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Abstract
The present investigation was conducted during kharif-2024 at the College of Agriculture, Pune to study the effect of seed biopriming with the MPKV bacterial consortium on growth, nutrient uptake and yield of cowpea. The consortium, developed at Mahatma Phule Krishi Vidyapeeth, consists of beneficial strains that promote nitrogen fixation and enhance phosphorus solubilization, thereby improving nutrient availability in soil. Results indicated that seed biopriming with the MPKV bacterial consortium along with 75% recommended dose of fertilizers (RDF) was most effective. This treatment recorded significantly higher germination (95.43%), plant height (47.53 cm and 63.60 cm), root length (17.93 cm and 22.30 cm), and dry weight of shoot (6.09 g plant⁻¹ and 12.18 g plant⁻¹) dry weight of root (0.9g plant⁻¹ 2.63 g plant⁻¹) at flowering and harvest. It also improved yield attributes such as number of nodules (32.0 plant⁻¹), pods per plant (43.33), 1000-seed weight (132.60 g) and seed yield (11.92 q ha⁻¹). Moreover, higher uptake of N, P and K (90.07, 17.54 and 45.15 kg ha⁻¹) and greater microbial populations of Rhizobium, PSB and KMB were observed (33.33, 26.33 and 25.67 x 106cfu g-1 soil, respectively). Interestingly, the performance of consortium + 75% RDF was statistically at par with consortium + 100% RDF, demonstrating that 25% of nitrogen and phosphorus fertilizers can be saved without yield loss. Thus, seed biopriming with MPKV bacterial consortium represents a sustainable approach to enhance cowpea productivity, nutrient efficiency and soil microbial activity while reducing dependence on chemical fertilizers.
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1. Introduction
Pulses are one of the most important segments of Indian agriculture after cereals and oilseeds. They are the main source of protein in the vegetarian diet. In addition, they fix atmospheric nitrogen, serve as nutritious fodder for animals, and act as mulch for the soil. Some legumes are grown as forage and cover crops. In 2022, the global area under pulse crops was around 959.68 lakh hectares, with a production of 973.92 lakh tonnes and an average productivity of 1,015 kg per hectare. India stands as the leading producer of pulses worldwide, cultivating pulses on over 35 million hectares. The country contributes about 38 percent of the total area and 28 percent of the overall production. In Maharashtra, pulses occupied nearly 44.05 lakh hectares in 2021–22, yielding approximately 38.22 lakh tonnes (Directorate of Pulses Development, GOI, 2022). Cowpea (Vigna unguiculata (L.) Walp), a self-pollinated legume, It belongs to the Leguminosae family, under the sub-family Fabaceae, and possesses a diploid chromosome number of 2n = 22. It is one of the major pulse crops grown in tropical and subtropical regions. It is often referred to as “poor man’s meat” due to its high protein content (20–25%) and is used as grain, vegetable, and for fodder purpose. Cowpea is popularly known by different local names across regions, including crowder pea, southern pea, black-eyed pea, chawali, lobia beans etc. Cowpea is drought tolerant, suitable for intercropping, and contributes significantly to food and nutritional security. Its seeds are rich in protein, carbohydrates, minerals (Ca, Mg, Fe, Zn), vitamins, and essential fatty acids, making it nutritionally valuable (Affrifah et al. 2022). 
Seed biopriming is an eco-friendly technique where seeds are treated with beneficial microbes and controlled hydration to improve germination, boost seedling vigor, and enhance tolerance to biotic and abiotic stresses. Biopriming is an advanced seed treatment technique in which seeds are partially hydrated under controlled conditions and simultaneously inoculated with beneficial microorganisms to enhance their performance (Sukanya et al. 2018). Seed biopriming represents a promising strategy in plant disease management, as it not only enhances germination and seedling vigor but also contributes significantly to mitigating the adverse effects of both biotic and abiotic stresses. (Prabha et al. 2019). Biopriming with PGPRs (Bacillus megaterium, Azospirillum brasilense) and biocontrol agents (Trichoderma harzianum, Pseudomonas fluorescens) significantly enhanced defense enzyme activity, proving its potential as an effective organic method to manage damping-off disease (Rajendraprasad et al. 2017). Biopriming influences plants by increasing hydrolytic and detoxifying enzyme activities, regulating reactive oxygen species (ROS), modifying hormonal balance, and inducing distinct gene expression patterns, which together promote better growth and strengthen resistance against biotic and abiotic stresses (Deshmukh et al, 2020). Bio priming accelerates and synchronizes seed germination, shortens the time required for seedling emergence, and enhances the growth and productivity of seedlings (Farooq et al. 2013; Jisha et al. 2013).
