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ABSTRACT

Fusarium wilt is a serious threat to vegetable crops especially eggplant. Current study was designed to evaluate four
systemic fungicides (Topsin-M, Difenoconazole, Alliete and Nativo), and Bacillus subtilis in laboratory and under
greenhouse conditions. For this purpose poison food technique was applied in laboratory and soil was drenched by
chemicals under greenhouse. The results of in-vitro study revealed that Topsin -M inhibited the growth of pathogen
by 76.66% followed by Difenoconazole 67.50% and Alliete 53.50% at 800ppm after 9 days at 25°C. While the Nativo
was the least effective fungicide with 42.40% efficiency as compare to control. Furthermore foliar applications of
Topsin-M (0.05%, 0.10% and 0.20%) were evaluated under greenhouse conditions. The results of greenhouse
investigations showed Topsin-M with 0.1% concentration was significantly effective (55.35%) in reducing the
disease incidence. The study was further extended to evaluate Bacillus subtilis, which caused 52.50% reduction in
mycelial growth of F. oxysporum f.sp melongenae under dual culture technique. The antagonistic effect was further
evaluated to control the disease incidence under greenhouse conditions where it caused 72% reduction in disease
incidence over control. Although efficacy of Bacillus subtilis was low under lab conditions but it was higher in green
house studies when applied in soil. This work represented the first report of antagonistic potential of Bacillus

subtilis against F. oxysporum f.sp malongenae and suggested to evaluate against other diseases also.
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INTRODUCTION

Eggplant is a widely grown vegetable crop in fields as
well as under tunnels in Asia, Africa and America
(Kalloo and Berg 1993; Sihachakr et al, 1994). The
eggplant is native to the Indian Subcontinent and now it
is present all over the world (Yiu, 2006 and Doijode,
2001). Worldwide production area of eggplant is
approximately 1.6 million ha and production is nearly
4.2 million tons (F.A.O., 2012). China is the leading with
58 percent of the world production. In the Pakistan total
area of production under this vegetable crop is about 9
thousands hectares with the 89 thousand tons of
production and Pakistan ranking stands at 18th position
in the world (F.A.O., 2007).

Eggplant is susceptible to several diseases particularly
verticillium wilt (Verticillium dahliae), fusarium wilt
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(Fusarium oxysporum f.sp. melongenae) and bacterial
wilt (Ralstonia solanacearum) (Kalloo and Berg 1993;
Sihachakr et al. 1994).

The recommended management methods against the
wilts are the rotation of crops, use of resistant varieties,
solarization, soil sterility and use of fungicides (Yucel et
al,, 2007).

Now a day numerous soil borne diseases have been
successfully managed by the application of certain
bacteria, which are beneficial to plant and colonize in
rhizosphere (Thomshaw, 1996; Abdel-Monaim et al,
2012). These bacteria stimulate growth as well as
control plant pathogens through their antagonistic
potential (Bloemberg and Lugtenberg, 2001). Current
study was done for comparison of fungicides and
biological control against Fusarium wilt of eggplant. The
major thrust of this research is to find a suitable
management strategy by evaluation of chemicals and B.
subtilis as bio control agent.
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MATERIALS AND METHODS

Collection and identification of Fusarium wilt
pathogen: eggplant  with
characteristic symptoms of wilt were collected. The
infested portion of the roots were cut into 8-10 mm long
pieces, washed with tap water and dipped into 70%
ethanol for 60 seconds. The pieces were given three
washings in sterilized water. These segments were than
plated on autoclaved PDA in petri plates and were
incubated at 25 °C for one week. The strain of pathogen
was purified by transferring a minute piece of mycelium
and identifying through colony as well as microscopic
characters including shape of macroconidia (Booth,
1977).

Pathogenicity test: Pathogenicity of F. oxysporum f.sp
melongenae was done in pot experiment (13x15 cm) on
healthy plants. The seven days old culture prepared on
PDA was cut into small cubes and mixed in the soil of
pots and to grow for seven days before transplanting
the seedlings. The rate of inoculum per pot was % petri
plate (9 cm) three pots were kept under each treatment.
Then 30 days old seedlings were transplanted in pots.
The transplantation under uninfected soil served as
control. To confirm the pathogenicity, the re-isolation
and identification was done from the test plants by
taking the diseased portion and isolated the pathogen
when showed disease symptoms.

