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Abstract 

Background:  Stem rot caused by Sclerotium rolfsii Sacc. is a major nuisance in groundnut production, causing 
substantial yield losses in almost all groundnut-growing areas around the world. Biological control is regarded as 
a sustainable choice over the currently popular management strategy i.e., chemical control, as later has a negative 
influence on the environment. The present study evaluated the antagonistic effect of native rhizosphere micro-flora 
against groundnut stem rot pathogen S. rolfsii.

Results:  A total of 111 bacterial isolates and 9 Trichoderma isolates isolated from groundnut rhizosphere soil were 
evaluated for their antagonist activity against S. rolfsii in vitro. Eight isolates (seven bacterial and one Trichoderma) 
were chosen as prospective biocontrol candidates based on the findings of the dual culture assay. Molecular char-
acterization of these isolates by 16S rDNA and ITS rDNA sequencing confirmed the identity of bacterial isolates as 
Bacillus spp. (six B. subtilis and one B. amyloliquefaciens) and fungal isolate as Trichoderma asperellum. Also, the selected 
seven bacterial isolates recorded favourable results for antagonism-promoting biochemical traits.

Conclusion:  The results of the current study suggested that the native groundnut rhizosphere micro-flora can be 
exploited for biological control of groundnut stem rot pathogen S. rolfsii. Further research may enable the use of the 
isolated rhizosphere biocontrol agents as single organisms or in a consortium for sustainable management of the 
groundnut stem rot pathogen.
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Background
Biological control is fast gaining importance as a sustain-
able strategy for managing plant diseases which is effec-
tive and environment friendly. A critical review of the 
literature on biological control suggests skewed research 
towards soil-borne pathogens, as the response has been 
more positive in this area as compared to foliar patho-
gens (Kumar and Thirumalaisamy 2016). Numerous bac-
terial and fungal agents are used for the biological control 

of a variety of plant diseases. Bacillus and Pseudomonas 
are majorly exploited bacterial biocontrol agents, while 
Trichoderma is the widely exploited fungal biocontrol 
agent.

While talking about biological control, disease-sup-
pressive soils have to be emphasized as it is the major 
source of biocontrol agents. Disease-suppressive soils 
offer effective protection to plants against infection by 
soil-borne pathogens and the specific disease suppression 
that occurs in these soils is mostly microbial in origin 
(Gómez Expósito et  al. 2017). Rhizosphere, the narrow 
zone surrounding and influenced by plant roots, is a 
hotspot for a wide variety of organisms and is regarded 
as one of the exceedingly complex ecosystems on the 
earth (Raaijmakers et  al. 2009). Rhizospheric organisms 
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play a critical role in reprogramming the entire defence 
response of the host plant (Spence et al. 2014).

Groundnut [Arachis hypogaea L.], “the king of oil-
seeds”, is a member of the family Fabaceae and is an 
edible oilseed crop that is extensively used for oil extrac-
tion, cooking, and domestic purposes. India is the second 
largest producer of groundnut after China. However, the 
area under groundnut cultivation in India has declined 
over the years from 8.30 million ha during 1990–1991 to 
6.02 million ha by 2020–2021 owing to various biotic and 
abiotic constraints including low moisture, poor soil fer-
tility, the incidence of pests, and diseases (INDIASTAT 
2022). Among the soil-borne diseases affecting ground-
nut, stem rot (Sclerotium rolfsii Sacc.) and crown/collar 
rot (Aspergillus niger) are threats to successful groundnut 
cultivation and can cause yield losses up to 50% (Joshi 
et al. 2020).

Stem rot disease is a major constraint in ground-
nut production, causing severe yield losses in almost all 
groundnut-growing areas around the world. It is caused 
by S. rolfsii, an ubiquitous, polyphagous soil-borne path-
ogen that causes destructive plant diseases of different 
crop species. The wide host range of S. rolfsii due to its 
prolific growth and ability to produce persistent sclerotia 
contribute to the large economic losses associated with 
this disease (Cilliers et al. 2003).

Management of stem rot is difficult because the path-
ogen can survive in the soil and plant tissues and has a 
wide host range. The use of chemicals is one of the widely 
practiced methods to manage the disease. However, it has 
many disadvantages such as the emergence of fungicide-
resistant populations, disruption of local ecosystems, 
increased cost and labour and threats to human health. 
Therefore, it is important to develop effective and envi-
ronmentally friendly methods to control the disease and 
biological control comes to play here.

