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The potential of Bacillus sp. and Pseudomonas sp. in reducing groundnut seedling diseases: A Bio control Approach


[bookmark: _GoBack]Abstract:
Groundnut (Arachis hypogaea L.), is an important oil seed legume crop of tropical and sub-tropical areas of the world, On an average, the seed contains 45 per cent of oil and 26 per cent of protein. Among biotic stresses, the crop is attacked by many fungal, bacterial and viral pathogens. Collar rot and stem rot diseases caused by Aspergillus niger and Sclerotium rolfsii are the important seed and seedling diseases of groundnut which are more extensive in the kharif than the rabi/summer seasons and causes more damage in sandy loam and medium black soil resulting in huge loss to plant population especially during early stages of crop growth.
 	In view of hazardous impact of chemicals on environment and soil health, as a part of eco- friendly in sustainable agriculture, harnessing of bio agents for the management is an alternative solution. Nine fungal and eighty eight bacterial colonies were isolated from groundnut rhizosphere soil (39 no.), healthy plant parts (internal stem and root tissue- 42 no.), cow urine (3 no.) and cow dung (4 no.) from farmers’ fields of Wanaparthy, Warangal and Mahaboobnagar districts. The isolated microflora were tested for their antagonism against stem rot and collar rot pathogens viz., S.rolfsii and A.niger. Of the 97 microbial populations evaluated using dual culture technique, only seven isolates i.e were found effective against S. rolsfii with 65.25 to 90.50 % and towards A.niger, 60.75 to 80.50 per cent inhibition. Among these the bio agents, viz., Bacillus sp. (IR 10) and Pseudomonas sp.(IC 8) were selected and evaluated in the form of broth for seed treatment and talc formulation for soil application and seed treatment cum soil application for the management of both the pathogens using popular cv. K6. 
The pot culture studies revealed that in case of S.rolfsii, seed treatment with Bacillus sps. recorded maximum per cent seedling emergence of 68.50% and was on par with seed treatment cum soil application of Bacillus spp. which showed 65.83 % emergence and minimum seedling mortality of (22.67%) and (26.50%), respectively. However, seed treatment with Pseudomonas sps. (IC 8) showed 60.17 % emergence. With respect to A.niger, maximum per cent seedling emergence (66.50 %) and minimum seedling mortality of (21.83%) was recorded by seed treatment cum soil application of Bacillus spp. with no significant difference with seed treatment by Bacillus sp (65.50%) for seedling emergence.  However, the per cent improvement of seedling emergence by the treatment, seed treatment with Bacillus sp. (IR 10) is 54.49%   and 57.36 % reduction of seedling mortality over pathogen control against S.rolfsii. While, the per cent improvement of seedling emergence by seed treatment cum soil application of Bacillus spp. was 55.38% and 61.13 per cent reduction of seedling mortality against A.niger. The study stated that seed and soil method of application of bio agents is an effective management strategy against the seedling diseases during initial stages of groundnut crop. Further, the study demonstrates that carrier-based bioformulations provide a sustainable alternative to chemical fungicides for the integrated management of seed and seedling diseases in groundnut.
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Introduction:
Groundnut (Arachis hypogaea L.) is one of the most important oilseed and legume crops cultivated in tropical and subtropical regions. India, China, and several African countries account for the majority of global production (FAO, 2023). Despite its economic and nutritional importance, productivity remains constrained by biotic stresses, particularly soil-borne fungal pathogens such as Sclerotium rolfsii and Aspergillus niger, which cause stem rot and collar rot (Vineela et al., 2020). These diseases lead to seed decay, damping-off and seedling mortality, resulting in yield losses up to 30- 40 % under conducive conditions. Conventional management relies on chemical fungicides, but their continuous use poses environmental risks, enhances pathogen resistance, and affects soil microbial balance ss(Sharma et al., 2019). Consequently, biological control using antagonistic microorganisms offers an eco-friendly and sustainable alternative. Among potential biocontrol agents, Trichoderma spp., Pseudomonas fluorescens and Bacillus subtilis have shown strong antagonistic potential against soil-borne fungi through mechanisms such as mycoparasitism, antibiotic production, and induction of host resistance (Rini & Sundar, 2022). Developing stable carrier-based formulations enhances shelf life, field performance, and farmer adoption. The present investigation focused on the development and evaluation of biological formulations for managing seed and seedling diseases of groundnut caused by S. rolfsii and A. niger.
Materials and Methods:
Pathogen isolation and identification: Diseased groundnut seedlings showing collar rot and stem rot symptoms were collected separately from farmers fields of  Mahaboobnagar district. The pathogens were isolated on potato dextrose agar (PDA) and purified by hyphal tip culture. Morphological identification was confirmed based on colony characteristics and microscopic observations (Barnett & Hunter, 1998).

