
Studies on priming techniques for enhancing planting value, seed quality and yield of wheat (T. aestivum) in the Bundelkhand region
 
   
Abstract: 
A field experiment was conducted during the Rabi season of 2024–25 at the Organic Research Farm, Kargua Ji, Bundelkhand University, Jhansi, Uttar Pradesh, India, to evaluate the effects of seed priming techniques on the growth, seed quality and yield of wheat (Triticum aestivum L.) under Bundelkhand conditions. The experiment was arranged in a randomised block design with seven seed priming treatments and three replications. The treatments included T₁–control (unprimed seed), T₂–hydro-priming (soaking in water for 8 h at 25°C followed by air drying for 48 h), T₃–halo-priming with 0.5% KCl, T₄–halo-priming with 0.3% MgSO₄, T₅–halo-priming with 0.5% KNO₃, T₆–halo-priming with 0.3% ZnSO₄ and T₇–halo-priming with 0.5% KOH, followed by drying before sowing. Data on growth, yield attributes, seed yield and seed quality parameters were subjected to analysis of variance, and treatment means were compared at the 5% level of significance (P ≤ 0.05). Seed priming improved growth and yield parameters compared with the unprimed control. Among the treatments, KNO₃ priming (T₅) produced the highest plant height (91.13 cm), tillers per plant (9.23), spikes per plant (7.50), seeds per spike (19.70) and seed yield (10.81 g plant⁻¹). The findings indicate that 0.5% KNO₃ seed priming is an effective pre-sowing treatment for improving planting value, seed quality and wheat productivity under the agro-climatic conditions of the Bundelkhand region.
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INTRODUCTION
	Wheat (Triticum aestivum L.) belongs to the family Gramineae and is one of the most important cereal crops for human nutrition. In terms of global grain production, it ranks second after maize and is followed by rice. Wheat serves as a staple food for nearly 10 billion people across 43 countries, which constitutes about 35% of the world's population. In global production, China ranks first, while India holds the second position (Government of India, 2024). Other leading wheat-producing countries include the Russian Federation, the United States, France, Australia and Canada. The growing demand for wheat worldwide is largely associated with the presence of gluten proteins in its flour, which facilitate the processing of food products. Gluten provides wheat with its distinctive binding ability and viscoelastic nature, making it highly suitable for the baking and processed-food industries. Nutritionally, wheat grains are a rich source of carbohydrates and contain about 13% protein, which is higher than that of many other major cereals, although the protein is relatively poor in essential amino acids. As a composite grain, wheat provides not only energy but also dietary fibre and a range of vital nutrients. Of the many wheat species cultivated globally, only 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 accounts for nearly 1% of 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. The physiological and biochemical responses induced by priming are largely responsible for improving plant performance (Farooq et al., 2006; Aswathi et al., 2022; Pagano et al., 2023). Various approaches, including hydro-priming, halo-priming, osmo-priming, matrix priming, osmo-hardening, hormone priming, nutripriming, bio-priming, nanoparticle priming and on-farm priming, have been examined in different crops. Recent developments have also led to the concept of bio-nanopriming, which refers to the integration of plant-growth-promoting rhizobacteria (PGPR) with nano-fertilisers to improve growth and productivity (Pawar & Laware, 2018). Recent reviews have further described hydro-priming, halo-priming and other seed-priming approaches as methods that can synchronise germination and support seedling vigour, particularly where early crop establishment is constrained by stress-prone field conditions (Koushal et al., 2024; Ghosh et al., 2025). Wheat-focused evidence also indicates that seed priming can influence seedling growth, antioxidant responses, water relations and yield-related performance, although the magnitude of response depends on the crop environment and priming agent used (Baroi et al., 2024; Yadav & Singh, 2026; Orthy et al., 2026). Seed priming has additionally been reported to influence seedling-vigour-associated microbial and functional traits in cereal seedlings, suggesting that priming responses may involve both seed physiological activation and early seedling-associated processes (Ramya et al., 2025).
Research Gap
Although seed priming has been widely examined, there remains a need for location-specific evaluation of hydro-priming and selected halo-priming treatments in wheat under the semi-arid agro-climatic conditions of the Bundelkhand region, with simultaneous assessment of growth, yield attributes, seed yield and seed-quality-related responses.
Objective
The objective of the present study was to evaluate the effect of different seed priming techniques, including hydro-priming and halo-priming with KCl, MgSO₄, KNO₃, ZnSO₄ and KOH, on the growth, seed quality and yield attributes of wheat under Bundelkhand conditions.
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, which is 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), hydro-priming with water, KCl at 5 g, MgSO₄ at 3 g, KNO₃ at 5 g, ZnSO₄ at 3 g and KOH solution at 5 g. After priming, the 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 randomised block design (RBD) with three replications, while laboratory observations on germination and vigour were conducted under a completely randomised 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 levelling to achieve a fine tilth. Sowing was done in the second week of October 2024. Recommended agronomic practices were followed throughout the crop period, and uniform irrigation was applied at critical growth stages, such as tillering, flowering and spike filling, to ensure healthy crop establishment.
6. Plant height (cm):
	Measured from the base to the tip of the main spike at maturity from five randomly selected plants per plot.
7. Number of spikes per plant:
	Counted from five representative plants in each plot.
8. Number of seeds per spike:
	Average number of seeds from ten randomly selected spikes from each treatment.
9. Seed yield (g plant⁻¹):



