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A pot trial study was conducted to determine the efficacy of combined application of both fungal and
bacterial antagonistic organism against Fusarium wilt of cotton. Further, also to estimate the
rhizosphere population of antagonistic organism. Among the treatment, combined application of
T. viride + P. fluorescens @10ml kg and SA @2.5lit ha™ (T;) recorded minimum disease incidence
(15.57 %) which was on par with the fungicide (14.20%) and also recorded maximum shoot length,
root length and plant biomass over untreated control recorded maximum disease incidence (60.86%)
and minimum growth parameters. With regard to estimation of rhizosphere population T3 recorded
minimum population of Fusarium oxysporum f.sp. vasinfectum (10.30x10°) and maximum
thizosphere population of 25.20x107 cfu g soil of T.viride (Tvs) and 30.10x10° cfu g soil of
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INTRODUCTION

Cotton (Gossypium spp.) regarded as “white gold” (Shah et al.,
2011; Akhtar et al, 2013) is one of the important and oldest
commercial crops, plays a key role in the economic and social affairs
of the world. China ranks first in the world in cotton production
with 33 million bales, followed by India (25 million bales), and
the United States (16.7 million bales) (USDA, 2010). In Tamil
Nadu cotton is cultivated in 1.17 million ha during 2013-2014
with production of 2.80 million bales of lint and productivity
(lint) of 726 kg/ha (Cotcorp.gov.in., 2014). In India, the
productivity of cotton is very low due to many constraints
including diseases. Cotton is affected by wvarious diseases
caused by fungi, bacteria and viruses. Of these diseases, wilt of
cotton (Gossypium spp.), a vascular disease caused by the
soilborne pathogen Fusarium oxysporum f. sp. vasinfectum
(Atk.) Snyder and Hans is an important pathogen, distributed
worldwide. Management of F. oxysporum f.sp.
vasinfectum using chemical fungicides has been the
prevailing control method for over fifty years. Though effective
fungicides are available to manage the soil borne diseases, they
will not be reliable as a long term solution because of the
concerns about exposure risks, health and environment hazards.
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Moreover, the frequent applications of fungicides may lead to
the development of tolerance in the target organisms. As a
result, in recent years, the biological control especially using
fungal and bacterial antagonists against fungal plant pathogen
has gained considerable attention and appears to be promising
as a viable alternative to chemical control (Papavizas, 1985:
Howell et al, 1987). Management of soil borne diseases
through biological control by addition of antagonistic
microorganisms is known to be ecofriendly and effective
method (Cook and Baker, 1983). Members of the genus
Pseudomonas and Trichoderma have been known for their
potential antifungal, plant growth promoting and plant defense
inducing activities (Zaidi et al., 2004). In this direction the
present investigation was carried to study the individual
and combination effect of using an effective biocontrol agent
for the sustainable eco-friendly management of wilt disease
of cotton.

MATERIALS AND METHODS

Isolation of Fusarium oxysporum f.sp. vasinfectum

The pathogen F. oxysporum f.sp. vasinfectum was isolated
from the diseased roots of cotton plants showing the typical
wilt symptoms by tissue segment method (Rangaswami,
1972). Infected roots and stems were washed in tap water and
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cut into small pieces. The pieces were surface sterilized in 1 per
cent sodium hypochlorite (NaOCl,) solution for 30 sec. and
washed serially in sterile distilled water to remove the traces of
sodium hypochlorite and then transferred to sterilized Petri
plate containing potato dextrose agar (PDA). The Petri plates
were incubated at room temperature (28+2°C) for 5-7 days.
Hyphal tips growing from infected bits were transferred to
PDA slants and the fungus was purified by using hyphal tip
technique (Rangaswami, 1972) and were preserved in a
refrigerator at 4°C and used for further studies. The pathogen
F. oxysporum f.sp. vasinfectum was identified with the help of
the descriptions by Booth (1971) and Singh (1987). The
pathogenicity of the isolates was proved by Koch’s postulates.

Mass multiplication of F. oxysporum f.sp. vasinfectum
inoculum for soil application

The isolates of the pathogen were multiplied in sand maize
medium (Riker and Riker, 1936). Sand and ground maize seeds
were mixed in the ratio of 19:1, moistened to 50 per cent
moisture content, filled in 500ml conical flask and autoclaved
at 20 psi for two h. Four actively growing mycelial discs
(9 mm) of the pathogen isolates were inoculated into each flask
under aseptic condition and the flasks were incubated at room
temp. (28+2°C) for 15 days the inoculum thus obtained was
used for the experiments.

Isolation of native antagonists from rhizosphere soil
Trichoderma spp.

