


Positive Influence of Culture Filtrates from Trichoderma spp. and Other Bioagents on Growth Enhancement in Rice (Oryza sativa L)

Abstract
Rice (Oryza sativa L.) is a vital cereal crop, belongs to the Poaceae (grass) family that forms the staple diet for more than half of the global population. It plays a critical role in food security and nutrition but severely affected by the rhizoctonia solani causing heavy yield loss. The present study evaluated the efficacy of culture filtrate of different bioagents and fungicide applied as seedling treatment (S.T.) and foliar spray (F.S.) on crop growth parameters of rice under field condition during 2023-24 and 2024-25. Treatments included the culture filtrates of Trichoderma viride, T. harzianum, Bacillus subtilis, Pseudomonas fluorescens and Carbendazim. Results revealed that all treatments significantly improved the growth parameters. Among all treatments, T. harzianum at 10% (T4) consistently recorded superior performance, with the maximum shoot length (108.36 cm and 109.10 cm), Fresh shoot weight (196.40 g/plant and 197.88 g/plant), Dry shoot weight (70.18 g/plant and 71.42 g/plant), Fresh root weight (26.48 g/plant and 27.28 g/plant), Dry root weight (11.68 g/plant and 12.36 g/plant, Number of tillers per hill (15.17 and 15.32) and Number of panicles per hill (12.88 and 12.35) in 2023–24 and 2024–25 respectively. T. viride at 10% (T2) and Carbendazim at 0.1 % (T9) ranked next in effectiveness, whereas, other treatments (T1, T3, T5, T6, T7 and T8) produced moderate gains. Untreated and inoculated controls recorded the lowest values. Overall, seedling treatment and foliar spray using T. harzianum culture filtrate at 10% emerged as the most effective, providing a sustainable alternative to chemical fungicides for improving crop growth.
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1. Introduction
Rice (Oryza sativa) is a vital staple crop that supports billions of people worldwide, especially in Asia. Regions such as Telangana and Tamil Nadu in India are prominent rice producers. Unfortunately, the crop faces serious threats from sheath blight disease caused by the fungus Rhizoctonia solani. This disease has become one of the most destructive rice diseases globally, with farmers experiencing yield losses ranging from 20% to as high as 70% in severe outbreaks (Jyothi & Sundaramoorthy, 2025; Reedoy et al., 2025).
Proximate composition analysis shows protein content in common rice varieties, including scented types, typically ranges from 7.1% to 8.9%. However, the Pusa Basmati cultivar has a notably higher protein content of 9.5%. Chromatographic studies of rice lipid triglycerides reveal the fatty acid composition includes palmitic acid (16.87-26.44%), oleic acid (48.72-62.92%) and linoleic acid (24.84-25.31%) (Ramarathnam et al., 1983).
Sheath blight primarily affects the leaf sheaths and stems, forming lesions that spread quickly under warm and humid conditions. The fungus survives in soil and crop debris, allowing it to persist and reinfect crops year after year. Recent surveys have shown high disease incidence rates, reaching more than 70% in some rice-growing districts in South India, underscoring the severity of the problem (Jyothi & Sundaramoorthy, 2025; Pal & Mandal, 2024). Studies also indicate that weather conditions such as temperature, rainfall and humidity significantly influence disease development and severity (Kasniya et al., 2025). 
Traditional control methods rely heavily on chemical fungicides, which pose environmental risks and may lead to fungicide resistance. Thus, researchers are increasingly focusing on eco-friendly biological control strategies. Promising results have been achieved using native bacterial and fungal bioagents that inhibit Rhizoctonia solani and enhance the plant's natural defense, offering a sustainable alternative for sheath blight management (Reedoy et al., 2025; Sahni et al., 2023). Different T. harzianum and T. lignorum isolates were tested  against soil borne pathogens and were found to be very effective in controlling them (Spiegel & Chet, 1998).
An experiment conducted on T. asperellum to manage sheath blight in tropical lowland rice condition shows reduced disease severity about 19%, increased grain weight about 34% and increased yield about 41% (Abbas, Jiang and Fu, 2017).
Mathivanan et al., (2005) reported that combined applications of T. viride and Pseudomonas fluorescense was effective without any negative effects in reducing rice sheath blight besides increasing number of productive tillers, higher grain and straw yields.
