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ABSTRACT

Bacterial wilt caused by Ralstonia solanacearum is a major disease in solanaceous plants. It is one of the most destructive
bacterial diseases of tomato and other economically important crops. One hundred isolates of R. solanacearum were
obtained from rhizosphere soil of tomato fields in different parts of Karnataka. Forty strains of lactic acid bacteria (LAB) were
isolated from soil samples. Among 40 LABs, isolate 35showed a maximum zone of inhibition (22-26 mm) against R.
solanacearum by agar overlay method and it was identified as Lactobacillus paracasei by 16S rRNA analysis. The
bacteriocin from the culture supernatant was found to be proteinaceous in nature. It was 60%stable at temperature range of
30-32 °C for 30 days. It showed maximum antagonistic activity at a pH range of 4-10. Antibacterial activity increased with up
to 1% surfactants and decreased at low concentration of metal ions at 0.5mg/l. The antimicrobial substance was sensitive to
the proteolytic action of trypsin. Seed germination and seedling vigour enhanced upon treatment with bacteriocin. Under
greenhouse conditions, bacteriocin treatment increased the plant growth promotion and reduced wilt by 57.48% and 54.77%
by seed treatment and soil drench methods respectively. In the present study, it is the first report that bacteriocin exhibits
antagonistic activity and increases the plant growth promotion against R. solanacearum in vitro and invivo. These important
results recommend that soil may be a common source for the isolation of bacteriocin producing lactic acid bacteria and can

be used as biocontrol agent.
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Introduction

Tomato (Solanum lycopersicum) is an important
crop susceptible to several pathogens. Bacterial
wilt caused by Ralstonia solanacearum (Smith)
is the most significant disease of tomato
(Hayward 1991). Bacterial wilt is a destructive
and prevalent soil borne disease that limits
tomato production in the tropics and subtropics.
The pathogen has an extremely wide host
range, including more than 200 species in 50
families (Genin et al. 2012). Strains of R.
solanacearum have been classified into five
biovars and five races (Bin Li et al. 2010).
Racel-R. solanacearum strains can be found in
humid areas throughout the world and attack
many solanaceous crops i.e., pepper, tomato,
and eggplant and Biovar 3 of R. solanacearum
in tomato growing areas. Losses incurred by R.
solanacearum in tomato crops vary extensively
according to the host, cultivar, climate, soil type,
cropping pattern, and infecting strain, from 0 to
91% (Yuliar et al. 2015) and in India the vyield
loss may vary between 10.8 and 90.6% (Kishun
1987).

Biological control of bacterial wilt is still in its
research stage, with few studies reported by
Messiha (2007). Biological control not only
increases yield and decreases disease severity,
but also avoids environmental pollution by
chemicals. Among plant pathogens, soil borne
pathogens are considered to be more limiting
than seed borne or air borne pathogens in the
production of numerous crops and reported for
10-20% of yield losses yearly (Yuliar et al.
2015). Management of bacterial wilt in tomato
has been difficult and it still threatens
commercial tomato production (Coll and Valls
2013).The environmental pollution caused by

extreme usage of agrochemicals (Fertilizers

Pesticides) as well as the development of
resistant pathogenic strains has promoted the
search for alternative approaches, i.e. the use of
microorganisms or their metabolites
(Montesinos 2003). It has been established that
different species of bacteria and fungi such as
Trichoderma, Pseudomonas and Bacillus are
used as antimicrobial agents against
phytopathogenic bacteria. Recently, LAB has
received much attention. Application of LAB in
traditional food, feed fermentation and
preservation is well documented (Johan et al.
2005). LAB are generally classified into two
groups: homofermentative and
heterofermentative; homofermentative LAB
produce lactic acid alone through the Embden-
Meyerhof pathway, heterofermentative LAB
produce supplementary byproducts, as well as
ethanol, acetic acid, and carbon dioxide (Moon

et al. 2012).