Cotton rhizosphere soil samples collected from different
locations were used for the isolation of Trichoderma isolates by
soil dilution plating technique using Trichoderma selective
medium (TSM) (Elad and Chet, 1983). These strains of
Trichoderma spp. were, purified following single hyphal tip
method and maintained in TSM slants at 4°C in refrigerator
with periodical sub-culturing. Trichoderma spp., thus isolated
was subjected for identification based on the key to species
suggested by Domsch ez al. (1980).

Pseudomonas spp.

Pseudomonas spp. were isolated from the rhizosphere soil
collected during the survey. The soil along with root bits was
mixed thoroughly and one g of rhizosphere soil was processed
following serial dilution. One ml of 10 dilution was plated on
King’s B (KB) agar medium and incubated at room
temperature (28 + 2°C) for 48 hours (Aneja, 2003) to isolate
Pseudomonas. The colonies fluorescencing under UV light
were picked up, purified and maintained in KB slants. The
efficient Pseudomonas strains identified from the in vitro dual
culture assay were examined for the colony morphology,
growth, pigmentation, cell shape and gram reaction as per the
standard procedures given by Barthalomew and Mittewer
(1950).

Preparation of liquid formulation of biocontrol agents
For the preparation of liquid formulations the method

suggested by Manikandan et al. (2010) was followed. The most
effective isolate of P. fluorescens and T. viride identified in the

present study was multiplied on King’s B and PDA broth
respectively. The mother culture of 7. viride and log phase
culture of P. fluorescens was inoculated individually into broth
and incubated at room temperature (28 + 2°C). Further, the
broth was added with glycerol at 2 per cent level
After the incubation period, the formulation was assessed for
adequate CFU (>1x10” cfu ml") following serial dilution
plating technique and the formulation thus prepared was sealed
in plastic containers and used for further studies.

Efficacy of seed treatment plus soil application with the
antagonists on plant growth and wilt incidence of cotton
(pot culture)

Sterilized soil was mixed with the pathogen inoculum @ 5 per
cent (w/w) level and filled in 30 cm earthen pots. The
antagonists meant for soil application were applied to the pots
and incorporated well. Surface sterilized cotton seeds were
treated with the antagonists as per the schedule. Surface
sterilized cotton seeds sown in pot soil mixed with the
inoculum of F. oxysporum f.sp. vasinfectum alone served as
control. Seed treatment @ 4 g kg of seed plus soil drench
@ 0.1% with Carbendazim was used for comparison. The
experiment was conducted with three replications per treatment
in a randomized block design and five pots per replication were
maintained with one plant maintained in each pot. All the
observations viz., plant growth parameters, wilt incidence, the
population of the antagonists and pathogen in the rhizosphere
was estimated at harvest using suitable selective media and
serial dilution technique.

RESULTS AND DISCUSSION

Efficacy of seed treatment plus soil application of the
antagonists against wilt incidence and plant growth of
cotton (Pot culture)

The results obtained on the efficacy of combined delivery
system of the antagonists viz., seed plus soil treatment are
furnished in Table 1. Among the antagonists tested by seed
treatment + soil application, combination treatment
(T;) of T. viride and P. fluorescens recorded the minimum
incidence of wilt with (15.57%) which was on par with the
fungicide treatment (14.20%) and also recorded the maximum
shoot length (68.56 cm), root length (29.50 cm) and plant
biomass (150.34 g). Carbendazim as seed treatment @ 4g kg!
of seed plus soil drenching @ 0.1% recorded 64.45 cm of shoot
length, 27.45 cm of root length and 99.24 g of plant biomass.
Individual application of 7. viride and P. fluorescens as seed
and soil treatment recorded a disease incidence of
20.90 and 17.80 per cent respectively. The untreated control
recorded the maximum disease (60.86%) incidence and
minimum growth parameters of cotton.

Seed treatment plus soil application of 7. viride and
P. fluorescens in combination resulted in significantly the
lowest root rot incidence of blackgram (Sethuraman et al.,
2003). Seed and soil application with the mixture of T. viride
and P. fluorescens was more effective in reducing the root rot
incidence and increasing seed germination of blackgram
(Sajeena et al., 2004). The combination of delivery systems
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might have supported better rhizosphere competence of the
antagonists and the various mechanisms elicited by the
biocontrol agents might have suppressed the pathogen resulting
in the reduced incidence of the disease.

rhizosphere population of both the antagonist might be
attributed to the reason that the co inoculated strains might not
have influenced each other in vivo by spatial separation on the
roots or the production of the inhibiting secondary compounds
as observed by Duffy et al. (1996).