Efforts to breed resistant rice varieties continue, although stable resistance is difficult due to the complex nature of the pathogen and the genetic architecture of resistance. Recent advances in understanding pathogen interactions and host resistance mechanisms provide hope for integrated management approaches combining resistant varieties, biological agents, and optimized cultural practices to reduce the impact of sheath blight (Kalboush et al., 2024; Feng et al., 2025). Therefore, the present study is aimed to investigate the effect of culture filtrates of different bioagents on growth parameters of rice for promoting the overall growth of plant and achieving the higher potential of yield. 
 Materials and Methods
2.1 Experimental site
The present study was carried out during 2023-24 and 2024-25 in the laboratory of department of Plant Pathology and Student Instructional farm (S.I.F), Chandra Shekhar Azad University of Agriculture and Technology, Kanpur, 208002 (Uttar Pradesh). 
2.2 Isolation and purification of pathogen (Rhizoctonia solani) 
R. solani was isolated from infected plant tissue by cutting small lesion samples, surface-sterilizing them with 1% sodium hypochlorite, rinsing thoroughly three times in distilled water to remove chemical residues and transferring the pieces to isolation media, Potato Dextrose Agar (PDA) and incubate at 28 ± 2ºC to promote fungal growth. For purification, mycelial discs (5–8 mm) from initial cultures were placed on PDA or alkaline water agar plates containing 300 ppm streptomycin to suppress bacterial contamination, followed by incubation and subculturing to obtain pure fungal cultures. 
2.3 Source of bioagents
The bioagents were used in this study obtained from the biocontrol laboratory, department of Plant Pathology, Chandra Shekhar Azad University of Agriculture and Technology, Kanpur, 208002 (Uttar Pradesh).
 2.4 Preparation of culture filtrates of different bioagents
The biocontrol efficacy of non-volatile metabolites from Trichoderma spp. was estimated following the method of Jariwala et al., (1991) with slight modification. Briefly, 1 ml of spore suspension (1 x 105 cfu ml-1) was inoculated in Potato Dextrose Broth (PDB) and incubated at 28±2°C without shaking for 10 days. After incubation, the fungal mycelial mat and spores were removed by filtration through a double layer of Whatman filter paper No. 1 and sterilized by passing through a 0.22 μm pore size syringe filter (Millipore).  The filtrates were used for antifungal activity. 
In case of bacterial (Bacillus subtilis and Pseudomonas fluorescens) bio agent culture filtrate preparation, we need a 250ml conical flask holding 100ml of nutrient broth was inoculated with required bacterial bioagent (Bacillus subtilis and Pseudomonas fluorescens). Flasks were incubated at 26 ± 2 °C for 96 hours using an orbital shaker operating at 100 rpm. To obtain the cell-free filtrate, the culture was run through Whatman filter paper (no.1) followed by biological membrane filter with 0.2μm pore size. The obtained culture filtrate was of 100% concentration. The final filtrate, conc. of 5% and 10% was prepared and was combined with melted PDA media. In 90mm Petri plates, about 20ml of the media with both filtrate concentrations of different isolates were poured. An individual equal disc (5 mm) of pathogen culture (3-4 days old) used to inoculate the test pathogen. Petri plates devoid of filtrate serve as the control (Nandakumar et al., 2002).
2.5 Seedling Treatment 
Seeds are germinated under controlled conditions until seedlings develop. Seedlings are usually 20 to 25 days old at the time of treatment. Seedlings are either dipped or sprayed with the culture filtrate of bioagent. Dipping involves immersing the base of seedlings in the culture filtrate (5 and 10 % conc.) of different bioagent and carbendazim 50 % WP (0.1 %) for a fixed time (e.g., 30 minutes to 2 hours). After treatment, seedlings are transplanted to the main field for growth.
2.6 Treatment detail
The experiment was conducted in randomized block design (RBD) with 11 treatments and 3 replications during kharif season 2023-24 and 2024-25 using PB-1121 variety. The culture filtrates of different bio agents (@ 5 % and 10 %) and carbendazim 50 % WP (0.1 %) was screened out by seedlings treatment and one foliar spray (after pathogen inoculation) based on growth parameters of rice crop.
2.7 Observations Recorded
Random sampling technique was adopted for recording the observation on growth parameter due to effect of inducer described as follows:
a. Shoot length (cm) 
b. Fresh Shoot and Root weight (gm) 
c. Dry Shoot and Root weight (gm) 
d. Number of Tillers/plant 
e. Number of panicles/plant 
	[bookmark: _Hlk210047156]S. No.
	Treatment detail