2. Materials and Methods
Present investigation was carried out during kharif  2024 on the field of Biological Nitrogen Fixation Scheme and Department of Plant Pathology, College of Agriculture Pune.
Seeds: The seeds of cowpea variety Phule Sonali (PCP-1123) required for the experiment were obtained from the Pulses and Oilseed Crop Research and Training Centre, Pandharpur, Solapur.
Collection of bacterial consortium: The required MPKV bacterial consortium and reference strain of Pseudomonas fluorescens and Bacillus substiles was collected from the department of plant pathology and agriculture microbiology MPKV Rahuri.
Biopriming of seed with bacterial consortium: For the experiment, the bacterial consortium along with the reference strains of Pseudomonas and Bacillus subtilis were used as per treatments. A quantity of 25 g from each inoculant the consortium and the individual reference strains was measured and separately suspended in 1000 ml of water in beakers. Cowpea seeds were then immersed in these prepared solutions for a period of 12 hours prior to sowing. After soaking, the seeds were removed, air-dried under shade for about 30 minutes, and subsequently sown in the field.
Observation recorded: The observations on seed quality parameters viz. seed germination percentage (%), shoot length (cm) and root length (cm) was taken. Moreover, the plant growth observations viz. plant height and root length at flowering and harvesting stage, no. of nodules plant-1 and seed yield was recorded.
Treatment details: The cowpea seeds were inoculated before sowing as T1- Seed biopriming with MPKV bacterial consortium @ 25g kg-1 seed in 1 litre water for 12 hrs. Before sowing + 100% RDF, T2- Seed biopriming with MPKV bacterial consortium @ 25g kg-1 seed in 1 litre water for 12 hrs. Before sowing + 75% RDF, T3- Seed biopriming with MPKV bacterial consortium @ 25g kg-1 seed in 1 litre water for 12 hrs. before sowing + 50% RDF, T4- Seed biopriming with reference strain @ 25g kg-1 seed in 1 litre water for 12 hrs. before sowing + 100% RDF, T5- Seed biopriming with reference strain @ 25g kg-1 seed in 1 litre water for 12 hrs. before sowing + 75% RDF, T6- Seed biopriming with reference strain @ 25g kg-1 seed in 1 litre water for 12 hrs. before sowing + 50% RDF and T7- Untreated control. 
3. Result and Discussion
3.1 Inoculation Effect of Seed Biopriming with MPKV Bacterial Consortium on Plant Height and Root Length of Cowpea at Flowering and Harvest Stage
3.1.1 Plan Height
When comparing different seed inoculation treatments, T2 i.e. seed biopriming with MPKV bacterial consortium + 75% RDF was found to be the most effective as it recorded significantly highest plant height at flowering (47.53 cm) and harvest stage (63.60 cm) of the crop in comparison to the other treatments, however it was statistically at par with T1 i.e. seed biopriming with MPKV bacterial consortium + 100% RDF for plant height at flowering (44.0 cm) and harvest stage (60.87 cm). Among all the treatments, the untreated control plot, showed the lowest plant height at flowering (32.30 cm) and harvest stage (47.30 cm).
3.1.2 Root Length
When comparing different seed inoculation treatments, T2 i.e. seed biopriming with MPKV bacterial consortium + 75% RDF was found to be the most effective as it recorded significantly highest root length at flowering (17.93 cm) and harvest stage (22.30 cm) of the crop in comparison to the other treatments, however it was statistically at par with T1 i.e. seed biopriming with MPKV bacterial consortium + 100% RDF for root length at flowering (15.80 cm) and harvest stage (20.40 cm) of the crop.  The untreated control plot, showed the lowest root length at flowering (9.50 cm) and harvest stage (12.37 cm).
Seed biopriming with the MPKV bacterial consortium increased plant height and root length of cowpea at flowering and harvest stages by enhancing nutrient availability through nitrogen fixation, phosphorus solubilization and potassium mobilization. The microbes also produced growth-promoting hormones that stimulated cell elongation and root proliferation, while improved root systems enhanced water and nutrient uptake. This synergistic effect resulted in stronger seedlings and significantly greater plant height and root length compared to non-inoculated seeds. Similar findings were also reported by Bansal (2009), Qureshi et al. (2011), Argaw (2012), Tarafder et al. (2016) and Shete et al. (2019), Ghadge and Murumkar (2020).

