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Abstract:

Stem rot discase caused by Sclerotitom rolfsii Sacc, is one of the most important disease of
oroundnut ceusing major crop losses. To pursuit for the effective Saciffns spp.as microbiological
control of Sclerotiem rolfsii Secc. 1898acilluy xpp. were isolated from different thizospheric
nichesol healthy plants, and primarily screenedin virefor the antagonistic activity agains
Seleretiwm rolfsi, by dual culure technigue, During the primary screening. Bacilluy spp.
RRRI3 found highly effective in killing the phytopathagen, Selerntivm rodfsii in Vitra,
TheBaciflus spp RRR13, effectively slaughter the growth of phytopathogen, Sclerotium rolfsii
whose percent inhibition recorded as 7.5, The Bacilfus spp. RRR1S later identified as Boctlfuy
amylodlgiefociens REEES by 16 &5 rBNA sequencing.

Key words: Groundnut, Stem rot, Seferotiens polfiii, Bocifles anploligeefociens RRRIS,

L0 Introduction:
Sclerorium rolfsil, a broad host range fungus, caused Stem rot. the major soilbornediseage

of grovndnut { drachis ypogaesa) In India among the soil-bome fungal diseases of groundau, stem
rot capsed by 5 roffdl is a potential threat for groundnut grown under irrdgated conditions. Stem-
rot cassed by 8 rolfsii is sporadic in most of the groundnut growing areas like Tamil Nadw, Andhra
Pradesh, Kamataka (Pande, ef af . 2000),

The traditicnal sgriceliural practice to control the phytopathogen 8. rolfsil 15 by using
viriely ol fungicides e.g, Bavistin, Caplan cte, But i severe disadvantage of the traditional method
i5 that it is not effective to check the Selerotinm during the cropping period (90- 100 days) and is
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not eco-friendly. Becauseof the increased wsage of chemical fungicides, produced concern farthe
erviramment and humanhealth, microbial inoculants have been experimentedextensively during
the last decade to control wilt andother plant diseases {Siddiqui and Shakeel, 20006 C hakrahorty
and Chatierjes, 2008; Akhtar e al., 2000}

One of the most promising alternatives to synthetiefungicides is hological contral of
pathogens, whichincludes the use of bicfungicides based on antagonistiemicroorganisms.in
contrast to commonly used fangicides, biofungicides have several advantages: highspeeiluity
agmnst target pathogens, rapid degradationin the environment and low mass-production
cost, Antagonistic microorganisms operate through viriopsmodes of activity such as competition
with pathogensfor space and nutrients, production of antibiotics andeell-wall degrading enzymes
and reduction of pathogenpopulation by hyperparisitism (Fivkovicer al, 2010,5tanojevié of al,
2016}

Mast bacterial strains commercially used as hiofungicideshelong to the genera faciilus and
Preadomorss (Fravel, 2005), Bacillus spp. produces spores that areresistant 1o varloas physical
and chemical treatmentssuch as heat, desiccation, UV Grradiation and organicsalvents
{Leelnsuphakuler ol 2008). Also, they are known to produce an arrayol secondary metaholiles,
including  antibiolics,cell-wall degrading enzymes and amiifunegal  volatilesubstances. This
indicates that Bacilluy spp. strains canbe efficient biological control agents against o widerange of
plant pathogens (Kim and Chung, 2004 Leelasuphakuler o, 2006), Many microorganismsarc
known to produce multiple antibiotics which cansuppress one or mnore pathogens (Hoas and
Defagn,2005; Stein, 2005 Ge o al. 2007y, For instance, Bacilluvsubiilis produces several
rihosomal and non-ribosomalpeptides that act as antibiotics such as iurins, surfactinsand
Fwirlermycin (Asaka and Shoda, 1996; Stein, (M5 jand it secretes also hydrolytic enzymes, e
protease glucanase (Cuzorla er al., 2067), chitinase (Manjula efal., 2004), lipase (Detry e af,
200} and amylase (Konsoulaand Liakepoulou-Kyrinkides, 2006).

