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ABSTRACT

The present work was carried out to study the potential of plant rhizosphere associated bacteria for the
biocontrol of potato black scurf disease caused by Rhizoctonia solani Khun AG-3. A total of twenty-eight
bacteria isolated from diseased and healthy potato plants grown in the soil of Naran and Faisalabad,
Pakistan were evaluated for their antagonistic potential. Nine bacterial strains were found to be
antagonistic in vitro, reduced the fungal growth and caused the lysis of sclerotia of R. solani in dual culture
assay as well as in extracellular metabolite efficacy test. The selected antagonistic strains were further
tested for the production and efficacy of volatile and diffusible antibiotics, lytic enzymes and siderophores
against R. solani. Selected antagonistic bacteria were also characterized for growth promoting attributes
i.e., phosphate solubilization, nitrogen fixation and indole acetic acid production. Biocontrol efficacy and
percent yield increase by these antagonists was estimated in greenhouse experiment. Statistical analysis
showed that two Pseudomonas spp. StT2 and StS3 were the most effective with 65.1 and 73.9 percent
biocontrol efficacy, as well as 87.3 and 98.3 percent yield increase, respectively. Potential antagonistic
bacterial strain StS3 showed maximum homology to Pseudomonas sp. as determined by 16S rRNA gene
sequencing. These results suggest that bacterial isolates StS3 and StT2 have excellent potential to be used

as effective biocontrol agents promoting plant growth with reduced disease incidence.
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INTRODUCTION

enhance crop yield by growth promoting attributes

Among biotic stresses, plant pathogenic microorganisms
are the serious threat to crop production and ecosystem
stability (41, 44). Different methods have been used to control
plant pathogens, being the most used cultural practices,
resistant cultivars, chemical and biological control. Biological

control is a natural and specific way to control pathogens and

environment friendly microorganisms (20. 34, 38). This
method has been developed successfully during the last few
years. It is based on the reduction of inoculum or of pathogenic
activity due to the natural presence of one or more organisms,
through the management of the environment, the host or
antagonists (3).

R. solani is one of the most prevalent and important soil
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borne fungal pathogen causing destruction of a wide range of
economically important crops such as rice, wheat, tomato,
potato etc. (14, 27). Black scurf of potato (Solanum tuberosum
L.) is a soil and seed borne disease, caused by R. solani Kuhn
AG-3. Black spots of fungus (sclerotia) about Imm to 10mm
appears on the potato surface. These sclerotia, also known as
black scurf, are difficult to remove by washing and brushing
(49). The black scurf stage may often produces tubers that are
misshapen, cracked, and discolored by the presence of sclerotia
on the tuber surface. Black scurf is found in most of the potato
growing areas throughout the world. It can be very severe in
eastern Canada and Maine (10). Black scurf is widely spread in
Pakistan, especially in northern areas of Swat, Kaghan, Dir,
Hunza Valley etc. A few areas of Punjab are also affected.

Fungi from Trichoderma genus are among the biological
control agents of R. solani (1, 23). On the other hand, bacteria
belonging to genus Pseudomonas and Bacillus have also been
used in bioantagonism (2, 12).

The present research work was carried out to study the
potential of rhizobacteria to control potato black scurf diseases
and thus increase crop yield. To control plant diseases, bacteria
have some weapons in their extracellular metabolites i.e.,
siderophores, antibiotics, lytic enzymes etc. (8, 13). Keeping in
view the above facts, our objective was to isolate and select
antagonistic bacterial strains that could control R. solani both
in vitro and in vivo and to study the mechanisms of

antagonism.

MATERIALS AND METHODS

Isolation of Rhizoctonia solani and growth condition

Black scurf infected tubers of potato (Solanum tuberosum
L.) cv. Cardinal were surface sterilized by 0.1% mercuric
chloride (HgCl,) for two minutes and extensively washed with
sterile distilled water (SDW). Clot like black spot on the
surface of potato were peeled and placed on petri plates
containing potato-dextrose-agar (PDA) and incubated at 25+2
°C for 48 h. Grown fungal culture was purified by sub-
culturing and identified using stereomicroscope after staining

with trypan blue. Pure culture of R. solani was stored at 5 °C in
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culture tubes and petri plates containing PDA (18). All
isolation steps were performed under aseptic conditions. Five
mm’ mycelial disc from a 5 days old culture of R. solani on
PDA was placed in 1000 mL flask containing 500 mL of
potato-dextrose broth (PDB) and grown at 25+2°C for 10 days.
The colonies of fungi were developed and produced many

sclerotia.