	T1
	Seedling treatment + foliar spray with culture filtrate of Trichoderma viride @ 5 % 

	T2
	Seedling treatment + foliar spray with culture filtrate of Trichoderma viride @ 10 %

	T3
	Seedling treatment + foliar spray with culture filtrate of Trichoderma harzianum @ 5 %

	T4
	Seedling treatment + foliar spray with culture filtrate of Trichoderma harzianum @ 10 %

	T5
	Seedling treatment + foliar spray with culture filtrate of Bacillus subtilis @ 5 %

	T6
	Seedling treatment + foliar spray with culture filtrate of Bacillus subtilis @ 10 %

	T7
	Seedling treatment + foliar spray with culture filtrate of Pseudomonas fluorescens  @ 5 %

	T8
	Seedling treatment + foliar spray with culture filtrate of Pseudomonas fluorescens  @ 10 %

	T9
	[bookmark: _Hlk210030727]Seedling treatment + foliar spray with Carbendazim 50% WP @ 0.1 %

	T10
	Control (Inoculated)

	T11
	Control (Untreated)



2.8 Statistical analysis  
Each treatment was replicated thrice and the values are means +  SE. The data were computed using SPSS software version 21.
3. RESULTS AND DISCUSSION
List 1. The details of various treatment

3.1 Effect of culture filtrate of different bio-agents on shoot length (cm) at 90 days after transplanting of rice under field condition during kharif 2023-24 and 2024-25.
The data presented in Table 1 shows that T4 achieved maximum shoot length of 108.36 cm and 109.10 cm at 90 DAT during 2023-24 and 2024-25 respectively, representing 28.11% and 27.60 % increase over untreated control and 34.37% and 34.35% increase over inoculated control respectively. The progressive growth pattern showed consistent superiority at all measurement intervals (10, 20, 30 and 40 DAT). T2 followed closely with 107.22 cm and 107.80 cm, showing 26.76% and 26.08% increase over untreated control and 32.96 % and 32.75% increase over inoculated control respectively. The fungicide treatment T9 recorded moderate increases of 22.60% and 22.22% over untreated control and 28.59% and 28.69% increase over inoculated control respectively, demonstrating that while chemical treatments provide benefits, but culture filtrate of bioagents offer superior growth enhancement. Other treatments (T1, T3, T5, T6, T7 and T8) showed intermediate performance, validating their biological activity but confirming the enhanced efficacy of their culture filtrate.  The lowest shoot length was recorded in T10 (inoculated control) with 80.64 g and 81.20 g, showing an increase of -4.65% and -5.02% over untreated control, during 2023-24 and 2024-25, respectively. Rao Yaduman (2016) also reported that, maximum shoot length @120 DAT (28.41 and 29.35 cm), dry shoot weight (64.25 and 63.90 g), root length @90 DAT (17.01 and 16.69 cm), dry root weight (2.94 and 2.93 g) was recorded with treatment T. harzianum (ST) + Propiconazole (FS) in the year 2013 and 2014, respectively. Hassan (2017) also said that T. viride 1, T. harzianum 2 and T. koningii increased the plant hight, panicle length, and grain yield and reduced the number of discolored grains per panicle.
3.2 Effect of culture filtrate of different bio-agents on fresh shoot weight (gm) at 90 days after transplanting of rice under field condition during kharif 2023-24 and 2024-25.
The observations of fresh shoot weight were taken 90 days after transplanting (DAT) during the 2023-24 and 2024-25 cropping seasons. The data illustrated in Table 2 shows that maximum fresh shoot weight was recorded in T4 with 196.40 g and 197.88 g in both years, showing the highest 15.66% and 16.01% increase over untreated control and 18.09% and 18.33% increase over inoculated control, respectively. This was closely followed by T2, which recorded 196.30 g and 196.96 g with an increase of 15.60% and 15.47% over untreated control and by 18.03% and 17.78% increase over inoculated control, respectively, in the two seasons. The treatment T9 recorded moderate increases of 13.25% and 13.66% over untreated control and 15.63% and 15.93% increase over inoculated control, respectively. Other treatments (T1, T3, T5, T6, T7 and T8) showed comparatively lesser effectiveness but comparatively higher than the untreated and inoculated control, and the lowest fresh shoot weight was recorded in T10 (inoculated control) with 166.30 g and 167.22 g, showing a reduction of -2.06% and -1.95% over untreated control, during 2023-24 and 2024-25, respectively. Imran (2023) also reported that foliar application of Trichoderma CFs not only alleviates the early blight infection on tomato plants but also increases biomass, viz., the fresh and dry weight of roots and shoots. Shah et al., (2024) also reported that the soil application of T. harzianum AMUTHZ84 significantly promoted the shoot and root length (23.6 and 21.3%) followed by seed treatment (19.7 and 18.2%) under recommended level of irrigation condition (100% irrigation).
3.3 Effect of culture filtrate of different bio-agents on fresh root weight (gm) at 90 days after transplanting of rice under field condition during kharif 2023-24 and 2024-25.
The observations of fresh root weight were taken 90 days after transplanting (DAT) during the 2023-24 and 2024-25 cropping seasons. The data illustrated in Table 3 shows that maximum fresh root weight was recorded in T4 with 26.48 g and 27.28 g in both years, showing the highest, 35.24% and 35.18% increase over untreated control and 45.97 and 37.36% increase over inoculated control respectively. This was closely followed by T2, which recorded 25.74 g and 26.56 g with an increase of 31.46% and 31.61% increase over untreated control and by 41.89 and 33.73% increase over inoculated control respectively in the two seasons. The fungicide treatment T9 recorded moderate increases of 24.51% and 28.24% over untreated control and 34.39% and 30.31% increase over inoculated control respectively. Other treatments (T1, T3, T5, T6, T7 and T8) showed comparatively lesser effectiveness but comparatively higher than the untreated and inoculated control, and the lowest fresh root weight was recorded in T10 (inoculated Control) with 18.14g and 19.86 g and increase over untreated control by -7.35% and -1.58% during 2023-24 and 2024-25, respectively. Shah et al., (2024) also proved that the soil application of T. harzianum AMUTHZ82 significantly promoted the plant biomass production under 75 and 50% water availability with a maximum increase 20.6 and 17.6% in shoot fresh weight and 18.5 and 15.3% in root fresh weight respectively, over control (P ≤ 0.05).
3.4 Effect of culture filtrate of different bio-agents on dry shoot weight (gm) at 90 days after transplanting of rice under field condition during kharif 2023-24 and 2024-25.