Hence, a5 an alternative amwempt has been madeto give &n eco=[riendly strategy for the
control ofSelerarimm during this work. Keeping in view,the importance of rhizospheric bacteria
insustainable agriculiure development hycontrolling the phytopathogens, the present studyaims &t

(i} isolate pa:licularll?r Buciilus spp from rhizospheric niches of healthy plants such as MNeem, (i1)
Pagy (352
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evaluste its potential primarily and secondarily in vitroin controlling the soil-borne pathogen,
Seleratiom ralfyiby dual enlture methad (i) To identify the Bacilluy isolate based on 1ASrRMA
sequencing.

L0 Mlaterials and Methods:

2.1 Chemicals:

All the chemicals used during the stedy were procured from M8 Hi-media. Mumbai,
Glaxo Egd, Mumbai, Sigma Aldrich, USA, unless and otherwise specified in the text,
Analytical/Guarsntesd (AR/GR) grade chemicals and double glass-distilled water was used
2,2, Collection of Stem Rot Phiytopathosen of Gronndnut:

Sclevidium rolfiii Sace,, the Stem Rot phatopathogen of groundnut used in this research
work, had been isolated in previous research work conducted at Department of Microbiology, Shri
Guru Buddhiswami Mahavidyalaya, Purna, Dist. Parbhani. Fungal culture of Scleroiium rolfsi
was maintuined on potate dextrose agar {PIIA) by sub-culturing at regular intervals,

2.3 Bsolation of Rhizospheric Sacilfuy spp.:

The present investigation was planned for isolation nt: an effective microbiological ¢control
apent from soil. particularly the bacterial genera Bocitles, which have antagonistic potential
against major proundnut diseases, Rhizospheric soil from different healthy plants such as Sovbean,
Meem, Jawar, Groundnug, Wheat, Tur etc. (Photo Plate 2.0 were collected in poly-ethylene bags
and brought 1w the rescarch lshoratory, 1em of 2o0il sumple was inoculated inls 100 ml nutriem
broth and kept for incobation ot room temperature for 24 h. .

For isolation of Bacillus spp., a modified method of Kim ef af, (1997) was emploved. A
Iml of enriched nutrient broth was added to |0 ml sterile distilled water and kept at 80°C for 20
min. later a loopful of culture wes streaked on nutrient agar plates. Plates were incubated at room

termpetalure for 48 k,
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Photo plate 2.0: Soil eollected from Rhizospheric niches of healthy planis for isolation of
Bocillus spp.
2.4 In Vitro Screening for Potentinl Microblological Control Agents:

For primary screening. all the Bacilfus isolaes were screened for potential antagonistic
getivity against 5. rolfedi, by using modified dual culture technique on King B agar plates (Gull
and Hafeez, 2012, Raut and Hamde, 2016). 5 mm diameter mycelial dise was punched from mrgin
of actively growing mycelium of Sclerotium roifsii and placed at the centre of B0 mm Peiri plate
and Baciliussp. were inoculated 30 mm apart from the centre (Figure 2.0}, Three Bacillug spp,
were placed in @ plate along with phyiopathogen i the centre. Contrad plate was kept without
inoculation of rthizobacteria isolates and all the plates were incubsted at room temperature for 7
days. The anrifungal activity was determined by measuring the inhibition of mycelil growth af
Scierotium rolfyii and percent inhibition was caleulated by the following equation (Whipps,
|98 7. Raut and Hamde, 2016).

Radial growth of Pathogen — Radial growlh of Pathogen
alone {Control} + Antagonisl
Inhibition (Ya) = w100
Radial growth of Pathogen alene
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Figure 2.0: Cardboard template for standardization dual culiure technigue for antifungal
aetivity