A lactic acid bacterium is a known to improve
human and animal health (probiotics) and LAB
excretes lactic acid as main end product and
they are generally recognized as safe (GRAS)
organisms (Stiles 1996). The antibacterial effect
has been attributed to the production of
antibiotics or antibiotic like substances such as
acidophilin, lactocidin, lactolin, nisin etc., and a
variety of inhibitory compounds such as lactic,
acetic, probionic acidsand bacteriocins as well
as hydrogen peroxide and carbon dioxide
2010, 2012).
Bacteriocin production has been reported in

(Kleanthous Szala et al

different strains such as Bacillus thuringiensis
NEB17, Pf-5,B.

licheniformis, Xanthomonas campestris pv.

Pseudomonas fluorescens
Glycines, B. thuringiensis subsp. kurstaki strain
BUPM4,Bacillus cereus BC7 and Pseudomonas

aeruginosa (Annabel et al. 2005, Heu et al.
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2001, Gray et al. 2006, Kamoun et al. 2005).
The plant growth promoting potency and
LAB against X.
campestris, bacterial wilt and bacterial soft rot is
a well-established fact (Shrestha et al. 2009,

antibacterial activity of

Anupama et al. 2014). Very few in vitro studies
have been reported about the efficacy of LAB
against phytopathogenic fungi (Wang et al.
2011). Hence, in the present study, production,
purification and characterization of bacteriocin
from Lactobacillus paracasei has been
extensively studied. In addition to this, purified
bacteriocin was tested for its antimicrobial
activity, plant growth promotion against R.

solanacearum in vitro and in vivo.

Materials and methods

Isolation and identification of R. solanacearum
Symptomatic tomato plants and soil samples
were collected from different tomato growing
regions of Karnataka. The rhizosphere soil
solution and surface sterilized plant samples
were plated onto TzZC (2, 3, 5-triphenyl
tetrazolium chloride) media (Kelman 1954).
Isolates of R. solanacearum were identified by
morphological, biochemical and molecular
characteristics and pathogenicity on tomato
seedlings, confirmed in previous work was used
in this study (Narasimha Murthy et al. 2012).
The 16 S rRNA gene amplified PCR products
were sequenced and a phylogenetic tree was
constructed by the BLAST analysis and the

sequences were deposited in NCBI Gen Bank.

Isolation and identification lactic acid bacteria

Lactic acid bacteria were isolated from soil by
standard pour plate method onto De Man,
Rogosa and Sharpe agar (MRS). One gram of
soil samples were placed into 9ml of sterile

distilled water. Nine- fold serial dilutions were

then made from the mixed solution and 1ml from
the last 3 dilutions (107 , 10® , 10° ) were
pipetted and plated on De Man Rogosa and
Sharpe (MRS) agar plates by pour plate method
(Awan and Rahman 2005). The plates were
then incubated at 35°C for 48 hours. The
selected LAB was identified by morphological,
biochemical and molecular methods. 16S rDNA
gene sequence of the isolated strain was
amplified and compared with the GenBank

database through BLAST sequence analysis.

Screening of LAB against R. solanacearum
Forty isolates of LAB were screened for
antagonistic activity against ten virulent strains
of R. solanacearum by agar overlay method
(Jacobsen et al. 1999). Strains of LAB were spot
inoculated on MRS agar, incubated at 35°C for
24h. R. solanacearum suspension (1><108cfu/ml)
was inoculated into tryptone soya soft agar and
overlaid on spot inoculated LAB. Plates were
incubated at 35°C for 18-22h and zone of
inhibition was measured in mm and LAB which
showed maximum inhibition was used further
study (Alvarado et al. 2006).

Screening of bacteriocin from LAB against R.
solanacearum

Cell free purified bacteriocin from selected LAB
was serially diluted with sterile distilled water
and each 10 pl of the purified bacteriocin was
placed in wells in plates previously inoculated
with R. solanacearum (1x10°cfu/ml). Plates
were then incubated at 30°C for 22h and an
inhibition halo was measured after incubation
(Schillinger et al. 1989). The activity was defined
as the highest dilution showing inhibition of the
indicator lawn and was expressed as units per
ml (AU ml"l) (Rammelsberg et al. 1990).

