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ABSTRACT
Tomato is a nutritionally important and economically valuable crop that requires healthy and uniform seedlings for successful cultivation. However, traditional open-field nurseries often face germination and seedling-quality challenges due to environmental and soil-related factors. The objective of this study was to evaluate the efficacy of Arka Microbial Consortium (AMC) in enhancing seed germination, seedling growth, and vigour of tomato seedlings raised in pro-tray nursery conditions through on-farm evaluation. This research was performed during two consecutive Rabi seasons, 2021–22 and 2022–23, at 20 farmers’ fields across five villages of the Kuchaman and Maulasar blocks in Didwana-Kuchaman district of Rajasthan to evaluate the effect of Arka Microbial Consortium (AMC) on tomato seedling production under pro-tray nursery conditions. In this experiment, three treatments, viz., T₁ – Farmers’ practice (control), T₂ – AMC @ 4 g kg⁻¹ coco peat, and T₃ – AMC @ 6 g kg⁻¹ coco peat, were evaluated. Application of AMC significantly influenced the germination and seedling growth parameters of tomato. The results revealed that among the various treatments, T₃-AMC @ 6 g kg⁻¹ coco peat resulted in minimum days to germination (4.20 days) and days required to attain the transplantable stage (23.80 days). The same treatment also observed maximum germination percentage (94.50 %), seedling height (15.11 cm), root length (4.36 cm), number of leaves/seedling (3.88), seedling vigour index (1427.05) and vigour improvement over control (66.35 %). Whereas, in the farmer’s practice (control) recorded the least values for all the observed parameters. The findings of the study indicated that coco peat treated with Arka Microbial Consortium @ 6 g kg⁻¹ significantly improved seedling vigour and nursery performance of tomato seedlings. The present investigation demonstrated that application of Arka Microbial Consortium @ 6 g kg⁻¹ coco peat was the most effective treatment for improving tomato seedling quality under pro-tray nursery conditions. The treatment enhanced germination, seedling growth, and vigour while reducing the time required to reach the transplantable stage. Hence, AMC-enriched coco peat may be recommended as a sustainable nursery management practice for the production of healthy tomato seedlings.
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INTRODUCTION
Tomato (Solanum lycopersicum L.) is recognized as one of the most extensively cultivated vegetable crops worldwide, belonging to the family Solanaceae. The crop is valued for its nutritional importance as fruits are rich in vitamins, minerals and antioxidants such as lycopene and β-carotene. It is commonly known as a “protective food” due to its rich phytonutrient content (Sharma et al., 2021). Tomato cultivation also provides good economic returns to small and marginal farmers. Healthy and vigorous seedlings are essential for better crop establishment and higher productivity in tomato. Germination of the seed is a critical stage, because the rest of the plant life is directly dependent upon the rate of its (Mahala & Sharma, 2020). Traditionally, tomato seedlings are raised in open-field nurseries, where they encounter several challenges such as uneven seed germination, competition for nutrients, light, and water, and increased susceptibility to soil-borne pests and pathogens, ultimately resulting in poor and non-uniform seedling quality (Hazarika et al., 2023). The seedling raising medium is a major factor influencing seed germination/emergence, as well as seedling growth and quality (Aklibasinda et al., 2011). Seedlings raised in plug trays have been reported to exhibit earlier germination and better root development, resulting in more vigorous seedlings. Moreover, plug tray-grown nurseries ensure higher transplanting efficiency and help in maintaining a regular supply of quality seedlings, particularly in vegetable crops (Parween et al., 2025). Excessive use of chemical fertilizers not only increases production costs but also adversely affects soil health. 

