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Abstract A study was executed in a direction to attenuate

Sclerotinia stalk rot (SSR) disease through biocontrol agent

and also to enhance crop productivity. Culture filtrate of

bacterial strain YSPMK11 inhibited growth of Sclerotinia

sclerotiorum in vitro which also exhibited higher plant

growth promoting attributes. Interaction studies revealed

maximum (81.50%) growth inhibition at 35 �C and pH 7.0

after 72 h incubation period with 15% culture filtrate.

Based upon 16S rRNA gene sequence strain, YSPMK11

was identified as Bacillus pumilus. Furthermore, the gen-

ome of this isolate was searched for antimicrobial

lipopeptide, i.e., ItuD and SrfC genes. The PCR amplifi-

cation results showed the presence of both these lipopep-

tide genes in isolate YSPMK11. Iturin A as antifungal

compound was identified as major components of fraction

through GC/MS. In field experiments, the application of

strain YSPMK11 cell suspension (108 CFU/ml) suppressed

disease severity by 93% and increased curd yield by 36%

which was more that of commercially used fungicide in

farmer practices under mid-hills of Himachal Pradesh.

Conclusively, our study is first to demonstrate the effect of

B. pumilus strain YSPMK11 in suppression of SSR under

field conditions and would be employed as an efficient

biocontrol agent to replace commercial fungicides in cau-

liflower cropping system. In addition, the presence of both

lipopeptide genes (ItuD and SrfC) and iturin A in this

isolate makes him potent strain for biological control

application in agriculture.

Keywords Bacillus pumilus � Sclerotinia sclerotiorum �
16S rRNA � Disease suppression � Cauliflower production

Introduction

Sclerotinia stalk rot (SSR) caused by S. sclerotiorum (Ss) is

a major disease of cauliflower (Brassica oleracea var.

botrytis L.) under mid-hills conditions of Himachal Pra-

desh. S. sclerotiorum known as white mold is a necro-

trophic pathogen having wide host range including

important vegetable and oil yielding crops (Bolton et al.

2006) thus causing substantial yield losses. Cauliflower

curd and stem is the primary site of infection during gen-

erative phase. Disease first appears as wet soft lesion on

curd which enlarges into a watery rotten mass of tissues

covered by a white silvery appearance. Affected curds

causes another plant parts to wilt and later die. Cool tem-

perature and high humidity conditions in mid-hills of

Himachal Pradesh are favourable for epidemics of SSR.

The standard strategies employed to overcome SSR include

crop management practices such as use of clean seeds,

early planting date, soil tillage, and adjustment of row

width and density of plant population; however, effec-

tiveness of these measures is very limited (Yexin et al.

2011) due to sclerotia survival in soil and high potential
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virulence. Over last few decades interest in biocontrol

against SSR increased, because downfall of chemical

pesticides controls the pathogen as well as their impact on

environment (Saharan and Mehta 2008). Although several

biocontrol agents have been reported to control SSR in

different crops (Awais et al. 2008; Hu et al. 2013; Kamal

et al. 2015), least information is available on biocontrol of

SSR in cauliflower. In an earlier study, B. pumilus SQR-

N43 exhibited 68% control efficacy against R. solani in

cucumber (Huang et al. 2012). However, there is no report

in literature which demonstrated the detrimental effects

caused by S. sclerotiorum and their control by B. pumilus.

Therefore, the present study was designed to evaluate the

efficacy of cell suspensions, cell-free culture filtrates, and

broth culture in suppressing SSR and effect of microbial

control agent (bacterial isolate YSPMK11) in controlling

SSR at different bloom stage of cauliflower followed by

enhancing the productivity of crop under mid-hills of

Himachal Pradesh.

Materials and methods

Isolation of bacterial strain

Endorhizosphere samples of cauliflower plants were col-

lected from four different naturally growing agro climatic

zones of Himachal Pradesh. Each zone comprises four

samples, collectively yielding 16 samples. A total of 108

bacterial strains were isolated following modified replica

plating technique. Streak plate method was employed to

purify the isolated strains and thus stored in nutrient agar

slants at 4 �C for further screening activities. Identification

of isolates was done on the basis of morphological char-

acteristics and as per the criteria Bergey’s Manual of

Determinative Bacteriology.

