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COMPARATIVE STUDY OF LIQUID BIOFERTILIZERS ON GERMINATION DYNAMICS AND SEED QUALITY OF CHICKPEA (Cicer arietinum L.)

ABSTRACT
Chickpea (Cicer arietinum L.) is a vital global legume crop, particularly crucial for food security and enriching soil fertility through biological nitrogen fixation, contributing to sustainable agriculture. However, factors like uneven germination and weak early growth limit stand uniformity and final yields. Seed priming using biofertilizers, which contain plant growth-promoting microorganisms like Rhizobium, PSB, KSB, Azospirillum, Pseudomonas., etc, is an eco-friendly pre-sowing treatment that enhances nutrient uptake, nitrogen fixation and seedling vigour. This study assessed the influence of eight different biofertilizer seed priming treatments along with control and Thiram, on germination dynamics and seed quality parameters in the chickpea variety KGD-1168. The evaluated parameters included standard germination, speed of germination, seeding vigour indices (I and II), and nutritional quality, specifically protein, Methionine, and Tryptophan content. Results indicated that the Rhizobium + PSB consortia (T8) was the most effective treatment, significantly affecting the variety KGD-1168. T8 recorded maximum standard germination (98.4%) and the highest germination value (85.36). Furthermore, T8 exhibited superior seedling growth, yielding the maximum seedling length (25.32 cm) and the highest Seedling Vigor Index-I (2475.31). This superior performance is linked to the synergistic action of nitrogen-fixing and phosphorus-mobilizing microbes, which accelerate metabolic activation and root development. T8 also maximized essential amino acids, recording the highest Methionine (1.66) and Tryptophan (1.33) content. The investigation concludes that Rhizobium + PSB bio-priming is recommended for optimizing seed treatment practices to achieve better early crop establishment and enhanced nutrient quality in chickpea.
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INTRODUCTION
Chickpea (Cicer arietinum L.) is a vital legume crop worldwide, especially in semi-arid regions, contributing to food security as a major source of plant-based protein and micronutrients. India, the largest producer, cultivates chickpea predominantly under rainfed conditions during the Rabi season. The crop not only supports human nutrition but also enriches soil fertility through biological nitrogen fixation, a key attribute that enhances sustainable agriculture. 
Seed germination and seedling vigour are critical to chickpea productivity, particularly under adverse environmental conditions such as moisture stress and variable temperatures. Uneven germination and weak early growth reduce stand uniformity and final yields. Seed priming, a pre-sowing treatment involving controlled hydration, activates metabolic processes necessary for seed germination without radical protrusion, thereby improving germination speed and seedling vigour. Among priming methods, biofertilizer seed priming is emerging as an eco-friendly approach, utilizing beneficial microorganisms to stimulate seed performance (Singh P. et al., 2025). Biofertilizers contain plant growth-promoting microbes such as Rhizobium, Azotobacter, and phosphate-solubilizing bacteria, which enhance nutrient uptake, nitrogen fixation, and root development. In legumes like chickpea, Rhizobium inoculation is crucial for symbiotic nitrogen fixation and improved nodulation, directly impacting early growth and yield. Seed priming with biofertilizers facilitates early rhizosphere colonization, boosting germination metrics and seedling quality by enhancing enzymatic activities and mitigating oxidative stress. 
Previous studies demonstrate that biofertilizer seed priming improves germination percentage, seedling length, dry weight, and vigour index, contributing to stronger and more uniform crop stands (Koradhanyamath P. et al., 2025). This method aligns with sustainable agriculture goals by reducing chemical fertilizer use and minimizing environmental impact. Despite these advantages, variation in response among chickpea cultivars and microbial strains underscores the need for localized evaluation of biofertilizer priming effects. This study aims to assess how biofertilizer seed priming influences germination and seed quality traits in chickpea, offering insights for optimizing seed treatment practices to improve early crop establishment and productivity.