46 | Murthy et al. Plant Sci. Arc. 1(1), 2016



Plant Science Archives www.plantarc.com

Bacteriocins isolation and partial purification
from LAB

The selected strain LAB-35 was grown for 12 h
in MRS medium, at its optimum temperature
previously determined for bacteriocin
production. After incubation, the cells were
removed by centrifugation (10,000xg for 15 min,
4°C). The cell free culture supernatant was
neutralized and precipitated with ammonium
sulphate (40 % saturation), overnight, with
gentle shakeup. The suspended pellicle formed
was collected after centrifugation (10,000g,
10 min, 4 °C), dissolved in 5 MM potassium
phosphate buffer (pH 6.5) and then extracted
with 15
chloroform/methanol (2/1, v/v). After | h at 4 °C,

the white precipitate formed in the organic

volumes of a mixture of

phase was centrifuged for 15 min at
13000xg and resuspended in sterile distilled
water and used for further study (Ohmomo et
al., 2000; Grosu-Tudor et al., 2014).
Characterization of bacteriocin from
Lactobacillus paracasei

The concentrated purified bacteriocin was used
for these tests (Sivaramasamy et al. 2014).The
proteinaceous nature of the inhibitory compound
was confirmed by testing their sensitivity to
proteolytic enzymes (trypsin). Aliquots of the
purified bacteriocin were treated with the
following enzymes (1 mg/ml) and incubated for
2 h at 30 °C. To find out the effect of pH on
bacteriocin activity it was tested by incubating at
various pH by adjusting the range from 4.0 to
10.0. The effect of temperature on activity of the
purified bacteriocin was tested by incubating at
various temperatures between 20, 30, 60, 90
and 120°C for 15min. The effect of surfactants
on bacteriocin activity was tested by adding 1%

sodium dodecyl sulfate (SDS), Tween 20,

80with  the

separately. The effect of storage and metal ions

Tween purified  bacteriocin
on activity of the purified bacteriocin was also
tested. After the purified bacteriocin was tested
for antibacterial activity by using the agar well
diffusion method, R. solanacearum was spread
on tryptone soya agar before boring the wells;
samples were loaded into the wells and
incubated at 35°C for 24h. After incubation the
zone of inhibition was measured (Malini et al.,

2012).

Effect of bacteriocin on tomato seed germination
and seedling vigor index

Effect of bacteriocin on tomato seed germination
and vigor index of seedlings were evaluated
under laboratory conditions. Tomato cultivar
Arka Megali (wilt susceptible) was procured
from IIHR Bangalore, India. The germination
test was conducted according to the paper towel
method (ISTA, 2005).The rolled towels were
incubated for 14 days at 24 =+ 1°C.After
incubation paper towels were unrolled, number
of germinated seeds were counted and seedling
vigor index was calculated. The experiment
consisted of four replicates of 100 seeds each
and was repeated thrice. The vigor index was
calculated by using the formula VI (vigor index)
= (Mean root length + Mean shoot length) x

Germination percentage (Abdul et al. 1973).

Greenhouse studies

Inoculum of R. solanacearum was prepared by
culturing it in Casamino acid Peptone Glucose
(CPG) broth (Kelman, 1954). Cultures were
centrifuged at 12000 g for 10 min at 4°C.The
pellet was resuspended in distilled water and
suspensions were spectrophotometrically
adjusted to O.D 600nm=0.1 (approximately

1x10°cfu/ml (Ran et al. 2005).Under
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greenhouse conditions,21 day old seedlings
were treated with 50 ml fresh bacteriocin from
LAB by sall

untreated controls the treated seedlings were

drench method. Along with

sown separately in pots filled with sterilized
potting soil (soil, sand and coconut pith
compost), watered when required with no
additional fertilization. After one week after
transplantation,  the bacteriocin  treated
seedlings were challenge inoculated with R.
solanacearum (1><1080fu/ml). Following 30 days
of incubation, seedling emergence and plant
growth promotion (mean shoot length, root
length, fresh weight and disease incidence) was
Each
replicates (10seedlings/pot) and was repeated

three times (Neelu et al. 2012).

recorded. treatment consisted of 4

Plant growth promotion assessment

The bacteriocin from LAB was tested for their
ability to promote plant growth. At the end of the
experiment (45 days after challenge inoculation)
plants were harvested and its fresh weight, dry
weight, shoot length, root length and disease
incidence was measured. Healthy plants were
counted; growth promotion was measured and
compared with the untreated control (Lim et al.
1997).

recorded using the formula.

