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Plant growth promoting rhizobacteria (PGPR) were isolated from rhizospheres of coleus
(Coleus forskohlii) and ashwagandha (Withania somnifera) from different parts of
Karnataka. Isolated PGPR strains were screened for their efficacy against three soil-borne
pathogens like Fusarium, Ralstonia and Meloidogyne in coleus and ashwagandha.
Meloidogyne incognita causes root-knot disease complex and in conjunction with other
two pathogens. Plant growth promoting activity of rhizobacteria having been tested, their
phenotypic as well as biochemical characterization of these potent PGPR strains showed
them to be fluorescent pseudomonads. Talc-based bioformulations of these fluorescent
pseudomonads were utilized in replicated pot and field experiments to determine their
efficacy to suppress the disease complex and enhance plant growth parameters of coleus
and ashwagandha. Among the seven potent strains RB-50 and RB-31 decreased root knot
index and incidence of disease complex while increasing plant height, number of branches,
fresh and dry biomass; tuber yield in respect of both coleus and ashwagandha.

Introduction

Coleus (Coleus forskohlii) and Ashwagandha
(Withania somnifera) are the most important
potential medicinal crops of the future, as its
pharmacological  properties have  been
discovered recently. Tuberous roots of Coleus
forskohlii resembling carrot in shape and
brown in colour contain a diterpenoid
forskolin (Syn. Coleonol) (Shah, et al., 1980)
an important constituent which ranges from
0.1 to 0.8 per cent (Valdes et al., 1987). The
Indian herb C. forskohlii is the only known
source of forskolin (De Sauza and Shah,
1988). Ashwagandha is regarded as the

treasure of biochemical constituents serving as
remedy for many health problems. Roots
contain several pyrazole alkaloids like
withasomnine, withaferin A, withanolides,
withaninol and steroidal lactones, starch and
reducing sugars. Withaferin is the chief
constituent  (0.13 to 0.31%) having
bacteriostatic and antitumerous properties. It is
considered to be one of the best rejuvenating
agents in Ayurveda (Farooqi et al., 2003).
Among the major constraints for growing
these two crops diseases like root rot/collar
rot/wilt complex disease, caused by Fusarium
chlamydosporum,  Rhizoctonia  bataticola,
Sclerotium rolfsii, bacterial wilt caused by
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Ralstonia solanacearum and root-knot by
Meloidogyne incognita. Many effective
pesticides have been tested against soil borne
pathogens but not considered as long term
solution because of concerns about exposure
risks, health and environmental hazards,
expensiveness, residue persistence,
development of resistance to pesticides and
elimination of natural enemies.

Therefore, a need for alternative methods of
control of soil borne pathogens has become
vital. Unfortunately, there are no effective
ecologically  sound multiple  disease
management  practices  especially  for
nematodes. Development of biological control
for soil borne diseases is accepted as a durable
and ecofriendly alternative for agrochemicals.

Materials and Methods

A systematic study was undertaken to isolate
native strains of rhizobacteria from major
coleus and ashwagandha growing areas of
Karnataka, in order to test their efficacy
against different pathogens affecting these
crops, their mechanisms of biocontrol and
plant growth promotion was assessed. The
experiments were carried out Department of
Plant Pathology, College of Agriculture,
Bheemarayanagudi University of Agricultural
Sciences, Raichur.

Samples of soil and root system from healthy
rhizosphere of coleus and ashwagandha were
collected from ten plants each at random from
each field. Each sample consisted of 100 g soil
and 10 g roots. Rhizobacteria were isolated
from rhizospheres of coleus and ashwagandha
crops. Colonies that came up on KB plates
were observed under UV light on a
transilluminator. The colonies fluorescing
under UV light were picked up, purified and
preserved. Representative colonies on the NA
plates were picked up, purified and preserved
in nutrient broth. These strains were

maintained at -80°C with 50 per cent glycerol.
The predominant pathogens of coleus and
ashwagandha were isolated by tissue isolation
technique. Isolated pathogens like Fusarium
chlamydosporum, Ralstonia solanacearum
and root-knot by Meloidogyne incognita were
maintained in pure culture in the laboratory as
well as in the glasshouse.