Screening of bacterial isolate

All 108 bacterial isolates were screened for different

multifarious plant growth promoting attributes. Phosphate

solubilization potential was detected utilizing PVK broth.

Solubilizing efficiency E (E = diameter of bacterial

growth/diameter of clearing zone 9 100) was calculated as

per the method described by Bray and Kurtz (1945).

Quantitative estimation of water extractable free inorganic

P (Pi) was then carried out (Dubey and Maheshwari 2011).

IAA, HCN (cyanogen), and siderophore production were

determined as per methods described by Costacurta et al.

(2006), Bakker and Schippers (1987) and Schwyn and

Neilands (1987), respectively.

In vitro antagonistic activities of bacterial isolate

YSPMK11 against S. sclerotiorum

Based on multifarious plant growth promoting attributes,

bacterial isolate YSPMK11 (showing maximum activities)

was selected to study antagonistic activities against S.

sclerotiorum. To study antifungal activity, common and

locally active plant disease causing fungal species S.

sclerotiorum was procured from the Department of

Mycology and Plant Pathology, University of Horticulture

and Forestry, Nauni, Solan, and maintained on malt extract

agar (MEA) at 4 �C.
A single colony of bacterial strain grown in Luria–

Bertani (LB) broth with constant shaking at 150 rpm for

48 h at room temperature. Bacterial culture centrifuged at

6000 rpm for 10 min and bacterial cells resuspended in

phosphate buffer (100 mM, pH 7.0). Cell concentration

was adjusted spectrophotometrically to 9 9 108 CFU/ml

(Fernando et al. 2007). Inhibitory effect of culture filtrate

of isolate was studied using agar dilution technique

(Warnock 1989).

Production of antifungal antibiotics

The culture supernatant was filter sterilized and used as

crude antifungal antibiotic preparation. Yeast extract malt

broth (YEM) medium was used to determine antifungal

antibiotic production by antagonists.

Effect of inoculum concentration, time course,

temperature, and pH on antifungal antibiotic

production

Inoculum concentrations 5.0, 10.0, and 15.0% (w/v);

incubation periods (0, 24, 48, 72, 96, and 120 h); temper-

atures (30, 35, and 40 �C); and pH in the range of 5–8 were

studied consequently on antifungal antibiotic production.

Molecular characterization of bacterial isolate

YSPMK11

Isolation of genomic DNA was done with CTAB method

(Wahyudi et al. 2010). Amplification of 16S-rRNA gene

was carried out by Polymerase Chain Reaction (PCR) using

specific primer (Bf-50-GCAAGTCGAGCGGACAGATG
GGAGC-30) and (Br-50-AACTCTCGTGGTGTGACGG
GCGGTG-30) which yielded 1375 bp DNA fragment. PCR

was carried out; all PCR products were purified using Real

Genomic DNA Extraction Kit and sequenced using ABI

310 (Perkin Elmer, USA). Similarity of each 16S-rRNA

sequence was aligned against GeneBank database sequen-

ces using BLASTN program. The query sequence was

aligned with ClustalW program for constructing a
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phylogenetic tree and comparison was done with those of

other phylogenetically close microbial relatives.

Amplification of lipopeptide genes

The genomic DNA of isolate YSPMK11 was subjected for

the identification of two lipopeptide genes, i.e., surfactin

(srfC) and iturin A (ituD), as described earlier by Gond

et al. (2015). The primer sequences used were: ItuD1F

(GATGCGATCTCCTTGGATGT), ItuD1R (ATCGTCA

TGTGCTGCTTGAG), Sur3F (ACAGTATGGAGGCAT

GGTC), and Sur3R (TTCCGCCACTTTTTCAGTTT).