MATERIALS AND METHODS:
Experimental site
The study was conducted during 2023–24 and 2024–25 at the Seed Science and Technology Laboratory, Chandra Shekhar Azad University of Agriculture and Technology, Kanpur, Uttar Pradesh, India. The experimental material consisted of chickpea (Cicer arietinum L.) variety KGD-1168, a widely grown cultivar in the region.
For the laboratory experiment, seed bio-priming treatments were evaluated in a Completely Randomized Design (CRD). The field experiment, aimed at producing seed for subsequent quality and nutritional analyses, was conducted at the university farm in a Randomized Block Design (RBD) with three replications.
Treatments and seed bio-priming protocol
Ten treatments were imposed using liquid biofertilizers and a chemical check (Table 1). The treatments comprised an untreated control, individual liquid biofertilizers, microbial consortia, and a fungicidal seed treatment.
Chickpea seeds were first surface sterilized using a 1% sterilant solution for 5 min and then rinsed three times with sterile distilled water to remove residues. The seeds were subsequently primed in the respective liquid formulations at a seed-to-solution ratio of 1:3 (w/v). After priming, seeds were drained and surface-dried at room temperature for approximately 30 min until they returned to a free-flowing condition.
The same priming procedure was followed for seeds used in both the laboratory germination test and the field experiment. In the field, primed seeds of each treatment were sown according to recommended agronomic practices for chickpea in the region. At physiological maturity, seeds from each treatment were harvested and bulked within treatment for subsequent determination of 100-seed weight, protein content and amino acid profile (tryptophan and methionine).


Table 1: List of biofertilizers used for the purpose of the study
	Treatment No.
	Biofertilizer name
	Microbial type
	Application rate

	T1
	Control (No Spray)
	-
	-

	T2
	Rhizobium culture
	Symbiotic nitrogen fixer
	20 ml/kg Seed

	T3
	EM Culture
	Mixed beneficial microbes
	20 ml/kg Seed

	T4
	PSB
	Phosphate solubilizer
	20 ml/kg Seed

	T5
	KSB
	Potassium mobilizer
	20 ml/kg Seed

	T6
	Azospirillum
	Free-living nitrogen fixer
	20 ml/kg Seed

	T7
	Pseudomonas
	Plant growth-promoting bacteria
	20 ml/kg Seed

	T8
	Rhizobium + PSB (Consortium)
	Combination of nitrogen fixer and Phosphate solubilizer
	20 ml/kg Seed

	T9
	Rhizobium + KSB (Consortium)
	Combination of Nitrogen fixer and Potassium solubilizer
	20 ml/kg Seed

	T10
	Thiram 
	Chemical fungicide
	1.5 g/kg Seed



Laboratory germination test
Standard germination was assessed under controlled laboratory conditions using the Between Paper (BP) method as prescribed by the International Seed Testing Association (ISTA; Anonymous, 2016). For each treatment, four replications of 50 seeds were placed on moistened paper towels, rolled and incubated under optimum conditions for chickpea germination. Germination counts were recorded daily until the final count (up to the 14th day), and normal seedlings were identified according to ISTA rules.
Seed quality parameters
100-seed weight
For 100-seed weight, seeds produced in the field were used. For each treatment, seeds harvested from selected plants within each replication were combined (bulked) to obtain a representative sample. From these, 100-seed samples were drawn and weighed using a precision balance. The 100-seed weight (g) was calculated as the mean of the samples across replications.
Germination dynamics
Germination dynamics were described using a set of indices derived from the daily germination counts.
· Standard germination (%)
The percentage of normal seedlings at the final count was calculated as:
Germination 

· Speed of germination (SG)
Speed of germination was calculated following Maguire (1962):

where ni​ is the number of seeds germinated on day i, di​ is the number of days from sowing to day i, and k is the total number of days of observation.
· Mean daily germination (MDG)
Mean daily germination was computed as:

· Peak value (PV)
Peak value was calculated according to Czabator (1962) as the maximum mean daily germination reached at any time during the test:

where Gi​ is the cumulative germination percentage at time Ti (days from sowing), and k is the total number of observations.
· Germination value (GV)
Germination value, an index combining speed and completeness of germination, was calculated as (Czabator, 1962):

Relative growth index (RGI)
Relative growth index was computed following Brown and Mayer (1986) as:

where “first count” corresponds to the early observation day used to describe initial germination (e.g. 4th day), and “final count” is the day on which no further normal seedlings emerged.
Seedling growth and vigour
At the final count day, ten normal seedlings per replication were randomly selected for measurement of seedling growth traits.
· Root length (cm)
Root length was measured from the collar region to the tip of the primary root using a centimetre scale.
· Shoot length (cm)
Shoot length was recorded from the collar region to the tip of the primary leaf using the same seedlings used for root length.
· Seedling length (cm)
Seedling length for each seedling was obtained by summing root and shoot lengths. The mean seedling length per replication was used in vigour index calculations.
· Seedling dry weight (g)
Normal seedlings from each replication were oven-dried at 70 °C to constant weight following ISTA protocols. The dried seedlings were weighed on a precision electronic balance, and mean seedling dry weight per seedling was calculated.