The observations of dry shoot weight were taken 90 days after transplanting (DAT) during the 2023-24 and 2024-25 cropping seasons. The data illustrated in Table 4 shows that maximum dry shoot weight was recorded in T4 with 70.18 g and 71.42 g in both years, showing the highest increase of 8.16% and 9.94% over untreated control and 12.73% and 12.57% increase over inoculated control, respectively. This was closely followed by T2, which recorded 69.97 g and 70.83 g with an increase of 7.84% and 9.03% over untreated control and 12.40% and 11.64% increase over inoculated control in the two seasons, respectively. The treatment T9 recorded moderate increases of 6.53% and 8.12% over untreated control and 11.03% and 10.71% increase over inoculated control, respectively. Other treatments (T1, T3, T5, T6, T7, and T8) showed comparatively lesser effectiveness but comparatively higher than the untreated and inoculated control. The lowest dry shoot weight was recorded in T10 (inoculated control) with 62.25 g and 63.44 g, and increase over untreated control by -4.05% and -2.33% over untreated control during 2023-24 and 2024-25, respectively. Mazhabi (2010) also proved by an experiment with five isolates of Trichoderma (T. harzianum B1, T. virens Et4, T. virens Rabi, T. virens Et6, T. virens 65Amar) indicated that T. harzianum was more effective increasing quantitative traits like fresh and dry weight, stem length and flower diameter of Tagetes, Gaillardia and Zinnia. 
3.5 Effect of culture filtrate of different bio-agents on dry root weight (gm) at 90 days after transplanting of rice under field condition during kharif 2023-24 and 2024-25.
The observations of dry root weight were taken 90 days after transplanting (DAT) during the 2023-24 and 2024-25 cropping seasons. The data illustrated in Table 5 shows that maximum dry root weight was recorded in T4 with 11.68 g and 12.36 g in both years, showing the highest, 48.22% and 55.27% increase over untreated control and 65.90% and 72.62% increase over inoculated control respectively. This was closely followed by T2, which recorded 11.23 g and 11.59 g with an increase of 42.51% and 45.60% increase over untreated control and by 59.51% and 61.87% increase over inoculated control respectively in the two seasons. The treatment T9 recorded considerable increases of 38.83% and 39.69% over untreated control and 55.39% and 55.30% increase over inoculated control respectively. Other treatments (T1, T3, T5, T6, T7 and T8) showed comparatively lesser effectiveness higher than the untreated and inoculated control, and the lowest dry root weight was recorded in T10 (inoculated control) with 7.04 g and 7.16 g and increase over untreated control by -10.65% and -10.05% during 2023-24 and 2024-25, respectively. Bjorkman et al., (1998) also observed that root and shoot growth of sweet corn were considerably increased by Trichoderma spp. Swain et al., (2018) also said that most of the Trichoderma treatments influenced the plant growth and yield parameters. Root and shoot length, fresh and dry weight (dry root weight 0.66g and 0.64g) significantly improved in both the varieties (karuna and sahibhagidhan) respectively.
3.6 Effect of culture filtrate of different bio-agents on No. of tillers /hill at 75 days after transplanting of rice under field condition during kharif 2023-24 and 2024-25.
The observations of number of tillers per hill were taken at 75 days after transplanting (DAT) during the 2023-24 and 2024-25 cropping seasons. The data illustrated in Table 6 shows that maximum number of tillers was recorded in T4 with 15.17 and 15.32 in both years, showing the highest, 28.99% and 29.61% increase over untreated control and 37.40% and 36.66% increase over inoculated control respectively. This was closely followed by T2, which recorded 14.46 and 14.74 tillers with an increase of 22.95% and 24.70% over untreated control and by 30.97% and 31.48% increase over inoculated control respectively in the two seasons. The treatment T9 recorded considerable increases of 18.45% and 21.65% over untreated control and 26.17% and 28.27% increase over inoculated control respectively. The treatments T1, T3, T5, T6, T7 and T8 showed comparatively lesser effectiveness, but still higher than the untreated and inoculated control. The lowest number of tillers was recorded in T10 (inoculated control) with 11.04 and 11.21 tillers, showing reductions of -6.12% and -5.16% over untreated control, during 2023-24 and 2024-25, respectively. Mathivanan et al., (2005) reported that combined applications of T. viride and Pseudomonas fluorescense was effective without any negative effects in reducing rice sheath blight besides increasing number of productive tillers, higher grain and straw yields.
[bookmark: _Hlk210189577]3.7 Effect of culture filtrate of different bio-agents on No. of panicles/hill under field condition during kharif 2023-24 and 2024-25.
[bookmark: _Hlk210188964]The observations of number of panicles per hill were taken during the 2023-24 and 2024-25 cropping seasons. The data illustrated in Table 7 shows that maximum panicles per hill were recorded in T4 (S.T. + F.S. with culture filtrate of Trichoderma harzianum @ 10%) with 12.88 and 12.35 panicles in both years, showing the highest, 50.64% and 43.93% increase over untreated control and 59.01% and 51.71% increase over inoculated control respectively. This was closely followed by T2 (S.T. + F.S. with culture filtrate of Trichoderma viride @ 10%), which recorded 11.82 and 11.87 panicles with an increase of 38.24% and 38.34% over untreated control and by 45.92% and 45.82% increase over inoculated control respectively in the two seasons. The fungicide treatment T9 (Carbendazim 50% WP @ 0.1%) also showed considerable improvement with 11.35 and 11.46 panicles, corresponding to 32.74% and 33.56% increase over untreated control and 40.12% and 40.78% increase over inoculated control, respectively. Other treatments (T1, T3, T5, T6, T7 and T8) exhibited comparatively lesser effectiveness but still higher than the untreated and inoculated control. The lowest number of panicles per hill was recorded in T10 (inoculated control) with 8.10 and 8.14 panicles, showing a increase of -5.26% and -5.12% over untreated control, during 2023-24 and 2024-25, respectively. Hassan (2017) also said that T. viride 1 and T. hamtum 4 produced the highest values of panicle length, number of healthy grains per panicle and grain yield. Tap water recorded the lowest values of panicle length, number of healthy grains per panicle and grain yield. Foliar applications with antagonistic fungi were the most effective to increase the agronomic characters.
	Treatments
	2023-24
	2024-25
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	Shoot length increase over inoculated (%)
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	T1
	40.78
	57.98
	91.26
	96.12
	13.64
	19.19
	41.22
	58.18
	91.70
	96.30
	12.63
	18.59