In secondary scregning, efficient antagonistic Socilfus spp were again evaluated for
micrebiclogical control activity against Selerotfun rodfsi by usingdual culture wechnigue{ Denniy
and Webster, 1971) An agar disc (5 mm) was cut from an actively growing (96 h) phstopathogen,
S rodfsdt and placed on the surfaee of fresh King's B agar medium a1 10 mm distance from the
center of the Petri plate. While, the rhizobacterial Bacilfuy isolates was inoculated 10 mm away
from the centre in 90 mm Petri plate containing Kings B agar. The resultant distance was 20 mm
in between pathogen and antagonist in 90 mm Petri plate. Control plate was kept withou
moculation of rhizobagteria isolate. Each experiment was carried out in triplicates. Plates were
incubsated st room empersture for 7 days, Degree of antagonism was determined by messuring the
radial gravwth of pathogen with bacterial culture and control and percent inhibition was caleulated
by using the formula (Whipps, 1987, Raut and Hamde, 2016),

RI-R2
Percent Inhibition (%) = = 1M}
Rl
Where, R1 1s radial growth by the pathogen in the opposite direction of the antagoenist (a

control value) and R2 is radial growth by the pathogen in the direction towards the antagonis (an
inhibition value).
1.5 ldentification of Efficient Baeiilur spp:

Shri Gy Buddbiomami Mabavidealoes
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Ihe efficient Hacillus sppas microbiolagical control agent, ebtainedfrom screening was
sdentilied according fo Bergey’s Manual ofSvstematic Bacteriology (1984) by using celtural
andbiochemicalcharacteristics as well as 168 rRINA sequencing, 165 rRNA sequencingof culture
was carried out at Agharkar Research Institute {ARI) Pune Maharashtra.

L0 Result and Discussion:

With the recent update of Agriculmral field, it has become cryseal clear thar growndit ix
aie i Hive most impartant cash crop for the farmers. Hence it is essential fo improve the vield both
quality amd quantity wise fo Saisfi the demands of ever-increasing population. In this comext
variely of syathetic ogrochemicals ave used by furmers do eontrol the Plivtopathogens attecking
fhe crop. This practice has led to many more eavirommental problems like: { Disturbance of
soological balance (soil). i) Contamination af ground warer, [ Developmens of resiviance
armcims i pathogeny fowards the syntfesic chemicols. iv) Sever health risk to non-rarsel spocies
Itke Fummans, avitmals, birds av well as beneficial soil microflora. Ta cope up with this problem an
attemyn fus heen made throngh s research work by weinme o targel specific, rhizespheric bocteriu
for efficient comtral of Phviopathogens causing difierent disease to groundnus, in an eco-friendly
i et ffective mogmner,

A1 Isolation of Rhirospheric Bacilius spp.:

it was well known faet that rhizospheric bacteris were excellent microbial control agents
1o control soil-borne plant pathogens. Rhizospheric isolates like Bocillns, Pseudwmonas, Serratia
and drifrobacter have been proved 1o be best in controlling the fungal diseases (Handelsman and

stabb, 19596). Rhizosphere-resident antagonistic microorganisms were ideal microhiological

comtrol agenis. as the rhizosphere provides the frontline defense against soil borne phytopathogens. -

Luring present work, the typical white colonics were picked up individually and transferred
on nutrient agar stants. Total | 89 rhizospheric Bociliuy ypp, were isolated from rhizospheric niches
of different healthy plants. Allthe rhizospheric Bacillus spp. were tentatively named as RRR| to

RER 189 during this research 1o aveid confusion and maimtained on Nutrient agarslants,

dud I Vitrir Screening for Potential Microbiological Control Agents:
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During the primary screening for potential micrabiological control agent, the entire 189
Buciifuy spp, were sereened for their antagonistic activity against S, rolfil, by dua! culture method.
The present study shown that Bacillus spp. RRES, RRR15, RRE16, RRR18, RRRIS RER2O,
RERZG. RERI9. RRR30, RRR3], RRK33, RRR34, RER36, RER3T, RRRE3E RRR3IY, RRR40,
RRRE4l. RRRS3 and RRRSTrecovered from the different rhizospheric niche found etfectively
antzgonistic against Scleroium roffsil. the siem ot pathogen of groundnut nvifro in cantrast 10
uther Bacilhe spp, isolated from various source s shown in Table 3.0,

