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ABSTRACT

Early blight caused by Alternaria solani (Ell. & Mart.) Jones & Grout., is amongst the most common foliar disease in tomato
(Lycopersicon esculentum Mill.) farms of West Shewa sub-regions of Ethiopia that reduce yield and occasionally cause complete crop
loss. To satisfy the contemporary market driven demand and supply for tomato products, the research need to focus on management
options that are environmentally friendly. The present study was undertaken to evaluate the antagonistic effect of some rhizospheric
bacteria (biocontrol agent) against A. solani and to study their influence on growth and development of tomato leaf of a farming cultivar,
‘Romans VS’. Ten local antagonistic bacteria were screened in vivo for suppressing the pathogen. Five promising antagonists exhibiting
higher zone of inhibition (ZOI) (38 mm and above) and percent disease control (ranging from 38.16 to 43.79%) were selected. These are
Pseudomonas fluorescens TK-1, P. fluorescens TK-3, Bacillus subtilis TK-4, P. fluorescens TK-8 and P. fluorescens TK-10. The
greenhouse experiment revealed P. fluorescens TK-3 as a best biocontrol agent which increased plant height by 35.20% and biomass by
52.28%. The efficacy test results of antagonistic bacterial isolates have clearly indicated that the indigenous strain, P. fluorescens TK-3
followed by Bacillus subtilis Tk-4 is an efficient biocontrol agent against A. solani with good in vitro and in vivo antagonistic activity.

Keywords: Bacillus spp., biocontrol, Pseudomonas, zone of inhibition
Abbreviations: CRD, Completely Randomized Design; HCN, hydrogen cyanide; KB, King’s B medium; NA, nutrient agar; PDA,

potato dextrose agar; ZOI, zone of inhibition

INTRODUCTION

Tomato (Lycopersicon esculentum Mill.) has become one of
the most widely grown vegetables in the world and is
regarded as a top priority vegetable. Tomato contributes to
a healthy, well-balanced diet. It is rich in minerals, essential
amino acids, sugars, dietary fibers and is considered to be
fairly high in vitamins of high cash value and with potential
for better-quality processing (Bebeli and Mazzucato 2008).
Recently, there has been more emphasis on tomato produc-
tion as a source of income and food security (Rice et al.
1987). Today the importance of tomato is increasing and is
widely being accepted and used as a variety of dishes as
raw cooked or processed products more than any other
vegetable. Western Shoa of is one of the most important
tomato-growing areas in Ethiopia. Current productivity
under farmers’ condition in Ethiopia is 90 g/ha whereas
yield up to 400 q/ha recorded on research plots. Farmers get
lower yield mainly due to diseases, pests and sub-optimal
fertilization (Tesfaye 2008).

The tomato crop suffers from many diseases. Amongst
them, Alternaria solani, causing early blight of potato
(Solanum tuberosum) and tomato (Lycopersicon esculen-
tum), is the most destructive (Reni and Roeland 2006) of
field crops. The disease becomes wide spread and serious,
causing large economic loss to the growers when the season
begins with abundant moisture or frequent rains followed
by warm and dry weather which are un favorable for the
host and help in rapid disease development (Agrios 1988).
The disease appears on leaves, stems, petioles, twigs and
fruits under favorable conditions resulting in defoliation,
drying off of twigs and premature fruit drop and thus

causing loss from 50 to 86% in fruit yield (Mathur and
Shekhawat 1986).

It causes diseases on foliage (blight), basal stems of
seedlings (collar rot and damping off), stems of adult plants
(stem lesions), fruits (fruit rot) of tomato and may also
infect egg plant and pepper. This disease can be very des-
tructive if left uncontrolled, often resulting incomplete de-
foliation of plants (Dater and Mayee 1985).

The conventional use of synthetic chemicals for com-
bating destructive bacterial and fungal diseases has limita-
tions due to development of resistance (Mustafa et al. 2004),
high cost, harmful effects to the users, environment and
consumers (Taechowisan and Lumyong 2003). Due to all-
year round cultivation of Solanaceous crops in the highland
tropics, disease and infectious propagules are continuously
present, and biological control as cultural means such as
crop rotation cannot be relied upon to control the disease
(Lehman ef al. 2005).