	T2
	45.24
	62.32
	101.72
	107.22
	26.76
	32.96
	45.88
	62.78
	102.22
	107.80
	26.08
	32.75

	T3
	42.56
	59.28
	96.42
	101.68
	20.21
	26.09
	42.74
	59.88
	96.84
	102.26
	19.60
	25.93

	T4
	46.52
	64.86
	102.74
	108.36
	28.11
	34.37
	47.24
	65.70
	103.48
	109.10
	27.60
	34.35

	T5
	37.66
	54.12
	81.66
	86.54
	2.31
	7.31
	38.18
	54.86
	82.24
	86.80
	1.52
	6.89

	T6
	38.42
	53.74
	85.98
	89.44
	5.74
	10.91
	38.66
	54.98
	86.88
	90.10
	5.38
	10.96

	T7
	39.22
	55.88
	88.32
	92.38
	9.22
	14.55
	39.94
	56.62
	89.78
	93.60
	9.47
	15.27

	T8
	40.84
	57.54
	95.22
	98.26
	16.17
	21.85
	41.46
	58.62
	95.54
	99.90
	16.84
	23.02

	T9
	42.76
	59.82
	98.84
	103.70
	22.60
	28.59
	43.28
	60.32
	99.38
	104.50
	22.22
	28.69

	T10
	35.48
	51.64
	77.68
	80.64
	-4.65
	0
	36.34
	52.28
	78.96
	81.20
	-5.02
	0

	T11
	36.94
	52.84
	80.56
	84.58
	0
	4.88
	37.48
	53.44
	81.42
	85.50
	0
	5.29

	CD (5%)
	1.800
	2.270
	3.787
	4.923
	
	
	1.604
	2.304
	3.719
	3.718
	
	

	SE (m)
	0.606
	0.764
	1.275
	1.657
	
	
	0.540
	0.776
	1.252
	1.252
	
	


Table 1: Effect of culture filtrate of different bio-agents on shoot length (cm) at 90 days after transplanting of rice under field condition during kharif 2023-24 and 2024-25.



	Treatments
	2023-24
	2024-25

	
	Fresh Shoot weight (g/plant)
	Fresh Shoot weight (g/plant)

	
	45 DAT
	60 DAT
	75 DAT
	90 DAT
	Shoot
weight
increase
over
control
(%)
	Shoot
weight
increase
over
inoculated
(%)
	45 DAT
	60 DAT
	75 DAT
	90 DAT
	Shoot
weight
increase
over
control
(%)
	Shoot
weight
increase
over
inoculated
(%)