Evaluation of fungicides against Fusarium
oxysporum f.sp melongenae: In-vitro experiments
were carried out to find fungicidal effect against
pathogen.
Difenoconazol, Alliete and Nativo were evaluated at

Diseased roots of

Four fungicides namely Topsin-M,
three concentrations (400, 600 and 800 ppm) using
poisoned food technique (Table: I). The desired
concentrations were obtained by adding appropriate
amount of stock solution of individual fungicide in PDA
medium in conical flask. Amended PDA medium was
poured separately into petridishes and replicated thrice
for each treatment. PDA medium without fungicide
served as control. Each petri plate was inoculated with
myecelial disc of F. oxysporum (5 mm) taken from 7 day
old colony on PDA. The inoculated plates were
incubated at 25°C till the fungus growth covered the
plate in control. The colony diameter was recorded after
3, 6 and 9 days of inoculation.

The most effective fungicide for inhibiting the mycelial
growth of F. oxysporum in lab was further evaluated

under green house by foliar application. The nursery
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was sown in trays under green house. The soil used in
pots infested with F. oxysporum by mixing soil with
mass culture of fungus @ % petri dish of 9 cm diameter
prepared on potato dextrose agar. 30 days old healthy
seedlings were transplanted in each pot. Aqueous
suspension of fungicides Topsin-M was sprayed into the
pot soil with 0.05, 0.1 and 0.5% concentrations with
three replications and repeated thrice after interval of
one week.

The pots were irrigated when needed. The disease
incidence was recorded on 7t days after application of
treatment. The data was analyzed statistically to
determine the difference between fungicide treatments.
Evaluation of B. subtilis against F. oxysporum f.sp
melongenae: Taegro (A talcum based fungicide carrying
Bacillus subtilis var. amyloliquefaciens Strain FZB24)
was obtained from Novozymes Biologicals Inc USA. The
product is recommended for control of soil borne plant
pathogens. The product was standardized at 1010 cfu/g
and was further diluted by sterilized water for desired
applications. Both pathogen and antagonist were
simultaneously inoculated at the opposite ends of petri
plates. Three petri dishes
concentration while water was poured in control.
Inoculated plates were incubated at 25 °C for 7 days.
Further B. subtilis was also evaluated under greenhouse
condition. The experiment was designed in pots

were used for each

containing sterilized soil. Same procedure was adopted
to inoculate pots. When pathogen was established in the
soil then 30 days old seedlings were transplanted in
these pots. After 20 days of transplantation B. subtilis at
106108 and10'°cfu/g concentrations was added to the
pots and application was done three times with one
week interval. The pots without antagonist were served
as control. Data was recorded before each application
and subjected to statistical analysis for comparison of
means.

RESULTS AND DISCUSSION

In vitro Evaluation of fungicides: The four fungicides
(Topsin-M, Difenoconazole, Alliete and Nativo @
400,600 and 800 ppm) were evaluated against F.
oxysporum f.sp melongenae by poison food technique.
Among all, Topsin-M was superlative to reduce mycelial
growth, followed by Difenoconazole and Alliete whereas
Nativo was least effective with reference to control. The
data revealed that the effect of fungicides in reducing
mycelial growth varied but increased after increasing
dose rate (Table II). The Topsin-M showed relatively
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better results at 800 ppm with 76.66% reduction in
mycelial growth over control followed by
Difenoconazole, Alliete and Nativo (67.50, 53.50 and
42.40% respectively) as compare to control at 800ppm
after 9 days of inoculation. Effectiveness of Topsin-M to

Table 1. Fungicides and their active ingredients.

controlling the Fusarium wilt has been reported by
other workers as well (Penchala et al, 2008). They
tested five fungicides against F. oxysporum and found
Topsin-M better than others.