Percentage of wilt incidence was

Percent Disease Incidence (PDI) = Mumber of infected plants . 1p
Tuotal number of plants

Control of wilt under field conditions

The field trial was conducted in a farm of
Chintamani, Karnataka, India during 2013 -
2014. Treatments were dispersed in a complete
randomized block design, the individual trial plot
area was 25 m? containing fourteen rows, each
row was 3.5 meter long and space between
rows was 50 cm and each plot contained 140

plants. At the time of transplanting, bacteriocin

solution was mixed with 10 kg of vermicompost
and was applied to the soil near the root zone of
plants at 10g/plant (Sivakumar and Swamy
1998). At 20 days after transplanting, all tomato
seedlings were challenged with R.
solanacearum by soil inoculation technique
1952),

treatment plot. The

(Winstead and Kelman, except in

uninoculated control
numbers of wilted plants were recorded up to 90
days after pathogen inoculation.

incidence was

The percentage (%) wilt

calculated by using the formula

Mo, of plants wilted in each treatrment . 100
Total no. of plants receiving the treatment

% Wilt incidence =

Wilt incidence was measured up to 60 days
after challenge inoculation and plant height,
stem growth, No. of fruits/plant, yield/plant (kg),
were measured. Yields were recorded and in
order to evaluate the efficacy of bacteriocin to
control tomato wilt, yield per plot was calculated
as quintals per hectare (Wydra et al. 2005).The

experiment was repeated twice.

Statistical analysis

Data from laboratory and greenhouse studies
were analyzed separately for each experiment
and were subjected to Analysis of Variance
(ANOVA) (SPSS Software). Significant effects
of treatments were determined by the F values
(P=0.05). Treatment means were analyzed

using Scheffe post hoc test.

Results

Isolation and identification R. solanacearum
Around hundred R. Solanacearum strains were
isolated and among hundred isolates, ten
virulent based on

isolates were highly

pathogenicity assay.
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Table 1. Effect of temperature on stability of bacteriocin against R. solanacearum.

Time in min Temperature
Zone of inhibition in mm
15 °C 30°C 45 °C 60 °C 75 °C 90 °C 100 °C
15 12.56+0.33% 12.0+0.66™ 11.80+0.57° 0.86x0.88" 8.33t0.33° 7.33x0.15° 6.57+0.33%
30 12.23+1.16° 12.30+0.88%°  11.70+1.15®  9.80+0.57™° 8.26+0.33™ 7.30+0.57*" 6.50+0.21%™
45 12.10+1.15™ 12.0+1.16% 11.83+0.66°  9.06x0.66® 7.87x0.57°° 6.97+0.2®  6.0+0.33"
60 12.5£0.57°C 12.0£0.88% 12.0£1.15°° 8.90+ 0.21° 7.80+ 0.57® 6.97+0.33® 3.90+0.17™

Scheffe post hoc test. Means sharing different alphabetical (a, b, ¢, d) superscripts in a column

significantly different (P<0.05). Means of the groups homogenous subsets are displaced.

Table 2. Effect of seed treatment with bacteriocin on tomato seed germination and seedling vigour

under laboratory conditions.