Determination of virulence in R. solani

Virulence of R. solani was first tested in a greenhouse. For
pathogenicity test, approximately 1 mL of fungal inoculum
(mycelium and sclerotia) was dropped at the injured stem of
one month old potato cv. Cardinal plants grown in pots
containing 10 kg soil. SDW was used as control. The plants
were observed for symptoms of black scurf i.e., stem lesions,
leaf chlorosis and black spots on tuber skin at the time of
harvest.

In vitro pathogenicity test was also performed on leaves,
stem and tuber of potato cv. Cardinal in petri plates under
aseptic conditions. 1 mL of 10 days old broth culture of R.
solani was used to infect the leaves/ stem/ tuber placed in
separate petri plates taken from the 30 days old plant. PDB
broth was used as controls. All petri plates were incubated at
25+2°C for 5 days. The samples were supplemented daily with
1 mL SDW to avoid dehydration. The plant samples were
observed for symptoms of black scurf i.e., stem lesions, leaf

chlorosis and black spots on tuber skin (18).

Isolation of bacteria and growth condition

Bacteria were isolated from soil, rhizosphere, roots and
tubers of healthy and diseased potato plants collected from
Naran and Faisalabad, Pakistan. One gram of soil/ rhizospheric
soil/ crushed roots/ crushed tuber was homogenized in 20 mL
test tube containing 9 mL saline (0.85% NaCl) separately. The
suspension was vortexed and dilutions were prepared up to
107. 0.1 mL of each dilution was spread on Luria Bertani
medium plates. The plates were incubated at 25+2 °C until
colony development was observed. A large number of bacterial
colonies were developed. Morphologically different colonies

were selected and purified by sub-culturing (32). Pure cultures
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were subjected to growth studies.

Primary selection of antagonists

Antagonism of all the 28 rhizosphere associated bacterial
isolates was evaluated in two major in vitro tests: dual cultures
assay and extracellular metabolites efficacy test against R.

solani. Potential antagonists were selected for further studies.

Dual cultures assay: One 5-mm?” disk of a pure culture of
R. solani was placed at the center of a petri dish containing
PDA. A circular line, made with a 4-cm diameter Petri dish
dipped in a bacterial suspension of (2 x 10°cfu/mL), was
placed surrounding the fungal inoculum. Plates were incubated
at 252 °C for 72 h and growth diameter of the pathogen
(fungal growth) was measured and compared to control growth
where the bacterial suspension was replaced with LB broth.
Trichoderma harzianum (obtained from 1* Fungal culture bank
of Pakistan, Department of Mycology & Plant Pathology,
Punjab University Lahore, University of Pakistan) used instead
of bacterial suspension against R. solani was included as
positive control. Results were expressed as means of radii of
fungal growth (mm) and % inhibition of fungal growth of the
corresponding R. solani isolate in the presence of any of the
bacterial isolates (5, 27). Percent inhibition was calculated

using the following formula:

% inhibition = [1 — (Treatment growth/Control growth)] x 100

Extracellular metabolites efficacy test: These tests were
performed in 250 mL flasks containing 100 mL of sterile LB
broth. Bacterial growth was maintained at 2 x 10°cfu/mL. T.
harzianum (positive control) was inoculated in PDA broth
flask. T. harzianum and bacterial cultures were pelleted by
centrifugation at 6,000 rpm at 4°C for 12 min. The supernatants
were sterilized with 0.22 um filter. Culture filtrate 25 % (v/v)
was mixed with PDA and a 5 mm” disk of four days old pure
culture of R. solani was placed at the center of petri dish. These
plates were incubated at 25+2 °C for 72 h. Growth diameter of

the pathogen (fungal growth) was measured and compared to
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control growth where the bacterial extracellular metabolites
were replaced with LB broth. Results were expressed as means
of radii of fungal growth (mm) and % inhibition of growth of
R. solani in the presence and absence of any bioantagonistic

bacterial isolate (19).

Tentative identification of antagonists

Antagonistic bacterial strains were tentatively identified
by gram staining (47) and light microscopy (Table 1).
Fluorescent pseudomonads were identified on King’s B plates
(46). These bacterial isolates were stored at 5 °C in slants
containing King’s B agar, and in flasks containing TSB
(Tryptone Soy Broth) with 20% glycerol for storage at -21 °C
(40).