Table 1	Effect of seed biopriming with MPKV bacterial consortium on plant height and root length (cm) of cowpea at flowering and harvest stage
	Tr. 
No.
	Treatment details
	Plant height (cm)
	Root length (cm)

	
	
	Flowering 
	Harvest 
	Flowering 
	Harvest 

	T1
	Seed biopriming with MPKV bacterial consortium @ 25g kg-1 seed in 1 litre water for 12 hrs. before sowing + 100% RDF
	44.00
	60.87
	15.80
	20.40

	T2
	Seed biopriming with MPKV bacterial consortium @ 25g kg-1 seed in 1 litre water for 12 hrs. before sowing + 75% RDF
	47.53
	63.60
	17.93
	22.30

	T3
	Seed biopriming with MPKV bacterial consortium @ 25g kg-1 seed in 1 litre water for 12 hrs. before sowing + 50% RDF
	42.73
	59.27
	15.27
	18.73

	T4
	Seed biopriming with reference strain @ 25g kg-1 seed in 1 litre water for 12 hrs. before sowing + 100% RDF
	38.07
	52.67
	11.63
	15.80

	T5
	Seed biopriming with reference strain @ 25g kg-1 seed in 1 litre water for 12 hrs. before sowing + 75% RDF
	39.43
	55.57
	14.00
	17.17

	T6
	Seed biopriming with reference strain @ 25g kg-1 seed in 1 litre water for 12 hrs. before sowing + 50% RDF
	34.03
	48.13
	10.80
	14.57

	T7
	Untreated control
	32.30
	47.30
	9.50
	12.37

	
	SE+
	1.38
	1.08
	0.73
	0.66

	
	CD at 5%
	4.26
	3.32
	2.26
	2.04





3.2 Inoculation Effect of Seed Biopriming with MPKV Bacterial Consortium on Number of Nodules Plant -1 and Number of Pods Plant -1 at harvest of Cowpea
3.2.1 Number of Nodules Plant -1
Seed biopriming with MPKV bacterial consortium + 75% RDF was found to be the most effective as it recorded significantly highest number of nodules (32.0 plant-1) compared to the other treatments, however it was statistically at par with T1i.e. Seed biopriming with MPKV bacterial consortium+ 100% RDF for number of nodules (29.67 plant-1). The untreated control plot recorded the lowest number of nodules (14.33 plant-1).
3.2.2 Number of Pods Plant -1
When comparing different inoculation treatment, T2 i.e. seed biopriming with MPKV bacterial consortium + 75% RDF was found to be the most effective as it recorded significantly highest number of pods (43.33 plant-1) compared to the other treatments, however it was statistically at par with T1 i.e. seed biopriming with MPKV bacterial consortium + 100% RDF for number of pods (40.67 plant-1). The untreated control plot, which received no treatment, exhibited the lowest number of pods (20.67 plant-1). 
  Seed biopriming with the MPKV bacterial consortium increased nodules and pods per plant by enhancing nitrogen fixation through Rhizobium, improving phosphorus and potassium availability via PSB and KMB, and producing growth-promoting hormones. This balanced nutrition and better root development supported higher nodulation, which in turn improved flowering and pod formation, resulting in significantly more nodules and pods per plant at harvest. Similar findings were also reported by Bansal (2009), Qureshi et al. (2011), Shete et al. (2019) and Ghadge and Murumkar (2020).

Table 2	Effect of seed biopriming with MPKV bacterial consortium on number of nodules plant -1 and number of pods plant -1 of cowpea
	Tr. 
No.
	Treatment details
	Number of nodules plant -1
	Number of pods plant -1

	T1
	Seed biopriming with MPKV bacterial consortium @ 25g kg-1 seed in 1 litre water for 12 hrs. before sowing + 100% RDF
	29.67
	40.67

	T2
	Seed biopriming with MPKV bacterial consortium @ 25g kg-1 seed in 1 litre water for 12 hrs. before sowing + 75% RDF
	32.00
	43.33

	T3
	Seed biopriming with MPKV bacterial consortium @ 25g kg-1 seed in 1 litre water for 12 hrs. before sowing + 50% RDF
	27.67
	36.33

	T4
	Seed biopriming with reference strain @ 25g kg-1 seed in 1 litre water for 12 hrs. before sowing + 100% RDF
	19.67
	27.67

	T5
	Seed biopriming with reference strain @ 25g kg-1 seed in 1 litre water for 12 hrs. before sowing + 75% RDF
	24.00
	33.33

	T6
	Seed biopriming with reference strain @ 25g kg-1 seed in 1 litre water for 12 hrs. before sowing + 50% RDF
	16.33
	23.33