In vitro screening of rhizobacteria against
Fusarium and Ralstonia

Fifty rhizobacterial strains isolated were tested
for their inhibitory activity against mycelial
growth of Fusarium and Ralstonia by
following the dual culture technique (Dennis
and Webster, 1971). Each treatment was
replicated three times. After incubation, i.e.
when control plate reached 90 mm diameter,
the radial growth of pathogen was measured.
Per cent inhibition over control was calculated
by using the formula of Vincent (1947) as
follows;

I= C-T/C X100

Where, | = Per cent inhibition of mycelium,
C= Growth of mycelium in control and T =
Growth of mycelium in treatment.

Morphological characterization

Seven selected efficient PGPR strains were
examined for the colony morphology, growth,
pigmentation, cell shape and gram reaction as
per the standard procedures given by
Anonymous (1957) and Barthalomew and
Mittewer (1950).

Biochemical characterization of PGPR
strains

The biochemical characterization of selected
efficient PGPR strains was essentially done as
per the procedures outlined by Cappuccino
and Sherman (1992).
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Preparation of talc-based formulations of
PGPR strains

A loopful of different PGPR strains was
inoculated to nutrient broth separately and
incubated in a rotary shaker at 150 rpm for 48
h at room temperature (28 + 2°C). After 48 h
of incubation, the broth containing 9 x 10°
cfu/ml was used for the preparation of talc-
based formulation.

To 400 ml of bacterial suspension, one kg of
the purified talc powder (sterilized at 105°C
for 12h) 15 g calcium carbonate (to adjust the
pH to neutral) and 10 g of carboxy methyl
cellulose (CMC) as an adhesive were mixed
under aseptic conditions following the method
described by Vidhyasekaran and Muthamilan
(1995).

The product was shade dried to reduce the
moisture content below 20 per cent and then
packed in polythene bags and sealed. At the
time of application, the population of the
bacteria in talc formulation was checked to 2.5
to 3 x 10° cfulg.

Evaluation of fluorescent pseudomonads
under field conditions

An experiment was conducted with eight
treatments and three replications for coleus
and ashwagandha in randomized block design
was used. The soil was naturally infested with
Fusarium and Meloidogyne with a population
density of more than one (1.5) nematode per
CC of soil. The treatment details are as
follows: T; — RB1, T, — RB10, T3 — RB13, T4
— RB22, Ts — RB31, T¢ — RB43, T; — RB50
and Tg — control.

Selected efficient PGPR strains were mass
multiplied on talc based bio formulations and
the seedlings and seeds of coleus and
ashwagandha were treated with this
Pseudomonads cultures.

Observations like plant growth parameter at
different growth stages (60, 90, 150 DAP and
at harvest) plant height, number of branches
and per cent wilt incidence and at harvest
yield parameters like weight of tubers, length
and number of tubers, fresh and dry weight
total biomass and yield were recorded.

Results and Discussion

Isolation of PGPR strains from different
locations help to identify the organisms that
are suited to varied nutrient and environmental
conditions. In the present study, fifty
rhizobacterial strains were isolated from six
districts of Karnataka in coleus and
ashwagandha  rhizosphere, viz.  Bijapur,
Belgaum, Dharwad, Uttara Kannada, Tumkur
and Bangalore. Similarly, most of the research
workers have isolated fluorescent
pseudomonads from varying ecosystems.
Among many of the  fluorescent
pseudomonads, P. fluorescens was isolated
predominantly from natural soils for the
management of soil borne and foliar diseases
(Weller et al., 2002). A similar study
conducted by Jonathan et al., (2005) to isolate
rhizobacteria in the rhizosphere of betelvine in
Tamil Nadu, revealed the presence of
fluorescent  pseudomonads and  other
beneficial rhizobacteria.