Mechanisms involved in antagonism

Volatile antibiotics: 100 puL of a bioantagonistic bacterial
suspension (2 x 10° cfu/mL) were placed at the center of one
half petri dish containing King B medium. 7. harzianum used
instead of bacterial suspension used as positive control. A 5-
mm’ disk of a four days old pure culture of R. solani was
placed at the center of another Petri dish containing PDA. Both
half plates were placed face to face preventing any physical
contact between the pathogen and the bacterial culture. Plates
were sealed to isolate the inside atmosphere and to prevent loss
of volatiles formed. Plates were incubated at 25+2 °C for 48 h
and the growth of the pathogen was measured and compared to
control where the bacterial suspension was replaced with LB
broth. Results were expressed as means of % inhibition of the
growth of R. solani in the presence and absence of any
bacterial isolate (19).

Diffusible antibiotics: PDA plates covered with a
cellophane membrane were inoculated in the center with 100
uL of a bioantagonistic bacterial suspension (2 x 10° cfu/mL).
T. harzianum used instead of bacterial suspension was taken as
positive control. After incubation at 252 °C for 72 h, the

membrane with the grown bacterial isolate was removed, and
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the plate was inoculated in the middle with a 5-mm? disk of a
pure culture of R. solani. Plates were further incubated at 25+2
°C for 48 h and the growth of the pathogen was measured and
compared with control where the bacterial suspension was
replaced with LB broth. Results were expressed as means of %
inhibition of growth of R. solani in the presence and absence of

any bioantagonistic bacterial isolate (27).

Siderophores: Siderophores production by the bacterial
isolates was detected using the universal chrome azurol ‘S’
(CAS) assay as described by Schwyn and Neillands (1987).
CAS plates were spotted with single colony from overnight
grown cultures and incubated at 25+2 °C for 72 h (Sharma and
Johri, 2003; Nair et al., 2007). The amount of siderophore
produced was measured as described by Rachid and Bensoltane
(2005) Bacterial growth was estimated turbidimetrically at 600
nm, the amount of siderophore secreted into the culture
medium was determined by removing Dbacteria by
centrifugation and measuring the absorbance of the supernatant
at 400 nm. Concentration was calculated using absorption
maximum (A=400nm) and molar extinction coefficient & =
20000. (Table. 1).

Efficacy of siderophore for the uptake of Fe™ and the
effect of Fe* level of medium on antagonism was studied
according to Pumarino (39), using FeCl; x 6H,0 at 0, 5, 25 and
50 uM concentrations added to King B agar medium. Dual

culture assay was carried out using these modified KB plates.

Lytic enzymes: Bacteria were cultured either on plates
with solid medium or in tubes with liquid medium after
inoculation with 100 uL of a bacterial suspension (2 x 10°
cfu/mL). Media contained chitin as the sole carbon source.
Development of bacteria was assessed through colony counting
after incubation at 25+2 °C for 48 h of plates with solid
medium or through measurement of absorbance at 600 nm after
incubation of tubes with liquid medium at 25+2 °C for 48 h.
Concentrated supernatants from liquid cultures of each bacteria
were analyzed for the presence of chitinase as described by

Zaldivar et al. (51) and Perez et al. (35).
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Protease production was tested by streaking each bacterial
isolate on Skim Milk Agar (SMA) medium on the petri plates.
The bacterial isolates that produced protease were identified by
halo zone around the bacterial colony and were measured (6,

19).

Growth promoting characteristics of antagonists

Nitrogen fixation: Pure bacterial colonies were inoculated
in to NFM semisolid enrichment medium in vials and
incubated at 25+2 °C for 48 h. Nitrogenase activity was
measured as described by Yasmin et al. (2004). Acetylene
(10% v/v) was injected to the vials. After incubation for 16
hours at room temperature, gas samples (100 pL) were
analyzed on a gas chromatograph (Thermoquest, Trace G.C,
Model K, Rodono Milan, Italy) using a Porapak Q column and

a H, -flame ionization detector (FID).

Indol acetic acid (IAA) production: For detection and
quantification of IAA production by the bacterial isolates,
cultures were grown in Okon’s malate medium (30).
Tryptophan (100 mg/ L) was added as the precursor of IAA.
After one week of growth, qualitative estimation of IAA was
performed by Fe-HCIO, and Fe-H,SO, reagents. The ethyl
acetate oxidation method was used for a quantitative estimation
of IAA by HPLC using Turbochom software (Perkin Elmer

USA) (17).