N

Active ingredient

Company name

Thiophenat thyl
Topsin-M 10p7gf)zvev?e y Arysta Life Sciences, Pakistan
. Difenoconazole Saver Enterprises,
Difenoconazole )
25% W/V Pakistan
PhositileAl i
Aliette OS;(I):/O V(\)/r/nvflmum Bayer Crop Sciences, Germany
Tib le 50% W/W
Nativo ibuconazole 50% W/ Bayer Crop Sciences, Germany

Trifloxisroben 25% W/W

Table 2. %age reduction in colony growth of Fusarium oxysporum over control by poisoned food technique.

After 3 days After 6 days After 9 days
400ppm 600ppm 800ppm 400ppm 600ppm 800ppm 400ppm 600ppm 800ppm
Topsin-M 70.17b 64.69d 725ab 67.68c 7057b 76.8la 67.56c 69.73b 76.66a
Difenconazole 54.40g 4897h 57.11f 50.72 57.14f 64.43e 5217f 5750f 6750c
Aliette 3550k 25.30 40.381j 37.68]j 42421 51.20g 40.64ij 4381i 5350¢g
Nativo 15,600 0755p 2192n 2231n 2528m 3655k 25.64m 27.231 42.44 i

The means sharing similar letters are not significantly different at (P>0.05) by DMR test. LSD= 0.1941.

Evaluation of Topsin-M against Fusarium wilt of
eggplant under greenhouse: The pots were filled with
infested soil and placed undisturbed for one week in
greenhouse. The Topsin-M was effective under
laboratory hence further evaluated by drenching in pots
under greenhouse. Three doses (0.05, 0.10 and 0.20%)

of Topsin-M were formulated and drenched in soil
before transplantation. The results indicated that,
Topsin-M @ 0.20% exhibited minimum disease
incidence 28.50, 24.40 and 25.00% after 1st, 2nd and 3rd
application respectively (Fig 1).

Foliar Application of Topsin-M
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Figure 1. Evaluation of Topsin-M against Fusarium wilt of eggplant under greenhouse conditions.
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In vitro Evaluation of Bacillus subtilus against
Fusarium wilt of eggplant: In dual culture test B.
subtilis strain showed significant growth inhibition of
pathogen on the PDA medium. B. subtilis showed 50 and
48% reduction in colony growth over control at 1010

colony forming unite (CFU) after 6% and 9t day
respectively. (Fig. 2). Khan et al,, 2011 tested B. subtilis
against F. oxysporum and found that the bacterial isolate
inhibited the growth of pathogenic and
recommended to purify antifungal compounds.

fungi

60

%age Reduction in Colony

After 3 days

After 6 days

m 106CFU
m 10°CFU
= 10%9CFU

After 9 days

Figure 2. In vitro Evaluation of Bacillus subtilis.

The means sharing similar letters are not significantly different at (P>0.05) by DMR test. LSD = 0.28.

Evaluation of Bacillus subtilis against fusarium wilt
of eggplant under greenhouse conditions: The
efficacy of Bacillus subtilis as biocontrol agent against
Fusarium wilt of eggplant was evaluated under the
greenhouse conditions. The bioagent was applied
directly into soil after three weeks of transplantation
while F. oxysporum was incorporated seven days before
transplantation. Data showed that B. subtilis
significantly reduced disease incidence where 71 and
72% disease reduction was observed at 10° and 1010
colony forming units (CFU) over control (Fig. 3). In this

regard, Saleh (1997) added antagonist and find their
effect on growth of the pathogenic fungi, his studies
proved role of B. subtilis has good potential to inhibit
rhizospheric microbes. Control of plant pathogens
through biological means is no doubt a safe technique,
hence more work is required to establish new trend in
agriculture. Application of bioagents reduce density of
inoculum of the pathogen which minimize incidence of
diseases for longer period of time (Berger et al, 1996
and Harris et al.,1994).
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Figure 3: Evaluation of Bacillus subtilis under greenhouse condition.
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It was concluded that application of Bacillus subtilis
showed relatively better results as compare to
fungicides in field trials especially. In future this
biocontrol agent should be commercialized for the
management of other plant diseases as they have
least ecological impact and hazard to consumers as
well.
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