Treatment  Germination (%) MRL(cm) MSL(cm) Fresh weight Dry weight Vi
Control 92.66+5.75% 5.40+0.66* 9.36+1.12% 1.08+0.01™ 0.28+0.025° 1368.43+15.66™
RS1 34.0+1.52™ 2.95+0.043™ 3.32+0.025™ 0.40 +0.033° 0.12+0.003® 213.41+5.77™
RS2 35.0+1.15™ 2.59%+0.011% 3.16+0.057* 0.37+0.011* 0.13+0.006™ 201.57+6.35%
RS3 32.66+1.2° 2.75+0.057° 3.26+0.025° 0.37+0.05* 0.12+0.002° 196.64+3.46%
RS4 35.33+1.15% 2.65+0.011% 3.11+0.033° 0.40+0.057° 0.12+0.001* 203.6745.77%
RS5 34.33+0.88™ 2.40+0.011% 3.17+0.057% 0.34+0.033* 0.12+0.003 191.59+6.57%
RS6 35.66+1.12% 2.57+0.033% 3.17+0.012° 0.35+0.066*° 0.12+0.003™ 204.86+5.19%
RS7 34.0+1.86™ 2.50+0.028% 3.19+0.045% 0.45+0.025* 0.12+0.005" 193.60+4.61°
RS8 35.0+1.7%" 2.85+0.057% 3.18+0.066™ 0.40+0.011" 0.12+0.006™ 211.35+3.46%
RS9 34.66+1.12°° 2.68+0.011° 3.15+0.033° 0.36+0.021™ 0.12+0.005° 202.41+4.61%
RS10 35.33+1.57° 2.67+0.033%" 3.24+0.057° 0.36+0.011° 0.12+0.003™ 209.11+6.927°
Bacteriocin 94.0+3.46™ 5.66+0.57™ 9.53+1.6™ 1.36+0.11a™ 0.38+0.03“ 1427.86+20.33™

MRL-Mean Root Length; MSL-Mean Shoot Length; VI-Vigour Index. Scheffe post hoc test. Means

sharing different alphabetical (a, b, ¢, d) superscripts in a column significantly different (P<0.05).

The R. solanacearum isolates were identified by
Biochemical, morphological and physiological
characteristics (Narasimha Murthy et al. 2012)
and the PCR products

sequenced and a phylogenetic

amplified were
tree was

constructed by the blast analysis and multiple

sequence alignment data (Fig. 1). The
sequences were deposited in NCBI GenBank
and accession numbers are KF924739—

KF924748.

Isolation and identification of lactic acid bacteria
Among 35 lactic acid bacteria, one isolate (LAB-
35) showed the highest area of inhibition against
ten isolates of R. solanacearum and area of

inhibition was22—-26 mm in diameter.

The LAB-35 strain was determined to be a
gram-positive, spore-forming bacterium, with a
positive  catalase  reaction, biochemical
characteristics. LAB-35 was identified based on
16S rDNA gene sequencing and confirmed as

Lactobacillus paracasei (Malini et al. 2012).
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Table 3. Effect of bacteriocin from L. paracasei ssp. paracasei on wilt disease in tomato by seed

treatment.
Treatments Seed treatment
ant height (cm cm cm gm ry Weight (gm o
Plant heigh MSL MRL MFW Dry Weigh DI (%
Control 27.65+3.33% 14.23+0.57" 8.76+0.66  11.56+0.3"™ 2.72+0.68% 0.00%
RS1 6.5+0.57% 3.45+0.33 3.1+0.15°  5.17+0.57™ 2.12+0.057% 85.13+5.57%
RS2 6.25+0.3" 3.34+0.12%°  2.8+0.12%%  4.23+0.66°°  2.11+0.019™  84.41+3.66*
RS3 6.46+ 0.33 3.23+0.3% 2.620.12"  567+0.27° 2.14+0.07% 83.68+4.57°
RS4 7.25+0.23%" 3.2740.21°  2.6+0.013  5.61+0.66* 2.16+0.07%* 81.23+3.67%
RS5 6.89+0.45™ 3.57+0.15°  3.11+0.15® 5.32+0.57*  1.52+0.011™°  80.44+4.75°
RS6 6.62+0.6™ 3.61+0.13°9  2.76+0.13®  4.6+0.57° 2.27+0.03™ 83.23+4.57™1
RS7 6.56+0.32° 3.43+1.15°  2.64+0.15%°  4.79+0.3% 1.74+0.016% 82.45+5.66°°
RS8 6.74+0.57% 3.29+0.21""  3.32+0.15°  5.11+0.3* 2.21+0.03%° 81.36+4.56°
RS9 7.11+0.3 3.28+0.15%°  3.31+0.12®  4.22+0.57™ 2.18+0.057% 80.11+2.45%
RS10 6.56+0.15% 3.31+0.3° 2.92+0.11*7  4.82+0.5™ 1.84+0.06 82.37+4.57™
Bacteriocin 28.70+2.1% 15.13+1.12°7  9.73+0.88°" 13.48+0.33™ 1.83+0.15% 0.00?
R. solanacearum + 20.76+1.66™ 9.50+0.57™ 6.80+0.2°  8.66+0.57™ 2.47+0.09° 34.78+3.2™

Bacteriocin

MSL: Mean Shoot Length, MRL: Mean Root Length, MFW: Mean Fresh Weight, DI. Disease

Incidence of tomato plants treated by bacteriocin and infested with R. solanacearum (RS) by seed

treatment. Scheffe Post Hoc Test. Means sharing different alphabetical (a, b, c, d, ) superscripts in a

column significantly different (P<0.05).