PCR amplification of ituD gene yielded 647 bp fragment,

whereas PCR amplification of srfC gene yielded 441 bp

DNA fragment. The PCR condition used for the amplifi-

cation of the genes includes the initial denaturation at

95 �C for 5 min followed by 30 cycles, which consisted of

denaturation at 95 �C for 1 min, annealing at 54.5 �C for

1 min, and extension at 72 �C for 1 min, and final exten-

sion was carried out at 72 �C for 10 min. The PCR product

was resolved in 2% agarose gel for 2 h using 100 bp

ladder.

Identification of antifungal compounds

HPLC (VARIAN Prostar 218, USA) equipped with a

Pursuit Rs-5u-C18 column (150 9 21.2 mm2) was used to

separate cell-free culture filtrates. Prior to HPLC injection,

extracts in methanol were filtered through a 0.2 lm PTFE

Acrodisc CR syringe filter (Pall Corp., East Hills, NY).

Gradient conditions were used with methanol/0.05% tri-

fluoroacetic acid-solvent A (Sigma-Aldrich) and water/

0.05% trifluoroacetic acid-solvent B at 1 ml/min and A/B

ratios of 10:90, 100:0, and 100:0, with run time of 0, 30,

and 33 min, respectively (Pryor et al. 2006; Li et al. 2012).

Samples were eluted at a flow rate of 1 ml/min, and the

elution profile was monitored with UV detector at 210 nm.

Fractions obtained from semi-preparative HPLC were

evaporated with an N2 stream and dissolved in CH3OH for

gas chromatography/mass spectrometry (GC/MS) analysis.

Bioassay of lipopeptide

Bioassay was performed using well diffusion method in

which methanol extract of 100 ll lipopeptides was tested

against S. sclerotiorum (Meena et al. 2014). Malt extract

agar (MEA) plates were incubated at 30 �C in inverted

position, and after 3 days, growth inhibition (%) was cal-

culated by the following formula:

Growth inhibition (%Þ ¼ ðDC� DTÞ=DC � 100

where DC, diameter of control; and DT, diameter of fungal

colony with treatment.

Biocontrol efficacies of bacterial isolate YSPMK11

under field conditions

Based upon results obtained from in vitro, biocontrol effi-

cacy of bacterial isolate YSPMK11 against S. sclerotiorum,

it was evaluated under field conditions to replace heavy

chemicals/fungicides load on soil without deteriorating crop

productivity. Cauliflower seeds were seeded in pots con-

taining sterilized soil with methyl bromide for nursery

preparation before transplantation to main field. Field trials

were quadruplicated (two at Regional Horticultural

Research Station, Kullu, and two at Dr. Y. S. Parmar

University of Horticulture and Forestry, Nauni, Solan) dur-

ing 2010–2011. The experiment was conducted in field sit-

uated at 32�N latitude and 77�E longitude with following

treatments, T1 (uninoculated control), T2 (YSPMK11-50%

bloom), T3 (YSPMK11-30% and 50% bloom), T4

(YSPMK11-30% bloom), T5 (carboxamide), T6 (benomyl),

T7 (vinclozolin), T8 (tebuconazole), T9 (thiophanate

methyl), and T10 (iprodione) arranged in randomized com-

plete block design (RCBD) replicated thrice with plot size of

5 9 5 m in every trial. Fungicide treatments (seed treatment

and soil drench at 1.25 g/L) were done at 30 and 50% bloom

stage (singly in T2 andT4; twice in T3 plot). 72 h old bacterial

culture was grown in 10% nutrient broth for the preparation

of bacterial inoculum and a final concentration of 9 9 108

CFU/ml was made. Before nursery sowing seed treatment

were given at this concentration for 30 min at 1 ml/seed.

Furthermore, 72 h old bacterial cultures were grown in

nutrient broth at 30 �C in an orbital shaker (150 rev/min) for

24 h. Cultures were then centrifuged at 6000 rpm for 20 min

in 50 ml sterile plastic tubes. Pellets were resuspended in

nutrient broth again to obtain a final concentration of 99 108

CFU/ml. The liquid cultures of isolate were then used for

bacterial inoculations as soil drench at 30 and 50% bloom

stage (singly in T2 and T4; twice in T3 plot) at 10 ml/plant.

