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Comparative Efficacy of Microbial Biopriming on Germination Kinetics and Seedling Vigor in Rice (Oryza sativa L.)
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ABSTRACT 

	
A study was undertaken to evaluate the impact of biopriming on seed quality parameters in rice (Oryza sativa L.) variety Uma (MO 16) at the Department of Seed Science and Technology, College of Agriculture, Vellanikkara. The experiment employed a Completely Randomized Design (CRD) with four replications, encompassing five treatments: Pseudomonas fluorescens (10 g kg⁻¹), coconut water (75%), a combined treatment of P. fluorescens + Trichoderma viride (4 g kg⁻¹) + coconut water (75%), hydropriming (16 hours), and unprimed control. Seed quality traits including germination percentage, root and shoot length, seedling dry weight, and vigor indices I and II were assessed. Significant differences were observed among treatments, indicating the influence of priming on germinative performance and early seedling development. Seeds bioprimed with P. fluorescens, T. viride, and coconut water exhibited the highest germination (94%), root length (17.63 cm), and vigor index I (2189), reflecting synergistic effects of microbial inoculants and bioactive compounds in coconut water. Coconut water priming alone resulted in maximum seedling dry weight (0.175 g) and vigor index II (1612), highlighting its role as a natural growth stimulator. The enhanced seed performance under combined biopriming is attributed to microbial nutrient mobilization and the stimulatory effect of phytohormones and vitamins present in coconut water. This eco-friendly, cost-effective strategy demonstrates potential for improving seed vigour, uniform emergence, and early seedling establishment in rice, providing a sustainable approach for cereal seed management.
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1. INTRODUCTION 

Rice (Oryza sativa L.) is the main food source in India, feeding over half the people and growing on about 47.82 million hectares of all the land used for farming (Agricultural Statistics at a glance, 2023). It makes up almost 40% of all food grains produced and is very important for the country's food supply. In Kerala, rice is very important socially, economically, and culturally. But, rice cultivation in the state has been declining over time because of non-availability of good quality seeds, and limited use of quality inputs .This in turn leads to erratic germination, poor field establishment and hence low yield. 
Seed quality enhancement through seed priming is a low-cost and eco-friendly approach to improve seed performance (Mahmood et al., 2016; Kumar et al., 2024). Among the various priming techniques, bio priming, which involves treating seeds with beneficial microorganisms, has gained increasing attention due to its dual role in enhancing germination and protecting seedlings from soil-borne pathogens (Deshmukh et al., 2020). Bio priming establishes a symbiotic relationship between the seed and the introduced microbes, which can produce phytohormones such as indole-3-acetic acid (IAA), solubilize nutrients, and enhance resistance against abiotic and biotic stress conditions (MDPI, 2024; Deshmukh et al., 2020). The synergistic action of microbial metabolites and naturally occurring bioactive compounds in seeds contributes to improved seedling vigor, uniform emergence, and sustainable crop establishment (Kumar et al., 2024).
Microbial agents like Pseudomonas fluorescens and Trichoderma viride are well known for their plant growth-promoting properties, disease suppression, and improvement of seedling vigor (Harman, 2006; Weller, 2007). In addition, natural bio-elicitors such as coconut water, rich in plant growth regulators, can further enhance the effectiveness of priming.
Hence, the present investigation was designed to evaluate the influence of diverse bio priming treatments on germination dynamics, early seedling growth, vigor indices, and associated physiological parameters in rice (Oryza sativa L.) variety Uma (MO 16). The study aimed to elucidate the efficacy of these treatments in promoting superior seed performance, with an emphasis on identifying sustainable and environmentally benign interventions that can enhance seed quality and facilitate robust seedling establishment under field conditions. By integrating microbial inoculants with natural growth promoters, the research seeks to provide insights into cost-effective strategies for improving crop establishment and productivity.

