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Abstract
	Seed priming is a low-cost technique to improve germination and plant establishment under stress conditions. The present study evaluated hydropriming and halopriming methods on redgram varieties PRG 176 and TDRG-4 under moisture and salt stress respectively. Laboratory and field analyses demonstrated that halopriming resulted in the highest germination percentage, vigour indices, plant stand establishment, and yield traits in both varieties. Hydropriming also showed improvements close to halopriming under stress conditions with respect to final germination percentage and yield per hectare. Benefit-cost ratio was highest for halopriming followed closely by hydropriming. These results suggest that halopriming is highly effective for redgram under saline stress, while hydropriming remains a simple and feasible option for moisture stress environments for enhancing germination & seed vigour through osmotic adjustment
______________________________________________________________________
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Introduction
	Seed germination represents a pivotal phase in the crop life cycle, setting the trajectory for seedling establishment, crop stand uniformity and eventual yield. During germination, seeds are highly susceptible to environmental perturbations that affect water uptake, reserve mobilization and early metabolic activation. Redgram (Cajanus cajan L.) is a key pulse crop of semi-arid India, contributing substantially to dietary protein, soil fertility and smallholder incomes. Most redgram cultivation is rainfed and thus vulnerable to moisture stress and episodic salinization of soils. Enhancing seedling establishment through affordable technologies therefore carries direct implications for yield stability and farmer resilience. Abiotic stresses such as soil moisture deficit and salinity are particularly detrimental in rainfed and marginal agro-ecosystems where they frequently cause delayed emergence, uneven stands and significant yield penalties [Bernstein L and Hayward HE, 1958; Esechie HA, 1995].
	Seed priming has been widely adopted as an effective pre-sowing intervention to improve germination performance and early vigour. The process involves controlled hydration to initiate pre-germinative metabolic processes without allowing radicle protrusion, followed by re-drying to original moisture content. Priming accelerates repair mechanisms, activates hydrolytic and antioxidant enzymes and enhances mobilization of seed reserves, collectively enabling rapid and synchronous germination upon sowing [Bewley JD et al., 2013; Paparella S et al., 2015]. Several priming modalities exist. Hydropriming (water imbibition) is the simplest and most accessible for smallholder farmers. Osmotic priming and halopriming, using agents such as polyethylene glycol (PEG), NaCl or CaCl2, impose controlled osmotic conditions that precondition seeds for osmotic adjustment and ionic homeostasis under subsequent stress exposure [Marthandan, V et al., 2020; Biswas, S et al., 2023]. Chemical priming can also modulate gene expression and epigenetic marks that underpin stress memory, resulting in accumulation of stress-protective proteins and enhanced antioxidant capacity [Purwestri YA, 2023].
	Topsoil salinity is a common constraint in many redgram growing regions, where evaporative concentration of salts in the seedbed impairs water uptake and induces ion toxicity during germination [Sarker, A et al., 2014]. Studies across crop species have documented reduced germination and seedling growth under saline conditions; priming strategies have been shown to ameliorate these effects by improving osmotic adjustment and reducing Na+ accumulation in seedlings [Marthandan, V et al., 2020; Bouzidi A,     et al., 2021].
	Despite an expanding literature on seed priming, region-specific evidence on the comparative performance of simple hydropriming versus halopriming (NaCl + CaCl2) in redgram varieties under combined moisture and salinity stress remains limited. Very few studies have quantified both laboratory vigour indices and multi-parameter field performance (stand establishment, yield components and economics) in the same experiment. This study addresses these gaps by providing integrated laboratory-to-field validation of priming protocols on two widely grown redgram cultivars.
	Projected increases in temperature variability and erratic precipitation regimes are likely to intensify seedbed moisture deficits and secondary salinization in many agro-ecological zones. Scalable, low-cost seed enhancement methods such as priming can constitute an adaptive practice that bolsters crop establishment under climate stress, thereby contributing to climate-resilient pulse production systems [Rawal, JS et al., 2024].


Materials and Methods
	The present investigation was carried out on redgram (Cajanus cajan L.) during kharif 2021 at the Seed Research and Technology Centre, Professor Jayashankar Telangana Agricultural University (PJTAU), Rajendranagar, Telangana, India. Two high-yielding and widely cultivated varieties of redgram, PRG 176 and TDRG-4, were selected as test material. The experimental site is located in a semi-arid tropical region with sandy-loam soils and characterized by hot summers and monsoon rainfall during the crop-growing season.
Seed Treatments
Four pre-sowing treatments were imposed on seeds prior to sowing. 

[bookmark: _GoBack]Chart 1: Treatment details
Treatment T₁ served as an absolute control with untreated seeds.
Treatment T₂ served as a control grown under the recommended package of practices for
redgram by PJTAU.