Phosphate solubilization: A single colony of bacterial
culture grown on LB plate was streaked on to Pikovskia’s plate
containing tricalcium phosphate (37) and incubated at 25+2 °C
for 7-10 days. The plates were observed for clear phosphate
solubilization around colonies (14). Phosphate solubilization

was quantified by Phospho-molybdate blue color method (28).

Evaluation of antagonists in greenhouse

To evaluate in vivo biocontrol potential of primarily
selected antagonistic bacterial, sterilized soil was infested with
R. solani. Ten days old R. solani in PD broth was diluted ten

times and 50 mL inoculum of this fungus was mixed in 12 kg
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soil per pot. The experiment was conducted in completely
randomized design (CRD) with three replicates and eleven
treatments including two control treatments. There were nine
treatments of antagonistic bacteria; 7. harzianum grown in
PDA was positive control whereas LB broth was used as
negative control.

Potato cv. Cardinal tuber seeds having about five eyes
(buds) were surface sterilized with 0.1% mercuric chloride,
washed extensively with SDW and dipped in bacterial
suspension (2 X 10° cfu/mL) for three hours. One seed from
each treatment was then sown in fungal infected soil in each
pot. Plants were regularly watered after every three days.
Second and third inoculum of antagonistic bacteria maintained
at 2 x 10° cfu/mL was given to the plants after 25 and 50 days
of germination (1 mL/plant). Plants were harvested after 110
days and the data was taken for parameters i.e., actual yield
(kg) and disease incidence (6). Experiment was conducted in
autumn growing season, from September to December.

The disease incidence was measured at the time of harvest
by counting number of sclerotia at tuber skin. The results
expressed as biocontrol efficacy, were calculated using the

following formula (15, 16);

Biocontrol efficacy = [(Disease incidence of control- disease

incidence of treatment) / Disease incidence of control] x 100

Yield of potato tuber was also determined at the time of
harvest. The results expressed as yield increase percentage

were calculated using the following formula (16);

Yield increase % = [(treatment yield - Control yield) / Control
yield] x 100

Statistical analysis

The Analysis of Variance for volatile & diffusible
antibiotics, disease incidence, biocontrol efficacy, yield and %
yield increase was calculated and mean comparisons were
conducted using Duncan Multiple Range test at P = 0.05.
Standard Errors were also calculated (36). Statistical operations

were performed on CoStat version 6.303 and MS Excel 2000.
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16S rRNA gene amplification and sequencing

Total genomic DNA of bacterial strain StS3 was isolated
by the alkaline lysis method (26) with slight modifications. The
primers used for amplification of full length 16S rRNA gene
were universal primer Pl
CGGGATCCAGAGTTTGATCCTGGTCAGAACGAACGCT
- 3% and P6
CGGGATCCTACGGCTACCTTGTTACGACTTCACCCC -

3), which correspond to E. coli positions 8-37 and 1479-1506,

(forward primer, 5 -

(reverse primer, 5 -

respectively and amplifies 1500 bp fragment (45).

Each 25 pL of reaction mixture contained 1 U of Tagq
Polymerase (Promega), 2.5 nL 10x PCR buffer, 2 uL MgCl,,
and 1 uL dNTPs (2.5 mM), 1 pL of each primer (100 ng uL™)
and 1uL template DNA (12.5 ng uL™"). Reaction mixture (25
uL), prepared for 16S rRNA gene amplification was initially
denatured at 94 °C for 2 min followed by 25 cycles consisting
of denaturation at 94 °C for 60 sec, primer annealing at 52 °C
for 60 sec and primer extension at 72 °C for 3 min and finally
extension at 72 °C for 20 min in a thermal cycler.

The amplified 16S rRNA gene from most antagonistic
strain StS3 was ligated in TA cloning vector pTZ57R/T
(Fermentas). In case of pTZ57R/T vector, 30 pL ligation
reaction was prepared in sterile water with 1.5 uL. T4 DNA
ligase, 3 uL pTZ57R/T vector
(Fermentas), 3 uL of PEG 4000 and 4 pL amplified DNA in

3 uL ligation buffer,

1.2 mL tube. Ligation was performed overnight in water bath at
16 °C. Plasmid isolation of recombinant transformants was
performed using Promega mini prep kit.