2. material and methods 

The investigation was undertaken within the laboratory facilities of the Department of Seed Science and Technology, College of Agriculture, Vellanikkara. Medium-duration rice seeds (variety Uma, MO 16), freshly harvested, were acquired for experimentation. The dry microbial inoculants, Pseudomonas fluorescens and Trichoderma viride, necessary for the study, were supplied by the Department of Plant Pathology. Subsequent to initial seed quality assessment, seeds were exposed to a series of priming treatments: dry application of P. fluorescens at 10 g kg⁻¹, wet priming with coconut water at 75%, and a combined bio-priming treatment comprising P. fluorescens, T. viride (4 g kg⁻¹), and coconut water. Following priming, seeds were restored to a standardized moisture content (<12%) to maintain physiological stability. Hydropriming for 16 hours and untreated seeds were incorporated as controls. Detailed assessments of seed quality attributes were undertaken to determine the effectiveness of the applied treatments with respect to the following parameters.

2.1 Seed quality evaluation
Seeds were evaluated for germination (%), root and shoot length (cm) of the seedling, seedling dry weight (g), electrical conductivity of seed leachates (dSm-1), seedling vigour index I and II, speed of germination, mean germination time (MGT), time taken for 50% germination (T50).

2.2 Germination per cent (%)
Germination was assessed following ISTA (1985) guidelines. Three replicates of 100 seeds each were placed on moistened germination paper in Petri dishes. Seedling emergence was recorded daily for 14 days, and germination percentage was calculated using the standard formula.
   x 100
 
2.3 Seedling dry weight (mg)
Ten randomly selected, healthy 14-day-old seedlings were wrapped in butter paper and dried in a hot-air oven at 70 ± 2ºC for 24 hours. After cooling in a desiccator for 30 minutes, the seedlings were weighed, and their dry weight was recorded in milligrams (Naik and Chetti, 2018).

2.4 Vigor indices I and II
Vigor indices I and II were calculated following the methodology of Abdul-Baki and Anderson (1973) using their standard formulas.
VI I = Seed germination (%) × seedling length (cm) 
VI II  =  Seed germination (%) × seedling dry weight (mg)

2.5 Mean germination time (MGT)
Seeds were germinated on moistened germination paper in Petri dishes, with daily counts of radicles ≥2 mm. Mean germination time was calculated according to Ellis and Roberts (1981).
                                              
Where, n = number of D 
D=day after planting

2.6 Speed of germination 
The speed of germination was determined as per Maguire (1962) by summing the quotients of daily germination counts divided by the corresponding number of days.
(n/t)
Where, n = number of seeds newly germinating at time‘t’ 
t = days from sowing

2.7 Time taken for 50% germination (T 50 )
Time taken for 50% germination was estimated using the formula of Coolbear et al. (1984),
which was then modified by Farooq et al. (2005).
(tj-ti )                      
Where, N = Final number of seeds germinate 
ni and nj = Total number of seeds germinated by adjacent count at times ti and tj while ni< N/2 <nj

2.8 Statistical analysis
Statistical analysis was carried out using the General R-Shiny based Analysis Platform Empowered by Statistics (GRAPES) developed by Kerala Agricultural University. The data generated from seed quality assessments were analyzed under a Completely Randomized Design (CRD) employing Analysis of Variance (ANOVA) to determine the significance of treatment effects. Treatment means exhibiting significant differences were further compared and ranked using Duncan’s Multiple Range Test (DMRT) at the appropriate level of significance.
 
3. results and discussion

The initial seed quality parameters before treating the seeds were as follows:  germination (90%), seedling shoot length (5.3 cm), seedling root length (15.4 cm),  electrical conductivity (0.40 dS/cm), seedling dry weight (0.16 g), vigor index I and II (1863 and 1440),  mean germination time (4.48 days), speed of germination (23.16 count/time), time taken for 50% germination (2.9 days).