Table 3.0; fn Vitro Primary Screening for Microbiological control Ageat Sacifius spp.
ngainst
Sclerotium rolfsii Sace

lsolates of | Inhibitio | Isolates of | Inhibition | lsolates of | Inhibition
| Bacillus spp. | 0 levels | Bocilfuy bevels Bactllis levels
i spp. spp.
. RRR1 | HER 64 2 RRE 127 0
. RRRZ | 2 RER 65 2 RER 128 2
RRR3 | 2 RRR 66 2 RRR 129 2
. RRR 4 | RRR 67 2 RER 130 1
| RRRS | RER 68 1 KRH 131 i
|__RRR& 3 RRR 69 [ RRE 132 1
| _RRR7 | RRR 70 2 RRR 133 2
| RRR & E RRR 71 2 RER 134 2
. RRRW i RRK 72 2 RRR 133 0
RRER 10 | RRE 73 2 RRR 136 0
RRR I1 2 RRR 74 2 RRR 137 I
_RRE |12 2 RER 75 2 | BRRI3® | |
RRE 13 2 RRR 76 2 KRR 139 i
RRR 14 2 RER 77 I RRR 140 1
HREH 15 4 RRER 78 I RER 141 0
{ RRHE 14 3 RRR 79 1 RRR 142 0
I RRE 17 ] RRR 80 1 RRR 143 0
| RRR 18 3 RRR B] 2 RRR 144 0
RRR ¥ 3 RER 82 | RRE 145 i
RRR 20 3 RERE3 | 1 HER 146 0
| RRR2I 1 RRR 84 1 RER 147 0
| RRR22 | | RRR %5 2 RRE 148 i
_ RRR 2 | RRR86 | 2 | RRR149 0
| RRR 24 I RRR &7 2 RRR 150 i
=L | anT
L
qraind e
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[ HRR 25 1 KRR 88 1 RRER 151 1
¢ RER 26 3 RER 89 2 RRR 152 i
{ RRR 27 2 RER 90 2 RER 153 1
RER 28 2 RREE 9 o RRR 154 |
RRR 29 3 RRR 92 2 RRR 155 1
[  RRR 30 3 RER 93 2 RER 156 |
| RRR 3l 3 RIE 94 ] RRR 157 |
. RRH 332 2 __RRR Y3 i _RRE 138 A
RRR 33 3 RER 9% 2 RRE 159 2
RRR 34 3 RRR 97 | 2 RER 160 2
RER 13 2 RRR 9% 1 RRR 161 |
RER 16 3 | RERR 9 1 RRRE 162 2
RRR 37 3 | RRRIN 1 RER 163 2
RRR 38 3 RRER 101 i} RER 1864 I
| RRR 19 3 RER 102 2 RRR 165 2
| RRR4 | 3 RER 103 () RRE 166 2
__RRR 4l 3 RRIL 104 1 RRR 167 7]
RRR 42 2 RER 105 0 RRR |68 i
|__RRR 43 1 RRE 106 2 RER 169 2
| RRR 44 2 RRR 107 | RER 170 i
RRR 45 [ RER 108 2 REE 171 1
. RRR 46 1 RRR 109 I RRR 172 2
RRH 47 1 RRR 110 i RRR 173 |
RRR 4% ] RRR 111 2 RER |74 2
RRE 49 1 RILR 112 2 RER 175 | -
RRR 50 vl RRR 113 u “RRR 176 2 ]
RREK 31 1 RER 114 1 KRR 177 2
RER 52 | RRR 115 [ RRR 178 i
. RRR 53 3 RRE 118 2 RRR 179 ]
| RRR 34 | | RRR 117 2 | RRR 180 |
| RRR 55 | RER 118 i RRR 18] i
RRR 36 | | RRR 119 1 RRR 182 0
| RRR 3T 3 RRE 120 2 RRE |83 0 |
| RRH 38 ] RRRE 121 3 RER 18 |
BERR 59 1 RRR 122 o RRR 1835 |
RRR 60 2 RRR 123 2 RRR 186 |
| RRR &I 2 RRRE 124 0 RRR 187 i
| RRR &2 1 RRE 125 | REH 188 ]
| RRR &3 2 RRR 126 1 RRER 189 2

Each number is mean of three replicates: 0 - none, 1= inhibition zone 1 - 25 %, 2= inhibition
zone 26 — 50 %, 3= inhibition zone 51 = 75 %, 4= inhibition zone 76 - 1H %,