In this context, microbial consortia are gaining importance as sustainable nutrient management options. It plays a positive role in supporting plant growth by containing beneficial microorganisms capable of mobilizing nutrients from unavailable to available forms through various biological processes. Furthermore, microbial consortia provide an economically viable and ecologically sustainable approach to reducing external inputs while improving the quality and yield of vegetable crops (Saste et al., 2024). Arka Microbial Consortium, developed by ICAR-IIHR, contains beneficial microorganisms such as Bacillus, Pseudomonas, and Azotobacter, which aid in nutrient solubilization, nitrogen fixation, and plant growth promotion. Microbial consortia, comprising multiple microbial species or strains that coexist and interact synergistically, often exhibit superior performance compared to single-species inoculants due to their complementary functions and enhanced adaptability (Utpal et al., 2025).
In the study area, farmers generally raise tomato seedlings under conventional nursery conditions, resulting in uneven germination and poor seedling growth. Therefore, the present study was undertaken to evaluate the role of AMC on the germination, growth, and vigour of tomato seedlings under pro tray nursery conditions. On-farm trials are an effective participatory approach for evaluating and validating agricultural technologies under farmers’ field conditions. By involving farmers directly in the assessment process, these trials bridge the gap between scientific research and practical application (Vairagar et al., 2025). They provide realistic information on the performance, adaptability, economic viability, and sustainability of innovations under local conditions. Therefore, on-farm evaluation of technologies such as Arka Microbial Consortium (AMC) is essential to assess their effectiveness in improving seedling quality and promoting sustainable nursery management practices in tomato cultivation.
MATERIALS AND METHODS
The present study was conducted by Krishi Vigyan Kendra, Maulasar during the year 2021-22 and 2022-23 to evaluate the effect of Arka microbial consortium on germination, growth and vigour of tomato seedlings under pro tray nursery conditions. The trials were conducted at 20 farmer’s fields covering five villages of Kuchaman and Maulasar blocks in Didwana-Kuchaman district, Rajasthan. The trials were laid out in Randomized Block Design (RBD) with three treatments and twenty replications (farmers’ fields). The treatments comprised: T₁ – Farmer’s practice (control), T₂ – AMC @ 4 g kg⁻¹ coco peat and T₃ – AMC @ 6 g kg⁻¹ coco peat. The nursery media consisted of coco peat, vermicompost and sand mixed in the ratio of 3:1:1. Arka Microbial Consortium was thoroughly mixed in the nursery media as per treatment before sowing. A single tomato seed was sown in each cell of the pro tray and lightly covered with vermicompost. Irrigation was provided daily using a rose can during the initial stage and later adjusted according to moisture requirement of seedlings. Observations on days to germination, germination percentage, seedling height, root length, number of leaves/seedlings, days to attain transplantable stage and seedling vigour index were recorded from randomly selected seedlings. Days to germination were recorded as the number of days taken from seed sowing to the appearance of seedlings above the growing medium. Germination percentage was worked out on the basis of the total number of seeds germinated in relation to the total number of seeds sown. Seedling height (cm) was measured from the base of the seedling to the growing tip, and the average value of selected seedlings was used for analysis. Root length (cm) was measured from the collar region to the tip of the primary root and expressed as mean root length. Number of leaves per seedling was recorded by counting the fully expanded true leaves present on each selected seedling, and the mean value was calculated. Days to attain transplantable stage were recorded as the number of days required for the seedlings to reach the transplanting stage suitable for field establishment. Seedling Vigour Index (SVI) was computed as the product of germination percentage and seedling height (cm) [SVI = Germination Percentage (%) × Seedling Height (cm)]. Root: shoot ratio was calculated as Root Length (cm)/Shoot Length (cm), and vigour improvement over control (%) was calculated as [(SVI of treatment − SVI of control)/SVI of control] × 100. The pooled data of both years were statistically analysed using the online OPSTAT software (Sheoran et al., 1998). Treatment means were compared using critical difference (CD) at 5 per cent level of significance.

RESULTS AND DISCUSSION
The growth performance of tomato seedlings under pro tray nursery conditions was significantly influenced by the different treatments of the Arka microbial consortium (Table 1).
The growth performance of tomato seedlings raised under pro-tray nursery conditions was significantly influenced by the microbial consortium treatments (Table 1). Variations among treatments were observed for different seedling growth parameters, indicating the potential of microbial inoculation in improving nursery performance and seedling quality. Among different treatments, minimum days to germination (4.20 days) was recorded in T₃- AMC @ 6 g kg⁻¹ coco peat, which was significantly superior over farmers’ practice (6.40 days). Earlier germination under AMC treatment might be due to enhanced microbial activity and better nutrient availability in the nursery media. The positive response of tomato seedlings to microbial consortium treatments may be due to the production of plant growth-promoting substances and improved nutrient availability through nitrogen fixation and phosphorus and zinc solubilization, which likely contributed to enhanced seedling growth and earlier germination (Aswathi et al., 2020). The present study was also supported by the findings of Venkata Subbaiah (2018) in brinjal; Priyadarshini et al. (2020) in French bean and Amaranthus; and Choudhary & Kumari (2025) in chilli, who reported a significant positive influence on seed germination. Germination percentage was significantly improved with the application of microbial consortia. The highest germination (94.50%) was observed under T₃ (AMC @ 6 g kg⁻¹ coco peat) followed by T₂ (90.90%), whereas the lowest germination percentage (84.60%) was recorded under farmer’s practice. Improved percentage of seed germination under microbial consortium treatments may be attributed to production of growth-promoting substances and enhanced nutrient solubilization by beneficial microorganism. Supporting evidence was provided by previous researchers, namely Venkata Subbaiah et al. (2018) in brinjal, Rajendra et al. (2024) in mangosteen, and Choudhary & Kumari (2025) in chilli.
Table 1. Effect of Arka Microbial Consortium on Germination, Growth and Vigour of Tomato Seedlings under Pro Tray Nursery Conditions
	Treatments
	Days to germination
	Germination (%)
	Seedling height (cm)
	Root length (cm)
	No. of leaves/seedling
	Days to attain transplantable stage
	Seedling Vigour Index
	Root: Shoot ratio
	Vigour improvement over control (%)