Table 4. Effect of bacteriocin from L. paracasei ssp. paracasei on wilt disease in tomato by soil

drench.
Treatments Soil Drench
Plant height (cm) MSL (cm) MRL (cm) MFW (gm)  Dry Weight (gm) DI (%)
Control 30.13+2.57% 15.20+1.33" 7.20£0.66™" 12.80+0.57°"  3.68+0.11* 0.00*
RS1 7.43+0.66™ 4.56+0.57°7 4.23+0.21" 6.11x0.33°  2.14+0.057"  86.45x4.32°
RS2 7.5620.43" 4.43+0.3"°  4.16+0.11* 5.56x0.57  1.37+0.019°"  85.56+4.57
RS3 8.32+ 0.5 4.67+0.6°  3.65x0.15™ 5.45+0.21% 2.16+0.07°  81.43+3.33"
RS4 7.870.67° 4.78+0.57°" 3.81x0.13" 5.76+0.17% 1.8240.07°  80.71+4.12%°
RS5 8.65+0.35™ 4.48+0.21*" 4.13+0.17° 6.75%0.33%°  2.17+0.014™  82.37+3.57°
RS6 7.45+0.3 4.91+0.25*  4.12+0.3"  5.660.66™ 1.98+0.03™  81.66%5.43™
RS7 8.73x0.42% 4544121 3.56x0.21° 5.91+0.33°  1.94+0.016®  80.91+4.21%°
RS8 7.89+0.57% 4.78+0.18” 4.17+0.19  4.98+0.33* 2.1+0.03™ 84.02+6.3"
RS9 8.15+0.5° 4.63+0.3"  4.13+0.16° 6.12+0.66™ 1.78+0.03°  83.30£3.41%
RS10 7.85+0.25™ 4.65+0.17" 4.14+0.21° 6.17+0.57"° 2.16%0.06°  83.43%5.66%
Bacteriocin 33.63+3.43" 16.26+1.12" 7.66+0.23* 13.87+0.57"  3.93+0.088% 0.00*
R. solanacearum + 20.73+2.15% 11.03+0.88%° 6.86+0.33° 6.86+0.33”  2.80+0.033"  31.68+2.33"
bacteriocin
MSL: Mean Shoot Length, MRL: Mean Root Length, MFW: Mean Fresh Weight, DI: Disease

Incidence of tomato plants treated by bacteriocin and infested with R. solanacearum (RS) by soll

drench. Scheffe post hoc test. Means sharing different alphabetical (a, b, ¢, d) superscripts in a

column significantly different (P<0.05).
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Characterization of bacteriocin Lactobacillus
paracasei

Purified bacteriocin fromLAB-35 was found to be
sensitive to trypsin indicating that the inhibitory
substance was proteinaceous in nature. The
inhibitory activity was unchanged up to 100°C
for 60min and 70% of activity retained after heat
treatment at 120°C for 15min (Table 1). The

antibacterial bacteriocin was stable at pH range
of 4-10 (Fig. 2A). Surfactants were showed less
activity and more stable at storage temperature
at -20°C and 4°C for 30 days (Fig. 2B). Increase
metal ion concentration showed reciprocal effect
on the activity of bacteriocin (Fig. 2C). Based on
the above characteristics of the compound was

confirmed as bacteriocin from L. paracasei.

Table 5. Effect of L. paracasei ssp. paracasei on plant growth and tomato yield under field conditions.