Treatment T₃ (Hydropriming), seeds were soaked in distilled water for 10 h at 25°C and
shade-dried back to their original moisture content.
Treatment T₄ (Halopriming), seeds were soaked in a salt solution of 6 dS m⁻¹ electrical
conductivity prepared by mixing NaCl and CaCl₂ in distilled water, for 8 h at
25°C, followed by surface drying to initial moisture levels.
	
	Proper aeration was ensured during soaking to maintain oxygen availability, and drying was performed on blotting paper to avoid thermal injury. Treated and control seeds were evaluated under both laboratory and field conditions. Standard germination tests were performed using sterilized paper towels in a germination room maintained at 25 ± 1°C and 90 ± 5% relative humidity, following ISTA guidelines.
Field evaluation was conducted as per PJTAU recommendations, ensuring uniform crop care across treatments.  Seeds were sown on well-prepared ridges with a recommended spacing of 90 cm × 20 cm. The crop was raised under rainfed conditions with supplemental irrigation during prolonged dry spells.
Observations recorded
Laboratory parameters
Moisture content of seeds before and after priming, first count germination (%) on day 5,  final germination (%) on day 8 were recorded at appropriate intervals. From the data collected, Seed Vigour Index (SVI) I and II were calculated using the formula suggested by Abdul-Baki and Anderson, 1973.
Field parameters
Field observations that were recorded included - plant stand (%) at 5 weeks after sowing, plant height (cm) at harvest, number of pods per plant, number of seeds per pod, seed yield per plant (g) and 100-seed weight (g). From these field parameters, seed yield per hectare (kg ha⁻¹), harvest index (%) and benefit cost ratio were calculated.  

Results and Discussion
	Seed priming had a significant impact on germination and field performance of both redgram varieties tested. Halopriming recorded the highest first count germination (90% in PRG 176 and 91% in TDRG 4) and final germination percentage (95% and 96%, respectively) {Table 1}. This treatment also achieved the maximum seed vigour index values, SVI-I (2793.63, 2832.77) and SVI-II (29.10, 30.73). Such enhancement is attributed to improved osmotic adjustment and membrane repair during early imbibition, which are well documented effects of ionic priming [Farooq, M et al., 2006; Jatana, BS et al., 2024].
	Under field conditions in PRG 176, both hydropriming and halopriming produced significantly higher plant growth and reproductive traits than untreated control and recommended package of practices (PoP) treatments. Haloprimed seeds exhibited improved stand establishment and resulted in greater photosynthate partitioning toward grain yield due to enhanced metabolic preparedness of seeds at emergence [Paparella S et al., 2015]. Plant height ranged from 182.8 to 194.0 cm, with the highest values under priming treatments. Total pods per plant (312.8 to 342.6), seeds per pod (3.04 to 3.56), yield per plant (73.0 to 82.7 g), and test weight (9.82 to 10.10 g) also showed favourable responses, indicating efficient utilization of assimilates for yield formation {Table 2}.
	Hydropriming resulted in the highest harvest index (0.311), closely followed by halopriming (0.313), while the control recorded the lowest (0.300). Yield per hectare was maximum in halopriming (1365 kg ha⁻¹), which corresponded to an increase of 8.76% over control (1255 kg ha⁻¹), 5.73% over recommended PoP (1291 kg ha⁻¹), and 0.36% over hydropriming (1360 kg ha⁻¹). Economic analysis revealed that hydropriming and halopriming recorded higher B:C ratios (2.14 and 2.15), confirming their cost-effectiveness {Table 2}.
	In TDRG-4, primed seeds recorded better field establishment, with plant stand of 91% under hydropriming and 92% under halopriming compared to 87% under recommended PoP and 85% under control. Plant height ranged between 211 and 221 cm across treatments. Enhanced pod formation (344 to 392 pods per plant), increased number of seeds per pod (3.36 to 3.68), and improved test weight (11.46 to 11.62 g) contributed to superior yield formation in primed treatments. Harvest index was highest in halopriming (0.394), which translated to maximum seed yield (1480 kg ha⁻¹), followed by hydropriming (1471 kg ha⁻¹). These values represented 8.7% and 8.0% yield improvement over the control, respectively {Table 3}.
	Overall, halopriming proved the most beneficial technique for both varieties, as saline ions in controlled concentrations strengthen physiological and biochemical readiness for stress resilience. Halopriming, through controlled ionic exposure, significantly improved germination metrics and seed vigour indices, reflecting enhanced osmotic regulation and membrane integrity during early seed imbibition [Beckers GJ and Conrath U, 2007]. These physiological advantages translated into superior field performance, with haloprimed seeds consistently achieving higher plant stand, pod formation, seed yield, and harvest index across both PRG 176 and TDRG-4 varieties. 
Hydropriming remains a viable and low-cost alternative, particularly where salt solutions are unavailable or handling of chemicals is restricted, since its results were comparable to halopriming. Hydropriming, while slightly less effective, still demonstrated substantial improvements over control and PoP treatments, validating its utility in moisture-stressed regions where chemical inputs may be limited. The comparable performance of hydropriming in terms of harvest index and economic returns suggests that even simple water-based priming can activate key metabolic pathways conducive to stress resilience.
	Thus, adopting halopriming can significantly enhance the planting value, early growth, and productivity of redgram under field conditions, while hydropriming can be recommended as a practical technology for farmers with limited resources. Future research may explore the molecular underpinnings of priming-induced stress tolerance and assess long-term impacts on soil health and cropping systems to further refine these interventions.
Conclusion
	The present study conclusively demonstrates that seed priming, particularly halopriming using NaCl and CaCl₂, significantly enhances the germination vigour, field establishment, and yield performance of redgram varieties PRG 176 and TDRG-4 under moisture and salinity stress conditions. Haloprimed seeds consistently recorded the highest germination percentages, seed vigour indices, plant stand, and yield attributes, indicating superior physiological readiness and stress resilience. Hydropriming also showed substantial improvements over control and recommended practices, offering a simpler and cost-effective alternative for moisture-stressed environments. Economic analysis further validated the viability of both priming methods, with halopriming yielding the highest benefit-cost ratios.  These findings underscore the potential of seed priming as a scalable, low-cost strategy to improve redgram productivity in marginal agro-ecosystems. Adoption of halopriming and hydropriming can play a pivotal role in climate-resilient pulse farming, ensuring better crop establishment, enhanced yield stability, and improved farmer returns under increasingly variable environmental conditions.
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                 Table 1: Effect of hydro and halo priming on moisture %, first count %, germination %, SVI-1 and SVI-2 in various varieties of redgram seed
	Crop 
	Variety 
	Moisture %
	First count %
	Germination %
	SVI-1
	SVI-2