Cloned PCR products were sequenced on ABI Prism 3100
Genetic Analyser (Hitachi, Japan) using Big Dye Terminator v
1.1 Cycle Sequencing Kit. The gene sequences were compared
with others in the GenBank databases using the NCBI BLAST
at. http://www.ncbi.nlm.nih.gov/blast/Blast.cgi.

RESULTS

Virulence of R. solani
R. solani was purified by sub-culturing. R. solani
inoculated plants showed potato black scurf symptoms severely

i.e., brown lesions were developed at the base of stem, leaf

443



Tariq, M. et al.

chlorosis and black spots (sclerotia) at tuber surface were also
observed both in vivo and in vitro after one week (data not

shown). So fungal culture was highly pathogenic to plant.

Primary selection of antagonists
A total of twenty-eight bacterial strains were isolated on
the basis of colony morphology from rhizosphere and

associated sites i.e., roots, soil and tubers.

Dual culture assay: There was no physical contact
between any of the antagonists and pathogen. An inhibitory
halo was observed suggesting the presence of fungistatic

metabolites secreted by the bacteria. Microscopic observation

Negative Control
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of fungal zone showed the cytoplasmic leakage at the hyphal
septum. There was a significant difference between bacterial
treatments to the % inhibition of fungal radii. Bacterial strains
significantly reduced pathogen growth in comparison to the
control. Strains StS3 and StT2 with % inhibition of 44.3 and
41.7, respectively, were the most effective ones against R.
solani (Fig. 1). There was no considerable growth of R. solani
where T. harzianum was used as biocontrol agent (positive
control), even disintegration of pathogen was observed.
Percentage inhibition of R. solani by different bacterial isolates
is presented in Fig. 2. Efficient antagonistic bacteria i.e., StS3,

StT2, StHR2, StRh2 and StSly were selected for further

studies on the basis of this test.

Pseudomonas sp. StS3

Figure 1. In vitro inhibition assay by “Dual Culture method” showing the antifungal activity of potato rhizosphere associated

Pseudomonas sp. StS3 against R. solani, the causal agent of potato black scurf disease. Dual inoculation of R. solani and bacterial isolate

on the same plate containing PDA. Growth of pathogen, R. solani (center) was inhibited by Pseudomonas sp. StS3. In negative control,

LB broth was used instead of bacterial suspension inoculum.
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Figure 2. Comparison of “Extra cellular metabolite efficacy test” and “Dual culture assay” to study the antifungal activity of potato
rhizosphere associated bacterial isolates against R. solani, the causal agent of potato black scurf disease. R. solani growth inhibition by
bacterial isolates in the “Extracellular metabolite efficacy test” has higher values of inhibition as compared to those of “Dual culture

assay”. Control —I = Distilled water (negative control), Control —II = Trichoderma harzianum (positive control)
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Extracellular metabolites efficacy test: Pathogen could
not grow well in the presence of bacterial extracellular
metabolites. There was a significant difference between the
bacterial treatments to % inhibition of fungal radii. Growth of
R. solani was significantly inhibited by the by antagonistic
bacteria tested. Isolates StT1ly, StDT2 and StDRI1 were the
most efficient with 92.3, 93.3 and 93.3 % inhibition of fungal
radii, respectively. Percentage inhibition of R. solani by
different bacterial isolates is presented in Fig. 2. Antagonistic
bacteria i.e., StT1ly, StDT2, StDR1 and StHT3 were selected on
the basis of this test.
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Tentative identification of antagonists

Out of twenty-eight isolated bacterial strains, nine
bacterial isolates were screened for further experimentation on
the basis of showing pathogen inhibition in dual culture assay
and extracellular metabolite efficacy test. Gram staining and
light microscopic studies showed that all bacteria were motile
and may belong to different genera, mostly Pseudomonas and
Bacillus. All bacterial stains were able to grow on King’s B
agar plates. Bacterial isolates, StS3 and StT2 produced yellow
pigmentation on King’s B agar plates, may belong to genus

Pseudomonas (Table. 1).

Table 1. Morphological and physiological characterization of potato rhizosphere associated antagonistic bacteria.