Data Collection and Analysis
	Field data on growth and yield were analysed under a randomised block design (RBD) with three replications. At maturity, five plants per plot were sampled for days to 50% flowering, plant height, spikes per plant and seeds per spike. Seed yield per plant was recorded as g plant⁻¹, and 1000-seed weight was recorded from laboratory samples. Data were analysed through ANOVA, and treatment means were compared using the critical difference (CD) test at the 5% probability level (P = 0.05).
Results and Discussion
Effect of Seed Priming on Growth, Yield Attributes and Seed Yield of Wheat
Seed priming treatments exerted significant effects on the growth, yield attributes and seed yield of wheat under the semi-arid agro-climatic conditions of the Bundelkhand region. Among all treatments, halo-priming with KNO₃ (0.5%) (T₅) consistently recorded superior performance for most growth and yield parameters, followed by ZnSO₄ (0.3%) (T₆). The improvement observed under nutrient priming may be attributed to enhanced metabolic activity, improved nutrient uptake, rapid germination, vigorous seedling establishment and efficient utilisation of assimilates throughout the crop growth period.

Days to 50% Flowering
The data presented in Table 1 revealed that seed priming significantly influenced the number of days required to attain 50% flowering.
The minimum number of days to 50% flowering (59.33 days) was recorded under halo-priming with KNO₃ at 0.5% (T₅), which was statistically at par with ZnSO₄ at 0.3% (T₆) (61.00 days). In contrast, the untreated control (T₁) required the maximum number of days (64.00 days) for flowering.
Early flowering observed in primed seeds may be attributed to faster imbibition, activation of hydrolytic enzymes, enhanced respiratory activity and rapid mobilisation of stored food reserves during germination. These physiological changes accelerate vegetative growth and reproductive development, thereby reducing the time required for flowering. Similar findings were reported by Jisha et al. (2013), Finch-Savage and Bassel (2016), Farooq et al. (2019), Paparella et al. (2015) and Rhaman et al. (2021), who reported that seed priming enhances crop establishment and promotes earlier flowering under both normal and stress conditions.

Plant Height (cm)
Plant height was significantly affected by the different seed priming treatments.
The tallest plants (91.13 cm) were recorded under KNO₃ priming (T₅), which remained statistically at par with ZnSO₄ priming (88.36 cm). The untreated control produced the shortest plants (81.19 cm).
The increase in plant height due to KNO₃ priming may be attributed to enhanced nitrate availability, increased chlorophyll synthesis, improved nitrogen metabolism and efficient photosynthesis during vegetative growth. Zinc priming may also promote auxin biosynthesis, enzyme activation and membrane stability, thereby stimulating cell division and elongation.
These findings corroborate those of Ashraf and Foolad (2005), Finch-Savage and Bassel (2016), Farooq et al. (2019), Paparella et al. (2015), Choukri et al. (2022) and Rhaman et al. (2021), who reported that nutrient-based seed priming significantly enhances plant height by improving early seedling vigour and nutrient-use efficiency.

Spike Length (cm)
Seed priming treatments significantly influenced spike length.
The maximum spike length (11.18 cm) was recorded under KNO₃ priming (T₅), followed by ZnSO₄ priming (10.93 cm), whereas the minimum spike length (9.40 cm) was observed in the untreated control.
The enhancement in spike length may be attributed to improved nutrient translocation, higher photosynthetic efficiency and better partitioning of assimilates towards reproductive organs. Potassium nitrate supplies readily available nitrate nitrogen, whereas zinc plays a vital role in protein synthesis and auxin production, resulting in improved spike development.
The present findings are in close agreement with those of Ashraf and Foolad (2005), Farooq et al. (2019), Paparella et al. (2015) and Choukri et al. (2022), who also reported significant improvements in spike development following nutrient-based seed priming.