Treatments  Plant height(cm) Fresh weight(g) Dry weight(g) Stem Fruits/plant Yield Q/ha  Wilt Incidence
growth(cm) (%)
Control 65.563.57°°  36.58:2.57"°  4.74:0.57"° 1.30:t0.07°° 42.32t4.66°° 181.3%7.66°° 0+00?
RS1 34.47+257°7  19.65+1.11°°  3.26x0.6™° 0.53+0.05°° 155443 21" 61.4+4.33"° 926533
RS2 35.89+3.33% 19.37+1.3°  2.74+0.33% 0.49:0.03" 1354+257° 62.5+257° 94.7+4.6°
RS3 37.64+2.6™ 19.3241.57*°  3.21+0.15° 0.51+0.07°" 9.76x1.57™° 61.7+#5.8°  92.446.21°"
RS4 3453+257°%  19.45+1.49®  3.15+0.12°° 0.6+0.06™ 13.78+3.33°° 60.3+2.9™  04.6+4.3%
RS5 38.34£3.45°  18.78+1.66™  3.17+0.14 0.52+0.05"® 13.56+2.6™ 61.74#5.21°" 91.9+4.2%
RS6 35.67+3.76™ 19.34+¢1.337  2.79+0.21™ 0.52+0.05°® 12.87+2.11%" 59.3+3.54™7  04.4+3.4°"
RS7 34.78+3.73™ 17.56+1.7" 3.22+0.3®  0.59+0.06™ 14.52+224°° 61.4+456™ 91.6+4.57™°
RS8 36.64+2.57 18.6+2.86°  3.12+0.21°7 0.4740.07° 15.34%2.21° 60.9£3.55° 90.3+4.3™°
RS9 38.2+3.66™°  19.45+2.62°°  2.75x0.3*° 0.52+0.02°® 13.56x1.87°° 61.8+4.43 "  93.5x2.4°
RS10 33.32+2.66™ 18.56+1.48"  3.13+0.12" 0.58+0.05°" 15.61+1.3°" 60.4+2.47°° 93.3+5.3°°
LAB 68+2.55™ 40.87+1.15%  6.12+0.66° 1.42+0.05" 50.67+3.56° 204.4+8.78% 0+00°
Bacteriocin 68+4.3" 41.15+3.33"  6.91+0.7"" 1.84+0.08" 51.78+4.23°® 205.3+6.87* 0007
R.solanacearum  58+3.57b™ 29.79+4.45™  4.56x0.41®° 0.78+0.09"° 35.55+2.57°° 152.5+557® 38.6+2.57"

+ Bacteriocin

Means + SE (standard error) followed by the same letter do not differ significantly according to

Scheffe post hoc test. Means sharing different alphabetical (a, b, c, d, e, f) superscripts in a column

significantly different (P<0.05).Distilled water treated seeds served as control.

Effect of bacteriocin on tomato seed germination
and seedling vigor index

The tomato seed germination and seedling vigor
index improved upon bacteriocin treatment and
treatment with R. solanacearum showed
reduction. The bacteriocin treatment improved
the vigor index when compared to control (Fig.

3A; Table 2).

Plant growth promotion assessment

The bacteriocin treatment increased plant
growth as compared to the untreated control

plants (Fig. 3B).

It increased the fresh weight, dry weight, shoots

length, root length and reduced the wilt

incidence in bacteriocin treated plants. The wilt
percentage was decreased to 57.48% and

54.77% in plants treated with bacteriocin by
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seed treatment and soil drench methods

respectively (Table 3).

Biocontrol under field conditions

In field trials, plots treated with bacteriocin
recorded significantly lower wilt when compared
to untreated control treatments. In the present
study, the control plots yielded an average of
181.3 quintals/ha. The plot treated with only R.

solanacearum vyielded an average of 59.3
quintals/ha and with bacteriocin gave an
average of 205.3 quintals/ha tomato yield. As
control the bacteriocin
increased the yield by 13.5% (29 quintals/ha).

Seedlings treated with both R. solanacearum

compared to the

and bacteriocin yielded an average of 152.5

quintals/ha.
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Fig. 1. Phylogenetic relationships of R. solanacearum isolates inferred by neighbor-Joining (NJ)

bootstrap tree analysis of 16S rRNA sequences.

