Elucidating the effect of Biocontrol agents on Seed Mycoflora and Plant Growth Characteristics of Soybean (Glycine max (L.) Merrill)

ABSTRACT
[bookmark: _GoBack]The effect of different biocontrol agents viz. Trichoderma viride (TV-1), T. harzianum (TH-4), T. koningii (JMA- 11), T. harzianum (TH- 11), T. koningii (DMA- 8), Pseudomonas fluorescens and Bacillus sp. were assessed on seed mycoflora and plant growth characteristics of soybean var. Shivalik under in vitro conditions. Alternaria alternata, Aspergillus niger and Colletotrichum truncatum were recorded more predominant pathogens in soybean seed. Among different bio control agents T. harzianum (TH-11) was found most effective against mycelial growth of A. niger, C. truncatum and A. alternata exhibited 46.16, 72.90 and 72.13 per cent mycelial inhibition, respectively. The seed treatment with T. harzianum (TH-11) also enhanced seed germination (85.00%), root length (10.45 cm), shoot length (3.07 cm) and seedling vigour index (1149). The findings of this investigation underscore the potential of biological control methods for managing seed-borne diseases, warranting further research and exploration. Bioagents, including fungi and bacteria, offer distinct advantages over chemical control methods, specifically in terms of their ability to self-disperse, sustain themselves and maintain environmental compatibility.
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1. INTRODUCTION
Soybean (Glycine max), a premier oilseed crop, holds immense significance worldwide and plays a pivotal role in bolstering the socio-economic fabric of India's farming community. Due to its exceptional protein content, soybean has referred to "poor man's meat" due to its protein composition is rich in essential amino acids, such as lysine, which is scarce in cereal-based foods (Rao et al., 2015).
The major challenges limiting the soybean production in India are poor germination and low seed viability. Different micro-organisms, especially fungi, are major barricades and affecting seed quality. These fungi are quite harmful as they decrease the vigour of seed and inhibit the growth of the plant. Hitherto, fungal diseases of plants have been practiced to be managed by using synthetic fungicides. However, these chemicals are not only expensive, but also hazardous to the environment. Furthermore, their over exploitation leads to the development of resistance in plant pathogens. Biological control is one of eco-friendly solution, that can significantly minimize the disease incidence and eventually season crop losses (Cook, 1985). The aim of the present study was to test the efficacy of bioagents on seed-borne fungi and seed health parameters of soybean.
2. MATERIAL AND METHODS
2.1 In vitro assay of bio control agents against predominant seed mycoflora of S oybean
The antagonistic activity of various bio-agents viz., Trichoderma viride (TV-1), T. harzianum (TH-4), T. koningii (JMA-11), T. harzianum (TH-11), T. koningii (DMA-8), Pseudomonas fluorescens and Bacillus sp. available at the Department of Plant Pathology, COA, Palampur (HP), was tested against the prevalent seed mycoflora using the dual culture method (Dennis and Webster, 1971) on potato dextrose agar (PDA) medium. In this technique, PDA was poured into sterilized Petri dishes under aseptic conditions and allowed to solidify. Mycelial bits were taken from the edge of a 7-day-old culture of the pathogen using a sterilized cork borer and placed on one side of the Petri plate with a sterilized inoculation needle. On the opposite side of the plate, the bio-agents were placed. Three replications for each treatment, along with an untreated control, were maintained and incubated at 25±1°C in a BOD incubator. The mycelial growth of both the bio-agents and the pathogen was measured as it spread from the disc toward the centre of the plates and the percentage of mycelial inhibition of the pathogen was calculated using the formula of Vincent (1947).
2.2 Evaluation of different bio - control agents on seed health parameters
The effect of each bio-agent on seed health was assessed using the paper towel method. Seeds soaked in sterilized distilled water were used as the control treatment. A total of 100 treated seeds from each treatment, with three replications were tested. After the incubation period, observations were made on seed germination percentage as well as root and shoot lengths. Based on these observations, the vigour index was calculated using the formula given by Baki and Anderson (1973):
Vigour index = % seed germination × (mean root length + mean shoot length).
2.3 Statistical analysis
The data collected were analysed using appropriate statistical methods as required. The differences observed among the treatments in the various experiments were tested for significance following the standard procedures outlined by Gomez and Gomez (1984).
3. RESULTS AND DISCUSSION
3.1 In vitro evaluation of biocontrol agents against predominant seed mycoflora
	The data on mycelial growth inhibition of A. niger by different biocontrol agents presented in Table 1 revealed that the maximum inhibition in mycelial growth was given by T. harzianum TH-11 (46.16%) followed by T. harzianum TH-4 (43.41%) and T. koningii JMA-11 strain (42.62 %) (Fig. 1). While least mycelial growth inhibition was recorded with Bacillus sp. (28.60%). The data on mycelial growth inhibition of C. truncatum by different biocontrol agents given in Table 1 revealed that the maximum inhibition in mycelial growth was given by T. harzianum TH-11 strain (72.90%) followed by T. harzianum TH-4 strain (66.78%) and T. koningii JMA-11 strain (58.51 %) (Figure 1). While least mycelial growth inhibition was recorded with Bacillus sp. (24.05%). The data on mycelial growth inhibition of A. alternata by different biocontrol agents depicted in Table 1 showed that the maximum inhibition in mycelial growth was shown by T. harzianum TH-11 strain (72.13%) followed by T. harzianum TH-4 strain (66.49%) and T. koningii JMA-11 strain (63.39%) (Figure 1). While least mycelial growth inhibition was recorded with Bacillus sp. (16.34%). 
[bookmark: Tables]Table 1 In vitro efficacy of biocontrol agents against predominantly occurring mycoflora
	Biocontrol agents
	Mycelial inhibition (%) *