Isolation and screening of antagonistic microorganisms: Cowurine, cowdung, rhizosphere soil from healthy groundnut plants and healthy groundnut plants, were used as sources for isolation of native bioagents. Fresh cowurine and cowdung was collected in earthen containers during morning hours and was fermented for 3- 5 days.  The rhizosphere soil as well as the fermented suspension was serially diluted and plated on selective media for Trichoderma, Pseudomonas, and Bacillus isolation. Healthy groundnut plants were used for isolation of endophytes wherein the internal tissue from collar region was transferred on above mentioned respective media plates. Each isolate was evaluated for antagonism against the test pathogens using the dual-culture technique on PDA (Dennis & Webster, 1971). Four replications were maintained for each test pathogens and the per cent growth inhibition over control was calculated by the following formula  
I = C-T X100
    C
Where, I = Per cent inhibition of pathogen mycelia growthC=Growth of  pathogen in control(mm)
T=Growth of pathogen in treatment(mm)

Preparation of talc formulation: The potential bioagents from dual culture studies were further evaluated under pot culture. The bioagents, Bacillus sps. and Pseudomonas sps. mass multiplied in nutrient broth was mixed with sterilized talc carrier material in 1:1 ratio, shade dried and maintained                          10⁸CFUg⁻¹(Singhetal.,2020).

Treatments imposed in green house studies:
The bioformulations were evaluated against the test pathogens under pot culture studies. Groundnut susceptible cultivar K6 was used for evaluating the treatments including pathogen control under artificially inoculated conditions greenhouse conditions. The details of the treatments are presented in Table 1.

Table 1.: Treatment details
	S.No.
	Treatments

	
	

	1.
	Seed Treatment @ 10g/kg seed (Bacillus sp.)

	2.
	Seed Treatment@ 10g/kg seed  (Pseudomonas sp.)

	3.
	Soil Application@ 10g/kg seed (Bacillus sp.)

	4.
	Soil Application@ 10g/kg seed (Pseudomonas sp.)

	5.
	Seed Treatment @ 5g/kg seed + Soil Application @ 5g/kg soil (Bacillus sp.)

	6.
	Seed Treatment @ 5g/kg seed +
Soil Application @ 5g/kg soil (Pseudomonas sp.)

	7.
	  Pathogen control



Initially the pots of 5kg capacity were filled with sterilized potting mixture composed of soil and FYM in 3:1 followed by application of   stem rot (S. rolfsii) and collar rot (A. niger) pathogens mass multiplied on sorghum grains for 10 days @10g/kg soil. The pots were moistened for establishment of the pathogens. After 72hours, the surface sterilized (0.1% NaOCl) groundnut seeds were treated with respective bio formulation treatments and soil applications was done at their respective dosages as per the treatments given in the table 1.  and were sown. The pathogen treated seeds was maintained as control. In each pot twenty seeds were sown and regularly watered. The developing seedlings were observed every 24 hours for the appearance of disease symptoms. Treatments included individual agents, combined formulations, and pathogen control with four replications in completely randomized block design.
The observations were recorded on per cent seed germination and seedling mortality at 10  and 20 days after sowing (DAS), respectively. 

