Comparative Evaluation of Microbial Priming Agents for Barnyard Millet var. MDU 1: Toward Standardized Seed Enhancement Techniques


ABSTRACT
In general, the bio-priming of seeds using Plant Growth Promoting Bacteria (PGPB) enhances germination rates and fosters better seedling establishment. To capitalize on these advantages, a bio-priming experiment was carried out on barnyard millet seeds utilizing five distinct liquid microbial cultures. This study also incorporated four combinations of bio- inoculants. The nine bioprimed seed variants were compared against hydroprimed and non- primed seeds. The findings indicated that seeds immersed in equal volumes of liquid microbial cultures, specifically Azophos (T2), Pseudomonas fluorescens (T4), Pink-pigmented facultative methylotrophic bacteria (PPFMs) (T5), and the combination of Azophos + Pseudomonas fluorescens (T8) at a concentration of 20% for 8 hours, exhibited superior germination rates, root lengths (cm), shoot lengths (cm), dry matter production (g/10 seedlings) and overall vigour. Among these microbial cultures, Azophos + Pseudomonas fluorescens (T8) demonstrated the most significant improvement in seed physiological characteristics. Therefore, it is recommended to use Azophos + Pseudomonas fluorescens at a concentration of 20% for 8 hours as the optimal seed treatment for enhancing seed physiological parameters in barnyard millet variety MDU 1.
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INTRODUCTION
Small millets consist of a collection of cereal varieties that exhibit genetic diversity and are well-suited for various marginal cultivation environments. These millets are resilient, small-seeded grasses that thrive in arid regions as rain-fed crops, even in low soil fertility and moisture conditions. Despite their adaptability and potential for substantial yields, they are primarily cultivated in hilly, marginal, and sub-marginal soil and moisture conditions, where traditional cereals struggle to produce adequate results.
[bookmark: _GoBack]Barnyard millet (Echinochloa frumentacea) (2n = 54) is extensively cultivated as a cereal grain in India, Pakistan, and Nepal. It has a history of cultivation in China that spans over 2000 years. Some researchers propose that barnyard millet likely originated in central Asia, from where it disseminated to Europe and America. In India, it is cultivated in Madhya Pradesh, Uttar Pradesh, Tamil Nadu, Andhra Pradesh, Karnataka, Maharashtra, and Bihar. It exhibits excellent drought tolerance while also remaining resilient to waterlogged environments. Alternative names for these seeds include oodal in Kannada, Jhangora in the Garhwal region, Bhagar in Marathi, and KuthiraiVaali in Tamil. Barnyard millet (Kudiraivali) grains are utilized similarly to rice. The digestibility rate of the protein is at 40 percent. This grain is primarily consumed by lower-income communities. Additionally, it serves as a feed source for cage birds. The straw is a nutritious fodder option for cattle, and the green fodder is particularly favored by them.
Priming facilitates the process of seed hydration, triggering the initial stages of germination while preventing the emergence of the radicle, followed by a return to the original moisture level (McDonald, 2000; Ashraf and Foolad, 2005). Studies indicate that seed priming enables early DNA replication, boosts RNA and protein synthesis, promotes embryo development, repairs damaged seed components, and minimizes the loss of metabolites. Biopriming is a method of seed treatment that integrates the introduction of beneficial microorganisms (the biological element) with the control of seed hydration (the physiological element) to manage biotic and abiotic stress (Bisen et al., 2015). During the biopriming process, microorganisms can grow, colonize, and generate plant growth regulators (PGRs). In addition to favorably affecting germination and seedling growth, biopriming protects seeds from diseases transmitted through soil and seeds. The advantageous microorganisms utilized in biopriming can colonize and multiply in the rhizosphere, providing direct and indirect support to plants. Thus, the current research was designed to examine the standardization of bio-priming techniques for barnyard millet variety MDU 1.



MATERIALS AND METHODS
Seeds of Barnyard millet var. MDU 1 were sourced from the Department of Seed Science and Technology at the Agricultural College and Research Institute in Madurai. Various bio-inoculants were acquired from the Department of Agricultural Microbiology at the same institution in Tamil Nadu. The bio-inoculants included Azospirillum (SP 7), Phosphate Solubilizing Bacteria (Pb-1), Potash Releasing Bacteria (KRB 7), Pink-Pigmented Facultative Methylotrophic Bacteria (PPFMs), Pseudomonas fluorescens (pf 2), and Silicate Solubilizing Bacteria (SSB-7). Each strain was cultivated in their designated culture media. Azophos is formulated using a combination of azophos and phosphate-solubilizing bacteria