Number of Tillers per Plant
The number of tillers per plant differed significantly among the seed priming treatments.
The highest number of tillers per plant (9.23) was recorded under KNO₃ priming (T₅), followed by ZnSO₄ priming (9.07), whereas the untreated control recorded only 6.03 tillers per plant.
The increase in tillering may be attributed to better seedling establishment, vigorous root growth, enhanced nutrient uptake and improved photosynthetic activity during the early stages of crop growth. Primed seeds generally establish a stronger root system, resulting in improved moisture and nutrient absorption, which ultimately favours tiller production.
These observations are consistent with those reported by Harris et al. (1999), Farooq et al. (2019), Paparella et al. (2015), Choukri et al. (2022) and Rhaman et al. (2021), who observed that seed priming significantly improves vegetative growth and tiller formation in cereals.

Number of Spikes per Plant
The number of productive spikes per plant increased significantly due to seed priming.
Among all treatments, KNO₃ priming (T₅) produced the highest number of spikes per plant (7.50), which was statistically at par with ZnSO₄ priming (7.11). The untreated control produced the minimum number of productive spikes (4.74).
The improvement in spike number may be attributed to better tiller survival, enhanced nutrient utilisation and efficient translocation of assimilates towards reproductive structures. Zinc is known to regulate enzyme activity and hormone metabolism, whereas nitrate stimulates vegetative growth, thereby increasing the production of productive tillers.
Similar findings have been reported by Farooq et al. (2019), Paparella et al. (2015), Choukri et al. (2022) and Rhaman et al. (2021).

Number of Seeds per Spike
Significant variation was observed in the number of seeds per spike among the different priming treatments.
The highest number of seeds per spike (19.70) was recorded with KNO₃ priming (T₅), followed by ZnSO₄ priming (18.55), whereas the untreated control recorded only 16.40 seeds per spike.
Improvement in reproductive efficiency under nutrient priming may be associated with enhanced pollen viability, improved fertilisation, greater photosynthetic activity and efficient assimilate partitioning during grain development. These physiological responses ultimately increase grain setting and seed development.
The results are in agreement with the findings of Ashraf and Foolad (2005), Finch-Savage and Bassel (2016), Farooq et al. (2019), Paparella et al. (2015) and Rhaman et al. (2021).

Seed Yield (g plant⁻¹)
Seed priming significantly increased seed yield under Bundelkhand conditions.
The highest seed yield (10.81 g plant⁻¹) was obtained with KNO₃ priming (T₅), closely followed by ZnSO₄ priming (10.75 g plant⁻¹). The untreated control recorded the lowest seed yield (8.92 g plant⁻¹).
The higher yield obtained under KNO₃ priming could be attributed to rapid germination, improved seedling vigour, enhanced nutrient uptake, better root growth, increased chlorophyll content and an efficient source–sink relationship throughout crop growth. Improved spike development, increased tillering and higher seed set collectively contributed to higher grain yield.
These findings are in conformity with the reports of Farooq et al. (2019), Finch-Savage and Bassel (2016), Paparella et al. (2015), Choukri et al. (2022) and Rhaman et al. (2021), who concluded that nutrient-based seed priming substantially enhances grain yield by improving physiological efficiency and crop productivity.
The present investigation demonstrated that halo-priming with KNO₃ at 0.5% was the most effective treatment for improving growth, yield attributes and seed yield of wheat under the semi-arid conditions of the Bundelkhand region, followed by ZnSO₄ at 0.3%. These treatments may therefore be considered as economical and practical seed enhancement techniques for improving wheat productivity in the study environment.
Graphical summaries of the treatment responses are presented in Figs. 1–7.


Fig 1- Mean performance analysis of days to 50 per cent flowering

Fig 2- Variation in plant height across treatments (T1–T7)


Fig 3- Variation in Spike length (cm) across treatments (T1–T7)

Fig 4- Variation in No. of tiller/plant across treatments (T1–T7)

 

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


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




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 25°C and air drying at 25°C 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 than the unprimed control. 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. Only selected priming treatments were evaluated, and responses may vary under different soil, weather, irrigation and management conditions. Although the manuscript refers to seed quality, detailed seed-quality parameters were not adequately presented. Further multi-location and multi-season trials with standardised treatment concentrations are required before making firm recommendations for farmers.
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