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Abstract

A study was undertaken at the College of Agriculture, Vellayani, during 2021-22 to assess the effect of growth media compositions on P. indica colonization and evaluating their effect on rice seedling performance. The experiment employed eight media combinations with and without inoculation, incorporating paddy soil, farmyard manure, vermicompost, neem cake, and coir pith compost in various ratios. Growth parameters recorded at 14 days after sowing included germination percentage, plant height, number of leaves per plant, leaf dimensions, shoot and root dry weights, total dry matter production, and vigour index. The results indicated that P. indica inoculation significantly improved seedling growth across all measured parameters compared to uninoculated controls, with the best performance observed in the medium containing paddy soil, farmyard manure, and coir pith compost in a 1:1:1 ratio. The improvement was attributed to the favourable physical properties of coir pith compost that supported fungal colonization. In contrast, neem cake–based uninoculated media consistently suppressed seedling traits. The findings highlight the growth-promoting potential of P. indica, suggesting its applicability in strengthening rice nursery management by fostering vigorous seedlings, particularly under resource-constrained conditions.
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Introduction

Rice (Oryza sativa L.) serves as the primary dietary staple for most of the global population and is produced across irrigated, rainfed, and deep-water environments. These ecosystems together span 165 million hectares, yielding close to 717 million tons annually (1). Asia dominates global production, contributing about 690 million tons from 130 million hectares (2). Within this, India plays a key role with approximately 47 million hectares under cultivation and an output of 110 million tons (3). In sharp contrast, the state of Kerala has seen a drastic shrinkage in rice area, where cultivation now covers only 0.19 million hectares, producing 0.55 million tons with an average productivity of 2.89 t ha⁻¹ in 2021–22 (4). The reduction in rice production sector in Kerala is linked to adverse soil and climatic conditions with extremely acidic soils rich in iron, heavy weed infestation (5), limited irrigation facility during the rabi and summer seasons, and the recurrent incidence of floods due to climate change uncertainties (6). Addressing these issues requires sustainable, long-term strategies rather than short-lived corrective measures. Improving the vigour of rice seedlings enables them to better withstand early competition and adverse field conditions (7). The use of plant-associated beneficial microbes represents a promising strategy for improving crop growth and resilience. Among them, Piriformospora indica, a root endophyte first reported from drought-tolerant plants in Rajasthan (8), has received considerable attention. The fungus colonizes root tissues and contributes to improved plant growth, higher biomass, enhanced nutrient uptake, and better resilience to both abiotic and biotic stresses (9 and 10) 

Earlier studies on colonization by P. indica has been shown to stimulate nutrient acquisition, particularly nitrogen, phosphorus, and potassium, while simultaneously altering root morphology to promote deeper and more branched root systems (11 and 12). By improving nutrient-use efficiency and potentially reducing reliance on chemical fertilizers, this endophyte holds significant promise for sustainable rice intensification Nonetheless, the success of its application depends on identifying appropriate growth media that support vigorous colonization and on validating its effectiveness in under practical field conditions. Against this backdrop, the present study was undertaken to evaluate the effect of different growth media compositions on P. indica colonization in rice seedlings and to assess its impact on their growth characteristics.



Materials and Methods

The study was carried out at the Department of Agronomy, College of Agriculture, Vellayani, using rice variety Uma (MO 16) seeds obtained from IFSRS, Karamana, and surface-sterilized prior to use. P. indica pure culture from the Department of Plant Pathology were sub-cultured aseptically on potato dextrose agar (PDA) plates, incubated at room temperature for five days to achieve uniform mycelial growth. For liquid inoculum, mycelial discs from these cultures were transferred to sterilized potato dextrose broth (PDB) in conical flasks, incubated at room temperature with shaking (40 rpm) for ten days, producing a fully developed fungal broth for mass inoculation. Growth media were prepared using paddy soil, farmyard manure, vermicompost, neem cake, and coir pith compost, each shade-dried, powdered, and sieved (2 mm) before mixing in treatment-specific ratios. To supply carbon, 2% (w/w) gram flour was added. The mixtures were sterilized via three autoclaving cycles (121 °C, 21 min), transferred aseptically to trays, moistened to field capacity with sterile water, and inoculated with 40 mL fungal broth plus mats per 500 g medium. After thorough mixing and covering to prevent contamination, trays were incubated at room temperature for one week, with dense white fungal mats indicating successful colonization (13). 
The lab study was conducted in a completely randomized design (CRD) with eight treatments replicated thrice. The treatments were eight different growth media combinations with and without fungal inoculation. The specific treatments were as follows: T1: Paddy soil + farmyard manure (FYM) + Vermicompost (1:1:1) with P. indica; T2: Paddy soil + FYM + Vermicompost (1:1:1) without P. indica; T3: Paddy soil + FYM + Neem cake (1:1:1) with P. indica; T4: Paddy soil + FYM + Neem cake (1:1:1) without P. indica; T5: Paddy soil + FYM + Coir pith compost (1:1:1) with P. indica; T6: Paddy soil + FYM + Coir pith compost (1:1:1) without P. indica; T7: Paddy soil + FYM + Vermicompost + Neem cake + Coir pith compost (1:1:1:1:1) with P. indica; and T8: Paddy soil + FYM + Vermicompost + Neem cake + Coir pith compost (1:1:1:1:1) without P. indica. The efficiency of each treatment was assessed based on both seedling growth performance and colonization potential of the fungus, following the criteria outlined (14). Rice seeds for the nursery trials were surface-sterilized in 0.1% Hg Cl₂, rinsed, and pre-soaked for 12 h. Seeds were sown evenly on trays containing P. indica grown media. Germination began 2 to 3 DAS, and germination percentage and leaf parameters were recorded at 14 DAS. Statistical analysis of the data was performed using Analysis of Variance (ANOVA) as per the methodology described (15). 