Faue |3
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While in secondary screening, all the H-rEr!-i.!'Fiu'.'I spp, bewhich found highly antagonisic
during the primary sereening, were selected and screened again with Sclerotinm rolfsil by dual
culture method, Out of these twenty Bucillus spp., only Bacilfus spp. RRRIS, found highly
effective in controlling the phytopathogen, Sclerotivem ralfsii fr vitre, i dual euliure’ method
{Photo Plate 3.0) These Bocilfus spp RRR 1 Seffectively killing the growth of phytopathogen,

Sederotinm rolfail whose percent inhibition was 87 5ag shown in Table 3.1

Tuable 3.1 fa Fitro Secondary Screening for efficient Microbiological control Agent,
Bociltuy spp. RRR1S selected during primary screening azginst Sclerofium roffsii Sace

' Isolates of | Radial growth of the R2 is radial growth of the | Percent
Baciifus spp. pathosen in the opposite | pathogen in the direction Inhibition (%)
' direetion of the towards the antagonist {(an | of Scferotivm
antagonist (a control inhibition value) R2imm) | redfd '
i value) BRI (mm} |
| RRR 15 45 05 87.5 =

s

. . PRINCIPAL
Shri Gory Buddhizwami y i
Put = in) Dist Partfan

| 358
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Photo Plate 3.0: - In Vitrs Secondary Sereening of Efficient Bacillus spp. RRR1S
againsiScleroimm roffiiin Dual Culture Method
This result was in correlation with the result obtained by Chen er al. 2004 ). Similar

findings were alse recorded by the study conducted by Souto et al. {(2004) where myeelind growth
of Sclevotium spp. was nhibited by application of Becilliy spp. using the dual culiure technique,
Similar findings were also shown by Hocillus subtilis which reduced the growth of S redfsd
eflectively on PDA when compared with the control {Keyser and Ferrcira, 1988) & also by
Gomashe er al, (2014) where Bacillus subriliy found effective in controlling Sclerorium rofisii by
proslucing bicactive compound.

Shifaeral, (201 5) tested a total of seven bio-control agents for their efficacy in suppressing
mycelial growth of 3 rolfsiiin vitro in dual culture assay. Among these seven bio-control agents
tested, B subiilfs G-1, B amvloliguefaeiony B2 and B. subiifiy EPCO § werefound effective in
inhibiting the mycelial growth of 5 rodfiii with mean percentage inhibition of 28, 27 and 26
respectively, Similar findings were ulso recorded by Rajkumar ef ol (2018) where 30 Bacilfus
subrilis isolates were screened (n vitro against 8. redfsii. The isolates showed different levels of
inhihition of mycelial growth of 8 rolfill. Among different isolates BS16 inhibited maximurm
myeelial growth 64,04 per cent foltowed by BS 30 (11.98 %) and minimum inhibition of mycelial
growth wos observed in case of BS17 (11.98 %) compared 1o tested isplate against. roffiil.

When all these results were compared with our resulls, our findings showed that Bacillus
spp RRRIS significantty preventing mycelial growth of Sclerotium rolfvii in dual cuitive
fechnigie with inhibition percentage of 87.5. Our findings were far better than these previousiy
recorded results [Keyser and Ferreira, { 1988). Gomashe of ai., (2014),Shifaer al., (20151 Rajkumar
et al, (2018)).

3.3 Identification of Bacillus spp. RRR15:

|69 rRNA sequencing and Phylogenetic analysis identified RRR13 as  Bocillus
amnelofigiefaciens RRR15(Fig. 3.0), The 165 rRNA sequence has been deposited in Genbank of
National Center for Biotechnology Information (NCBI), U.S. Netional Library of Medicine3600
Rockville Pike, Bethesdn MDD, 20894 USA with accession no. MINT4470G.
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Figure 3.0:Phylogenetic tree of 8 emylollguefaciens strain RHE IS with elosely related species
alier BLAST search of 168 rRNAsequences. The bootsirap values aro indicated at the branch

paoints.
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