Liquid bio-inoculant formulations were created for seed priming, utilizing broth at varying concentrations of 5%, 10%, and 20%. The seeds were immersed in the respective solutions for periods of 6, 8, and 12 hours at a 1:1 volume-to-weight ratio. Following the priming process, the seeds were shade-dried to return to an original moisture level of 12%, and a germination test was performed (ISTA, 1999) with four sets of 100 seeds placed in paper towels. The test was conducted under controlled conditions of 25±2ºC temperature, 95±5% Relative Humidity, and light from fluorescent lamps (750-1250 lux). The final count of normal seedlings was recorded on the seventh day.
Treatment details:
· T0 – Unprimed seed
· T1 – Hydropriming
· T2 – Azophos
· T3 – Potash release bacteria (KRB)
· T4 - Psudomonas fluroscens (Pf 2)
· T5 - Pink-pigmented facultative methylotrophic bacteria (PPFMs)
· T6 – Silicate solubilizing bacteria (SSB)
· T7- Azophos + Potash release bacteria (KRB)
· T8 - Azophos + Psudomonas fluroscens
· T9 - Azophos + Pink-pigmented facultative methylotrophic bacteria (PPFMs)
· T10 - Azophos + Silicate solubilizing bacteria (SSB)
Measurements were taken for germination percentage, root length (cm), shoot length (cm), dry matter production (g/10 seedlings), vigour index I and vigor index II. Each analysis was conducted in duplicate. The data underwent statistical analysis using AGRES software. Percentage values were converted to arcsine values as needed.
RESULTS AND DISCUSSION
The findings indicated that all bio-priming techniques enhanced seedling vigor. Among these methods, Azophos (T2), Pseudomonas fluorescens (T4), Pink-pigmented facultative methylotrophic bacteria (PPFMs) (T5), and a combination of Azophos + Pseudomonas fluorescens (T8) exhibited superior germination rates, root length, shoot length, and vigor index values. Additionally, seeds that underwent bio-priming with a 20% concentration for 8 hours yielded more favorable results than those with other concentrations and durations. This outcome aligns with the observations made by Sridevi and Manonmani (2016) regarding kodo millet and barnyard millet. Among the four most effective treatments, Azophos + Pseudomonas fluorescens (T8) at 20% after 8 hours resulted in 100% germination, a root length of 15.2 cm, a shoot length of 8.8 cm, a dry matter production of 0.040 g per 10 seedlings, and a vigor index of I and II measuring 2400 and 4.00 respectively, while the lowest values were observed in the Unprimed seeds (T0) and Hydroprimed seeds (T1). The values are specified in Tables 1 through 4, as well as in Figures 1 and 2.
The similar effectiveness of priming with P. fluorescens was observed in enhancing seed germination and seedling vitality in pearl millet, as reported by Raj et al. (2004). The improvement in seedling growth noted in this research may be linked to the suppression of harmful microorganisms and pathogens, as well as the production of plant growth regulators such as gibberellins, cytokinins, and indole acetic acid. These factors likely increased the availability of minerals and ions and promoted greater water absorption. Ramamoorty, Natarajan and Lakshmanan (2000) documented an increase in amylase activity and gibberellins secretion as a result of Azospirillum seed treatment in rice.
Another research examined how the co-inoculation of Pseudomonas striata and Bacillus polymyxa strains alongside a strain of Azospirillum brasilense led to a notable increase in yield, coupled with a rise in nitrogen and phosphorus absorption compared to individual inoculations of each strain (Alagawadi and Gaur, 1992). Nkpwatt et al. (2006) discovered that the cell-free supernatant derived from the Methylobacterium bacterial culture encouraged seed germination, indicating the secretion of a growth-enhancing substance by the methylotroph. Methylotrophs influence the cytokinin in germinating seeds (Holland and Polacco, 1994) and IAA in promoting greater seedling vigour (Subhaswaraj et al., 2017).
Bio-priming using a culture of phosphobacteria enhances the performance of the CORH 4 rice hybrid and its parent varieties (Kokila et al., 2014). Zorita and Canigia (2009) indicated that biopriming with Azospirillum brasilense boosts robust growth, increases shoot and root lengths, and enhances dry matter in wheat seeds. A study by Kalaivani (2010) showed that maize seeds treated with 20% Azospirillum for 12 hours and 20% phosphobacteria for the same duration achieved a 95 percent germination rate. Additionally, Gowthamy (2017) found that using 20% Azospirillum for 18 hours or 15% phosphobacteria for 18 hours increased the germination rate and vitality of snake gourd seeds.
The blend of Azophos comprises a biofertilizer that features nitrogen-fixing Azospirillum and phosphate-solubilizing bacteria (PSB), along with Pseudomonas fluorescens for seed treatment, which has been shown to considerably improve seed germination and seedling vitality in millets including barnyard millet, finger millet, and foxtail millet. These advantages occur due to various interactive and supportive mechanisms inherent in both microbial elements.
A primary characteristic is the synthesis of indole-3-acetic acid (IAA), which is a 
hormone in plants that encourages root growth and cellular proliferation. Both Azospirillum and P. fluorescens are capable of generating IAA, thereby facilitating the initial stages of seedling growth by boosting root development and nutrient uptake. Moreover, these microorganisms also generate organic acids, including gluconic acid and citric acid, which aid in converting insoluble phosphorus compounds in the soil into forms that can be easily accessed by the sprouting seed. The prompt availability of these nutrients is essential for the vitality of seedlings.
The common characteristic is the synthesis of siderophores, which are iron-chelating substances that enhance iron absorption by plants while also inhibiting soil-dwelling pathogens by competing for iron. Pseudomonas fluorescens, specifically, is recognized for its biocontrol abilities. It generates antimicrobial substances such as phenazines and pyoverdine, and can trigger systemic resistance in plants, aiding in the protection of seedlings in the critical germination stage. Conversely, Azophos plays a role in biological nitrogen fixation, especially via Azospirillum, supplying essential nitrogen to the plant in its initial growth phases. The combination of nitrogen fixation, phosphorus solubilization, and biocontrol leads to more robust seedlings that establish more effectively (Niu et al., 2018).
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Table.1. Effect of biofertilizing agent on germination (%) in barnyardmillet var. MDU 1
	Treatments
	Germination percentage
	Mean