The incidence of SSR was determined based on the per-

centage of stemswith disease symptoms among 20 randomly

selected cauliflower plants from each treatment plots. Dis-

ease severity and control efficacy were calculated as follows

(Anonymous 2000):

Disease severity¼
�X

ðThe number of diseased plants

in this index � Disease indexÞ=
ðTotal number of plants investigated

� The highest disease indexÞ
�
�100%:
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Control efficacy ¼ ½ðDisease severity of control

� Disease severity of treated groupÞ=
Disease severity of control� � 100%:

Results

Bacterial isolation

Presumptive identification of all 108 rhizobacterial isolates

were done on the basis of Bergey’s Manual of Determi-

native Bacteriology which presented strain as circular

colonies having entire margin, Gram-positive, short rods,

non-motile with cream pigment which matched to genera

Bacillus.

Screening of bacterial isolate

When subjected to screening activities, it was found that

among all the 108, only the rhizobacterial isolate

YSPMK11 (Bacillus spp.) showed halo zone around its

colony on Pikovskaya agar plates indicating the P solubi-

lization. Maximum solubilization efficiency (183.60%)

showed on 4th day of incubation which started to decrease

from 5th day onwards. Furthermore, this strain was tested

for quantitative estimation of phosphate solubilization and

showed maximum solubilized P (156.3 ppm) after 24 h of

incubation.

The rhizobacterial isolate YSPMK11 (Bacillus spp.)

also displayed higher IAA, HCN, and siderophore pro-

duction. Development of pink colour with and without

addition of tryptophan in culture broth was observed in the

cell-free supernatant. Higher concentration of IAA

(30.67 lg/ml) was produced in the presence of 3 mg/ml

tryptophan. In the presence of glycine and FeCl3, the deep

brown colour of filter paper was observed, giving a clear

indication of HCN production by isolate YSPMK11. A

bright zone (17.56 mm) of yellowish colour around the

bacterial colony on Chrome-azurol-S (CAS) medium was

produced by isolate YSPMK11 (Bacillus spp.) which

indicate the production of siderophore. Quantitative anal-

ysis revealed that isolate YSPMK11 (Bacillus spp.) pro-

duced 57.63% siderophore unit as well as higher

(59.38 9 105 cfu/ml) viable count after 72 h of incubation.

In vitro antagonistic activities of bacterial isolate

YSPMK11 (Bacillus spp.) against S. sclerotiorum

Inhibition zone ranged from 20.2 to 22.4 mm for S. scle-

rotiorum. Antifungal antibiotic activity of isolate

YSPMK11 (Bacillus spp.) tested against S. sclerotiorum by

culture filtrate (5–15%) method. The results showed that

culture filtrate exhibited inhibition zone against S. sclero-

tiorum which ranged from 20.2 to 22.4 mm.

Effect of inoculum concentration

Increase in concentration of culture filtrate from 5 to 15%

increased percent growth inhibition with maximum of

81.50% (Table 1). The interaction studies revealed 86.71%

growth inhibition (15% CF) after 72 h incubation. Thus,

15% inoculum was used for further experimentation.

Duration of incubation period

Antifungal antibiotic production was monitored for 120 h

in nutrient broth (Table 2). The antifungal antibiotic

activity increased gradually up to 72 h with maximum

(60.20%) growth inhibition of S. sclerotiorum later fol-

lowed a decreasing trend. Results showed that 15% culture

filtrate (CF) showed more mean percent growth inhibition

(62.74%) as compared to 5% culture filtrate (48.44%). The

Table 1 Effect of inoculum concentration of isolate YSPMK11 on antifungal antibiotic activity against S. sclerotiorum