The potential of rhizosphere microorganisms in con-
trolling soil-borne plant pathogens like S. rolfsii has been 
well-established by researchers around the world (Swa-
roopa and Madhuri 2021). Beneficial microbes present 
in native rhizosphere hold immense potential in man-
aging soil-borne pathogens, so it is necessary to study 
their antagonist potential. The antagonistic bacterial 
population in the groundnut rhizosphere against S. rolf-
sii majorly belongs to Bacillus, Pseudomonas and Burk-
holderia (Le et al. 2018). Swaroopa and Madhuri (2021) 
reported that Bacillus spp. isolated from the soil are 
capable of promoting plant growth, while simultaneously 
inhibiting the growth of S. rolfsii in groundnut. Native 
isolates of Trichoderma spp. and rhizosphere bacteria 
from groundnut rhizosphere soil are effective against pod 
rot associated pathogens of groundnut including S. rolfsii 
(Ramanjineyulu et al. 2021).

Various other scientists have reported the ability of 
rhizosphere micro-flora in suppressing plant diseases 
caused majorly by soil-borne pathogens like S. rolfsii and 
promoting plant growth in a variety of crops including 
groundnut (Leona et al. 2020). So, the present investiga-
tion focussed on determining the antagonistic activity 
of native rhizosphere micro-flora against the groundnut 
stem rot pathogen Sclerotium rolfsii in vitro.

Methods
Test pathogen Sclerotium rolfsii Sacc.
The pathogen S. rolfsii was isolated from the stems of 
infected groundnut plants with white mycelial growth on 
the collar region on potato dextrose agar (PDA) medium 
by tissue segment method (Rangaswami and Mahadevan 
1999). A pathogenicity test was conducted, and the iso-
late was molecularly confirmed by ITS rDNA sequencing 
as Athelia rolfsii (Fig. 1). Gene sequence of the test path-
ogen was submitted to NCBI GenBank as Athelia rolfsii 
isolate GNS1 under the accession number OL150603.1.

Collection of rhizosphere soil samples
A roving survey was conducted in groundnut-growing 
regions of Nagarkurnool district of Telangana, India, for 
the collection of rhizosphere soil samples. Rhizosphere 
soil samples adhering to the roots of groundnut plants 
were collected for the isolation of rhizosphere micro-
flora. Collected rhizosphere soil samples were stored in 
an icebox for transportation to the laboratory.

Isolation of rhizosphere micro‑flora
The serial dilution and plating method by Timonin 
(1940) was used for the isolation of microorganisms from 
groundnut rhizosphere soil. Briefly, 10  g of rhizosphere 
soil is serially diluted to obtain dilutions of 10−1, 10−2, 
10−3, 10−4, 10−5, and 10−6. Dilutions of 10−3 and 10−4 
were used for isolation in potato dextrose agar medium 
(PDA), Martin’s Rose Bengal agar medium (RBA) and 
actinomycetes isolation agar medium (AIA), while dilu-
tions of 10−5 and 10−6 were used for isolation in Nutrient 
agar medium (NA) and King’s B medium (KB). Hundred 
μl of respective dilutions were spread onto potato dex-
trose agar medium (PDA) and Martin’s Rose Bengal agar 
medium (RBA) for isolation of fungus and Nutrient agar 
medium (NA), King’s B medium (KB) and actinomycetes 
isolation agar medium (AIA) for isolation of bacteria pre-
sent in rhizosphere soil. These media plates were incu-
bated at 25 ± 2 °C for 3–4 days and 28 ± 2 °C for 24–48 h 
for isolation of fungus and bacteria, respectively. After 
the completion of incubation, subculturing was done 
to obtain pure cultures. Pure cultures of fungal isolates 
were obtained by the single spore and single hyphal tip 
method. While bacterial pure cultures were obtained by 
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picking a single colony with a sterilized inoculation loop 
and streaking in fresh sterile media plates. The isolates 
were maintained by periodical subculturing.

Screening of antagonistic activity of rhizosphere isolates 
against S. rolfsii in vitro
The rhizosphere isolates were tested against stem rot 
pathogen in vitro by dual culture technique (Dennis and 
Webster 1971).

Primary screening of rhizosphere isolates for antagonism 
against S. rolfsii
All bacterial isolates were subjected to primary screen-
ing for assessing their inhibitory effect on the growth of 
S. rolfsii. Five-mm mycelial disc of 5-day-old culture of S. 
rolfsii was placed in the centre of a sterile agar plate and 
four distinct bacterial isolates streaked 1  cm away from 
the periphery on four sides without touching each other. 
A control plate with only S. rolfsii was also maintained 
and observations were made once complete growth 
has been reached in this plate. If the S. rolfsii mycelium 
grows over the streak of rhizosphere isolate it is consid-
ered non-antagonistic. In another case, if the mycelial 
growth of S. rolfsii was halted by the isolate, the isolate 
was selected for secondary screening, while all the rhizo-
sphere fungal isolates identified as Trichoderma were 
considered in secondary screening.