	
	A. niger
	C. truncatum
	A. alternata

	Trichoderma koningii (DMA-8)
	35.41
(36.50)
	52.73
(46.55)
	42.31
(40.56)

	Trichoderma harzianum (TH-11)
	46.16
(42.78)
	72.90
(58.61)
	72.13
(58.12)

	Trichoderma koningii (JMA-11)
	42.62
(40.74)
	58.51
(49.88)
	63.39
(52.74)

	Trichoderma harzianum (TH-4)
	43.41
(41.20)
	54.47
(47.55)
	66.49
(54.61)

	Trichoderma viride (TV-1)
	42.52
(40.68)
	66.78
(54.78)
	54.57
(47.61)

	Pseudomonas fluorescens
	32.59
(34.80)
	31.69
(34.24)
	34.97
(36.24)

	Bacillus sp.
	28.60
(32.32)
	24.05
(29.35)
	16.34
(23.83)

	Control
	78.18
(62.01)
	61.00
(51.33)
	61.00
(51.33)

	C.D (p = 0.05)
	0.38
	0.88
	0.71


* Figures within parentheses are arc sine transformed values

[bookmark: fig][image: ]
Figure 1: In- vitro evaluation of different biocontrol agents against: A- Aspergillus niger; B- Colletotrichum truncatum; C- Alternaria alternata
3.2 Effect of different bio control agents on seed health parameters
The study examined the efficacy of various seed treatments in enhancing soybean seed health against fungal pathogens, specifically Aspergillus niger, Colletotrichum truncatum and Alternaria alternata. Trichoderma harzianum (TH-11) emerged as the most effective treatment, significantly improving seed germination, root length, and seedling vigour index. TH-11 treatment resulted in the highest seed germination rates, ranging from 85 per cent to 89.5 per cent across all three fungal pathogens. Additionally, TH-11 increased root length by 10.45 cm, promoting healthier and more robust plant growth. The seedling vigour index also showed significant enhancement reaching 883-1149. In comparison, other seed treatments, including Bacillus sp., demonstrated lower efficacy in improving seed germination, root length and seedling vigour index. Gujjar et al. (2025) also investigated mycoflora in soybean and reported that these fungal species emphasize the critical importance of rigorous seed health testing and effective management strategies, including seed treatment and disinfection, to mitigate the risks associated with seed-borne fungi. These findings also aligned with previous research, such as Sharma et al.'s (2023) study, which highlighted Trichoderma harzianum potential in enhancing seed germination and growth in cucumber varieties. The study results underscore the potential of Trichoderma harzianum (TH-11) as a valuable seed treatment for improving soybean seed health and resistance to fungal pathogens. By promoting healthier plant growth and development, TH-11 treatment can contribute to increased yields