Sample Sample details Antifungal antibiotic activity (% growth inhibition) Mean

5% 10% 15%

Control MEA 0.00 (1.00) 0.00 (1.00) 0.00 (1.00) 0.00 (1.00)

Test MEA ? CF (5%) 65.08 (8.12) 75.94 (8.77) 78.76 (8.93) 73.26 (8.60)

MEA ? CF (10%) 73.90 (8.65) 77.53 (8.86) 82.93 (9.16) 78.12 (8.89)

MEA ? CF (15%) 77.34 (8.85) 80.43 (9.02) 86.71 (9.36) 81.50 (9.07)

Mean 54.08 (6.65) 58.48 (6.91) 62.10 (7.11)

Figures in parentheses are square root transformed values

Least square difference (LSD) (T) = 1.23 LSD (I) = 1.06 LSD (T 9 I) = 2.12

Values are the mean of three replications

MEA malt extract agar
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interaction studies revealed maximum (84.72%) growth

inhibition at 72 h incubation with 15% CF. Thus, 72 h

incubation was selected as the best time course for anti-

fungal antibiotic production.

Variation of temperature and pH

In the present study, it was observed that percent growth

inhibition increased with increase in temperature from 30

Table 2 Effect of incubation period on antifungal antibiotic activity of isolate YSPMK11 against S. sclerotiorum in nutrient broth

Sample Sample details Antifungal antibiotic activity (% growth inhibition) Mean

0 h 24 h 48 h 72 h 96 h 120 h

Control MEA 0.00 (1.00) 0.00 (1.00) 0.00 (1.00) 0.00 (1.00) 0.00 (1.00) 0.00 (1.00) 0.00 (1.00)

Test MEA ? CF (5%) 0.00 (1.00) 14.47 (3.92) 57.86 (7.67) 73.26 (8.61) 72.81 (8.59) 72.21 (8.55) 48.44 (6.39)

MEA ? CF (10%) 0.00 (1.00) 34.65 (5.96) 68.78 (8.35) 82.85 (9.15) 82.33 (9.12) 81.92 (9.10) 58.42 (7.11)

MEA ? CF (15%) 0.00 (1.00) 47.25 (6.94) 75.82 (8.76) 84.72 (9.24) 84.55 (9.25) 84.09 (9.22) 62.74 (7.40)

Mean 0.00 (1.00) 24.09 (4.45) 50.62 (6.44) 60.20 (7.00) 59.92 (6.99) 59.56 (6.96)

Figures in parentheses are square root transformed values

LSD (T) = 0.96 LSD (I) = 1.18 LSD (T 9 I) = 2.37

Values are the mean of three replications

MEA malt extract agar

Table 3 Effect of temperature on antifungal antibiotic activity of isolate YSPMK11 against S. sclerotiorum

Sample Sample details Antifungal antibiotic activity (% growth inhibition) Mean

30 �C 35 �C 40 �C

Control MEA 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00)

Test MEA ? CF (5%) 39.03 (38.62) 82.50 (65.43) 36.29 (37.02) 52.61 (47.03)

MEA ? CF (10%) 40.93 (39.75) 89.79 (71.38) 42.97 (40.93) 57.90 (50.69)

MEA ? CF (15%) 46.39 (42.93) 91.47 (73.03) 51.45 (45.83) 63.10 (53.93)

Mean 31.59 (30.33) 65.94 (52.46) 32.68 (30.95)

Figures in parentheses are arc sine transformed values

LSD (T) = 3.55 LSD (I) = 3.07 LSD (T 9 I) = 6.13

Values are the mean of three replications

MEA malt extract agar

Table 4 Effect of pH on antifungal antibiotic activity of isolate YSPMK11 against S. sclerotiorum

Sample Sample details Antifungal antibiotic activity (% growth inhibition) Mean

pH 6 pH 7 pH 8 pH 9

Control MEA 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00)

Test MEA ? CF (5%) 51.67 (45.96) 71.60 (57.80) 37.02 (37.43) 16.91 (23.88) 44.30 (41.27)