· Seedling vigour index I (SVI-I)
SVI-I was calculated according to Abdul-Baki and Anderson (1973):

· Seedling vigour index II (SVI-II)
SVI-II was computed as (Abdul-Baki and Anderson, 1973):

Seed protein content and amino acid profiling
Protein content of chickpea seeds was estimated using standard procedures of the Association of Official Analytical Chemists (AOAC, 1975), based on total nitrogen determination and conversion to crude protein using an appropriate conversion factor. Results were expressed on a percentage basis.
For amino acid profiling, the essential amino acids tryptophan and methionine were quantified in seed flour samples prepared from bulked seed of each treatment. Tryptophan content was determined according to Horn et al. (1946), and methionine content was estimated following Spies and Chambers (1946). Results were expressed as g amino acid per 16 g N (or on a comparable conventional basis).

Statistical analysis
For the laboratory experiment (CRD) and field-derived seed traits (RBD), data were initially checked for obvious outliers and consistency. One-way analysis of variance (ANOVA) was performed for treatment effects within each year. After confirming homogeneity of error variances, data across the two years were subjected to a combined analysis. The model included Year, Treatment, and Year × Treatment interaction effects.
Treatment means were compared at the 5% level of significance. The standard error of difference [SE(d)] and critical difference (CD) at 5% were calculated and are presented in the tables. All statistical analyses were performed using R software ((version 4.3.2; R Core Team, 2023)
RESULTS AND DISCUSSION:
Seed bio-priming with the ten treatments has shown a notable effect on the chickpea variety KGD-1168.
100-seed weight 
[image: ]The pooled analysis over two years showed that 100-seed weight of chickpea cv. KGD-1168 was significantly affected by seed bio-priming with liquid biofertilizers. All biofertilizer treatments produced higher 100-seed weight than the untreated control. Among the treatments, the Rhizobium + phosphate-solubilizing bacteria (PSB) consortium (T8) recorded the highest 100-seed weight (20.22 g), followed by PSB alone (T4) and Azospirillum (T6), whereas the lowest value occurred in the unprimed control (17.57 g). The non-significant Year × Treatment interaction indicated that the relative superiority of T8 and T4 was stable across both seasons.Figure 1: Pooled mean of 100 seed weight of various biofertilizer treatments



The increase in 100-seed weight under T8 is physiologically plausible because Rhizobium enhances biological nitrogen fixation while PSB mobilize sparingly available soil phosphorus, together supporting greater canopy development, photosynthesis and assimilate flow towards seeds. Similar synergistic effects of Rhizobium–PSB combinations on chickpea yield components, including test weight, have been reported where co-inoculation improved growth, nutrient uptake and seed yield (Rudresh et al., 2005; Elkoca et al., 2008; Peix et al., 2001). Positive responses of chickpea to phosphate-solubilizing strains that increase P uptake and biomass, often expressed as larger seeds or higher seed mass, have also been documented (Gull et al., 2004; Singh et al., 2014).
These results agree with seed-priming studies in chickpea, where biologically based or organic priming increased seed index and grain yield under stress-prone environments by enhancing early vigour and nutrient acquisition (Yesmin et al., 2023). Overall, the present experiment indicates that liquid bio-priming with Rhizobium + PSB, and to a slightly lesser extent PSB alone, can be recommended as a seed treatment option to increase 100-seed weight and potentially improve economic yields of chickpea, while reducing reliance on high external fertilizer inputs.
Influence of bio-priming on Germination dynamics of chickpea
Bio-priming treatments exerted a clear and statistically significant influence on germination dynamics of chickpea (Table 2). With respect to treatments of chickpea seeds for all the parameters were found to be significant.  However, seed bio-priming with Rhizobium and PSB (consortia) and PSB had recorded maximum seed germination (98.4%) and (96.8%) compared to control (93.6%). Seed bio-priming with Rhizobium and PSB had recorded highest peak value of germination (12.22), mean daily germination (7.0), and germination value (85.36) while highest speed of germination (139.9) was recorded in the treatment with Pseudomonas, highest relative growth index (119.7) was recorded in the treatment with Rhizobium alone. When comparing the different biofertilizers, significantly higher germination indices were noticed in chickpea with the treatment of Rhizobium and PSB. Control had showed the minimum germination percentage (93.62), speed of germination (94.59), peak value of germination (7.61), germination value (51.67) while the lowest mean daily germination (6.72) was recorded by EM culture and lowest relative growth index (110.5) by Azospirillum (Table 2). 
Table 2: Pooled effect of Influence of biofertilizers seed inoculation on Germination dynamics of chickpea (Cicer arietinum L.)
	S.No.
	Treatments
	Standard germination (%)
	Speed of germination (GSI)
	Peak value of germination
	Mean daily germination
	Germination value
	Relative growth index