        Per cent Seed germination (%) 
                                                                     Number of seed sown 
Seed Germination (%) = ----------------------------------    x 100         
                   
                                           Total number of seeds sown

       Per cent Seedling mortality (%) 
                                                                     Number of seedlings infected 
Seedling mortality (%) = ----------------------------------    x 100         
                   
                                           Total number of seeds 
3. Results and discussion 

Isolation of native bioagents and their in-vitro antagonistic activity:
From the farmers fields of Wanaparthy, Warangal and Mahaboobnagar districts, the rhizosphere soil samples of groundnut were collected. From these samples the rhizosphere microflora (fungi and bacteria) were isolated under laboratory conditions. A total of 9 fungal and 88 bacterial colonies were isolated from rhizosphere soil, healthy plant parts (internal stem and root tissue) of groundnut, cow urine and cow dung. The isolated microflora were tested for their antagonism against Aspergillus niger and Sclerotium rolfsii (Table 2).
 Of the 97 microbial populations evaluated using dual culture technique, only seven were found effective against S. rolsfii with 65.25 to 90.50% and towards A.niger 60.75 to 80.50 % per cent inhibition over control was observed. Wherein, the endophytic bacterial isolates, EB 3 and  EB 1 were found effective in inhibiting the radial growth of the test pathogens with (90.50 & 80.50%) against S.rolfsii, respectively and ( 80.00 &74.25%) against A.niger, respectively. The antagonistic activity expressed by the other isolates were mentioned in (Table 3). 


Table 2.: Microbial populations from different sources 

	S. No.
	Source 
	Type of microbial population isolated
	No. of microbial populations isolated
	No. of Antagonistic populations

	
	
	
	
	

	1.
	Rhizosphere and rhizoplane of  groundnut plant 
	Fungi and bacteria 
	 9 (F)
 39 (B)
	-

	2.
	Stem/collar and root tissue of groundnut plant
	Endophytic bacteria
	42
	07

	3.
	Cow urine
	Bacteria
	3
	-

	4.
	Cow dung
	Bacteria
	4
	-



Table 3: Invitro efficacy of endophytic bacteria against Sclerotium rolfsii and Aspergillus niger
	S. No.
	Bioagent
	Per cent inhibition over control
(%)

	
	
	S.rolfsii
	A.niger

	1.
	Endophytic Bacteria 1
	85.50 
(67.61)
	74.25
(59.32)

	2.
	Endophytic Bacteria 2
	71.25
(57.24)
	60.75
(51.04)

	3.
	Endophytic Bacteria 3
	90.50
(72.02)
	80.00
(63.60)

	4.
	Endophytic Bacteria 4
	70.75
(57.08)
	71.50
(57.72)

	5.
	Endophytic Bacteria 5
	74.50
(59.66)
	63.25
(52.22)

	6.
	Endophytic Bacteria 6
	65.25
(53.56)
	68.50
(55.22)

	7
	Endophytic Bacteria 7
	68.50
 (55.84)
	65.25
(53.71)

	
	CD (5%)
	1.91

	1.82

	
	CV
	2.14
	2.20










Fig.1:Invitro efficacy of endophytic bacteria against Sclerotium rolfsii and Aspergillus niger 
	
Pot culture studies:
The potential bacterial bioagent isolates from dual culture studies were selected and  based on their morphological and biochemical characterization were identified as Bacillus spp. and Pseudomonas spp.  and were further evaluated under pot culture. The effectiveness of biological seed treatments using Bacillus spp. and Pseudomonas spp. was evaluated against stem rot  and collar rot pathogens caused by Sclerotium rolfsii and Aspergillus niger, respectively. The evaluation was done consecutively twice to study the consistent efficacy of the bioagents. The results demonstrated that seed treatment with both bioagents significantly improved seed germination and reduced seedling mortality under pathogen stress, with Bacillus spp. showing comparatively superior performance.
First evaluation:
Among the treatments evaluated, seed treatment with Bacillus spp. resulted in a highest germination percentage of 73.3 per cent, followed by lowest seedling mortality (12.6%) against stem rot pathogen, S. rolfsii . Similarly, seed treatment with Pseudomonas spp. resulted in enhanced germination of 68.0 per cent and minimum seedling mortality of 15.6 per cent. While, in the case of collar rot caused by A. niger, seed treatment with Bacillus spp. recorded the highest germination (76.0%) among the treatments evaluated. This was followed by seed treatment with Pseudomonas spp., which achieved 60.0 per cent germination. Correspondingly, lower seedling mortality was observed in Bacillus-treated seeds (26.7%) compared to Pseudomonas-treated seeds (29.0%). Although both treatments reduced mortality compared to typical disease conditions, the relatively higher mortality under A. niger compared to S. rolfsii suggests that collar rot pathogen may exhibit stronger infection potential or different infection dynamics during seedling emergence (Table 4).

