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Abstract: A field experiment was conducted at the Organic Research Farm Kargua Ji, Bundelkhand University Campus, Jhansi, U.P. during the rabi seasons of 2024-25 to evaluate the Effect on Seed Priming on Growth, Yield of Wheat in Bundelkhand Conditions. To evaluate seven seed priming treatments T1- Control, T2- Hydro-priming- Soaking in water for 8 h at 250C and air drying at 250C for 48 h, T3- Halo-priming- Soaking in KCL (@0.5%) solution and drying,T4- Halo priming- Soaking in MgSo4(@0.3%) solution and drying,  T5- Halo priming- Soaking in KNO3(@0.5%) solution and drying ,T6- Halo priming- Soaking in ZnSo4(@0.3%) solution and drying,  T7- Halo priming-Soaking in KOH (@0.5%) solution and drying for their effects on yield, The KNO3 at 5g priming (T5) was the most effective treatment. Under priming, plant height (91.13) No of tiller/plant (9,23),  No of spike/plant (7.50) No of seed/spike (19.70) and seed yield (10.81) Seed quality attributes also improved markedly. These results indicate that KNO3 seed priming markedly enhanced yield parameters in wheat relative to no priming.
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INTRODUCTION
	Wheat (Triticum aestivum L.) belongs to the family Gramineae and is one of the most vital cereal crops for human nutrition. In terms of global grain production, it ranks second after maize and is followed by rice. Wheat serves as the staple food for nearly 10 billion people across 43 countries, which makes up about 35% of the world’s population. In global production, China stands first while India holds the second position. Other leading wheat-producing nations include the Russian Federation, the United States, France, Australia, and Canada. The growing demand for wheat worldwide is largely due to the presence of gluten proteins in its flour, which accelerate the processing of food products. Gluten provides wheat with its distinctive binding ability and viscoelastic nature, making it highly suitable for baking and processed food industries. Nutritionally, wheat grains are a rich source of carbohydrates and contain about 13% protein—higher than many other major cereals, though the protein is relatively poor in essential amino acids. As a composite grain, wheat offers not only energy but also dietary fiber and a range of vital nutrients. Out of the many species cultivated globally, a few are predominant. In India, bread wheat accounts for about 87% of total production and is also the most widely consumed type. Durum wheat contributes around 12%, while dicoccum wheat makes up nearly 1% of the national production.
Seed priming technologies represent a possible solution to this problem, as they can improve germination synchrony and seed vigour, leading to better crop performance and yield. Priming enhances certain catabolic activities, prevents seed senescence, activates germination, and induces resistance to several types of stress. Physiological and biochemical responses induced by priming are largely responsible for improving plant performance. Various expedients—hydro-priming, halo-priming, osmo-priming, matrix priming, osmo-hardening, hormone priming, nutripriming, bio-priming, nanoparticle priming and on-farm primings in one way or the other have been well examined. Recent developments also lead to the notion of bio-nanopriming, which refers to the integration of plant growth promoting rhizobacteria (PGPR) with nano-fertilizers aiming at improved growth and productivity (Pawar & Laware, 2018).
Materials and Methods
	The field experiment was conducted during the Rabi season of 2024-25 at the Organic Research Farm, Kargua Ji, Bundelkhand University, Jhansi, Uttar Pradesh, India, situated in a semi-arid agro-climatic zone. The site experiences hot summers and cool winters, with an average annual rainfall of about 850-900 mm. The wheat cultivar DBW-187 was used as the test crop.
	The experiment consisted of seven seed priming treatments, including one untreated control and six priming solutions. The treatments were: Control (unprimed), Hydropriming (water), KCL at 5 g, MgSO4 at 3 g, KNO3at 5 g, ZnSO4 at 3 g, and a KOH solution at 5 g. After priming, seeds were shade-dried back to their original moisture content (approximately 12%) to ensure safe handling and uniform germination before sowing.
	The field experiment was laid out in a Randomized Block Design (RBD) with three replications, while laboratory observations on germination and vigor were conducted under a Completely Randomized Design (CRD). Each plot measured 1.5 m × 1.5 m, maintaining a spacing of 45 cm × 15 cm between rows and plants, respectively. Field preparation included ploughing, harrowing, and leveling to achieve a fine tilth. Sowing was done in the second week of October 2024 using Recommended agronomic practices were followed throughout the crop period, and uniform irrigations were applied at critical growth stages such as Tillring flowering, and spike filling to ensure healthy crop establishment.
6. Plant Height (cm):
	Measured from the base to the tip of the main raceme at maturity from five randomly selected plants per plot.
7. Number of Spike per Plant:
	Counted from five representative plants in each plot.
8. Number of Seeds per Spike:
	Average of ten randomly selected siliquae from each treatment.
9. Seed Yield (q ha⁻¹):