	1
	Control (T1)
	93.59
	94.59
	7.64
	6.75
	51.67
	118.64

	2
	Rhizobium culture (T2)
	94.82
	119.11
	10.62
	6.82
	72.80
	119.72

	3
	EM Culture (T3)
	94.56
	128.82
	9.03
	6.72
	60.94
	118.00

	4
	PSB (T4)
	96.80
	121.02
	11.38
	6.90
	78.48
	116.22

	5
	KSB (T5)
	94.12
	118.09
	10.56
	6.83
	71.73
	116.09

	6
	Azospirillum (T6)
	94.95
	125.33
	9.03
	6.73
	60.87
	110.59

	7
	Pseudomonas (T7)
	94.6
	139.94
	9.47
	6.80
	63.81
	118.14

	8
	Rhizobium + PSB (T8)
	98.4
	122.81
	12.20
	7.00
	85.36
	119.36

	9
	Rhizobium + KSB (T9)
	94.19
	119.03
	9.61
	6.79
	65.69
	112.40

	10
	Thiram (T10)
	94.47
	120.3
	8.67
	6.73
	58.42
	112.33

	Mean
	95.05
	120.9
	9.82
	6.81
	66.98
	116.15

	SE(d)
	0.91
	1.04
	0.08
	0.05
	0.77
	1.16

	CD 5% 
	1.85
	2.12
	0.16
	0.09
	1.57
	2.37

	Interaction effect
 (Y × T)
	NS
	NS
	S
	S
	S
	NS


	This superior performance of Rhizobium and PSB consortia is attributed to a synergistic action of Rhizobium, which helps in fixing atmospheric nitrogen, and PSB, which mobilizes phosphorus- two nutrients crucial for metabolic activation during seed germination and robust seedling growth( Rai V. et al., 2025). Similar results have been reported by Khadraji A. et al., 2023; in Soybean when compared to that of unprimed or control treatments. 
The interaction effect of Year × Treatment was found to be statistically non-significant for standard germination, speed of germination, relative growth index while it was assessed to be statistically significant for peak value of germination, mean daily germination and germination value respectively.
The superiority of the Rhizobium + PSB consortium agrees with earlier reports that co-inoculation of chickpea with Mesorhizobium and phosphate-solubilizing microorganisms enhances germination and early seedling vigour by improving phosphorus availability and production of growth-promoting metabolites (Bekkar & Zaim, 2023; Koradhanyamath et al., 2025). Comparable improvements in germination rate, vigour indices and uniformity following seed biopriming with plant growth-promoting bacteria have been documented in legumes and other crops, largely attributed to accelerated pre-germinative metabolism, better osmotic adjustment and modulation of hormonal balance (Fiodor et al., 2023; Rani et al., 2024; Swetha & Dayal, 2024). Overall, the present findings confirm that microbial consortia-based bio-priming, particularly Rhizobium + PSB, substantially improves germination dynamics of chickpea seeds.
Influence of bio-priming on Seedling growth parameters of chickpea