Fifty rhizobacterial strains isolated from
different ecosystem of Karnataka in coleus
and ashwagandha were subjected to in vitro
screening against soil borne and wilt complex
pathogens:  Fusarium,  Ralstonia  and
Meloidogyne of coleus and ashwagandha. Of
the 50 rhizobacterial strains screened against
Fusarium, Ralstonia and Meloidogyne of
coleus and ashwagandha in dual cultural
techniques, the results revealed that nineteen
strains were highly effective in inhibiting the
mycelial growth of the test pathogen to an
extent of 75.00 per cent and above were
selected (Table 1).
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Table.1 Morphological, biochemical characterization and identification of the selected PGPR strains

Morphological Assigned
SUCl  YPKB  FLUV GR CS SF GL SH CA CH LH AGP HSP UP G4°C G41°C genus
+ + - longrod -+ [ -+ 4+ & 4+ - +
- Tl Rod S0 BEEN (NS N I S I R +
+ + IR Rod I B PN PRI P +
: N Rod S I N I B I I B +
+ + - ShortRod -+ - 4+ 4 4 4+ - +
+ + - LongRod - 4+ - 4+ + 4+ 4 o+ o+ - +
' RB50 | + | + | - [ShortRod | - |+ |+ ]+ ]+ ] + | + ] +] | <+
+ Positive and - Negative

YPKB- Yellow pigmentation on KB, FLUV- Fluorescence under UV, GR- Gram Reaction, CS- Cell Shape, SF — Spore formation, GL- Gelatin Liquefaction,
SH- Starch Hydrolysis CA- Catalase Activity, CH- Casein Hydrolysis, LH- Lipid Hydrolysis, AGP- Acid and Gas Production, UP- Urease Production : G
4°&41°C- Growth at 4 and 41°C

Table.2 Efficacy of talc formulations of PGPR strains on yield parameters and disease incidence in coleus under field conditions

PGPR Tubers Shoot weight (g) | Total Biomass Per cent | Per cent [Tuber Yield
strains (9) disease | decrease (fresh |
Length  Fresh  Dryweight Fresh  Dry  Fresh  Dry incidence | over [ weight kg/
(cm)  weight (g) (@) control plot)

RB 01 1525 2245  209.27 36.78 755.17 109.83 9.64.44 127.61 1.13 16.67
RB10 1287 19.33  173.30 31.50 649.83 68.05 823.13 99.55 1.60 25.00 11.75
RB13 16.63  23.17  230.01 50.02 786.73 119.83 1016.74 169.85 0.80 20.00 29.40
RB22 11.87 1857  168.17 31.17 613.67 57.43 81184 886  1.53 23.33 17.64
RB31 16.50 29.28  272.46 62.29 822.08 128.60 1094.54 190.89 073  13.33 52.94
RB43 14.92 1958  198.00 36.33 643.83 76.17 841.83 11250 1.33 18.33 41.05
RB50 18.00 31.68  342.02 74.17 901.00 138.10 1243.02 212.27 0.66 10.00 64.70
Control B AT I L 30.00 584.67 48.00 730.44 80.00 2.20 28.33 -

0.50 0.58 0.58 1.19 3.72 217 483 216 021 1.65

5%

3793




Int.J.Curr.Microbiol.App.Sci (2018) 7(4): 3790-3796

Table.3 Efficacy of talc formulations of PGPR strains on yield parameters and disease incidence in
ashwagandha under field conditions

PGPR strains Per cent | Percent | Berry wt. | Root yield
(0) disease | decrease | (fresh wt. (fresh
Length Fresh  Dry Fresh Dry  Fresh Dry incidence | over | g/plant) | weightg/ |
(cm) (9) weight  weight control plot)