	T7
	Untreated control
	14.33
	20.67

	
	SE+
	0.79
	1.02

	
	CD at 5%
	2.44
	3.14



3.3 Inoculation Effect of Seed Biopriming with MPKV Bacterial Consortium on Seed Quality of Cowpea
3.3.1 Seed Germination
Among all the different inoculation treatments, seed biopriming with MPKV bacterial consortium + 75% RDF (T2) achieved the highest germination (95.43%) outperforming all other treatments. However, it was statistically at par with the treatment T1 i.e. seed biopriming with MPKV bacterial consortium + 100% RDF (92.97%).
3.3.2 1000 Seed Weight	
When comparing different inoculation treatment, T2 i.e. seed biopriming with MPKV bacterial consortium + 75% RDF was found to be the most effective as it recorded significantly highest 1000 seed weight (132.60 g) compared to the other treatments, however it was statistically at par with T1 i.e. seed biopriming with MPKV bacterial consortium + 100% RDF for 1000 seed weight (128.04 g). The untreated control plot, which received no treatment, exhibited the lowest 1000 seed weight (86.71 g).
Seed biopriming of cowpea with Rhizobium, PSB and KMB individually or in combination increased germination percentage and 1000-seed weight. During biopriming, seeds might have undergone controlled hydration, which initiated enzymatic and physiological processes essential for rapid germination. The inoculated microbes further might have secreted growth-promoting substances such as auxins, gibberellins and cytokinins, which stimulated seedling emergence and root development. Microbial hormones promoted plant vigour, pod setting and seed development, while improved nodulation and root growth supported nutrient and water absorption, leading to bolder seeds. Similar findings were also reported by Bansal (2009), Qureshi et al. (2011), Argaw (2012), Tarafder et al. (2016), Cao et al. (2016), Jaybhay et al. (2017) and Ghadge and Murumkar (2020).

Table 3	Effect of seed biopriming with MPKV bacterial consortium on germination percentage of cowpea
	Tr.No.
	Treatment details
	 Germination
(%)
	1000 seed weight (g)

	T1
	Seed biopriming with MPKV bacterial consortium @ 25g kg-1 seed in 1 litre water for 12 hrs. before sowing + 100% RDF
	92.97
	128.04

	T2
	Seed biopriming with MPKV bacterial consortium @ 25g kg-1 seed in 1 litre water for 12 hrs. before sowing + 75% RDF
	95.43
	132.60

	T3
	Seed biopriming with MPKV bacterial consortium @ 25g kg-1 seed in 1 litre water for 12 hrs. before sowing + 50% RDF
	91.47
	119.45

	T4
	Seed biopriming with reference strain @ 25g kg-1 seed in 1 litre water for 12 hrs. before sowing + 100% RDF
	88.59
	104.64

	T5
	Seed biopriming with reference strain @ 25g kg-1 seed in 1 litre water for 12 hrs. before sowing + 75% RDF
	90.35
	111.48

	T6
	Seed biopriming with reference strain @ 25g kg-1 seed in 1 litre water for 12 hrs. before sowing + 50% RDF
	87.38
	94.45

	T7
	Untreated control
	84.95
	86.71

	
	SE+
	0.95
	1.56

	
	CD at 5%
	2.91
	4.81


3.4 Inoculation Effect of Seed Biopriming with MPKV Bacterial Consortium on Seed Yield of Cowpea
When comparing different inoculation treatment, T2 i.e. seed biopriming with MPKV bacterial consortium + 75% RDF was found to be the most effective as it recorded significantly highest seed yield (11.92 q ha-1) compared to the other treatments, however it was statistically at par with T1 i.e. seed biopriming with MPKV bacterial consortium + 100% RDF for seed yield (11.05 q ha-1) of cowpea. The untreated control plot recorded the lowest seed yield (6.11 q ha-1).
Seed biopriming with the MPKV bacterial consortium improved seed yield of cowpea by enhancing NPK uptake, fixing atmospheric nitrogen, and improving photosynthate translocation for better grain filling. Microbial hormones promoted plant vigor, pod setting and seed development, while improved nodulation and root growth supported nutrient and water absorption, leading to bolder seeds and higher yield compared to uninoculated seeds. Similar findings were also reported by Bansal (2009), Qureshi et al. (2011), Shete et al. (2019), Argaw (2012), Tarafder et al. (2016), Cao et al. (2016), Jaybhay et al. (2017) and Ghadge and Murumkar (2020).
Table 4	Effect of seed biopriming with MPKV bacterial consortium on 1000 seed weight and seed yield (q ha-1) of cowpea
	Tr. 
No.
	Treatment details
	Seed yield
(q ha-1)