Bio-priming significantly enhanced seedling growth of chickpea cv. KGD-1168 (Table 3). Rhizobium + PSB (T8) recorded the highest root length (14.19 cm), shoot length (11.13 cm), seedling length (25.32 cm), seedling dry weight (0.32 g), vigour index I (2475.31) and vigour index II (30.97). In contrast, the untreated control (T1) showed the lowest overall growth among bio-primed treatments, with root length 10.22 cm, shoot length 8.41 cm, seedling length 18.62 cm, dry weight 0.24 g, vigour index I 1769.00 and vigour index II 22.80, while the fungicidal treatment Thiram (T10) exhibited the lowest vigour index I (1765.23). Mean treatment differences exceeded the respective CD (5%), and the Year × Treatment interaction was significant for root length, seedling length, dry weight and both vigour indices, but not for shoot length, indicating that the positive response of T8 was robust though its magnitude varied slightly between years.

	Higher germination value, mean daily germination, seedling shoot length, seedling root length, seedling length, and both vigour indices are significantly increased and these results were consistent with the results of Thite A.S. et al., 2023 and by Kumar S. et al., 2022 in Soybean and in Maize. 

The interaction effect of Year × Treatment was assessed to be statistically significant for seedling root length, seedling length, seedling dry weight, seedling vigour index-I and seedling vigour index-II while it was found to be non-significant for seedling shoot length.
The superior seedling performance under Rhizobium + PSB consortia is consistent with earlier work showing that co-inoculation of chickpea with N-fixing and P-solubilizing microbes improves root growth, biomass and vigour through enhanced nutrient uptake and rhizosphere activity (Bekkar & Zaim, 2023; Singh et al., 2014). Biopriming with plant growth-promoting bacteria has been reported to accelerate early seedling growth in chickpea and other crops via modulation of phytohormones, osmotic adjustment and antioxidative enzymes (Fiodor et al., 2023; Koradhanyamath et al., 2025). Recent chickpea studies likewise demonstrate that microbial or nanopriming increases seedling length and vigour indices under both optimal and stress conditions (Rani et al., 2024; Swetha & Dayal, 2024). Taken together, the present results confirm that Rhizobium + PSB bio-priming confers a substantial and physiologically plausible advantage in early seedling establishment of chickpea.

Table 3: Pooled effect of Influence of biofertilizers seed inoculation on Seedling growth indices of chickpea (Cicer arietinum L.)
	S.No.
	Treatments
	Root length (cm) 
	Shoot length (cm)
	Seedling Length (cm)
	Seedling Dry Weight (g)
	Seedling Vigour Index I
	Seedling Vigour Index II 