MEA ? CF (10%) 59.76 (50.63) 75.08 (60.07) 44.85 (42.04) 32.64 (34.84) 53.08 (46.90)

MEA ? CF (15%) 67.26 (55.10) 83.26 (65.86) 56.97 (49.01) 38.08 (38.10) 61.39 (52.02)

Mean 44.67 (37.92) 57.48 (45.93) 34.71 (32.12) 21.91 (24.21)

Figures in parentheses are arc sine transformed values

LSD (T) = 2.38 LSD (I) = 2.38 LSD (T 9 I) = 4.75

Values are the mean of three replications

MEA malt extract agar
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to 35 �C; however, further increase in incubation temper-

ature (40 �C) adversely affected antibiotic production and

growth inhibition of tested fungus (Table 3). Increase in

pH from acidic towards neutral increased percent growth

inhibition from 44.67 to 57.48% (Table 4). The maximum

percent growth inhibition displayed at temperature of

35 �C at pH 7 with 15% CF.

Molecular characterization of isolate YSPMK11

Designed primers were used successfully for amplification

of 16S rDNA from bacterial isolate YSPMK11 which

yielded amplicon of expected size, i.e., *1375 bp. PCR

product was eluted from gel and sequenced using PCR

primers used for amplification. Blasting of 16S rRNA

sequence of Bacillus isolate YSPMK11 showed 99%

homology with B. pumilus. Dendogram based on phylo-

genetic analysis presented in Fig. 1 showed that Bacillus

isolate YSPMK11 is clustered with B. pumilus. The

sequence of respective isolate was submitted to the

National Center for Biotechnology Information (NCBI)

under accession No. JN559852.

Detection of lipopeptide genes

The isolate YSPMK11 was further subjected to detect the

presence of lipopeptide genes, i.e., ItuD and SrfC at

molecular level. Results of PCR amplification showed the

presence of 647 and 441 bp DNA fragments which con-

firmed the presence of ItuD and SrfC genes, respectively, in

this isolate (Fig. 2).

Bacillus vallismortis (FJ009394)

Bacillus amyloliquefaciens (EU855192)

Bacillus amyloliquefaciens (EU855195)

Bacillus subtilis (EU118756)

Bacillus subtilis (AB383135)

Bacillus licheniformis (EU869262)

Bacillus firmus (EU924075)

Bacillus pumilus (EU869282)

Bacillus pumilus (EU869263)

Bacillus pumilus (FN397514)

Bacillus safensis (JF798363)

Bacillus safensis (JF411318)

Bacillus pumilus (JN559852)

Bacillus pumilus (HQ647270)

Bacillus macerans (X60624)

Bacillus aneurinolyticus (X94194)

Aneurinibacillus aneurinilyticus (AB271755)

Bacillus alcalophilus (EU143680)

Bacillus clausii (EU869250)

Bacillus flexus (EU884649)

Bacillus megaterium (EU879090)

Bacillus megaterium (EU869261)

Bacillus circulans (EU733231)

Bacillus circulans (EU373401)

0.1

Fig. 1 Phylogenetic tree constructed by neighbor-joining method

derived from analysis of the 16S rRNA gene sequences of native

isolate YSPMK11 and related sequences

Fig. 2 PCR amplification of lipopeptide genes shows the presence of

ituD and srfC gene in native isolate YSPMK11 (M 100 bp molecular

weight marker)
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Fig. 3 GC spectrum of identified compound from B. pumilus extract

 90 Page 6 of 9 3 Biotech  (2017) 7:90 

123



Identification of antifungal compounds

The culture filtrate fraction was analyzed by GC–MS and

there was only one potential antifungal compounds

detected.

The retention time of this metabolite was 2.98 min and

designated as I (Fig. 3). The potential antifungal substance

was identified as iturin A as major components of fraction.

Bioassay of lipopeptide (iturin A)

Methanol extract (100 ll) was bioassayed on MEA plates

which displayed 82.6% mycelial growth inhibition of S.

sclerotiorum (Fig. 4).