Results and Discussion

The data for germination percentage, plant height, number of leaves per plant, leaf length, and leaf width are summarized in Table 1. Germination percentage at 14 DAS was significantly affected by both the composition of the growth media and the presence of fungal colonization. On average, media inoculated with P. indica showed an 8.93% higher germination compared to their uninoculated counterparts. Among all treatments, the medium composed of paddy soil, farmyard manure, and coir pith compost in equal proportions (T5) combined with P. indica resulted in the highest germination rate of 92.28%, whereas the lowest germination of 66.65% was observed in T8 (a mixture of paddy soil, FYM, vermicompost, neem cake, and coir pith compost) without inoculation. This represents a 38.55% improvement in the best-performing treatment over the lowest. The enhanced germination observed under fungal colonization can be attributed to the ability P. indica to stimulate early physiological and biochemical processes, including elevated nitrate reductase activity, improved phosphorus mobilization, and increased levels of gibberellins and indole-3-acetic acid, which promote seed metabolism (16 and 17). Comparable findings were reported by (18) where coir pith compost-based colonization significantly improved germination and early seedling vigour in rice. The suppressive effect of neem cake-based uninoculated media suggests possible antifungal compounds interfering with fungal activity and seed metabolism.

 Plant height also responded positively to colonisation. Across treatments, P. indica colonisation resulted in an average increase of 14.92% over non-colonised counterparts. The tallest seedlings (20.56 cm) were obtained in T5, while the shortest (12.11 cm) were in T4 (paddy soil + FYM + neem cake without inoculation). Thus, the best treatment achieved a 69.74% increase in height over the lowest. Taller seedlings under inoculation can be linked to enhanced nutrient uptake, particularly nitrogen and phosphorus, and hormonal regulation induced by P. indica (19). Increased auxin and gibberellin activity promote cell elongation, while better root–shoot communication sustains shoot extension (17). Comparable findings have been reported in rice and other cereals where colonisation by P. indica promoted shoot elongation, even under nutrient-limiting conditions (20 and 16).

The number of leaves per plant was significantly higher in inoculated treatments, with an average increase of 16.47% compared to uninoculated ones. Maximum leaf number (2.11 leaves per plant) was recorded in T5, while the lowest (1.56) was observed in T4 without inoculation, marking a 35.25% increase of the best treatment over the lowest. Leaf initiation and development are vital for establishing a greater photosynthetic surface area during early seedling growth. P. indica colonisation enhanced leaf number by stimulating carbohydrate metabolism and hormonal pathways regulating leaf primordia initiation. The role of coir pith compost in sustaining fungal colonisation and root aeration might have synergized these effects. This is consistent with reports where P. indica colonisation promoted faster leaf initiation and tillering in rice seedlings (20). Leaf length showed a 16.97% average increase in colonised media compared to their controls. The highest value (15.33 cm) was observed in T5, while the lowest (9.00 cm) was recorded in T4 without inoculation. Thus, the best-performing treatment exceeded the lowest by 70.33%. Enhanced leaf elongation under colonisation can be attributed to the modified root architecture enabling improved water and nutrient uptake (12). Longer leaves directly translate into a larger photosynthetic surface area, which improves seedling energy capture. P. indica promoted leaf elongation by elevating indole-3-acetic acid while suppressing jasmonic acid, creating a favourable hormonal balance (16). 