Table 4: Efficacy of biocontrol agents against S. rolfsii and A.niger

	S.No.
	Treatment
	Per cent emergence (%)
	Per cent Seedling mortality(%)
	Per cent emergence (%)
	Per cent Seedling mortality(%)

	
	
	S. rolfsii
	A. niger

	1.
	Seed Treatment @ 10g/kg seed (Bacillus sp.)
	73.33
(58.90)
	12.67
(20.89)
	76.00
(60.69)
	26.67
(31.07)

	2.
	Seed Treatment@ 10g/kg seed  (Pseudomonas sp.)
	68.00
(55.55)
	15.67
(23.29)
	60.00
(50.76)
	29.00
(32.56)

	3.
	Soil Application@ 10g/kg seed (Bacillus sp.)
	62.67
(52.32)
	17.00
(24.33)
	64.00
(53.12)
	33.00d
(35.04)

	4.
	Soil Application@ 10g/kg seed (Pseudomonas sp.)
	60.00
(50.76)
	25.67
(30.42)
	57.33
(49.20)
	26.67
(31.06)

	5.
	Seed Treatment @ 5g/kg seed + Soil Application @ 5g/kg soil (Bacillus sp.)
	72.00
(58.060
	18.00
(25.08)
	74.67
(59.77)
	22.33
(28.18)

	6.
	Seed Treatment @ 5g/kg seed +
Soil Application @ 5g/kg soil (Pseudomonas sp.)
	61.33
(51.54)
	28.33
(32.14)
	58.67
(49.97)
	36.00
(36.85)

	7.
	  Pathogen control
	36.00
(36.83)
	40.33
(39.40)
	28.00
(31.89)
	39.00
(38.62)

	
	Mean
	61.90
(53.44)
	22.52
(31.37)
	59.81
(50.79)
	30.38
(34.10)

	
	CD@5%
	3.96
	1.78
	3.71
	1.83

	
	CV
	4.31
	3.60
	4.13
	3.11




Second evaluation:
Of the bioagents viz., Bacillus sps. and Pseudomonas sps. applied either as seed treatment and soil application for the management of stem rot pathogen (S. rolfsii) and collar rot pathogen (A. niger), seed treatment with Bacillus sps. and Pseudomonas sps. were found effecting in enhancing seed germination (63.00% and 52.33%) with less seedling mortality (19.33 and 21.33%), respectively against S.rolfsii. Whereas, against collar rot pathogen caused by A. niger, a similar trend was observed. Wherein, seed treatment with Bacillus spp. recorded the highest germination (56.00%) and relatively lower seedling mortality (27.67%). This was followed by seed treatment with Pseudomonas spp., which resulted in 53.33 per cent germination and 32.33 per cent mortality. Although both bioagents were effective compared to untreated conditions, Bacillus spp. demonstrated comparatively better suppression of collar rot. The relatively higher mortality under A. niger compared to S. rolfsii may be attributed to differences in pathogen aggressiveness and infection mode (Table 5).

Table 5: Efficacy of biocontrol agents against S. rolfsii and A.niger
	S.No.
	Treatments
	Per cent emergence (%)
	Per cent Seedling mortality(%)
	Per cent emergence (%)
	Per cent Seedling mortality(%)

	
	