Strain Origin Gram Colony and cell morphology IAA Phosphate Siderophore
reaction Production solubilization production
(ng/ mL) (ng/ mL) (ug/ mL)

StTly Tuber, + Round large, smooth,dark creamy - - 0.83
diseased plant. colony, round cells

StT2 Tuber, - Round small, smooth, creamy - - 6.12
diseased plant. colony and short rod

StDT2 Tuber, - Large round, smooth, creamy - - -
deseased plant. colony and short rod

StHT3 Tuber, + Round medium, smooth, brownish - - 3.68
Healthy plant. creamy colony and long rod

StRh2 Rhizosphere, + Round small, smooth, creamy 31.08 - -
diseased plant. colony and Short rod

StSly Soil, + Round large, wavy, dark creamy - - -
diseased plant. colony and Short rod

StS3 Soil, - Round small, smooth, creamy 0.38 18.6 3.76
diseased plant. colony and short rod

StDR1 Root endophyte, + Round medium, wavy, dark 1.52 - -
diseased plant. creamy colony and short rod

StHR2 Root endophyte, + Round medium, smooth, light 0.59 - -

healthy plant. yellow and long rod

Mechanisms of antagonism
Volatile antibiotics: Growth of R. solani was significantly
inhibited by antagonistic bacteria to be tested. Volatile

antibiotics produced by bacterial strain StS3 significantly

inhibited 23.7 % growth of fungal pathogens. Antagonists i.e.,
StT2, StS1ly and StT1y were also able to suppressed pathogen
growth, although all other bacteria showed minor inhibitory

effect on R. solani growth (Table. 2).
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Table 2. Percent inhibition of R. solani growth by volatile and diffusible antibiotics produced by potato rhizosphere associated

antagonistic bacteria.

Treatment Volatile antibiotic Diffusible antibiotics
(% inhibition) (% inhibition)

control-IT 31.3a 32.0a
StS3 23.7b 173 ¢
StT2 183 ¢ 24.0b
StSly 16.7¢c 16.7 ¢
StRh2 13.7d 12.7d
StT1y 10.7 e 10.7d
StHT3 6.3f 12.7d
StHR2 57fF 63e
StDT2 50f 3.7f
StDR1 4.7 f 43 ef
Control-I Og 3.7f

Different letters in column represents significant difference in Duncan’s Multiple Range Test (p<0.05).

Control —I = Distilled water (negative control)
Control —II = Trichoderma harzianum (positive control)

Diffusible antibiotics: Effect of diffusible antibiotic was
similar to that of volatile antibiotic. R. solani was inhibited
independently by each of bacterial strain at varying level
(Table. 2). Strain StT2 was the antagonistic bacterial isolate
that showed significant inhibitory effect on the growth of R.
solani isolate tested with 24 % inhibition. Strains StS1y, StS3
and StHT3 were also able to significantly suppressed pathogen

growth, although all other bacteria showed minor inhibitory

effect on R. solani growth.

Siderophores: There was no significant difference

between the percentage inhibition of R. solani radius at
levels of Fe™ concentrations

different tested by any

antagonistic strains (Fig. 3). Four antagonistic strains were

siderophore positive on CAS agar (Table 1).
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Figure 3. Effect of Fe” level of medium on antifungal activity of potato rhizosphere associated bacterial isolates against R. solani, the

causal agent of potato black scurf disease. Graph represents that R. solani growth inhibition is not significantly different at varying

concentrations of FeCl; amended medium i.e. King’s B medium for each antagonist. Control —I = Distilled water (negative control),

Control —II = Trichoderma harzianum (positive control)
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Lytic enzymes: None of these bacteria were able to grow
in solid or in liquid media that contained chitin as the sole
carbon source. There was no halo formation around the
bacteria on skim milk agar plates. Chitinase and protease

activity was not detected in any of the bacteria tested (19).

Growth promoting characteristics of bioantagonists

None of the antagonistic bacteria showed nitrogenase
activity in acetylene reduction assay. Four antagonistic strains
showed pink coloration in calorimetric method indicating IAA
production. IAA produced by four different bacterial isolates
ranged from 0.38-31.08 pug/mL. StRh2 produced significantly
high amount of IAA i.e., 31.08 ug/mL. None of bacterial strain
showed phosphate solubilizing ability except StS3.
Antagonistic strain StS3 was able to solubilize inorganic

phosphate at the rate of 18.6 pg /mL (Table 1).

Pot experiment

The average disease incidence and biocontrol efficacy
percentage was determined (Table 3). Negative control (LB
broth in infected soil) showed disease incidences 40.7 and its

biocontrol efficacy percentage was supposed as zero. There

Biological control of potato black scurf

was a significant difference between bacterial treatments to
control the disease. Positive control (7. harzianum) showed
67.9 % biocontrol efficacy, while bacterial isolates StT2 and
StS3 significantly inhibited R. solani with 65.1 % and 73.8 %
biocontrol efficacy, respectively.

