pigmented. Seed weights range between 0.08 and 0.8 g, while cotyledon colour may be cream, green, or orange. Seed traits are influenced by genotypes as well as environmental factors. Germination takes one week when optimal temperature (28-33°C) and sowing depth (4-5 cm) are maintained, while at early stages of development, roots grow faster than shoots (Sajja et al., 2017). The mean protein content in chickpea is nearly 18% [(kabuli: 18.4% (16.2–22.4%); desi: 18.2% (15.6–21.4%)], which is higher than lentil and field pea (Upadhyaya et al., 2016). Global climate change and water scarcity generally affect crop performance from germination and eventually reduce grain yield and quality, with losses of up to 40–50% in crop productivity. Chickpea, a cool-season legume, are an excellent source of protein (18–20%) and the minerals phosphorus, calcium, magnesium, iron, and zinc that play a significant role in achieving global food security (Agrawal et al., 2018). Even though it is considered the candidate crop for rainfed conditions, the uncertain climatic condition adversely affects the crop's performance and makes it vulnerable to several biotic and abiotic stresses (Jame & Cutforth 2004). Despite its agronomic significance, chickpea production faces challenges such as poor germination, uneven seedling emergence, and suboptimal yield due to abiotic stresses and suboptimal seed vigor (Kumar et al., 2021). Seed priming a pre-sowing treatment that enhances germination and early seedling growth has emerged as a promising approach to improve crop establishment and yield attributes (Farooq et al., 2019). Dealing with fragile ecosystems is challenging for agricultural researchers to provide restorative solutions. In this context, to curtail the effects of climate change and continue cultivation practices under fragile ecosystems, the adoption of eco-friendly and economical techniques such as seed priming etc. like, low-input sustainable agriculture, conservation agriculture are imperative (Rakshit and Singh, 2018; Sarkar et al., 2020a). Seed quality enhancement, a pre-sowing treatment, enhances germination and crop vigour during early planting and contributes to a higher crop yield (Taylor et al., 2003). Seed priming, a technique in seed enhancement, involves the initial absorption of water by seeds to initiate the early stages of germination. However, this absorption is insufficient for radical emergence, and the seeds return to their original moisture content (Heydecker & Gibbins 1977). During the priming process, biochemical changes occur, including activating enzymes, producing compounds that promote growth, metabolizing molecules that inhibit germination, and repairing damaged cells (Farooq et al., 2010).  Priming technologies involve the controlled hydration of seeds using plant growth regulators (PGRs) such as gibberellic acid (GA₃), indole-3-acetic acid (IAA), indole-3-butyric acid (IBA), chloro choline chloride (CCC), ethrel, naphthalene acetic acid (NAA), and kinetin. These treatments influence physiological processes, including hormonal regulation, cell division, and stress resilience, leading to improved field emergence, synchronized flowering, and enhanced pod formation (Jisha et al., 2013). 	Comment by khan haris: The references are too old  	Comment by khan haris: old	Comment by khan haris: Add a short objective paragraph ending the introduction, for example: Therefore, this study was undertaken to evaluate the effect of different hormonal priming treatments and concentrations on chickpea growth and flowering

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. 	Comment by khan haris: Add details on soil type, texture, pH, and fertility for reproducibility.
Treatments and Observations	Comment by khan haris: This section is lengthy. Present the treatments in a table for clarity. Will be more better 
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.	Comment by khan haris: Provide details on seed moisture, soaking duration temperature, and drying method used in priming
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:	Comment by khan haris: Mention software name/version and test used (e.g., ANOVA using SPSS 25.0 and LSD test at 5%).
[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; Parimala et al., 2017; Kumar et al., 2019).	Comment by khan haris: Use varied table,1,2,3, Figure,1,2,3
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:	Comment by khan haris: The conclusion repeats results it should instead generalize findings and suggest applications.eg. 
GA₃ priming at 100 ppm for 8 hours proved most effective for enhancing emergence and vegetative growth in chickpea and can be recommended for large-scale field use. Further research is needed to assess its effect on yield and seed quality
	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






Fig. 1: Effect of priming with plant growth regulators on plant growth characteristics of chickpea.
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