Field evaluation of B. pumilus strain YSPMK11

as biocontrol agent

SSR incidence and severity greatly reduced with use of

microbial control agent (B. pumilus strain YSPMK11) as

compared to control and regularly employed fungicide.

Results showed that before 7 days of harvesting the crop,

incidence and severity of SSR in uninoculated control plots

were 6.03 and 9.23%, respectively, while those having

fungicide treatment ranged from 2.46 to 2.96% (incidence)

and 1.26–1.48% (severity). However, plots received

bioinoculation of B. pumilus strain YSPMK11 had inci-

dence and severity of SSR of 1.96 and 0.77% (50% bloom),

1.83 and 0.73% (30 and 50% bloom), and 2.00 and 0.89%

(30% bloom), respectively. Bioinoculated plots also

observed reduced incidence and severity by 92.60–93.70%,

respectively, at 30 and 50% bloom stages suggesting that

B. pumilus strain YSPMK11 exhibited better disease con-

trol efficacy over the commercially available fungicides

(86.03–89.46%) (Table 5). Thus, bioinoculation of B.

pumilus strain YSPMK11 at 30 and 50% bloom stages

exhibited maximum (93.70%) control efficacy. Curd yield

was increased by all three applied treatments (having

bioinoculation of B. pumilus strain YSPMK11) over

uninoculated controls with highest (398.8 q/ha) recorded of

T2 which was significantly at par with T3 (396.4 q/ha) and

T4 (397.4 q/ha) (Fig. 5). However, cauliflower yield

increased by 36% with B. pumilus strain YSPMK11 (T2–

T4) compared to uninoculated control (T1). When com-

pared to other fungicide treatments, yield was 24–27%

greater with the use of B. pumilus strain YSPMK11.

Fig. 4 Antifungal activity—

dual culture test (by extracted

lipopeptides). a Sclerotinia

sclerotiorum positive control

with methanol. b Sclerotinia

sclerotiorum growth inhibition

by extracted lipopeptides (iturin

A)

Table 5 Control of Sclerotinia stalk rot ± standard deviation by

rhizobacterial strain YSPMK11 of Bacillus

Treatments Disease incidence

(%)

Disease severity

(%)

Control efficacy

(%)

T1 6.03 ± 0.32 9.23 ± 0.20 29.83 ± 1.63

T2 1.96 ± 0.12 0.77 ± 0.01 93.13 ± 0.41

T3 1.83 ± 0.31 0.73 ± 0.009 93.70 ± 1.09

T4 2.00 ± 0.30 0.89 ± 0.03 92.60 ± 1.25

T5 2.86 ± 0.17 1.26 ± 0.31 89.46 ± 0.42

T6 2.93 ± 0.37 1.27 ± 0.28 86.86 ± 3.20

T7 2.96 ± 0.21 1.47 ± 0.37 86.03 ± 2.51

T8 2.46 ± 0.23 1.41 ± 0.36 89.03 ± 3.48

T9 2.46 ± 0.31 1.32 ± 0.24 88.76 ± 2.46

T10 2.70 ± 0.32 1.48 ± 0.27 87.16 ± 2.77

CD 0.806 0.608 6.582

Values are the mean of quadruplicate trials conducted at two places

Fig. 5 Effect of bioinoculation of native isolate YSPMK11 and

fungicides on curd yield of cauliflower
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Discussion