The average yield and percent yield increase was
determined (Table 3). There was a significant difference
between bacterial treatments to increase yield percentage of
potato tuber. Tuber yield of negative control was 0.27 kg/
plant. Positive control yielded 0.52 kg/plant while bacterial
isolates StT2 and StS3 showed best results by yielding 0.5
kg/plant and 0.53 kg/ plant, respectively. Percent yield increase
of most antagonistic bacteria i.e., StT2 and StS3 was 87.3 and

98.3 respectively.

16S rRNA gene amplification and sequencing

Potent antagonistic strain StS3 was identified using 16S
rRNA gene sequencing. The sequence obtained was compared
with databank at NCBI BLAST and showed highest similarity
ie., 95% (615/644), with Pseudomonas putida (accession
number AB029257). The sequence was submitted in NCBI
GenBank under the accession number DQ911367.

Table 3. Efficacy of potato rhizosphere associated antagonistic bacteria to enhance potato yield and biocontrol of Rhizoctonia

solani, the causal agent of potato black scurf disease in greenhouse.

Strains Disease incidence Biocontrol Actual Yield Yield increase
efficacy (%) (kg/plant) (%)
StS3 103 f 739 a 0.53 a 983 a
StT2 140 f 65.1a 0.50 a 873 a
StRh2 23.0e 43.1b 0410 54.0b
StTly 25.7 de 36.1 be 0400 50.2 be
StSly 25.0de 38.0 be 0.38 be 42.0 bc
StHT3 29.7 cd 26.6 cd 0.35cd 32.1 bed
StHR2 32.7bc 18.5d 0.33 de 23.8 cde
StDT2 36.0 ab 10.7 de 0.30 ef 12.8 de
StDR1 40.0 a 04e 0.30 ef 11.2 de
control-1I 13.0f 679a 0.52 a 95.2a
control-1 40.7 a 0.0e 0.27f 0.0e

Different letters in column represents significant difference in Duncan’s Muultiple Range Test (p<0.05).

Control —I = Distilled water (negative control)
Control —II = Trichoderma harzianum (positive control)
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DISCUSSION

In the present study, rhizosphere associated bacteria were
evaluated for their antagonism against R. solani, causative
agent of potato black scurf. The objective of the study was to
select antagonistic bacteria active against R. solani in vitro as
well as in vivo, and promote plant growth. The study resulted
in the primary selection of nine antagonistic bacteria, out of
them, two bacterial strains belonging to genus Pseudomonas,
StS3 and StT2 significantly promoted plant growth with
reduced disease incidence. Production of diffusible and volatile
antibiotic was found to be common characteristic among all the
potential antagonistic bacterial strains and might be
significantly adding its role in antagonism against R. solani.
Similar findings were reported previously by Montealegre et
al. (27).

A total of twenty-eight bacterial strains were isolated from
healthy and black scurf infected potato plants collected from
different areas of Pakistan. Antagonism of all the twenty-eight
bacterial isolates was first evaluated against R. solani by in
vitro test i.e., dual culture assay and extra-cellular metabolite
efficacy test. On the basis of these tests, overall nine efficient
antagonistic bacteria i.e., StS3, StT2, StRh2, StTly, StSly,
StHT3, StHR2, StDT2, StDR1 were selected, which were
found to control R. solani. These potential biocontrol agents
were selected for the study of mechanism of biocontrol and
also evaluated for biocontrol efficacy in greenhouse
experiment.

Dual culture assay showed that antagonistic strains StT2
and StS3 were most efficient with 41.7% and 44.3% pathogen
inhibition (5). The pot experiment results were also similar to
that of dual culture assay. Therefore, it is concluded that dual
culture assay can be used as standard test for the selection of
and shows cumulative effect of all

biocontrol agent

mechanisms undergoing for biocontrol i.e., siderophore
production, diffusible and volatile antibiotic production, lytic
enzymes production etc (8, 27).

Extra-cellular metabolite efficacy test is also thought to be

one of the gross level antagonistic tests. Results varied a lot
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from dual culture assay. StTly, StDT2 and StDR1 were the
most efficient strains in extra-cellular metabolite efficacy test
with 92.3%, 93.3% and 93.3% pathogen inhibition. But the
results of pot experiment did not support the results of extra-
cellular metabolite efficacy test. Keeping in view these
observations, it is concluded that extra-cellular metabolite
efficacy test may not represent cumulative effect of all
underlying biocontrol mechanisms.