Secondary screening of rhizosphere isolates 
for antagonism against S. rolfsii
Isolates showing inhibitory effects in primary screening 
were then tested for their antagonism against S. rolfsii 
in the dual culture. Loopful of 24-h-old pure cultures of 
test isolate was streaked 1  cm away from the periphery 
of PDA plates, and a 5-mm mycelial disc of 5-day-old 

culture of S. rolfsii was placed at the opposite end and 
incubated at 25 ± 2  °C. A control plate with only S. rolf-
sii was also maintained, while only the fungal rhizosphere 
isolates identified as Trichoderma through colony mor-
phology and microscopy were studied for antagonism 
against S. rolfsii. Five-mm mycelial discs of a 5-day-old 
culture of S. rolfsii and the test fungal isolate were placed 
at opposite ends of the Petri dish 1  cm away from the 
periphery and incubated at 25 ± 2  °C. When full growth 
was achieved in the control plate, the mycelial growth of 
the pathogen was measured in each Petri dish separately 
and expressed in mm. Per cent inhibition of the mycelial 
growth of the pathogen by different test isolates was cal-
culated using the formula given by Vincent (1947):

where I = Per cent inhibition of mycelial growth over 
control; C = Radial growth of the pathogen in control 
(mm); T = Radial growth of the pathogen in treatment 
(mm).

Morphological characterization of potential biocontrol 
isolates
Morphological and biochemical characterizations of the 
potential bacterial biocontrol isolates were done using 
standard methods outlined in Bergey’s Manual of Deter-
minative Bacteriology and Borkar (2017). Gram staining 
and biochemical characterization were performed on 
bacteria that had been cultured for 24 h. Potential Tricho-
derma isolates were inoculated in sterile potato dextrose 
agar (PDA) plates and incubated at 25 ± 2  °C for 7 days. 
The cultural characteristics of Trichoderma isolate on 
PDA plates were recorded. Further identification of 
Trichoderma isolate was done by examining the cultures 

I =
C − T

T
× 100

Fig. 1  Test pathogen Sclerotium rolfsii Sacc. a Pure culture, b Gel profile of PCR product of ITS rDNA gene sequence of test pathogen, c Molecular 
phylogenetic tree of partial ITS rDNA sequence of test pathogen
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under the microscope for the characters of conidia and 
conidiophores (Barnett and Hunter 1972).

Molecular characterization of potential biocontrol isolates
Molecular characterization of the potential rhizosphere fun-
gal isolate was done by ITS rDNA sequencing, while that 
of potential rhizosphere bacterial isolates was done by 16S 
rDNA sequencing. Genomic DNA of fungal and bacterial 
isolates was extracted by the methodologies proposed by 
Lee (1990) and Bazzicalupo and Fancelli (1997), respectively, 
with minor modifications. PCR amplification of 16S rDNA 
region of isolated bacterial DNA was carried out with 27F 
and 1492R primers while fungal DNA isolated was ampli-
fied at internal transcribed spacer region by ITS1F and ITS4 
primers. A small volume (10 μl) reaction was carried out, fol-
lowed by a large volume (50 μl) reaction. Base sequences of 
primers used, the composition of PCR mixture and cycling 
conditions and amplicon size are given in Table 1. PCR prod-
ucts were then sequenced, and sequence results obtained 
were analysed using BioEdit, MEGA11 and NCBI-BLAST 

(https://​blast.​ncbi.​nlm.​nih.​gov/​Blast.​cgi#). The top ten NCBI 
hits for each sequence were aligned using ClustalW, fol-
lowed by Molecular Phylogenetic analysis by using the Maxi-
mum Likelihood method and Kimura 2-parameter model in 
MEGA11. Based on that, the closest homolog of each isolate 
from the NCBI GenBank database was identified.

Screening of potential bacterial isolates 
antagonism‑promoting biochemical parameters
Selected potential antagonist bacterial isolates were stud-
ied for their antagonism-promoting biochemical param-
eters i.e., HCN, ammonia, siderophore, cellulase and 
pectinase productions.