	S. rolfsii
	A. niger

	1.
	Seed Treatment @ 10g/kg seed (Bacillus sp.)
	63.00
(52.51)
	19.33
(26.06)
	56.00
(48.42)
	27.67
(31.71)

	2.
	Seed Treatment@ 10g/kg seed  (Pseudomonas sp.)
	52.33
(46.31)
	21.00
(27.48)
	50.33
(45.17)
	32.33
(34.64)

	3.
	Soil Application@ 10g/kg seed (Bacillus sp.)
	48.67
(44.21)
	22.67
(28.41)
	52.00
(46.12)
	29.00
(32.55)

	4.
	Soil Application@ 10g/kg seed (Pseudomonas sp.)
	47.33
(43.64)
	28.33
(32.14)
	49.67
(44.79)
	35.00
(36.25)

	5.
	Seed Treatment @ 5g/kg seed + Soil Application @ 5g/kg soil (Bacillus sp.)
	59.67
(50.56)
	25.00
(29.98)
	55.67
(48.23)
	24.00
(29.31)

	6.
	Seed Treatment @ 5g/kg seed + Soil Application @ 5g/kg soil (Pseudomonas sp.)
	41.67
(40.18)
	31.67
(34.22)
	43.00
(40.95)
	41.00
(39.79)

	7.
	  Pathogen control
	26.33
(30.85)
	42.33
(40.57)
	31.33
(34.02)
	44.67
(41.92)

	
	Mean
	48.48
(43.94)
	27.24
(31.26)
	48.29
(43.94)
	33.38
(35.16)

	
	CD@5%
	2.55
	1.70
	1.78
	1.64

	
	CV
	3.28
	3.08
	2.29
	2.64



Pooled Analysis:
Effect of bioagents against Sclerotium rolfsii
Significant differences were observed among treatments with respect to seedling emergence and mortality in groundnut. The efficacy of test bioagents against S. rolfsii revealed that seed treatment with Bacillus spp. resulted in the highest emergence (68.50%) and relatively lowest seedling mortality (22.67%) indicating strong protective effects during germination (Table 6). This superior performance is consistent with recent studies showing that Bacillus species can suppress soil-borne pathogens through antibiosis, induced systemic resistance, and rhizosphere colonization leading to improved seedling survival.  However, seed treatment combined with soil application with Bacillus sp. also showed high emergence (65.83%) and moderate mortality (26.50%), indicating strong protective effects during germination. The increased efficacy of integrated application suggests that simultaneous delivery to both seed surface and rhizosphere enhances colonization and antagonistic activity, as noted in studies emphasizing the importance of effective delivery modes for bioagents against fungal pathogens. While, this was followed by seed treatment with Pseudomonas sp. which showed 60.17 per cent emergence and 26.67 per cent seedling mortality stating its antagonistic ability against S. rolfsii. Pseudomonas spp. are known to produce siderophores, hydrogen cyanide, and antibiotic metabolites that competitively suppress fungal pathogens in the rhizosphere. However, soil application of Pseudomonas sp. alone showed reduced effectiveness (53.83% emergence; 34.17% mortality), suggesting that early seed protection plays a key role in disease suppression. The results of the study are in agreement with (Gulzar et al ., 2025) and Dhawane et al., 2025). Whereas, the untreated control exhibited the lowest emergence (31.17%) and highest mortality (53.17%), revealing the aggressiveness of S. rolfsii in the absence of biological management. 
Effect of bioagents against Aspergillus niger:
Of the treatments evaluated, combined application of seed treatment and soil application with Bacillus sp. recorded the highest emergence (66.50%) and the lowest mortality (21.83%), followed by seed treatment alone with Bacillus sp. which showed 65.50 and 26.17 per cent seedling emergence and seedling mortality (Table 6). These results corroborate the broad antifungal potential of Bacillus species, as highlighted in recent research indicating their ability to produce a wide array of antifungal compounds that inhibit soil-borne pathogens.  In contrast, seed treatment with Pseudomonas sp. exhibited comparatively lowest (55.17%) seedling emergence and (35.83%) seedling mortality. The reduced effectiveness of Pseudomonas sp. relative to Bacillus sp. might be due low metabolite production or inherent differences in antagonistic strength against A. niger isolate. However, the untreated control plants showed poor maximum seedling mortality (29.67%) and minimum seedling emergence (56.17%).
The results of present study emphasize the effectiveness of biologically based treatments in mitigating soil-borne disease impacts on seedlings through early establishment of beneficial microbes, especially via seed treatment, provides crucial protection during the vulnerable germination phase, which is consistent with current literature on seed biopriming strategies that enhance establishment and resistance to soil pathogens. The bioagent, Bacillus spp. was found most effective over Pseudomonas spp. in seedling protection which might be due to their strong production of antifungal metabolites and ability to induce systemic resistance, as described in recent literature on Bacillus-mediated disease suppression and plant health promotion (Prabhakaran and Ravimycin, (2012), Shubham et al 2015 and Gulzar et al ., 2025)
Further, combining seed treatment with soil application might have enhanced protection beyond single-method applications, suggesting that multiple delivery strategies may offer cumulative benefits for seedling emergence and survival in pathogen-infested soils.