	T1- Farmers Practices (Only use coco peat)
	6.40
	84.60
	10.12
	2.84
	2.78
	27.20
	857.88
	0.284
	0.00

	T₂ - 4 g AMC/kg coco peat
	5.40
	90.90
	13.27
	3.27
	3.52
	25.60
	1207.54
	0.248
	40.76

	T₃ - 6 g AMC/kg coco peat
	4.20
	94.50
	15.11
	4.36
	3.88
	23.80
	1427.05
	0.292
	66.35

	CD at 5%
	0.62
	5.54
	1.44
	0.21
	0.35
	2.60
	154.45
	0.031
	–

	SE(m) ±
	0.21
	1.85
	0.48
	0.07
	0.12
	0.87
	51.98
	0.011
	–

	SE(d) ±
	0.29
	2.62
	0.68
	0.01
	0.17
	1.23
	73.52
	0.015
	–

	CV (%)
	12.29
	6.50
	11.85
	6.27
	10.92
	10.77
	14.12
	12.11
	-


	Significant differences were also observed for seedling growth parameters. Maximum seedling height (15.11 cm), root length (4.36 cm) and number of leaves per seedling (3.88) were recorded with AMC @ 6 g kg⁻¹ coco peat, while minimum values were observed under control treatment. The results obtained in the present investigation are comparable with those of Choudhary & Kumari (2025), who reported improvements in seedling height, root length, and leaf production following AMC application in coco peat. The enhanced growth observed in the present study may be associated with the combined effect of the growing medium and beneficial microorganisms, which could improve nutrient availability and promote root development. Microbial activity may also contribute to the production of growth-promoting substances and improved nutrient acquisition through biological nitrogen fixation and the solubilization of phosphorus and zinc. These beneficial effects likely supported vigorous seedling growth, resulting in greater seedling height, longer roots, and a higher number of leaves under nursery conditions. The findings of the present study are also in agreement with those reported by Aswathi et al. (2020) in lettuce; Bindu et al. (2024) in palak and Venkata Subbaiah et al. (2018) in brinjal.  Application of AMC also reduced the number of days required to attain transplantable stage. The minimum duration (23.80 days) was recorded under T₃, whereas seedlings under farmers’ practice required 27.20 days to attain transplantable stage Early attainment of transplantable stage under AMC treatment indicates better seedling vigour and rapid growth. Seedling Vigour Index (SVI) was significantly influenced by AMC application. The highest SVI (1427.05) was recorded under T₃ followed by T₂ (1207.54), while the lowest value (857.88) was observed under control. The higher vigour index under AMC treatment indicated production of healthy and vigorous seedlings. Similarly, maximum root: shoot ratio (0.292) was observed under T₃, indicating better root development and balanced seedling growth. The treatment T₃ also showed 66.35 per cent improvement in vigour over control, highlighting the beneficial effect of Arka Microbial Consortium in enhancing nursery performance of tomato seedlings. The improved growth of tomato seedlings observed in the present study may be attributed to the beneficial activity of the microbial consortium. Microbial consortia consist of groups of compatible microorganisms that act synergistically to enhance nutrient availability and biological activity in the growing medium. Their activity can improve nutrient acquisition and support favourable rhizosphere conditions, thereby promoting better seedling growth and vigour. Similar beneficial effects of microbial consortia on plant growth and productivity have been reported by Krestini et al. (2020). Overall, the study indicated that enrichment of coco peat with AMC @ 6 g kg⁻¹ significantly improved germination, seedling growth and vigour under pro tray nursery conditions. The positive response of tomato seedlings to AMC treatments observed in the present study is consistent with the findings of Murugan et al. (2022), who reported enhanced plant growth following the application of Arka Microbial Consortium in marigold. The authors suggested that the beneficial microorganisms present in the consortium played an important role in improving plant growth through enhanced nutrient availability and biological activity in the rhizosphere. Similar responses may have occurred under the present nursery conditions, where microbial inoculation could have improved nutrient accessibility and stimulated early seedling growth. Consequently, seedlings receiving AMC treatments exhibited superior growth characteristics, including greater seedling height, longer root length, and higher leaf production, compared to the untreated control. The results of the present study were also corroborated by the findings of Venkata Subbaiah et al. (2018) in brinjal and Choudhary & Kumari (2025) in chilli, who reported similar observations with respect to fewer days required for transplanting in seedlings raised in coco peat treated with AMC @ 6 g kg⁻¹.
CONCLUSION
The present study demonstrated that application of Arka Microbial Consortium (AMC) significantly improved seed germination, seedling growth, and vigour of tomato under pro-tray nursery conditions. Among the treatments evaluated, AMC @ 6 g kg⁻¹ coco peat proved to be the most effective, resulting in higher germination percentage, seedling height, root length, number of leaves per seedling, and seedling vigour index, while reducing the time required for germination and attainment of the transplantable stage. The findings indicate that AMC-enriched coco peat is an effective and sustainable nursery management practice for producing healthy, vigorous, and transplant-ready tomato seedlings.
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