and sustainable agriculture practices. Meena et al. (2024) also found that T. harzianum provided the greatest mycelial growth inhibition, followed   by T.   asperellum against Rhizoctonia    solani causing    foliar    blight    in mungbean. Overall, the findings suggest that Trichoderma harzianum (TH-11) is a promising seed treatment for enhancing soybean seed health, offering an eco-friendly alternative to chemical-based treatments. Its effectiveness against multiple fungal pathogens makes it a valuable tool for farmers seeking to improve crop resilience and productivity. 
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[bookmark: Table][bookmark: _Hlk163133102]Table 2 Effect of different biocontrol agents on seed health of artificially inoculated seeds of soybean by towel paper method
	Biocontrol agents
	Aspergillus niger
	Colletotrichum truncatum
	Alternaria alternata

	
	Germination 
(%) *
	Root length (cm)
	Shoot length (cm)
	Seedling vigour index
	Germination
 (%) *
	Root length (cm)
	Shoot length (cm)
	Seedling vigour index
	Germination (%) *
	Root length (cm)
	Shoot length (cm)
	Seedling vigour index

	Trichoderma koningii (DMA-8)
	75.78
(60.50)
	7.46
	1.50
	679
	81.33
(64.43)
	7.58
	1.62
	748
	79.67
(63.21)
	7.53
	1.54
	723


	Trichoderma harzianum (TH-11)
	85.00
(67.19)
	10.45
	3.07
	1149
	89.50
(71.07)
	7.90
	2.28
	911
	87.00
(68.97)
	7.87
	2.28
	883

	Trichoderma harzianum (TH-4)
	80.67
(63.94)
	7.82
	2.23
	811
	85.75
(67.84)
	7.86
	2.11
	855
	83.00
(65.66)
	7.83
	2.14
	828

	Trichoderma koningii (JMA-11)
	79.66
(63.19)
	7.72
	1.77
	756
	84.20
(66.60)
	7.81
	2.19
	843
	81.33
(64.38)
	7.77
	1.78
	776

	Trichoderma viride (TV-1)
	78.45
(62.34)
	7.52
	1.70
	724
	82.50
(65.29)
	7.62
	1.81
	778
	80.67
(64.42)
	7.57
	1.75
	752

	Pseudomonas fluorescens
	75.67
(60.43)
	7.45
	1.43
	672
	80.44
(63.78)
	7.56
	1.80
	753
	78.67
(62.48)
	7.50
	1.43
	702

	Bacillus sp.
	74.00
(59.34)
	7.32
	1.20
	630
	79.00
(62.74)
	7.42
	1.69
	720
	76.33
(60.90)
	7.37
	1.24
	657

	Negative control
	67.33
(55.12)
	5.75
	1.00
	454
	60.80
(51.22)
	5.87
	1.52
	449
	60.00
(56.16)
	5.97
	0.60
	394

	Positive control
	72.00
(58.03)
	6.70
	1.03
	557
	71.10
(57.46)
	6.63
	1.28
	563
	61.00
(51.34)
	6.33
	0.67
	427

	CD (P=0.05)
	2.24
	1.70
	0.54
	
	3.15
	0.37
	0.27
	
	3.34
	0.67
	0.15
	


*Figures within parentheses are arc sine transformed values
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Figure 1: In- vitro evaluation of different biocontrol agents against: A- Aspergillus niger; B- Colletotrichum
truncatum; C- Alternaria alternata