	T1
	Seed biopriming with MPKV bacterial consortium @ 25g kg-1 seed in 1 litre water for 12 hrs. before sowing + 100% RDF
	11.05

	T2
	Seed biopriming with MPKV bacterial consortium @ 25g kg-1 seed in 1 litre water for 12 hrs. before sowing + 75% RDF
	11.92

	T3
	Seed biopriming with MPKV bacterial consortium @ 25g kg-1 seed in 1 litre water for 12 hrs. before sowing + 50% RDF
	10.38

	T4
	Seed biopriming with reference strain @ 25g kg-1 seed in 1 litre water for 12 hrs. before sowing + 100% RDF
	10.19

	T5
	Seed biopriming with reference strain @ 25g kg-1 seed in 1 litre water for 12 hrs. before sowing + 75% RDF
	10.30

	T6
	Seed biopriming with reference strain @ 25g kg-1 seed in 1 litre water for 12 hrs. before sowing + 50% RDF
	9.74

	T7
	Untreated control
	6.11

	
	SE+
	0.48

	
	CD at 5%
	1.47



3.5 Inoculation Effect of Seed Biopriming with MPKV Bacterial Consortium on Microbial Population of Rhizobium, PSB and KMB at Flowering Stage of Cowpea
At the flowering stage, fresh root nodules were analyzed for rhizobial population, while soil samples were analyzed for phosphate solubilizing bacteria (PSB) and potash mobilizing bacteria (KMB). The collected data was analyzed and is reported. When comparing different inoculation treatments, T2 i.e. seed biopriming with MPKV bacterial consortium + 75% RDF was found to be the most effective as it recorded significantly highest population of Rhizobium, PSB and KMB (33.33, 26.33 and 25.67 x 106cfu g-1 soil, respectively) at flowering stage of cowpea and was found statistically at par with the treatment T1 i.e. seed biopriming with MPKV bacterial consortium + 100% RDF (30.00, 23.67 and 23.00 x 106cfu g-1 soil, respectively) for microbial population of Rhizobium, PSB and KMB.
Seed biopriming with the MPKV bacterial consortium increased Rhizobium, PSB and KMB populations at flowering by enhancing root colonization, nutrient cycling, and symbiotic activity, while also suppressing harmful microbes, leading to higher survival and multiplication of beneficial microorganisms. Similar findings were also reported by Cao et al. (2016) and Shete et al. (2019).
Table 5	Effect of seed biopriming with MPKV bacterial consortium on microbial population of Rhizobium, PSB and KMB at flowering stage of cowpea
	Tr.
No.
	Treatment details
	Microbial population at flowering (x 106)

	
	
	Rhizobium
	PSB
	KMB

	T1
	Seed biopriming with MPKV bacterial consortium @ 25g kg-1 seed in 1 litre water for 12 hrs. before sowing + 100% RDF
	30.00
	23.67
	23.00

	T2
	Seed biopriming with MPKV bacterial consortium @ 25g kg-1 seed in 1 litre water for 12 hrs. before sowing + 75% RDF
	33.33
	26.33
	25.67

	T3
	Seed biopriming with MPKV bacterial consortium @ 25g kg-1 seed in 1 litre water for 12 hrs. before sowing + 50% RDF
	24.67
	21.33
	20.33

	T4
	Seed biopriming with reference strain @ 25g kg-1 seed in 1 litre water for 12 hrs. before sowing + 100% RDF
	17.33
	17.67
	18.67

	T5
	Seed biopriming with reference strain @ 25g kg-1 seed in 1 litre water for 12 hrs. before sowing + 75% RDF
	20.33
	19.00
	20.33

	T6
	Seed biopriming with reference strain @ 25g kg-1 seed in 1 litre water for 12 hrs. before sowing + 50% RDF
	11.33
	15.33
	16.33

	T7
	Untreated control
	9.67
	10.00
	10.33

	
	SE+
	1.12
	0.88
	1.11

	
	CD at 5%
	3.45
	2.71
	3.41


4. Conclusion:
Seed biopriming of cowpea with the MPKV bacterial consortium significantly enhanced growth, yield attributes, seed quality, and microbial activity. The treatment T2 (biopriming + 75% RDF) recorded the highest plant height, root length, nodules, pods per plant, seed germination, 1000-seed weight, and seed yield, while also supporting greater populations of Rhizobium, PSB, and KMB. These results were statistically at par with T1 (biopriming + 100% RDF) but superior to the untreated control.
The study clearly indicates that 25% of the recommended fertilizer can be saved by adopting seed biopriming with the MPKV bacterial consortium, making it a sustainable and eco-friendly approach for cowpea cultivation.
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