	T1
	57.26
	124.26
	144.28
	182.70
	7.59
	9.86
	58.78
	125.52
	145.64
	183.94
	7.84
	9.99

	T2
	68.48
	135.48
	155.36
	196.30
	15.60
	18.03
	69.22
	136.44
	156.86
	196.96
	15.47
	17.78

	T3
	63.34
	130.86
	150.92
	189.20
	11.42
	13.77
	64.26
	131.28
	151.28
	190.52
	11.70
	13.93

	T4
	70.98
	139.28
	157.89
	196.40
	15.66
	18.09
	71.16
	140.92
	158.34
	197.88
	16.01
	18.33

	T5
	48.66
	116.92
	135.12
	172.60
	1.64
	3.78
	49.58
	117.32
	136.78
	173.84
	1.92
	3.95

	T6
	52.10
	119.88
	139.22
	176.80
	4.12
	6.31
	52.14
	120.18
	139.44
	177.16
	3.86
	5.94

	T7
	54.62
	120.68
	141.78
	179.10
	5.47
	7.69
	55.32
	122.66
	142.18
	180.68
	5.93
	8.04

	T8
	61.28
	128.42
	147.62
	186.40
	9.77
	12.08
	61.44
	129.84
	148.32
	187.26
	9.79
	11.98

	T9
	66.48
	132.56
	152.33
	192.30
	13.25
	15.63
	67.66
	133.78
	153.78
	193.86
	13.66
	15.93

	T10
	42.31
	110.38
	129.68
	166.30
	-2.06
	0
	43.24
	112.46
	130.26
	167.22
	-1.95
	0

	T11
	45.74
	113.66
	132.94
	169.80
	0
	2.10
	46.98
	114.96
	133.22
	170.56
	0
	1.99

	CD (5%)
	2.574
	6.422
	7.652
	8.103
	
	
	2.826
	5.901
	6.635
	7.273
	
	

	SE (m)
	0.867
	2.162
	2.576
	2.728
	
	
	0.951
	1.986
	2.233
	2.448
	
	


Table 2: Effect of culture filtrate of different bio-agents on fresh shoot weight (gm) at 90 days after transplanting of rice under field condition during kharif 2023-24 and 2024-25.




Table 3: Effect of culture filtrate of different bio-agents on fresh root weight (gm) at 90 days after transplanting of rice under field condition during kharif 2023-24 and 2024-25.

	Treatments
	2023-24
	2024-25

	
	Fresh Root weight (g/plant)
	Fresh Root weight (g/plant)

	
	45 DAT
	60 DAT
	75 DAT
	90 DAT
	Root
weight
increase
over
control
(%)
	Root
weight
   increase
over
inoculated
(%)
	45 DAT
	60 DAT
	75 DAT
	90 DAT
	Root
weight
increase
over
control
(%)
	Root
weight
    increase
over
inoculated
(%)

	T1
	18.93
	19.29
	20.83
	23.29
	18.94
	28.39
	19.25
	20.48
	21.94
	23.96
	18.73
	20.64

	T2
	20.23
	21.73
	23.74
	25.74
	31.46
	41.89
	20.85
	22.72
	24.46
	26.56
	31.61
	33.73

	T3
	19.46
	20.65
	22.92
	24.83
	26.81
	36.87
	20.37
	21.88
	23.28
	25.34
	25.56
	27.59

	T4
	20.72
	22.39
	24.16
	26.48
	35.24
	45.97
	21.89
	23.16
	25.34
	27.28
	35.18
	37.36

	T5
	16.92
	17.84
	18.69
	19.56
	-0.10
	7.82
	17.53
	18.66
	19.96
	20.86
	3.36
	5.03

	T6
	17.56
	18.25
	19.53
	21.12
	7.86
	16.42
	18.00
	19.08
	20.12
	21.72
	7.63
	9.36

	T7
	18.32
	18.89
	19.96
	21.88
	11.74
	20.61
	18.44
	19.54
	20.88
	22.46
	11.29
	13.09

	T8
	19.22
	20.47
	21.72
	23.27
	18.84
	28.28
	19.78
	21.24
	22.62
	24.68
	22.29
	24.26

	T9
	19.77
	21.32
	22.61
	24.38
	24.51
	34.39
	20.62
	22.38
	23.54
	25.88
	28.24
	30.31

	T10
	15.37
	16.18
	17.48
	18.14
	-7.35
	0
	16.14
	17.22
	18.46
	19.86
	-1.58
	0

	T11
	16.56
	17.12
	18.94
	19.58
	0
	7.93
	16.67
	17.98
	19.38
	20.18
	0
	1.61

	CD (5%)
	0.876
	0.803
	0.899
	0.960
	
	
	0.933
	0.629
	0.906
	1.032
	
	

	SE (m)
	0.295
	0.270
	0.303
	0.323
	
	
	0.314
	0.212
	0.305
	0.347
	
	







	Treatments
	2023-24
	2024-25

	
	Dry Shoot weight (g/plant)
	Dry Shoot weight (g/plant)

	
	45 DAT
	60 DAT
	75 DAT
	90 DAT
	Dry Shoot
weight
increase
over
control
(%)
	Dry Shoot
weight
   increase
over
inoculated
(%)
	45 DAT
	60 DAT
	75 DAT
	90 DAT
	Dry Shoot
weight
increase
over
control
(%)
	Dry Shoot
weight
    increase
over
inoculated
(%)