	
	6 hours
	8 hours
	12 hours
	

	
	5%
	10%
	20%
	5%
	10%
	20%
	5%
	10%
	20%
	

	Dry
	84
(66.22)
	84
(66.43)
	84
(66.22)
	84
(66.19)
	84
(66.51)
	84
(66.50)
	84
(66.17)
	84
(66.70)
	84
(66.71)
	84
(66.41)

	Hydropriming
	88
(69.81)
	88
(69.88)
	88
(69.74)
	88
(69.74)
	88
(69.88)
	88
(69.80)
	86
(68.02)

	86
(68.09)

	86
(68.03)

	87
(69.22)

	Azophos
	100
(89.83)
	90
(71.74)
	100
(89.83)
	100
(89.83)
	100
(89.83)
	100
(89.83)
	100
(89.83)
	100
(89.83)
	90
(71.66)
	97
(85.80)

	Potash release bacteria
	92
(73.98)
	90
(71.74)
	100
(89.83)
	88
(69.44)
	96
(78.52)
	88
(69.73)
	100
(89.83)

	92
(73.59)
	92
(73.73)
	93
(76.71)

	Pseudomonas fluorescens
	88
(69.86)
	92
(73.31)
	96
(80.52)
	92
(73.70)
	92
(73.82)
	100
(89.83)
	88
(70.07)
	92
(74.12)
	92
(73.88)
	92
(75.46)

	PPFM
	96
(79.13)
	80
(63.69)
	100
(89.83)
	100
(89.83)
	96
(78.52)
	96
(79.24)
	100
(89.83)
	100
(89.83)
	100
(89.83)
	96
(83.30)

	Silicate solubilizing bacteria
	100
(89.83)
	90
(71.66)
	100
(89.83)
	100
(89.83)
	100
(89.83)
	88
(69.74)
	100
(89.83)
	88
(69.48)
	92
(73.59)
	95
(81.51)

	Azophos + Potash release bacteria
	92
(73.82)

	88
(69.80)
	100
(89.83)
	92
(73.59)
	90
(71.56)
	100
(89.83)
	88
(69.46)
	92
(73.31)
	94
(75.85)
	92
(76.34)

	Azophos + Pseudomonas fluorescens
	100
(89.83)
	100
(89.83)
	96
(78.85)
	100
(89.83)
	96
(79.13)
	100
(89.83)
	94
(75.85)
	96
(78.52)
	96
(78.94)
	97
(83.40)

	Azophos + PPFM
	96
(78.94)
	92
(73.31)
	98
(83.72)
	94
(76.35)
	92
(73.59)
	96
(79.24)
	94
(75.82)
	96
(80.52)
	92
(73.70)
	94
(77.24)