HCN production
HCN production of test isolates was conducted as per the 
method of Castric and Castric (1983). The selected bacte-
rial isolates were streaked on nutrient agar supplemented 
with 0.44% (w/v) glycine. A Whatman filter paper saturated 
with alkaline picric acid solution (2% sodium carbonate in 

Table 1  Molecular characterization of potential biocontrol isolates

(a) Base sequences of 16S rDNA and ITS rDNA primers used

Primers Primer ID Sequence Base pairs

16S rDNA 27F 5′-AGA​GTT​TGA​TCC​TGG​CTC​AG-3′ 20

1492R 5′-TAC​GGY​TAC​CTT​GTT​ACG​ACTT-3′ 22

ITS rDNA ITS1F 5′-TCC​GTA​GGT​GAA​CCT​GCG​G-3′ 19

ITS4 5′-TCC​TCC​GCT​TAT​TGA​TAT​GC-3′ 20

(b) PCR mixtures for 10 μl and 50 μl reaction volumes

Components Quantity for one reaction

Total volume (10 μl) Total volume (50 μl)

EmeraldAmp GT PCR Master Mix 
(2X premix)

5 μl 25 μl

Primers (2.5 pmol/μl)

 Forward 1 μl 5 μl

 Reverse 1 μl 5 μl

Template DNA (100 ng/μl) 1 μl 5 μl

dH2O 2 μl 10 μl

Total volume 10 μl 50 µl

(c) Cycling conditions and amplicon size for 16S rDNA and ITS rDNA amplification

Step 16S rDNA ITS rDNA

Initial denaturation 96 °C for 4 min 94 °C for 5 min

35 cycles of

 Final denaturation 94 °C for 40 s 94 °C for 45 s

 Primer annealing 57 °C for 1 min 55 °C for 45 s

Extension 72 °C for 80 s 72 °C for 1 min

End of cycle

 Final extension 72 °C for 10 min 72 °C for 5 min

 Amplicon size  ~ 1500 bp  ~ 600 bp

https://blast.ncbi.nlm.nih.gov/Blast.cgi#
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0.5% picric acid) was placed on the upper lids of Petri plates 
and incubated at 30 ± 2 °C for 4 days. Plates are monitored 
for the development of red-brown shade from the yellow 
colour of filter paper, indicating HCN production.

Ammonia production
Estimation of ammonia production by test isolates was 
carried out by adding 0.5 ml Nessler’s reagent to isolates 
grown in peptone water broth (5  g peptone and 10  g 
sodium chloride in 1 L water) at 30 ± 2  °C for 48 h. The 
development of slight yellow to brownish colour indicates 
the production of ammonia (Gupta and Pandey 2019).

Siderophore production
A qualitative assay of siderophore production activity of 
test isolates was tested on Chrome Azurol S (CAS) agar 
medium (Schwyn and Neilands 1987). The test bacterial 
isolates were spot-inoculated on CAS agar plates and 
incubated at 30 ± 2  °C for 3–4 days. The formation of a 
yellow to orange coloured zone around the colony indi-
cates siderophore production. Based on the clearing halo 
zone length, solubilization index (SI) and solubilization 
efficiency (SE) were calculated for each isolate using the 
following formulas:

where Z = Solubilization zone (mm); C = Colony diam-
eter (mm).

Chrome Azurol S reagent

Solution 1

 Chrome azurol S 0.0605 g

 Distilled water 50 ml

Solution 2

 Ferric chloride 0.0027 g

 10 mM Hydrochloric acid 10 ml

Solution 3

 HDTMA 0.0729 g

 Distilled water 40 ml

Solution (1) was mixed with 9  ml of solution (2) this 
was mixed with solution (3). The solution should now be 
in blue. Autoclave and store in a plastic container.

CAS agar plates: King’s B medium was prepared sep-
arately and autoclaved after which 99  ml of Chrome 
Azurol S reagent (prepared as above) was added to 
750  ml of medium aseptically which gave it a greenish-
blue colour. The medium was then poured into plates and 
allowed to solidify.

Solubilization index (SI) =
C + Z

C

Solubilization efficiency (SE) =
Z

C
× 100

Cellulase production
Cellulose production activity was screened on car-
boxymethylcellulose (CMC) agar medium [sodium 
nitrate-2 g; potassium dihydrogen phosphate-1 g; magne-
sium sulphate-0.5  g; potassium chloride-0.5  g; carboxy-
methylcellulose-2  g; peptone-0.2  g; agar-20  g; distilled 
water-1000  ml] according to the method of Hankin 
and Anagnostakis (1977) as modified by Kasana et  al. 
(2008). Test isolates were spot-inoculated on CMC agar 
medium plates and incubated at 30 ± 2  °C for 3–4 days. 
After incubation, plates were flooded with Gram’s iodine 
(2.0 g KI and 1.0 g iodine in 300 ml distilled water) for 3 
to 5 min. Positive cellulase production activity was indi-
cated by the formation of a zone of clearance around the 
colony. Based on the clearing halo zone length, solubili-
zation index (SI) and solubilization efficiency (SE) were 
calculated for each isolate.