The outcome of wilt reduction after treatment

with bacteriocin is recorded as 56.1% (Table 5).

Discussion

In the present study, bacteriocin from L.
paracasei has shown antagonism against R.
solanacearum, increased plant growth and
reduced wilt disease severity. The inhibitory
activities of LAB against pathogens have been
generally shown to be due to the bactericidal
sensitive  bacteriocins.

effect of protease

However, the antagonistic effects of LAB
towards pathogens could be related to the
production of organic acids and hydrogen

peroxide also (Ito et al. 2003). Biocontrol of

tomato wilt by LAB was found to be not only by

their inhibition capacity but also their

persistence in the soil under durable conditions.
Information of bacteriocin regulation produced
by rhizospheric strains is pertinent due to their
latent application as biocontrol agents or

biofertilizers. Bacteriocin applications have

extended during the last decades, for their use

as biocontrol agent against many plant
pathogens and to enhance inoculant
competence  (Holtsmark et al. 2008).
Bacteriocins that inhibit phytopathogenic

bacteria have been reported from bacteria
associated with plants (Parret et al. 2005).

However, until now there has been no account
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of a bacteriocin involved directly in increasing
plant growth and germination (Prithiviraj et al.
2003).

biocontrol agents is that they are considered

A major benefit of using LAB as

GRAS and usually fulfill with all endorsements

for food products. Moreover, LAB is natural
colonizers of fresh fruit and has been previously
described as good antagonists of several
bacteria and fungi in different food products
(Batish et al. 1997).
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Fig. 2. Effect of pH, storage and metal ions on stability of bacteriocin.Scheffe post hoc test.Means

sharing different alphabetical (a, b, ¢) superscripts in a column significantly different (P<0.05).

The results of in vitro antagonism studies
revealed that the LAB and its bacteriocin
inhibited R.

suggested a high quantity of the isolates, able to

solanacearum. Reports have

suppress R. solanacearum growth in a
confrontation tests. These results also designate
that soil is a novel source for LAB strains for the
management of soil borne pathogens and post-
harvest diseases (Lutz et al. 2012). Under
laboratory conditions and invivo pot trials, the
bacteriocin increased seed germination and
exhibited highly effective antagonism against
the R. solanacearum respectively. LAB isolate

was used in this study improved germination

percentage and extremely high amount of
seedling vigour without negatively affecting plant
growth.

Under greenhouse conditions both the seed and
soil drench methods of bacteriocin treatments
reduced wilt incidence. The above results
indicate LAB as a novel attractive aspirant group
for the biological control of soil borne
pathogens. The mechanisms of enhancing plant
growth by LAB may be due to the effectiveness
in nutrient transfer from soil and production of
bacteriocin. Somers et al. (2007) also reported

L. lactis isolated from organic agricultural soil
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exhibited plant growth promoting activity in
LABs

effects on

cabbage considerably and some

confirmed growth  promoting
cucumber and tomato seedlings (Lutz et al.

2012).

Under field conditions infected seedlings treated
with bacteriocin increased the average tomato
yield compared to control. These results indicate
that LABs may be used as effective biocontrol

agents in the control of bacterial wilt of tomato.

Bacteriocin treatments also reduced wilt
incidence in tomato. The results of this study
showed that the bacteriocins may play an
important role in inter specific competition and
its broad spectrum activity against wilt
pathogen. Also this study recommends LAB for
its great efficiency for improving the growth and
yield of tomato plant; however field trials are
necessary to study the mechanisms behind this
plant growth promoting effects (Anupama et al.

2014).

Fig. 3. a. Effect of bacteriocins on tomato seed germination of tomato seeds, A-Bacteriocin treated, B,

C-Controls, D-R.solanacearum treated. b. Plant growth promotion effect of bacteriocins on tomato. A-

Control, B- purified bacteriocin treatment, C-R. solanacearum treated.

Therefore, we conclude that the LAB is a
promising bacterium to suppress soil borne
pathogens and promote plant growth. The use
of chemicals in agriculture as well as the
environmental pollution can be avoided by LAB
as a promising biocontrol agent. Therefore, the
usage of LABs can be further developed as a
stable towards

move controlling R.

solanacearum caused wilt.
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