3.1 Germination (%)
Among different biopriming treatments, the mean germination per cent  ranged from 88.75 to  94.0 (%) and the highest germination (94.0 %) was recorded with  P. fluorescens + T. viride + coconut water followed by coconut water treatment (92.0 %) and the lowest seed germination was observed in control  (88.75 %).  
Treatment with dual bioagents offers synergistic action of better germination and healthier growth than other treatments as per the studies by Harman et al. (2006) and Weller et al. (2007). Coconut water provides natural growth regulators that enhances metabolism process Carganilla et al. (2025). These complimentary actions resulted in higher germination and seed vigor.

3.2 Seedling shoot length (cm)
The seedling shoot length ranged between 6.47 and 5.32 cm. Seeds treated with P. fluorescens (6.47 cm) was on par with hydropriming (6.38 cm) and the lowest mean value was noticed in unprimed control (5.32 cm).
The probable reason for enhanced shoot length in case of  P. fluorescens treatment may be due to the synthesis of IAA (Indole-3-acetic acid) which directly involve in cell elongation during early seedling (Meliani et al., 2017). Whereas, hydropriming speeds up water uptake and metabolic activation which promotes early emergence, longer shoots according to the findings of Adhikari et al. (2021).

3.3 Seedling root length (cm)
Mean root length of the seedling varied from 17.63 to 15.06 cm. Seeds treated with  P. fluorescens + T. viride + coconut water (17.63 cm) recorded highest root length than other treatments. The lowest value of root length noticed in control (15.06 cm).
The increased root length is mainly due to the synergistic effect of combined treatments where coconut water contains endogenous plant-growth regulators which help early metabolic activation, faster seedling growth and bioagents like P. fluorescens, T. viride enhances root architecture leading to improved nutrient uptake and growth regulators as per the study by Vij et al. (2022).

3.4 Electrical conductivity of seed leachates (dS/cm)
The mean value for electrical conductivity ranges from 0.33 to 0.13 dS/cm among different priming treatments. Lowest value was recorded for the hydro primed seeds 0.13 dS/cm, whereas in control the highest value of 0.33 dS/cm was observed.
Electrical conductivity within seed leachate, utilized to gauge membrane integrity, serves as a reliable indicator of seed viability. The likely cause for reduced electrical conductivity observed in hydro primed seed leachates could be from enhanced cellular membrane stability achieved during priming, thereby curtailing cellular leakage, as indicated in the research conducted by Debta et al. (2023).

3.5 Seedling dry weight 
The data revealed that seedling dry weight was markedly affected by the different biopriming treatments. Coconut water priming resulted in the greatest mean seedling dry weight (0.175 g), whereas the untreated control recorded the lowest (0.157 g). The enhancement in dry matter accumulation may be attributed to the activation of hydrolytic enzymes leading to efficient reserve mobilization and the growth-promoting role of cytokinins and other bioactive molecules naturally present in coconut water. These factors collectively enhance metabolic efficiency and promote seedling vigour, consistent with the findings of Carganilla et al. (2025).

3.6 Seedling vigor index-I (SVI-I)
A significant variation in Seed Vigor Index I (SVI-I) was recorded among the different priming treatments. The combination of P. fluorescens + T. viride + coconut water exhibited the highest SVI-I value (2189), indicating superior seedling performance, whereas the control recorded the lowest value (1809). The pronounced enhancement in vigor under the combined biopriming treatment could be attributed to the synergistic interaction between the beneficial microbial inoculants and the bioactive compounds present in coconut water, which collectively promote nutrient mobilization and seedling growth. These findings corroborate those of Olivya et al. (2021) and Vij et al. (2022), who also reported that combined microbial and organic priming treatments significantly improve seedling vigor.