	Before treatment 

	Red Gram
	PRG- 176
	8.9
	81
	90
	1854.7
	24.3

	
	TDRG-4
	9
	83
	91
	1957.1
	25.5

	After treatment - hydro priming

	Red Gram
	PRG- 176
	9.8
	87
	94
	2369.4
	25.4

	
	TDRG-4
	10.2
	88
	95
	2537.2
	28.5

	After treatment - halo priming

	Red Gram
	PRG- 176
	9.5
	90
	95
	2793.6
	29.1

	
	TDRG-4
	9.8
	91
	96
	2832.7
	30.7

	After recommended POP

	Red Gram
	PRG- 176
	9.2
	84
	91
	1957.6
	25.0

	
	TDRG-4
	9.3
	86
	92
	2054.43
	26.2


SVI-1 - Seed Vigour Index 1; SVI-2 - Seed Vigour Index 2; PoP - Package of practices





Table 2: Field performance of redgram variety PRG 176 
          in response to hydro and halo priming 
	S No
	Observations
	Hydro priming
	Halo 
priming
	Recommended POP
	Control

	1
	Final plant stand %
	89.0
	90.0
	85.0
	84.0

	2
	Plant height (cm)
	182.8
	194
	198.2
	193.6

	3
	Total no. of pods/plant
	342.4
	342.6
	325.0
	312.8

	4
	Seeds/pod
	3.52
	3.56
	3.36
	3.04

	5
	Yield/plant (gm)
	80.9
	82.7
	74.9
	73.0

	6
	Yield/plot (Kg)
	67.2

	67.5
	63.8
	62.0

	7
	Yield/acre (Kg)
	1360

	1365

	1291

	1255


	8
	Test weight (gm)
	10.06
	10.10
	9.96
	9.82

	9
	Harvest index
	0.311
	0.313
	0.306
	0.300

	10
	BCR
	2.14

	2.15
	2.03

	1.98



BCR – Benefit cost ratio









Table 3: Field performance of redgram variety TDRG 4 
       in response to hydro and halo priming  
	S No
	Observations
	Hydro priming
	Halo priming
	Recommended POP
	Control

	1
	Final plant stand %
	91.0
	92.0
	87.0
	85.0

	2
	Plant height (cm)
	211.4
	211.0
	203.0
	221.0

	3
	Total no. of pods/plant pods/plant
	386.0
	392.0
	362.0
	344.0

	4
	Seeds/pod
	3.64
	3.68
	3.58
	3.36

	5
	Yield/plant (gm)
	93.6
	94.3
	82.5
	78.8

	6
	Yield/plot (Kg)
	73.2
	74.0
	70.7
	68.1

	7
	Yield/ha (Kg)
	1471
	1480
	1413
	1361

	8
	Test weight (gm)
	11.58
	11.62
	11.54
	11.46

	9
	Harvest index
	0.387
	0.394
	0.379
	0.363

	10
	BCR
	2.30
	2.33
	2.22
	2.14