Pectinase production
Screening for pectinase production activity by isolates 
was studied on pectinase screening agar medium (PSAM) 
[disodium hydrogen phosphate-6  g; potassium dihydro-
gen phosphate-3  g; sodium chloride-5  g; ammonium 
chloride-2  g; magnesium sulphate-0.1  g; pectin-10  g; 
agar-20  g; distilled water-1000  ml; final pH-4.5 ± 0.5] 
(Oumer and Abate 2018). Test isolates were spot inocu-
lated on PSAM agar plates and incubated at 30 ± 2 °C for 
2 days. After incubation, plates were flooded with Gram’s 
iodine (2.0 g KI and 1.0 g iodine in 300 ml distilled water) 
for 3 to 5 min. Positive pectinase production activity was 
indicated by the formation of a zone of clearance around 
the colony. Based on the clearing halo zone length, solu-
bilization index (SI) and solubilization efficiency (SE) 
were calculated for each isolate.

Statistical analysis
The data of the experiments were subjected to one-way 
analysis of variance (ANOVA), and means were sepa-
rated (p ≤ 0.05) by Fisher’s least significant difference 
(LSD) using statistical analysis software GRAPES 1.0.0, 
Kerala Agricultural University, Kerala, India (Gopinath 
et al. 2021).

Results
Collection of rhizosphere soil samples
The survey covered 10 villages in 6 mandals of Nagarkur-
nool district viz., Bijinapalle, Tadoor, Kalwakurthy, 
Nagarkurnool, Peddakothapally and Kollapur. Ground-
nut rhizosphere soil samples were collected from 12 dif-
ferent sites in these six mandals. The soil pH, electrical 
conductivity, available nitrogen, available phosphorous, 
available potassium and organic carbon of survey soil 
samples were analysed and are presented in Table 2.
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Isolation of rhizosphere micro‑flora
Rhizosphere micro-flora was isolated by serial dilution 
and plating method on five different media viz., King’s 
B medium (KB), nutrient agar medium (NA), actinomy-
cetes isolation agar medium (AIA), potato dextrose agar 
medium (PDA) and Martin’s Rose Bengal agar medium 
(RBA) from the collected 12 rhizosphere soil samples. A 
total of 111 bacterial isolates were obtained from KB, NA 
and AIA, and 79 fungal isolates were obtained from PDA 
and RBA, respectively (Fig. 2). All the bacterial and fun-
gal isolates were maintained by periodical subculturing 
for use in further experiments.

Primary screening of rhizosphere isolates for antagonism 
against S. rolfsii
All 111 bacterial isolates obtained were considered for 
primary screening for antagonism against Sclerotium 
rolfsii (Fig. 3). Among these, 33 isolates (12 from KB, 15 
from NA and 6 from AIA) showed antagonism against S. 
rolfsii, which were then evaluated for antagonism against 
S. rolfsii in dual culture. Among the 79 fungal isolates, 9 
isolates were identified as Trichoderma and these were 
selected for testing in dual culture for antagonism against 
S. rolfsii.

Secondary screening of rhizosphere isolates 
for antagonism against S. rolfsii
A total of 33 bacterial isolates (12 from KB, 15 from NA, 
and 6 from AIA) was selected through primary screening 
and 9 native Trichoderma isolates isolated from rhizos-
phere soil were tested for their antagonistic activity against 
S. rolfsii by dual culture technique (Figs.  4, 5). Observa-
tions were taken on the day when the radial growth of S. 
rolfsii in the control plate was full. Among the 33 bacterial 
isolates tested, isolate S3KB6, S9KB4 and S1NA7 recorded 
maximum inhibition of 62.82, 61.70 and 61.11% over con-
trol, respectively, followed by isolates S2NA6 (58.52%), 
S10KB2 (57.25%), S4KB5 (55.39%) and S8KB2 (54.64%). 
Significantly minimum inhibition of 11.11% over con-
trol was recorded by isolate S11A1, which is on par with 
the values recorded by isolates S6A1 (11.48%) and S3KB2 
(13.01%). The zone of inhibition was maximum in isolate 
S3KB6 (37.33 mm), followed by S1NA7 (27.67 mm). How-
ever, isolates S3KB2, S6A1 and S11A1 did not record any 
zone of inhibition (Table 3; Fig. 4).
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Fig. 2  Number of isolates isolated from collected groundnut rhizosphere soil samples

Fig. 3  Primary screening of rhizosphere bacterial isolates for 
antagonism against Sclerotium rolfsii; here A, C, and D are antagonistic 
while B is non-antagonistic
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Further, among the nine native isolates of Tricho-
derma tested, isolate Tricho5 recorded maximum 
inhibition of 70.37% over control, followed by iso-
lates Tricho9 (63.33%) and Tricho6 (62.59%). Signifi-
cantly minimum inhibition of 52.59% over control was 
recorded by isolates Tricho1 and Tricho7 (Table  4; 
Fig. 5).