Treatments

Germination (%)

Seedling shoot length (cm)

Seedling root length
(cm)

EC dS/cm

Seedling dry weight (g)

Vigour index-I

Vigour index- II

Mean germination time

Speed of germination

Time taken for 50% germination
T 1 : P.  fluorescens
90.75c

6.47a

15.34d

0.255c

0.158d
1979c

1433c
3.14b
29.23c
2.54b
T 2 : Coconut water
92.00b
5.60b
17.31b
0.191d
0.175a
2107b
1612a
3.14b

30.42b
2.51c
T 3 : P. fluorescens + T. viride +  Coconut water
94.00a


5.65b


17.63a

0.271b

0.166c
2189a
1560b
2.97c
30.60b
2.47d
T 4 : Hydropriming
91.50bc

6.38a

16.65c

0.135e

0.171b
2107b

1564b
2.66d
31.84a
2.44d
T 5 : Control
88.75d

5.32c

15.06e
0.338a

0.157d
1809d

1400d
3.22a
27.29d
2.62a
C.D
1.13

0.19

0.24

0.012
0.002
36.42
27.61
0.03

1.16

0.03

SE(m)
0.376

0.065

0.081

0.004
0.0008
12.08
9.15
0.01

0.38

0.01










Table 1. Impact of treatments on seed quality parameters








































3.7 Seedling vigor index II (SVI-II)
It was observed that mean SVI-II varies from 1612 to 1400. All the treatments recorded significantly minimum SVI-II as compared to control. Among the treatments coconut water priming recorded highest vigor index II (1612). Since SVI-II is a product of germination and seedling dry weight, a rise in either component contributes increased SVI-II. It was noticed that seedling dry weight recorded highest might be the reason for increased SVI-II.

3.8 Mean germination time
The minimum mean germination time (2.66 days) was observed in the hydropriming treatment, indicating faster and more synchronized germination, whereas the unprimed control exhibited the maximum mean germination time (3.22 days). The accelerated germination under hydropriming can be attributed to the pre-activation of metabolic processes, particularly the synthesis of hydrolytic enzymes and the mobilization of seed reserves, which facilitate early radicle protrusion. Similar observations were reported by Adhikari et al. (2021) in bitter gourd, where hydropriming enhanced enzymatic activity and energy metabolism, leading to a reduction in germination duration.

3.9 Speed of germination
Hydropriming treatment exhibited the highest germination speed index (31.84), while the lowest value (27.29) was observed in the control seeds. The enhanced germination rate in hydro primed seeds can be ascribed to partial hydration during priming, which activates essential enzymatic and physiological processes, thereby shortening the lag phase and expediting radicle emergence (Basra et al., 2005). Conversely, seeds subjected to biopriming treatments showed relatively delayed germination, likely due to microbial colonization and the temporary reduction in water absorption during the early imbibition period.

3.10 Time taken for 50% germination (T50)
The mean T50 among the various priming treatments ranged from 2.44 to 2.62 days. A markedly lower T50 was observed in P. fluorescens + T. viride + coconut water (2.47 days) and hydroprimed seeds (2.44 days), indicating enhanced germination velocity, whereas the control recorded the highest T50 value. The decline in T50 under primed conditions signifies improved physiological readiness of seeds due to early activation of enzymes and rapid water uptake. Similar trends were earlier documented by Basra et al. (2005), emphasizing the role of priming in synchronizing and expediting germination.

4. Conclusion

The seed priming treatment with P. fluorescens + Trichoderma viride + Coconut water was found effective in increasing germination, seedling root length and seed vigour II and also recorded the least time taken for 50% germination. Hydropriming was found effective to increase shoot length, speed of germination and also recorded lowest electrical conductivity, mean time required for germination. Coconut water priming treatment resulted in increased seedling dry weight and also seed vigour II. 
It can be concluded from the study that combined use of bioagents with hydrolytic priming would provide more beneficiary effect for seedling establishment which is also environmentally safe with no residue effect, cost effective particularly for resource poor farmers who chooses field crops. Additionally these priming agents are easily available to the farmers.
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