	T1
	27.84
	49.31
	54.69
	67.93
	4.70
	9.12
	28.94
	50.57
	55.36
	68.12
	4.86
	7.37

	T2
	29.32
	51.78
	57.32
	69.97
	7.84
	12.40
	30.64
	52.92
	58.89
	70.83
	9.03
	11.64

	T3
	28.66
	50.34
	56.81
	68.32
	5.30
	9.75
	29.73
	51.97
	57.28
	69.59
	7.12
	9.69

	T4
	30.19
	52.61
	58.83
	70.18
	8.16
	12.73
	31.75
	53.38
	59.73
	71.42
	9.94
	12.57

	T5
	26.39
	47.93
	51.27
	64.39
	-0.75
	3.43
	27.18
	48.39
	52.91
	65.73
	1.18
	3.60

	T6
	27.44
	48.13
	52.98
	65.29
	0.63
	4.88
	27.87
	49.00
	53.58
	66.34
	2.12
	4.57

	T7
	28.12
	48.97
	54.23
	66.94
	3.17
	7.53
	28.39
	49.86
	54.77
	67.28
	3.57
	6.05

	T8
	28.96
	50.39
	55.08
	67.35
	3.80
	8.19
	29.21
	51.22
	56.49
	68.98
	6.18
	8.73

	T9
	29.82
	51.36
	57.34
	69.12
	6.53
	11.03
	30.27
	52.47
	58.14
	70.24
	8.12
	10.71

	T10
	24.88
	45.16
	49.26
	62.25
	-4.05
	0
	25.14
	46.37
	50.31
	63.44
	-2.33
	0

	T11
	25.74
	47.21
	51.58
	64.88
	0
	4.22
	26.92
	47.12
	51.84
	64.96
	0
	2.39

	CD (5%)
	1.031
	1.798
	2.376
	2.884
	
	
	1.112
	2.363
	2.756
	3.264
	
	

	SE (m)
	0.347
	0.605
	0.800
	0.971
	
	
	0.374
	0.796
	0.928
	1.099
	
	



Table 4: Effect of culture filtrate of different bio-agents on dry shoot weight (gm) at 90 days after transplanting of rice under field condition during kharif 2023-24 and 2024-25.





	Treatments
	2023-24
	2024-25

	
	Dry Root weight (g/plant)  
	Dry Root weight (g/plant)

	
	45 DAT
	60 DAT
	75 DAT
	90 DAT
	Dry Root
weight
increase
over
control
(%)
	Dry Root
weight
   increase
over
inoculated
(%)
	45 DAT
	60 DAT
	75 DAT
	90 DAT
	Dry Root
weight
increase
over
control
(%)
	Dry Root
weight
    increase
over
inoculated
(%)

	T1
	6.28
	7.32
	8.22
	9.21
	16.87
	30.82
	6.43
	7.55
	8.38
	9.73
	22.23
	35.89

	T2
	7.59
	8.67
	9.58
	11.23
	42.51
	59.51
	7.98
	8.93
	9.76
	11.59
	45.60
	61.87

	T3
	7.17
	8.09
	8.97
	10.14
	28.68
	44.03
	7.21
	8.21
	9.20
	10.68
	34.17
	49.16

	T4
	8.26
	9.22
	9.93
	11.68
	48.22
	65.90
	8.52
	9.26
	10.08
	12.36
	55.27
	72.62

	T5
	5.03
	6.18
	6.89
	7.98
	1.26
	13.35
	5.14
	6.38
	7.22
	8.34
	4.77
	16.48

	T6
	5.44
	6.93
	7.56
	8.17
	3.68
	16.05
	5.63
	6.73
	7.63
	8.86
	11.30
	23.74

	T7
	5.96
	7.04
	8.22
	8.56
	8.62
	21.59
	6.08
	7.19
	8.06
	9.24
	16.08
	29.05

	T8
	6.49
	7.88
	8.64
	9.87
	25.25
	40.19
	6.96
	7.96
	8.78
	10.19
	28.01
	42.31

	T9
	7.52
	8.33
	9.28
	10.94
	38.83
	55.39
	7.61
	8.64
	9.48
	11.12
	39.69
	55.30

	T10
	4.13
	5.07
	5.94
	7.04
	-10.65
	0
	4.02
	5.16
	6.09
	7.16
	-10.05
	0

	T11
	4.75
	5.82
	6.55
	7.88
	0
	11.93
	4.88
	5.96
	6.94
	7.96
	0
	11.17

	CD (5%)
	0.264
	0.314
	0.296
	0.356
	
	
	0.261
	0.372
	0.342
	0.535
	
	

	SE (m)
	0.089
	0.106
	0.100
	0.120
	
	
	0.088
	0.125
	0.115
	0.180
	
	


Table 5: Effect of culture filtrate of different bio-agents on dry root weight (gm) at 90 days after transplanting of rice under field condition during kharif 2023-24 and 2024-25.







Table 6: Effect of culture filtrate of different bio-agents on No. of tillers /hill at 75 days after transplanting of rice under field condition during kharif 2023-24 and 2024-25.