1510 1398 567 15267 58.17 166.65 63.84 1.33 13.13 58.54 73.56
1467 1220 550 132.80 4580 144.00 51.30 1.93 26.67 15.78 38.19
1573 1598 580 170.17 60.60 186.15 66.40 1.00 16.67 47.36 61.32
1150 1043 450 12533 4833 13583 50.83 1.46 23.33 26.33 40.00
1620 17.13  6.00 184.47 77.78 200.20 83.78 0.80 11.67 63.15 87.38
1557  12.64 525 14583 6450 158.47 69.75 1.40 18.33 42.12 63.44
16.83  18.65  6.50 206.67 80.95 22532 8745 0.75 08.33 73.69 97.00
11.00 8.53 325 103.33 4357 111.86 46.92 3.06 31.67 - 35.13
0.79 0.80 035 267  1.88 6.47 294 032 1.38 - 3.01
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Seven efficient PGPR strains that were
selected based on in vitro, efficacy against
Fusarium, Ralstonia and Meloidogyne were
subjected to morphological and biochemical
tests for identification. Morphological and
biochemical characterization of the PGPR
strains revealed that, they belonged to the
genus Pseudomonas. All these were gram
negative, rod shaped and had the ability to
produce water soluble yellow green pigment.
Further, these showed production of
fluorescence under UV tested, positive for
gelatin liquefaction, casein hydrolysis, lipid
hydrolysis, catalase activity, acid and gas
production, hydrogen sulphide production,
urease activity and grew at 41°C. They treated
negative for spore formation, starch
hydrolysis and growth at 4°C.

Disease incidence
Root-knot index

In coleus, highest root knot index (RKI) 2.20
was recorded in untreated control followed by
RB10. Lowest RKI was noticed in RB 50,
RB31 and RB13 which showed 70.00, 66.81
and 63.63 per cent reduction in root-knot
index respectively. No significant difference
was observed among different strains. In
ashwagandha, lowest root-knot index of 0.75
followed by 0.80 was recorded in RB50 and
RB31. These two treatments were on par with
each other. Highest RKI was recorded in
untreated control followed by RB10 treated
plants. In general, there was a drastic
reduction in RKI due to PGPR treatments
compared to untreated (Table 2 and 3).

In ashwagandha, there was significant
reduction in disease incidence in PGPR
treated plots when compared to untreated
plots. In PGPR treatments RB50 recorded the
lowest disease incidence of 8.33 per cent,
followed by RB31. Highest disease incidence
of 31.66 was recorded in untreated control

Wilt complex incidence

In coleus, lowest disease incidence of 10.00
per cent (64.70% reduction over control) was
recorded in RB50 followed by 13.33 per cent
of RB31. Highest disease incidence of 28.33
per cent was recorded in untreated control
followed by 25.00 per cent in RB10 treated
plants. In general due to PGPR treatment
there was reduction of disease incidence in
coleus which varied from 64.70 to 11.75 per
cent reduction over control respectively. In
ashwagandha, there was significant reduction
in disease incidence in PGPR treated plots
when compared to untreated plots. In PGPR
treatments RB50 recorded the lowest disease
incidence of 8.33 per cent, followed by RB31.
Highest disease incidence of 31.66 was
recorded in untreated control.

The bioefficacy studies conducted in pot
culture and field experiment indicated the
efficacy of the talc formulations of PGPR

strains in enhancing the plant growth
parameters as they exhibited higher
antagonistic  activity  against  different
pathogens and their combinations.

Bioformulations containing RB50 and RB31
effectively reduced the disease incidence and
root-knot  infestation in  coleus and
ashwagandha than other treatments and
untreated control in glasshouse and field
conditions. Increase in yield under field
conditions in RB50 and RB31 treated plants
was significantly higher than the untreated
control. Similar results were recorded in the
studies conducted by Dunne et al., (1998),
Duffy et al., (1996) in rice and Oostendorp
and Sikora (1989) in sugarbeet.
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