Morphological characterization of potential biocontrol 
isolates
Eight rhizosphere isolates were selected as potential 
biocontrol isolates against S. rolfsii based on secondary 
screening. These include seven bacterial isolates (S1NA7, 
S2NA6, S3KB6, S4KB5, S8KB2, S9KB4 and S10KB2) and 
one Trichoderma isolate (Tricho5). The morphological 

Table 3  Antagonistic activity of rhizosphere bacterial isolates on radial growth of Sclerotium rolfsii by dual culture technique

Values presented are mean of three replications; Values in columns with the same letters after them indicate insignificant differences at the 5% significance level

Isolate Mycelial growth (mm) Per cent mycelial inhibition Zone of 
inhibition 
(mm)

S1KB2 66.00de 26.39qr 7.67p

S1NA3 63.67fg 29.26op 4.67r

S1NA4 68.33c 24.07r 1.33u

S1NA5 44.67n 50.37fg 20.67f

S1NA7 35.00s 61.11ab 27.67b

S2KB4 46.33mn 48.33gh 10.67l

S2NA1 61.67g 31.48no 8.33op

S2NA2 51.33j 42.96jk 9.33mn

S2NA3 67.67cd 24.81r 3.67s

S2NA6 37.33r 58.52bc 19.00gh

S3KB2 78.00b 13.01 s 0v

S3KB6 33.33s 62.82a 37.33a

S4A1 64.00ef 28.89opq 1.33u

S4KB2 55.33i 38.28l 19.33g

S4KB4 44.67n 50.18g 8.33op

S4KB5 40.00pq 55.39de 19.67g

S6A1 79.67b 11.48s 0v

S6NA1 52.00j 42.22k 15.33j

S6NA5 42.33o 52.96ef 10.67l

S7NA3 57.67h 35.93lm 6.33q

S8A1 48.33lm 46.30hi 22.33e

S8A2 59.33h 34.07mn 8.67no

S8KB2 40.67op 54.64e 25.00cd

S8NA1 41.67op 53.70e 18.33hi

S9KB1 49.00kl 45.35ij 11.67k

S9KB2 41.67op 53.53e 17.67i

S9KB4 34.33s 61.70a 24.67d

S9NA1 52.00j 42.22k 2.67t

S9NA2 50.67jk 43.70ijk 9.67m

S9NA3 66.67cd 25.93r 7.67p

S10KB2 38.33qr 57.25cd 25.67c

S11A1 80.00b 11.11s 0v

S11A2 66.00de 26.67pqr 2.33t

Control 90.00a 0t 0v
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Fig. 4  Antagonistic activity of bacterial isolates from groundnut rhizosphere against Sclerotium rolfsii in vitro
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Fig. 5  Antagonistic activity of Trichoderma isolates from groundnut rhizosphere against Sclerotium rolfsii in vitro

Table 4  Antagonistic activity of Trichoderma isolates from groundnut rhizosphere on radial growth of Sclerotium rolfsii by dual culture 
technique

Values presented are mean of three replications; Values in columns with the same letters after them indicate insignificant differences at the 5% significance level

Isolate Mycelial growth (mm) Per cent 
mycelial 
inhibition

Tricho1 42.67b 52.59e

Tricho2 39.67d 55.93c

Tricho3 41.33bc 54.07de

Tricho4 40.33cd 55.19cd

Tricho5 26.67f 70.37a

Tricho6 33.67e 62.59b

Tricho7 42.67b 52.59e

Tricho8 39.33d 56.30c

Tricho9 33.00e 63.33b

Control 90.00a 0f

and biochemical characterization of the bacterial isolates 
was done. Also, cultural and morphological characteris-
tics of the Trichoderma isolate (Tricho5) were recorded. 
The results are presented in Table 5.