	Azophos+ Silicate solubilizing bacteria
	88
(69.46)
	88
(69.44)
	100
(89.83)
	100
(89.83)
	96
(79.65)
	96
(78.52)
	88
(69.46)
	92
(73.70)
	96
(79.13)
	93
(77.67)

	Mean
	93
(77.34)
	89
(71.89)
	96
(83.46)
	94
(79.83)
	93
(77.35)
	94
(79.28)
	92
(77.65)
	92
(76.15)
	92
(75.00)
	93
(77.55)

	
	92
(77.56)
	93
(78.82)
	92
(76.27)
	

	

	
	T
	D
	C
	TxD
	DxC
	TxC
	TxDxC

	S.Ed
	0.55
	0.28
	0.28
	0.95
	0.49
	0.95
	1.65

	CD (P = 0.05)
	1.08**
	0.56**
	0.56**
	1.88**
	0.98**
	1.88**
	3.25**



(Figures in parentheses indicate arc sine value) NS - Non-Significant   ** - Significant @ 1%






























Table.2. Effect of biofertilizing agent on root length (cm) in barnyard millet var. MDU 1

	Treatments
	Root length (cm)
	Mean

	
	6 hours
	8 hours
	12 hours
	

	
	5%
	10%
	20%
	5%
	10%
	20%
	5%
	10%
	20%
	

	Dry
	12.8
	12.8
	12.8
	12.8
	12.8
	12.8
	12.8
	12.8
	12.8
	12.80

	Hydropriming
	14.2
	14.2
	14.2
	11.8
	11.8
	11.8
	11.2
	11.2
	11.2
	12.40

	Azophos
	12.3
	13.4
	13.8
	14.1
	13.6
	13.4
	13.2
	13.4
	13.9
	13.40

	Potash release bacteria
	12.6
	13.1
	15.1
	11.1
	13.1
	11.1
	11.6
	11.9
	12.6
	12.40

	Pseudomonas fluorescens
	13.5
	14.6
	11.8
	13.3
	12.4
	13.9
	12.7
	11.9
	12.8
	12.90

	PPFM
	14.1
	11.6
	14.3
	13.1
	13.1
	13.2
	13.6
	12.8
	12.8
	13.10

	Silicate solubilizing bacteria
	10.4
	13.3
	13.4
	12.8
	12.1
	14.4
	13.4
	13.2
	13.2
	12.91

	Azophos + Potash release bacteria
	11.4
	11.8
	13.5
	12.4
	12.7
	12.7
	11.3
	12.1
	11.6
	12.16

	Azophos + Pseudomonas fluorescens
	12.7
	13.1
	14.4
	13.1
	13.4
	15.2
	11.9
	12.6
	14.2
	13.41

	Azophos + PPFM
	11.2
	12.8
	13.4
	12.6
	13.1
	13.2
	10.8
	11.5
	11.1
	12.18

	Azophos+ Silicate solubilizing bacteria
	11.4
	13.7
	12.8
	12.9
	13.8
	12.9
	12.6
	12.2
	11.8
	12.67

	Mean
	12.41
	13.12
	13.59
	12.70
	12.90
	13.14
	12.28
	12.32
	12.54
	12.75

	
	12.96
	12.98
	12.32
	



	
	T
	D
	C
	TxD
	DxC
	TxC
	TxDxC

	S.Ed
	0.09
	0.04
	0.04
	0.16
	0.08
	0.16
	0.27

	CD (P = 0.05)
	0.18**
	0.09**
	0.09**
	0.31**
	0.16**
	0.31**
	0.54**


NS - Non-Significant   ** - Significant @ 1%



































Table.3. Effect of biofertilizing agent on shoot length (cm) in barnyardmillet var. MDU 1

	Treatments
	Shoot length (cm)
	Mean

	
	6 hours
	8 hours
	12 hours
	

	
	5%
	10%
	20%
	5%
	10%
	20%
	5%
	10%
	20%
	

	Dry
	8.4
	8.4
	8.4
	8.4
	8.4
	8.4
	8.4
	8.4
	8.4
	8.40

	Hydropriming
	8.6
	8.6
	8.6
	8.1
	8.1
	8.1
	8.7
	8.7
	8.7
	8.46

	Azophos
	8.1
	8.1
	8.8
	8.3
	9.1
	8.2
	9.8
	8.6
	9.1
	8.81

	Potash release bacteria
	8.5
	8.8
	8.6
	8.1
	8.4
	8.8
	9.1
	9.1
	8.6
	8.78

	Pseudomonas fluorescens
	7.5
	8.1
	8.5
	8.9
	8.7
	8.3
	8.1
	8.8
	8.1
	8.35

	PPFM
	8.1
	7.9
	8.4
	8.5
	8.8
	8.6
	8.2
	7.6
	7.8
	8.21

	Silicate solubilizing bacteria
	9.1
	8.3
	7.8
	8.1
	8.3
	8.7
	7.8
	7.8
	9.0
	8.33