In the present study, strain YSPMK11 was isolated from

cauliflower endorhizosphere and evaluated its potential

against S. sclerotiorum in vitro and in vivo. Solubilization

of insoluble TCP by the strain YSPMK11 was associated

with a decline in pH value. In our study, strain YSPMK11

was found as the best solubilizer of inorganic phosphates

due to the production of organic acid, which is considered

to be the chief mechanism of P solubilization (Sanjotha

et al. 2011). Higher concentration of IAA was produced in

the presence of 3 mg/ml tryptophan which is directly cor-

related with growth promotion of plants. HCN and side-

rophore production by isolate YSPMK11 proves its plant

growth promoting properties and antagonistic nature

against S. sclerotiorum. When subjected to test antagonism

against S. sclerotiorum, zone formation was observed by

isolate YSPMK11 which may be due to secretion of anti-

fungal substance that strongly inhibited radial growth of

phytopathogenic fungi on agar. Isolate YSPMK11 also

exhibited excellent control efficacy because of their ability

to form endospores and the broad-spectrum activity of their

antimicrobial compounds. The maximum antifungal

metabolite produced by isolate YSPMK11 in culture fil-

trate was observed after 72 h of incubation at 35 �C and at

pH 7 in nutrient broth (Tables 1, 2, 3, 4). The physical

factors that have been reported to affect antimicrobial

metabolite production are temperature (Shanahan et al.

1992) and pH (Ownley et al. 1992). Isolate YSPMK11 was

further subjected to molecular analysis. 16S rRNA

sequence was highly homologous to B. pumilus. The PCR

analysis further confirms the presence of ItuD and SrfC

lipopeptide genes in isolate YSPMK11 which were

responsible for the antifungal activities. Iturin A has

reported to have strong haemolytic activity which kills

wide range of fungal phytopathogens, whereas surfactin

help in swarming, cell spreading, and biofilm production

which favours the bacteria to colonize the root cells of

plants (Moran et al. 2009; Yuan et al. 2011). In this study,

we also found the potential antifungal compounds pro-

duced by B. pumilus. It suggested that a greater proportion

of the fraction containing iturin A was responsible for the

antifungal activities which result into inhibit the growth of

S. sclerotiorum.

In the present study, versatile test isolate B. pumilus

strain YSPMK11 showed noticeable attributes under

in vitro conditions; therefore, this isolate was examined as

a biocontrol agent in cauliflower against SSR caused by S.

sclerotiorum under field conditions. Application of B.

pumilus strain YSPMK11 was highly effective over the

2 year experimentation. Twice application of B. pumilus

strain YSPMK11 (9 9 108 CFU/ml) at 30 and 50% bloom

stage controlled disease incidence (93.70%) of SSR in

cauliflower, higher than that of commercially available and

regularly practiced fungicides in farmers field at various

agroclimatic locations of Himachal Pradesh. In another

study, disease severity was greatly reduced by B. subtilis

strain SB24 when applied the cell suspension, broth cul-

ture, or cell-free filtrate solution 24 h before inoculation

with S. Sclerotiorum displayed significant effect (Zhang

and Xue 2010). Liu et al. (2010) demonstrated better

control of S. sclerotiorum by cell-free filtrate of endophytic

bacteria Yc8 application on the rapeseed leaves 24 h before

fungal inoculation. Under field conditions, Bacillus isolate

has a potential to be used as biobacteriocide in tomato

plants (Santiago et al. 2015) and for the control of red rot in

sugarcane (Hassan et al. 2015). However, the presence of

biologically active metabolite produced by the antagonist,

which diffused in the agar media, can be indicated by the

zone of inhibition seen in the dual culture plates. Although

our in vitro data indicate that isolate YSPMK11 inhibits S.

sclerotiorum by means of antibiosis (Kumar and Kaushik

2013). Increase in curd yield by 36% over control may be

attributed to the ability of bacteria to make P assimilable,

and simultaneously produce plant growth promoting sub-

stances. This suggests that increasing crop production in

sustainable manner by bioinoculation with the addition of

small amount of insoluble inorganic P can be used as a

feasible alternative of chemical fertilizers/fungicides.

It is thus concluded that application of B. pumilus strain

YSPMK11 showed the better yield of cauliflower plants

through reducing the percent disease incidence of S. scle-

rotiorum in infested plants. The presence of surfactin and

iturin antifungal compound in this isolate makes it potent

strain for biological control application in agriculture. This

is the first study which showed that B. pumilus strain

YSPMK11 has tremendous potential to be used as effective

biocontrol agent against SSR in cauliflower and, therefore,

deserved to be further developed.
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