Molecular characterization of potential biocontrol isolates
Molecular characterization of eight selected biocontrol 
isolates viz., seven bacterial isolates (S1NA7, S2NA6, 
S3KB6, S4KB5, S8KB2, S9KB4 and S10KB2) and one 

Trichoderma isolate (Tricho5) were done by ITS rDNA 
sequencing (Trichoderma isolate) and 16S rDNA gene 
sequencing (bacterial biocontrol isolates). The fungal bio-
control isolate Tricho5 showed 99.82 per cent identity to 
Trichoderma asperellum (MH013955.1). Bacterial biocon-
trol isolates S1NA7, S2NA6, S3KB6, S4KB5, S8KB2 and 
S10KB2 showed highest per cent identity to Bacillus subti-
lis sequences, GU125629.1 (100%), MH160718.1 (99.86%), 
MT111002.1 (99.83%), GU125629.1 (99.72%), KC438378.1 
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(99.72%) and GU125629.1 (99.71%) respectively (Figs. 6, 7). 
The bacterial biocontrol isolate S9KB4 showed 99.72 per 
cent identity to Bacillus amyloliquefaciens (AB983212.1). 
Partial gene sequences of the potential biocontrol agents 
were submitted to NCBI GenBank and cultures are sub-
mitted to the National Agriculturally Important Microbial 
Culture Collection (NAIMCC), NBAIM, Mau, India and 
accession numbers were obtained (Table 6).

Screening of potential bacterial isolates 
antagonism‑promoting biochemical parameters
Selected seven potential bacterial isolates were evalu-
ated for antagonism antagonism-promoting biochemical 

parameters (Table 7; Fig. 8). All the tested bacterial iso-
lates registered negative results for HCN production, 
except for B. subtilis isolates S4KB5 and S8KB2, which 
recorded slightly positive reactions. Ammonia produc-
tion for all of the examined bacterial isolates was mod-
erately positive. All the isolates except B. subtilis isolate 
S10KB2 recorded positive reactions for siderophore pro-
duction with B. subtilis isolate S4KB5 recording the high-
est values for solubilization efficiency (306.67 ± 11.55%) 
and solubilization index (4.07 ± 0.115). While all the 
tested isolates recorded positive results for cellulase and 
pectinase production with B. amyloliquefaciens isolate 
S9KB4 recording the highest values for both (Table 7).

Fig. 6  Gel profile of PCR products of partial a 16S rDNA gene sequences of selected potential bacterial isolates (S1NA7, S2NA6, S3KB6, S4KB5, 
S8KB2, S9KB4 and S10KB2), b ITS rDNA gene sequences of selected potential Trichoderma isolate (Tricho5)

Table 6  Details of accession numbers of potential biocontrol isolates obtained from NCBI GenBank and NAIMCC

Isolate ID Submitted as NCBI GenBank accession 
number

NAIMCC accession number

S1NA7 Bacillus subtilis isolate S1NA7 OK655678.1 NAIMCC-B-03057

S2NA6 B. subtilis isolate S2NA6 OK655682.1 NAIMCC-B-03055

S3KB6 B. subtilis isolate S3KB6 OK655683.1 NAIMCC-B-03056

S4KB5 B. subtilis isolate S4KB5 OK655727.1 NAIMCC-B-03058

S8KB2 B. subtilis isolate S8KB2 OK655743.1 NAIMCC-B-03059

S9KB4 Bacillus amyloliquefaciens isolate S9KB4 OK655745.1 NAIMCC-B-03053

S10KB2 B. subtilis isolate S10KB2 OK655744.1 NAIMCC-B-03054

Tricho5 Trichoderma asperellum isolate Tricho5 OK655746.1 NAIMCC-F-04250
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Fig. 7  Molecular phylogenetic trees of partial a 16SrDNA gene sequences of selected potential bacterial isolates (S1NA7, S2NA6, S3KB6, S4KB5, 
S8KB2, S9KB4 and S10KB2), b ITS rDNA gene sequence of selected potential Trichoderma isolate (Tricho5)
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Discussion
Twelve different groundnut rhizosphere soil samples were 
used to isolate the native rhizosphere micro-flora, yield-
ing a total of 111 bacterial and 79 fungal isolates. Then, 
the isolates were tested for antagonistic activity against S. 
rolfsii. In primary screening, 33 of the 111 bacterial iso-
lates showed antagonistic behaviour towards S. rolfsii, 
and they were further evaluated in dual culture. All the 
isolates significantly inhibited radial growth of S. rolfsii 
with isolates S3KB6, S9KB4 and S1NA7 recording maxi-
mum inhibition of 62.82, 61.70 and 61.11% over control 
respectively. Results are in agreement with the findings 
of Safni and Antastia (2018) who reported that rhizo-
bacterial species showed significant antagonistic activ-
ity against S. rolfsii with inhibition up to 60%. Swaroopa 
and Madhuri (2021) found that Bacillus spp. isolated 
from the soil inhibited the growth of S. rolfsii in ground-
nut. The in vitro inhibition of radial growth of S. rolfsii by 
rhizosphere isolates was also reported by Ramanjineyulu 
et al. (2021). Nine isolates identified as Trichoderma spp. 
from the 79 rhizosphere fungal isolates were tested for 
antagonistic activity against S. rolfsii in dual culture assay. 
All the isolates showed significant inhibition of radial 
growth of S. rolfsii and isolate Tricho5 recorded a maxi-
mum inhibition of 70.37% over control. Results obtained 
are in conformity with Karthikeyan et  al. (2006), who 
reported inhibition of S. rolfsii radial growth of mycelium 
in dual culture by Trichoderma isolates ranging between 
39.93 and 69.40% with isolate Tv1 of T. viride recording 
highest inhibition over control. Likewise, Hirpara et  al. 
(2017) tested 11 Trichoderma isolates against S. rolf-
sii. T. virens NBAII Tvs12 exhibited maximum growth 
inhibition of S. rolfsii (87.91%), followed by T. koningii 
MTCC 796 (67.03%), T. viride NBAII Tv23 (63.74%) and 