	Azophos + Potash release bacteria
	8.1
	8.1
	9.6
	8.8
	7.6
	8.6
	9.1
	8.8
	8.8
	8.61

	Azophos + Pseudomonas fluorescens
	8.4
	8.9
	8.1
	8.6
	9.1
	8.8
	7.7
	7.7
	8.5
	8.42

	Azophos + PPFM
	7.8
	8.5
	7.6
	8.5
	8.1
	8.8
	8.1
	7.1
	8.1
	8.06

	Azophos+ Silicate solubilizing bacteria
	7.1
	8.1
	8.1
	8.4
	8.2
	8.7
	7.8
	7.2
	8.2
	7.97

	Mean
	8.15
	8.34
	8.40
	8.42
	8.43
	8.55
	8.43
	8.16
	8.48
	8.36

	
	8.29
	8.46
	8.35
	



	
	T
	D
	C
	TxD
	DxC
	TxC
	TxDxC

	S.Ed
	0.06
	0.032
	0.03
	0.10
	0.05
	0.10
	0.18

	CD (P = 0.05)
	0.12**
	0.06**
	0.06**
	0.21**
	0.10**
	0.21**
	0.36**



NS - Non-Significant   ** - Significant @1%
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Table.4.. Effect of biofertilizing agent on vigour index I in barnyardmillet var. MDU 1

	Treatments
	Vigour index I
	Mean

	
	6 hours
	8 hours
	12 hours
	

	
	5%
	10%
	20%
	5%
	10%
	20%
	5%
	10%
	20%
	

	Dry
	1780
	1780
	1780
	1780
	1780
	1780
	1780
	1780
	1780
	1780

	Hydropriming
	2006
	2006
	2006
	1751
	1751
	1751
	1711
	1711
	1711
	1822

	Azophos
	2040
	1935
	2260
	2240
	2270
	2160
	1812
	2200
	2070
	2109

	Potash release bacteria
	1941
	1971
	2370
	1689
	2064
	1751
	2070
	1932
	2024
	1979

	Pseudomonas fluorescens
	1848
	2088
	1948
	2042
	1941
	2220
	1830
	1904
	1922
	1971

	PPFM
	2131
	1560
	2270
	2160
	2102
	2092
	2180
	2040
	2060
	2066

	Silicate solubilizing bacteria
	1950
	1944
	2120
	2090
	2040
	2032
	2120
	1848
	2051
	2021

	Azophos + Potash release bacteria
	1794
	1751
	2310
	1950
	1827
	2130
	1795
	1922
	1917
	1932

	Azophos + Pseudomonas fluorescens
	2110
	2200
	2160
	2170
	2160
	2400
	1842
	1948
	2179
	2129

	Azophos + PPFM
	1824
	1959
	2058
	1983
	1950
	2112
	1776
	1785
	1766
	1912

	Azophos+ Silicate solubilizing bacteria
	1628
	1918
	2090
	2130
	2112
	2016
	1795
	1784
	1920
	1932

	Mean
	1913
	1919
	2124
	
1998

	1999
	2040
	1882
	1895
	1945
	1968

	
	1985
	2012
	1907
	



	
	T
	D
	C
	TxD
	DxC
	TxC
	TxDxC

	S.Ed
	13.34
	6.96
	6.96663        
	23.10       
	12.06
	23.10
	40.02

	CD (P = 0.05)
	26.30**
	13.73**
	13.73852**        
	45.56**        
	23.79**
	45.56**
	78.92**


NS - Non-Significant   ** - Significant @1%





































Fig. 1. Effect of biofertilizing agent on Dry matter production in barnyardmillet var. MDU 1





































Fig. 2. Effect of biofertilizing agent on vigour index II in barnyardmillet var. MDU 1
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TO-Dry: TL- Hydropriming; T2 - Azophos; 3 - Potash release bacteris Ta - Pseudomonas fluorescens; T5.
PPE; T6 - Silicate solubiizing bacteis T7 - Azophos * Potsch alease bactaris T8 - Azophos + Peeudomonas

Tluorescens; T5-Azophos + PPFM; T10 - Azophoss Silicate solubizing bacteia,