Rhizosphere associated bacteria have drawn much
attention, as they have the ability for root colonization and
offensive mechanisms against the pathogen by the production
of allelochemicals, including siderophores, lytic enzymes,
volatile and diffusible antibiotics (4, 8). Among rhizobacteria,
genus Pseudomonas is more competitive due to the production
of secondary metabolites. Pseudomonads are also reported to
be involved in growth promotion by the production of
phytohormones, nitrogen fixation, phosphate solubilization
31).

Iron is the essential growth element for all living
organisms. Scarcity of bioavailable iron in soil habitat and on
plant surface results in a furious competition. Under iron-
limiting conditions rhizobacteria produce low-molecular-
weight compounds called siderophores to competitively acquire
ferric ion (48). Although various bacterial siderophores differ
in their abilities to sequester iron, in general, they deprive
pathogenic fungi of this essential element since the fungal
siderophores have lower affinity to chelate iron (24). But this
attribute of producing siderophores is beneficial only when iron
is limiting factor in soil. In this study, it is seen that antagonism
was not affected by different concentrations of iron used. If it is
considered that iron available in soil fluctuate from 5-50 ppm,
it can be concluded that iron is not limiting factor for the
antagonistic activity of bacteria against R. solani, so
siderophore production is ineffective. Similar results have been
declared by Montealegre and Kazempour (19, 27).

An important role of hydrolytic enzymes has been well
documented as a variety of microorganisms also exhibit
hyperparasitic activity, attacking pathogens by excreting these

enzymes (7, 35). Pseudomonas and Bacillus spp. normally do
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not produce lytic enzyme except Pseudomonas stutzeri and
Bacillus cepacia (11, 22). As most of the selected antagonistic
strains used were Pseudomonas and Bacillus spp., so none of
them showed secretion of Iytic enzymes suggesting that
enzymes, if synthesized, were not secreted, or that these
enzymes were not synthesized at all by the bacteria.

If we consider that none of these bacteria was able to
secrete any of the enzymes involved in biocontrol, siderophore
ineffective, then some had the ability to control R. solani might
be through the secretion of diffusible and volatile metabolites.
It may be concluded that they use these two latter mechanisms
(volatile and diffusible antibiotic production) of biocontrol
against fungus in this study (27).

T. harzianum is a well known biocontrol agent of R. solani
was used in this study as positive control. Pseudomonas spp.
StS3 and StT2 were found to inhibit R. solani to control potato
black scurf disease as well as increase yield comparable to that
of standard biocontrol agent (7. harzianum). Therefore, these
antagonistic strains can be considered as promising bacteria for
an alternative biocontrol agent.

Pot experiment results, regarding the selection of potent
antagonistic bacteria also supported lab studies. Bacterial
strains, StT2 and StS3 were found to be most effective with
65.1% and 73.9% biocontrol efficacy. Therefore, antagonistic
strains StT2 and StS3 can effectively be used as biocontrol
agent. Yield increase percentage of StT2 (87.3%) and StS3
(98.3%) was comparable to that of control plants. Among these
two antagonistic bacteria, the tuber yield with StS3 was higher
than that of StT2. To elucidate this fact, it is supposed that this
yield increase percentage with StS3 might be due to its
beneficial growth promoting activities i.e., phosphate
solubilization and IAA production. The phosphate solubilizing
microorganism can increase the availability of phosphorus to
plant by mineralizing organic phosphorus compound and by
converting inorganic phosphorus into more available form (31,
50).

16S rRNA gene sequence revealed that best antagonistic

strain StS3 is Pseudomonas sp. Gasoni et al. (12) have already

reported in 1998 that Pseudomonas spp. are well known
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biocontrol agent of R. solani, so this study gave another
evidence that Pseudomonas spp. are efficient biocontrol agent
(2, 31).

In the present study, we for the first time report
Pseudomonas sp. StS3 as an effective biocontrol agent of
potato black scurf with the production of diffusible and volatile
antibiotics, siderophore, IAA and phosphate solubilization. On
the basis of above mentioned results, it is concluded that
Pseudomonas sp. StS3 can be used under field conditions as an
effective biocontrol agent promoting plant growth with reduced

disease incidence.
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