[bookmark: _GoBack]Leaf width responded significantly to colonisation, with an average increase of 4.69 % across treatments. The broadest leaves (3.28 mm) were recorded in T5, while the narrowest (2.55 mm) were observed in T4 without inoculation. This amounts to an increase of 28.63% over the best treatment. Broader leaves in colonized plants reflect improved cell expansion and sustained turgor facilitated by P. indica-mediated water relations with higher relative leaf water content (17). Wider leaves contribute to higher light interception, improving photosynthetic efficiency during initial stages. Although the relative gain was smaller compared to length, the improvement is biologically significant in creating a robust canopy. Similar moderate but consistent gains in tiller production in rice under P. indica inoculation have been noted (20). 

The seedling vigour as represented by vigour index was superior in colonized seedlings raised in T5 indicating that coir pith compost-based media consistently outperformed other combinations. Colonization enhanced growth and T5 showed marked superiority over neem cake-based uninoculated treatments, highlighting the importance of a compatible medium for fungal inoculation. Neem cake without colonization suppressed seedling traits, due to antifungal compounds, whereas coir pith compost promoted fungal establishment, improved water retention, and uptake. Overall, P. indica inoculation proved effective in enhancing germination, shoot elongation, leaf development, and early seedling vigour, corroborating previous findings on the benefits of endophytic fungi in improving nutrient use efficiency and resilience in rice (19 and 16).

Conclusion
Piriformospora indica inoculation significantly enhanced germination, growth and vigour of rice seedlings raised in the growth medium prepared out of paddy soil, FYM and coir pith compost in 1:1:1 ratio. Growth promotion was observed in terms of plant height and improved leaf production with enhanced seedling vigour. These findings highlight a sustainable strategy for strengthening rice nurseries, producing robust seedlings with improved climate resilience.
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Table 1. Effect of growth media combinations for P. indica colonisation on growth parameters of rice at 14 DAS
	Treatments
	Germination percentage
	Plant height (cm)
	Number of leaves per plant
	Leaf 
length (cm)
	Leaf width (mm)
	Vigour index

	T1 - PS: FYM: VC in 1:1:1 + Pi
	83.05 ± 0.72c
	17.94 ± 1.21b
	2.00 ± 0.00ab
	13.72 ± 0.91b
	3.27 ± 0.36a
	1534.95 ± 188.66b

	T2 - PS: FYM: VC in 1:1:1 - Pi
	79.97 ± 0.69e
	15.72 ± 0.91c
	1.67 ± 0.50bc
	11.78 ± 0.97d
	3.16 ± 0.36ab
	1295.05 ± 159.18d

	T3 - PS: FYM: NC in 1:1:1 + Pi
	90.23 ± 0.78b
	14.06 ± 1.04d
	1.56 ± 0.53c
	10.33 ± 0.90e
	2.67 ± 0.50cd
	1306.20 ± 60.55cd

	T4 - PS: FYM: NC in 1:1:1 - Pi
	82.03 ± 0.71d
	12.11 ± 0.93e
	1.56 ± 0.53c
	9.00 ± 0.00f
	2.55 ± 0.50d
	1023.18 ± 125.76e

	[bookmark: _Hlk167979801]T5 - PS: FYM: CPC in 1:1:1 + Pi
	92.28 ± 0.80a
	20.56 ± 2.01a
	2.11 ± 0.33a
	15.33 ± 1.50a
	3.28 ± 0.26a
	1953.67 ± 240.13a

	T6 - PS: FYM: CPC in 1:1:1 - Pi
	83.05 ± 0.72c
	17.11 ± 2.15bc
	1.67 ± 0.50bc
	12.00 ± 1.41cd
	3.08 ± 0.26ab
	1463.67 ± 79.90bc

	T7 - PS: FYM: VC: NC: CPC in 1:1:1:1:1 + Pi
	73.82 ± 0.64f
	19.67 ± 2.36a
	2.00 ± 0.00ab
	13.89 ± 1.62b
	3.06 ± 0.17ab
	1495.35 ± 183.80b

	T8 - PS: FYM: VC: NC: CPC in 1:1:1:1:1 - Pi
	66.65 ± 0.57g
	18.00 ± 1.94b
	1.67 ± 0.50bc
	13.00 ± 1.50bc
	2.94 ± 0.17bc
	1235.56 ± 151.87d

	SEm (±)
	0.24
	0.56
	0.14
	0.40
	0.12
	58.85

	CD (0.05)
	0.664
	1.569
	0.396
	1.138
	0.326
	166.297


where, PS - paddy soil, VC – vermicompost, NC - neem cake: CPC - coir pith compost, Pi+ (colonised with P. indica), Pi- (without P. indica)