	Treatments
	2023-24
	2024-25

	
	No. of tiller/hill
	No. of tiller/hill

	
	45 DAT
	60 DAT
	75 DAT
	
	No. of tiller/hill
increase
over
control
(%)
	No. of tiller/hill
   increase
Over
Inoculated
(%)
	45 DAT
	60 DAT
	75 DAT
	No. of tiller/hill
increase
over
control
(%)
	No. of tiller/hill
    increase
over
inoculated
(%)

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	T1
	9.67
	12.28
	13.19
	
	12.15
	19.47
	9.84
	12.46
	13.22
	11.84
	17.93

	T2
	10.72
	13.76
	14.46
	
	22.95
	30.97
	10.92
	13.92
	14.74
	24.70
	31.48

	T3
	10.36
	13.19
	14.03
	
	19.30
	27.08
	10.49
	13.25
	14.05
	18.86
	25.33

	T4
	11.35
	14.43
	15.17
	
	28.99
	37.40
	11.50
	14.67
	15.32
	29.61
	36.66

	T5
	8.78
	11.08
	11.97
	
	1.78
	8.42
	8.93
	11.29
	12.13
	2.62
	8.20

	T6
	9.13
	11.39
	12.32
	
	4.76
	11.59
	9.27
	11.62
	12.59
	6.51
	12.31

	T7
	9.27
	11.87
	12.89
	
	9.60
	16.75
	9.52
	12.13
	12.91
	9.22
	15.16

	T8
	10.05
	12.73
	13.48
	
	14.62
	22.10
	10.13
	12.89
	13.67
	15.65
	21.94

	T9
	10.68
	13.38
	13.93
	
	18.45
	26.17
	10.71
	13.57
	14.38
	21.65
	28.27

	T10
	8.03
	10.11
	11.04
	
	-6.12
	0
	8.07
	10.09
	11.21
	-5.16
	0

	T11
	8.64
	10.94
	11.76
	
	0
	6.52
	8.78
	10.87
	11.82
	0
	5.44

	CD (5%)
	0.370
	0.659
	0.746
	
	
	
	0.417
	0.513
	0.619
	
	

	SE (m)
	0.125
	0.222
	0.251
	
	
	
	0.140
	0.173
	0.208
	
	





Table 7:  Effect of culture filtrate of different bio-agents on No. of panicles/hill under field condition during kharif 2023-24 and 2024-25.
	
S. N.
	
Treatments
	
panicles/
hill
2023-24
         	
	
Panicle per cent increase over control
	
Panicle per cent increase over
inoculated
	
panicles/
hill
2024-25
	
Panicle per cent increase over control
	
Panicle per cent increase over
inoculated

	T1
	S.T. + F.S. with culture filtrate of Trichoderma viride @ 5 %
	10.20
	19.29
	25.92
	10.23
	19.23
	25.67

	T2
	S.T. + F.S. with culture filtrate of Trichoderma viride @ 10 %
	11.82
	38.24
	45.92
	11.87
	38.34
	45.82

	T3
	S.T. + F.S. with culture filtrate of Trichoderma harzianum @ 5 %
	11.03
	29.00
	36.17
	11.08
	29.13
	36.11

	T4
	S.T. + F.S. with culture filtrate of Trichoderma harzianum @ 10 %
	12.88
	50.64
	59.01
	12.35
	43.93
	51.71

	T5
	S.T. + F.S. with culture filtrate of Bacillus subtilis @ 5 %
	8.80
	2.92
	8.64
	8.93
	4.07
	9.70

	T6
	S.T. + F.S. with culture filtrate of Bacillus subtilis @ 10 %
	9.35
	9.35
	15.43
	9.42
	9.79
	15.72

	[bookmark: _Hlk209787054]T7
	S.T. + F.S. with culture filtrate of Pseudomonas fluorescens  @ 5 %
	9.80
	14.61
	20.98
	9.86
	14.91
	21.13

	T8
	S.T. + F.S. with culture filtrate of Pseudomonas fluorescens  @ 10 %
	10.60
	23.97
	30.86
	10.66
	24.24
	30.95

	T9
	S.T. + F.S. with Carbendazim 50% WP @ 0.1 %
	11.35
	32.74
	40.12
	11.46
	33.56
	40.78

	T10
	Control (Inoculated)
	8.10
	-5.26
	0
	8.14
	-5.12
	0

	T11
	Control (Untreatment)
	8.55
	0
	5.55
	8.58
	0
	5.40

	
	CD at 5%
	0.481
	
	
	0.464
	
	

	
	SE (m) ±
	0.162
	
	
	0.156
	
	







4. Conclusion
The culture filtrates of bioagents, particularly Trichoderma harzianum (T4) and Trichoderma viride (T2), significantly enhanced rice growth under field conditions during kharif 2023-24 and 2024-25. These treatments consistently improved shoot length, fresh and dry biomass of shoots and roots, number of tillers, and panicle number per hill compared to untreated and inoculated controls. The superior performance of bioagent culture filtrates over chemical fungicide highlights their potential as eco-friendly growth promoters and biocontrol agents. These findings support integrating bioagent culture filtrates into sustainable rice cultivation practices to boost productivity and reduce chemical inputs.
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