Table 6: Efficacy of biocontrol agents against S. rolfsii and A.niger (Pooled)
	S.No.
	Treatments
	Per cent emergence (%)
	Per cent Seedling mortality(%)
	Per cent emergence (%)
	Per cent Seedling mortality(%)

	
	
	S. rolfsii
	A. niger

	1.
	Seed Treatment
	68.50
	22.67
	65.50
	26.17

	
	(Bacillus sp.) @10 g/kg seed
	(55.84)
	(28.41)
	(54.00)
	(30.86)

	2.
	Seed Treatment
	60.17
	26.67
	55.17
	35.83

	
	(Pseudomonas sp.) @10 g/kg seed
	(50.84)
	(31.06)
	(47.94)
	(36.74)

	3.
	Soil Application
	55.67
	30.00
	58.00
	34.67

	
	(Bacillus sp.) @10 g/kg soil
	(48.23)
	(33.19)
	(49.58)
	(36.15)

	4.
	Soil Application
	53.83
	34.17
	53.50
	35.83

	
	(Pseudomonas sp.) @10 g/kg soil
	(47.18)
	(35.74)
	(46.98)
	(36.75)

	5.
	Seed Treatment  @ 5 g/kg seed +
	65.83
	26.50
	66.50
	21.83

	
	Soil Application @10 g/kg soil (Bacillus sp.)
	(54.21)
	(30.96)
	(54.61)
	(27.82)

	6.
	Seed Treatment  @5 g/kg seed +
	51.50
	35.17
	50.83
	40.50

	
	Soil Application@10 g/kg soil (Pseudomonas sp.)
	(45.84)
	(36.34)
	(45.45)
	(39.50)

	7.
	Pathogen control
	31.17
	53.17
	29.67
	56.17

	
	
	(33.90)
	(46.79)
	(32.98)
	(48.52)

	
	Mean
	55.24
	32.62
	54.17
	35.90

	
	
	(48.00)
	(34.64)
	(53.72)
	(36.62)

	
	CD@5%
	2.10
	1.99
	1.56
	1.90

	
	CV
	2.48
	3.26
	1.86
	2.94
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Fig.2: Efficacy of biocontrol agents against S. rolfsii and A.niger (Pooled)


Conclusion:
These findings support the integration of bioagent seed treatments into sustainable disease management systems, may offer a viable alternative to chemical fungicides and align with current strategies aimed at reducing environmental impacts while maintaining crop performance.
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Antagonistic Activityof Bioagents

Endophytic Bacteria 1	
S.rolfsii	A.niger	(%)	Per cent inhibition over control	85.5	74.25	Endophytic Bacteria 2	
S.rolfsii	A.niger	(%)	Per cent inhibition over control	71.25	60.75	Endophytic Bacteria 3	
S.rolfsii	A.niger	(%)	Per cent inhibition over control	90.5	80	Endophytic Bacteria 4	
S.rolfsii	A.niger	(%)	Per cent inhibition over control	70.75	71.5	Endophytic Bacteria 5	
S.rolfsii	A.niger	(%)	Per cent inhibition over control	74.5	63.25	Endophytic Bacteria 6	
S.rolfsii	A.niger	(%)	Per cent inhibition over control	65.25	68.5	Endophytic Bacteria 7	
S.rolfsii	A.niger	(%)	Per cent inhibition over control	68.5	65.25	