Data Collection and Analysis
	field data on growth and yield were analyzed under a Randomized Block Design (RBD) with three replications. At maturity, five plants per plot were sampled for days of 50% flowering, plant height, spike per plant, and seeds per spike. Seed yield from each plot was converted to q ha⁻¹, and 1000-seed weight was recorded from laboratory samples. Data were analyzed through ANOVA, and treatment means were compared using the Critical Difference (CD) test at 5% probability (P = 0.05).
Results and Discussion
	Seed priming treatments exhibited significant effects yield attributes, quality of wheat under the semi-arid conditions of Bundelkhand region. 
Days of 50% flowering:
	Details regarding mean performance analysis of days to 50 per cent flowering in response to the days to 50% flowering were significantly affected by various treatment combinations. The lowest number of days (59.00) required for 50% flowering was observed under Halopriming-Soaking treatment in KNO3 (@0.3%) solution and drying(T5) which was statistically at par T5 (61.00) with the Halo-priming-Soaking in ZnSo4 (@0.5%) solution and drying.while maximum number of days (64.00) Control (untreated) T1was recorded during the year 2024-25. while significantly lower number of in control T1 (5.25). 

Fig 1- Mean performance analysis of days to 50 per cent flowering
Plant height-
The plant height differed significantly due to different treatments. Significantly highest plant height (91.13) was recorded in treatment Halo-priming-Soaking in KNO3 (@0.3%) solution and drying (T5) which was statistically at par with  T6 (88.36) with the Halo-priming-Soaking in ZnSo4 (@0.5%) whereas the lowest plant height (81.19) T1 was recorded in control  during the year 2024-25. all together inorganic salt promote plant height by increasing the number and length of the internodes which consequence in gradual increase in plant height (Gasim 2001). 

Fig 2- Variation in plant height across treatments (T1–T7)
Spike length (cm)
 The spike length differed significantly due to different treatments. Significantly highest spike length (11.18) was recorded in treatment Halo-priming-Soaking in KNO3(@0.3%) solution and drying (T5) which was statistically at par with  T6 (10.93) with the Halo-priming-Soaking in ZnSo4 (@0.5%) whereas the lowest spike length (9.40) T1 was recorded in control during the year 2024-25, who observed enhanced growth attributes, including spike development, in primed seeds. The beneficial effect of KNO₃ priming on spike length may be due to improved nitrogen availability and enhanced cell elongation, while ZnSO₄ priming might have promoted growth through its role in enzyme activation and auxin synthesis. These findings are further supported by Ashraf and Foolad (2005)


Fig 3- Variation in Spike length (cm) across treatments (T1–T7)
Number of tiller per plant
Numerically the highest No. of tiller per plant (9.23) was recorded in seeds primed with halo-priming in KNO3(@0.3%) solution and drying (T5) followed by seed halo-priming-Soaking in ZnSo4 (@0.5%) T5 (9.07) while, the lowest number of tiller per plant (6.03) was recorded in control (T1) reported that seed priming enhances crop establishment and vegetative growth, leading to improved yield-contributing traits. The present findings are also in agreement with those of Harris, David et al. (1999), who demonstrated that seed priming promotes early crop growth and improves plant stand establishment, ultimately resulting in better tillering. 
Fig 4- Variation in No. of tiller/plant across treatments (T1–T7)

Number of spike per plant
Treatment of seeds primed with halo-priming in KNO3(@0.3%) solution and drying has recorded  maximum number of spike per plant(T5) 7.50 which was statistically as per the treatment halo-priming in ZnSo4 (@0.5%) solution and drying (T6) 7.11 lower number of Number of spike per plant where observed in control T0 (4.74) zinc priming enhances enzymatic activity, protein synthesis, and hormone regulation, which contribute to the formation of more productive tillers and spikes. These findings are in accordance with the reports of Farooq, Muhammad et al. (2006) 

Fig 5- Variation in N0. of Spike/ Plant across treatments (T1–T7)

Number of seed per spike
seed priming methods on number of seeds per spike compared with different treatment KNO3 (@0.3%) has also performed respectively maximum number of seed per spike (19.70), which was found at par with halo-priming ZnSo4 (@0.5%)solution (T5 18.55) minimum seed per spike T1 (16.40) Majid R. (2005) concluded that seed priming improves physiological and biochemical processes, leading to enhanced reproductive development and yield attributes 

Fig 6- Variation in No. of seed / spike across treatments (T1–T7)

Seed yield (g/plant)
halo-priming in KNO3 (@0.3%) solution (T5) has recorded maximum yield (10.81) g/plant followed by  halo-priming ZnSo4 (@0.5%)) solution (T6 :10.75) minimum seed yield (8.92) was observed in control (T1) where no treatment were applied. Farooq et al. (2006) further reported that primed seeds exhibited better growth, yield attributes, and final grain yield compared with unprimed seeds. Therefore, halo-priming with KNO₃ @ 0.3% and ZnSO₄ @ 0.5% can be considered effective seed enhancement techniques for improving seed yield and productivity.