T. harzianum NBAII Th1 (60.44%). The in  vitro inhibi-
tion of radial mycelial growth of S. rolfsiiby Trichoderma 
was also reported by Pacheco et al. (2016). Eight isolates 
(seven bacterial and one Trichoderma) were selected as 
potential biocontrol ones. Molecular characterization of 
selected biocontrol isolates by 16S rDNA and ITS rDNA 
sequencing confirmed the identity of bacterial isolates as 
Bacillus spp. (B. subtilis and B. amyloliquefaciens) and 
fungal isolate as Trichoderma sp. (Trichoderma asperel-
lum). Further, the selected bacterial isolates recorded 
favourable results for antagonism-promoting biochemi-
cal parameters i.e., HCN production, ammonia produc-
tion, siderophore production, cellulase production and 
pectinase production, which is comparable to the find-
ings of Syed et  al. (2020). The cultures of the potential 
biocontrol were deposited to NAIMCC, NBAIM, Mau, 
India. The use of these isolates in the biological control 
of S. rolfsii may be made possible with further study, thus 
offering a sustainable solution for the management of 
groundnut stem rot disease.

Conclusion
Results of the present study proved the effectiveness of 
33 bacterial isolates and 9 Trichoderma isolates from 
groundnut rhizosphere soil in controlling S. rolfsii under 
in  vitro conditions. Of these, the identities of seven 
bacterial isolates and one Trichoderma isolate, which 
recorded significantly high inhibition of radial growth 
of S. rolfsii were morphologically and molecularly con-
firmed. Further research may enable the use of the iso-
lated rhizosphere biocontrol agents as single organisms 
or in a consortium for sustainable management of the 
groundnut stem rot pathogen.

Table 7  Screening of potential bacterial biocontrol isolates for antagonism-promoting biochemical traits in vitro

Values expressed are mean of replications ± standard deviation

SE, solubilization efficiency; SI, solubilization index

−: negative; +: slightly positive; ++: moderately positive; +++: highly positive; ++++: extremely positive

Isolate ID HCN 
production

Ammonia 
production

Siderophore production Cellulase production Pectinase production

SE (%) SI SE (%) SI SE (%) SI

Bacillus subtilis isolate S1NA7 − ++ 207.33 ± 7.15 3.07 ± 0.071 495.24 ± 8.25 5.95 ± 0.082 373.33 ± 11.55 4.73 ± 0.115

B. subtilis isolate S2NA6 − ++ 151.27 ± 5.35 2.51 ± 0.054 410.30 ± 16.8 5.10 ± 0.168 473.33 ± 23.09 5.73 ± 0.231

B. subtilis isolate S3KB6 − ++ 232.32 ± 4.63 3.32 ± 0.046 462.04 ± 11.23 5.62 ± 0.112 189.68 ± 9.01 2.90 ± 0.090

B. subtilis isolate S4KB5 + ++ 306.67 ± 11.55 4.07 ± 0.115 389.63 ± 10.02 4.90 ± 0.100 386.67 ± 11.55 4.87 ± 0.115

B. subtilis isolate S8KB2 + ++ 252.19 ± 5.83 3.52 ± 0.058 275.09 ± 3.17 3.75 ± 0.032 217.04 ± 5.13 3.17 ± 0.051

Bacillus amyloliquefaciens 
isolate S9KB4

− ++ 138.79 ± 2.10 2.39 ± 0.021 577.78 ± 19.25 6.78 ± 0.192 555.56 ± 19.25 6.56 ± 0.192

B. subtilis isolate S10KB2 − ++ − − 385.93 ± 5.13 4.86 ± 0.051 310.12 ± 20.85 4.10 ± 0.209
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Fig. 8  Screening of selected potential bacterial isolates for antagonism-promoting biochemical traits
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