Table 1. Effect of Seed treatment and soil application with antagonistic organism on plant growth promotion and percent wilt
incidence of Fusarium wilt of cotton (Pot trial)

T. No. Treatments Shoot length Root length Biomass  Percent wilt Per cent decrease
(cm) (cm) (g plant™) incidence over control
T, T. viride ST @10 ml kg ' and SA @ 2.5 lit ha 63.86 23.85 144.16 20.90 65.65
T, P. fluorescens ST @10 ml kg ' and SA @ 2.5 lit ha 65.33 26.75 146.81 17.80 70.75
Ts T. viride + P. fluorescens ST @ 10 ml kg ' and SA @ 2.5 lit ha™! 68.56 29.50 150.34 15.57 74.12
T, Carbendazim 50% WP ST @ 4.0 gkg™" and SA @ 0.1% 64.45 27.45 99.24 14.20 76.66
Ts Control 45.60 20.16 60.46 60.86 —

Table 2. Effect of seed treatment and soil application with antagonistic organism on the rhizosphere
population of cotton (Pot trial)

Rhizosphere population
T. No. Treatments (g of oven dry soil)

T. viride P. fluorescens FoV

(10°cfu) (10°cfu) (10°cfu)
T, T. viride ST @10 ml kg " and SA @ 2.5 lit ha™' 35.88 0.00 15.70
T, P. fluorescens ST @10 ml kg ' and SA @ 2.5 lit ha™! 0.00 40.10 12.50
T; T. viride + P. fluorescens ST @ 10 ml kg ' and SA @ 2.5 lit ha™! 25.20 30.10 10.30
T4 Carbendazim 50% WP ST @ 4.0 gkg" and SA @ 0.1% 0.00 0.00 09.55
Ts Control 0.00 0.00 27.66

Also the growth promoting substances produced by the
combination of antagonists might have increased the growth
parameters of cotton. Enhanced disease suppression with
combination of delivery systems (seed and soil application) of
individual antagonists was also observed by several workers in
pigeon pea (Prasad et al., 2002), in grams (Subramanian et al.,
2003), in maize (Meena et al., 2003), in rice (Lakshmi Tewari
and Rajbir Singh, 2005), in castor (Raoof ef al., 2006) and in
chick pea (Poornima Sharma, 2011). Sandheep et al., (2012)
reported that using of 7. harzianum with P. fluorescens
through soil mixing plus root dipping treatment could be
provided not only additional protection against crop loss due to
Fusarium diseases but also significantly increased vegetative
growth of vanilla.

Effect of seed plus soil application with antagonists on the
rhizosphere population of the bio agents and F. oxysporum
f.sp. vasinfectum (Pot culture)

Seed treatment plus soil application with combination of
antagonists 7. viride + P. fluorescens recorded the minimum
population of F. oxysporum f.sp. vasinfectum (10.30 x 10)
and recorded a rhizosphere population of 25.20 x 10~ cfu g'1
soil of T. viride (Tv;) and 30.10 x 10° cfu g soil of
P. fluorescens (Pf;). The combined delivery system with
T. viride alone reduced the pathogen population to 15.70 x 107
cfu g' soil and recorded a rhizosphere population of
35.88x 107 cfu g' soil. Similarly, the combined delivery
system withP. fluorescens (Pf;) alone recorded a rhizosphere
population of 40.10x10 cfu g'1 soil and reduced the pathogen
population to 12.50 x 10 cfu g'1 soil. Seed treatment (4 g kg'l)
and soil drenching (0.1%) of Carbendazim caused the
maximum reduction of the rhizosphere population of
F. oxysporum f.sp. vasinfectum (9.55 x 107 cfu g'l) as against
27.66 x 107 cfu g soil in control (Table 2). The increase in the

Four or five fold increase in the population of Trichoderma
spp. due to seed treatment was found by Ahmad and Baker
(1987). Trichoderma spp. were reported as effective
rhizosphere colonizers and were typically present at higher
populations at the upper portion of the root, less at the central
portion and again at increased population near the root tip
(Sivan and Chet, 1989). Similarly, P. fluorescens was reported
to posses more capacity to adhere to the plant root (Van Peer
et al., 1990) and the production of fili (finbriae) was quoted
responsible for this (Vesper, 1987).

Anderson et al. (1988) reported that the ability of Pseudomonas
to attach to a particular plant glycoprotein (agglutin) correlated
to its colonization potential. The reduction in the population of
the pathogen might be attributed to the direct action of the
antagonists and the action of the metabolites produced by the
bio agents, which might have suppressed the pathogen. The
mechanisms by which the antagonists act upon pathogens
include antibiotic production, competitive ability, direct
parasitism and lysis (Raaijmakers et al., 1997). When T. viride
and P. fluorescens were applied together as seed and soil
application highest rhizosphere inoculum densities of the
antagonists and lowest M. phaseolina inoculum density were
observed by Sajeena et al. (2004). Thus, our studies have
proved that application of 7. viride and P. fluorescens in
combination using combined delivery systems could be used
successfully for the effective and sustainable management of
cotton wilt disease.
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