Fig 7- Variation in Seed yield / Plant (G) across treatments (T1–T7)
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Table 1: Effect of different seed priming treatments on growth, yield and seed quality parameters of wheat
	Treatment
	Days of 50% flowering
	Plant Height (cm)
	No of tiller/plant
	No of  Spike/ Plant 

	Spike length (cm) 

	No. of seed / spike 

	Seed yield / Plant 


	T1
	64.00
	81.19
	6.03
	4.74
	9.40
	16.40
	8.92

	T2 
	62.67
	81.20
	7.03
	5.52
	9.85
	16.98
	9.80

	T3
	64.67
	83.75
	7.33
	6.21
	9.90
	17.93
	9.99

	T4

	65.67
	86.19
	8.13
	6.91
	10.03
	18.51
	10.16

	T5
	59.33
	91.13
	9.23
	7.50
	11.18
	19.70
	10.81

	T6
	61.00
	88.36
	9.07
	7.11
	10.93
	18.55
	10.75

	T7
	63.33
	88.15
	8.52
	7.22
	10.85
	17.96
	10.33

	Mean
	62.95
	85.71
	7.91
	6.46
	10.31
	18.00
	10.11

	SE(m) ±
	0.65
	0.69
	0.15
	0.18
	0.30
	0.48
	0.23

	SE(d) ±
	0.92
	0.97
	0.22
	0.25
	0.43
	0.68
	0.32

	C.D. at 5%
	2.03
	2.14
	0.47
	0.55
	0.95
	1.50
	0.71

	C.V. (%)
	1.79
	1.39
	3.34
	4.73
	5.10
	4.64
	3.93


T1- Control, T2- Hydro-priming- Soaking in water for 8 h at 250C and air drying at 250C for 48 h, T3- Halo-priming- Soaking in KCL (@0.5%) solution and drying,T4- Halo priming- Soaking in MgSo4(@0.3%) solution and drying,  T5- Halo priming- Soaking in KNO3(@0.5%) solution and drying ,T6- Halo priming- Soaking in ZnSo4(@0.3%) solution and drying,  T7- Halo priming-Soaking in KOH (@0.5%) solution and drying 






Conclusions
The study showed that seed priming influenced growth and yield-related traits of wheat under the semi-arid conditions of Bundelkhand. Among the evaluated treatments, KNO₃ priming produced the most favourable response, recording earlier flowering and higher values for plant height, tillers per plant, spikes per plant, spike length, seeds per spike, and seed yield per plant. ZnSO₄ priming also performed well and remained close to KNO₃ for several yield-contributing characters. These improvements may be associated with better early seed activation, improved nutrient availability, and enhanced physiological performance after priming. The findings suggest that seed priming can be a useful pre-sowing technique for improving wheat crop establishment and productivity in the study region. However, the treatment concentration and field-level recommendations should be confirmed through further trials before large-scale adoption. Based on the present results, KNO₃ priming appears to be the most promising treatment for improving growth and yield attributes of wheat under Bundelkhand conditions.
Limitation
The study was conducted during a single Rabi season and at one experimental location, which limits the wider applicability of the findings. The experiment evaluated selected priming treatments only, and the results may vary under different soil, weather, irrigation, and management conditions. Although the manuscript refers to seed quality, detailed seed-quality parameters such as germination percentage, seedling vigour, and seedling dry weight were not adequately presented. Further multi-location and multi-season trials with clearly standardized treatment concentrations are required before making firm recommendations for farmers.
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N0. of  Spike/ Plant	T1	T2	T3	T4	T5	T6	T7	4.7430000000000003	5.5169999999999995	6.2130000000000001	6.9130000000000003	7.5030000000000001	7.1069999999999975	7.2169999999999996	N0. of  Spike/ Plant

No. of seed / spike	T1	T2	T3	T4	T5	T6	T7	16.399999999999999	16.982999999999979	17.933	18.510000000000005	19.696999999999999	18.553000000000001	17.959999999999987	No. of seed / spike

Seed yield / Plant (G)	T1	T2	T3	T4	T5	T6	T7	8.9170000000000016	9.8030000000000008	9.99	10.16	10.807	10.75	10.33	Seed yield / Plant

Days of 50% Flowering	T1	T2	T3	T4	T5	T6	T7	64	62.667000000000002	64.667000000000002	65.667000000000002	59.333000000000006	61	63.333000000000006	Days of 50% Flowering

Plant height	T1	T2	T3	T4	T5	T6	T7	81.186999999999998	81.197000000000003	83.75	86.19	91.13	88.36	88.149999999999991	Plant height

Spike length (cm)	T1	T2	T3	T4	T5	T6	T7	9.4	9.8470000000000013	9.8970000000000002	10.030000000000001	11.18	10.927	10.847	Spike length (cm)

No. of tiller/plant	T1	T2	T3	T4	T5	T6	T7	6.0330000000000004	7.0330000000000004	7.3330000000000002	8.1330000000000009	9.2330000000000005	9.0670000000000002	8.5170000000000012	No. of tiller/plant