	1
	Control (T1)
	10.22
	8.41
	18.62
	0.24
	1769.00
	22.80

	2
	Rhizobium culture (T2)
	11.31
	9.15
	20.46
	0.28
	1959.79
	26.82

	3
	EM Culture (T3)
	10.98
	9.31
	20.29
	0.26
	1917.36
	24.10

	4
	PSB (T4)
	12.37
	10.89
	23.26
	0.30
	2244.86
	28.80

	5
	KSB (T5)
	11.09
	9.02
	20.12
	0.25
	1912.33
	23.45

	6
	Azospirillum (T6)
	10.58
	8.89
	19.47
	0.28
	1840.33
	25.99

	7
	Pseudomonas (T7)
	13.81
	9.83
	23.64
	0.25
	2233.97
	23.15

	8
	Rhizobium + PSB (T8)
	14.19
	11.13
	25.32
	0.32
	2475.31
	30.97

	9
	Rhizobium + KSB (T9)
	12.51
	10.93
	23.44
	0.28
	2237.28
	26.58

	10
	Thiram (T10)
	9.51
	9.17
	18.68
	0.26
	1765.23
	24.89

	Mean
	11.66
	9.67
	21.33
	0.27
	2035.55
	25.75

	SE(d)
	0.12
	0.09
	0.13
	0.00
	16.40
	0.27

	CD 5% 
	0.24
	0.17
	0.26
	0.00
	33.50
	0.55

	Interaction effect
 (Y × T)
	S
	NS
	S
	S
	S
	S



Influence of bio-priming on nutritional quality of chickpea
Bio-priming significantly modified the nutritional quality of chickpea seed, as reflected in protein concentration and essential amino acid profiles (Table 4). Protein content ranged from 18.03% in the untreated control (T1) to 20.29% in seeds primed with Rhizobium (T2) or Pseudomonas (T7), with Rhizobium + KSB (T9, 20.27%) and Rhizobium + PSB (T8, 20.19%) also markedly superior to the control. PSB alone (T4, 20.02%) performed better than KSB and the chemical check (Thiram, T10). Methionine content increased from 1.30 in the control to 1.66 in the Rhizobium + PSB consortium (T8), followed by PSB (T4, 1.50) and Rhizobium (T2, 1.42). A similar trend was observed for tryptophan, with T8 (1.33) and T4 (1.26) clearly exceeding the control (0.80). Year × Treatment interaction was significant for protein, but non-significant for both amino acids, indicating stable amino-acid responses across years. 
The superior nutritional profile under Rhizobium + PSB and related treatments is consistent with reports that integrating N-fixing and P-solubilizing biofertilizers enhances N and P uptake, grain protein and quality traits in chickpea (Parashar et al., 2024; Sahu et al., 2023). Liquid and microbial biofertilizers have similarly produced protein-rich pea and chickpea grain by improving nutrient acquisition and metabolic activity (Satyanarayana et al., 2025). Reviews on seed biopriming attribute such improvements to enhanced soluble protein and free amino-acid pools, stimulated by mineral solubilization, phytohormone production and better source–sink balance (Patel et al., 2018; Roy et al., 2024). Overall, Rhizobium + PSB bio-priming emerges as a promising, microbe-based strategy to improve both the quantity and nutritional quality of chickpea seed.
	Similar results showing both higher protein content and higher amino acid profiling (Methionine and Tryptophan) by seed bio-priming with Rhizobium and PSB consortia have been reported by Vishwakarma et al., 2012; Singh et al., 2018.
The interaction effect of Year × Treatment was statistically significant for protein content while it was analysed to be non-significant for Methionine and Tryptophan.
	The Rhizobium component forms a symbiotic relationship with chickpea roots very early, enabling more rapid and efficient nitrogen assimilation. This boosts amino acid and protein synthesis, vital for quick cell division and expansion in emerging seedlings (Koradhanyamath, P. et al., 2025). The PSB component simultaneously solubilizes bound phosphorus, making it bioavailable, which accelerates energy flow and root development. Together, these microbes release beneficial phytohormones- such as Indole 3-Acetic Acid and gibberellins-further stimulating seedling elongation and vigour, while enhancing enzyme activities for stress protection during germination and early growth.

Table 4: Pooled effect of Influence of biofertilizers seed inoculation on nutritional quality of chickpea (Cicer arietinum L.)
	S.No.
	Treatments
	Protein Content
	Amino Acid Profiling (Methionine) 
	Amino Acid Profiling (Tryptophan)

	1
	Control (T1)
	18.03
	1.30
	0.80

	2
	Rhizobium culture (T2)
	20.29
	1.42
	1.13

	3
	EM Culture (T3)
	19.84
	1.30
	0.94

	4
	PSB (T4)
	20.02
	1.50
	1.26

	5
	KSB (T5)
	18.53
	1.32
	1.11

	6
	Azospirillum (T6)
	19.29
	1.30
	1.13

	7
	Pseudomonas (T7)
	20.29
	1.31
	1.03

	8
	Rhizobium + PSB (T8)
	20.19
	1.66
	1.33

	9
	Rhizobium + KSB (T9)
	20.27
	1.35
	1.03

	10
	Thiram (T10)
	18.69
	1.33
	1.10

	Mean
	19.55
	1.38
	1.08

	SE(d)
	0.62
	0.05
	0.06

	CD 5% 
	1.30
	0.10
	0.12

	Interaction effect
(Y × T)
	S
	NS
	NS



CONCLUSION
Under controlled conditions, Rhizobium + PSB seed bio-priming improved germination indices, seedling vigour and seed protein/amino acid content in chickpea cv. KGD-1168 compared with untreated and single-microbe treatments. Even among the inoculation with Rhizobium and PSB alone, the consortia have outdone and have been proven to be the most effective. The combination yielded the best results concerning germination dynamics and seed quality parameters evaluated. This study illustrates that seed bio-priming can significantly improve growth, development; seed and nutrient quality in chickpea. Therefore, it is recommended to treat chickpea seeds with suitable biofertilizers prior to sowing to achieve better seed quality.
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