Research on biological control of plant pathogens has
received much attention in recent years as a means of in-
creasing crop production by avoiding a number of problems
related to chemical control and developing practices com-
patible with sustainable agriculture (Bowen and Rovira
1999; Evidente et al. 2011). Pseudomonas fluorescens is
worldwide in distribution and is present in all North Ame-
rican and globally. In nature, it is a harmless bacterial spe-
cies that is found protecting the roots of plants from plant
diseases (Molloy 2002). Among different bacteria, Bacillus
spp., Pseudomonas and Streptomyces were widely used as
biocontrol agents (Freir et al. 1991). Rhizospheric micro-
organism inhibits A. solani, disease causing microorganism
extracted from tomato phylosphere in dual culture assay
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and also prevented the disease spread in field experiments
(Ahmed and Saleh 1990). Various mechanisms are involved
in disease suppression by Pseudomonads viz. production of
siderophores, hydrogen cyanide (HCN) and antibiotics,
competition, induction of synthetic resistance, etc. (Ryan
2004). For effective bio-control of the early blight disease,
there is a need to isolate efficient microbes, preferably from
the same environment to which they can be used, and to
know their mechanism of disease suppression. Such isolates
are ecologically fit than the strains introduced from other
locations.

The main objective of this study was to evaluate the in-
hibition effect of some rhizospheric bacteria against A.
solani and to study the effect of some rhizospheric antago-
nistic bacteria on growth and development of tomato.

MATERIALS AND METHODS
Description of the study area and topography

Screening experiment was conducted at Ambo Plant Protection
Research Center (APPRC) Western Shoa, Ormomia Zone, Ethio-
pia and the samples of early blight and soils were collected from
tomato farm of 0.5 ha located in Nagafile, at Tokke Kutaye
Woreda during 2009-2010 off season. Tokee Kutaye has total geo-
graphical area of 78,887 sq. km and is located at 8°57' North
latitude and 38°07' East longitude at an average elevation of 1800-
2300 m above the sea level. While 23% of the area is high land,
60% is middle altitude, and the remaining 17% categorized as low
land.

Sample collection

Infected tomato leaves and rhizosphere soils were collected from
Nagafile farmers filed randomly. At each study site an area of 500
m* was chosen for sampling. The samples collected in triplicates
were brought to Ambo Plant Protection Research Center labora-
tory in sealed plastic bags and stored at 5°C until processed for use.
The leaves were washed thoroughly to free attached soil particles.

Isolation of the pathogen from infected leaves

A. solani was isolated from diseased leaves of tomato using a stan-
dard plating technique on potato dextrose agar medium (PDA)
medium composed of infusion from 200 g, 20 g dextrose and 15 g
agar/l of water which were made selective for isolation of fungus
(Das et al. 2003). Accordingly, the infected leaves were washed
thoroughly in distilled water and then surface sterilized in 75%
alcohol for 90 sec, followed by washing three times in sterile
distilled water and then inoculated on PDA medium. The plates
were incubated at 28°C for 7-10 days. After incubation the deve-
lopment of colonies on the medium was observed and the results
were recorded.

Isolation of native bacteria from soils

Bacterial species were isolated from rhizosphere soils of tomato
using standard serial dilution plating technique (Waksman 1922).
The soils were serially diluted in sterile distilled water. Dilutions
such as 10, 107 and 10® were taken for bacterial isolation. All
isolate of P. fluoresecens were screened for their toxicity toward
the pathogen on King’s B medium (KB) agar plates in dual culture
assays. Medium composed of 20 g Protease peptone No. 3 (Difco),
1.5 g K,HPO,7H,O, 15 ml glycerol and 15 g agar/l of water
(Ganesan and Gnanamanickam 1987). Nutrient agar (NA) medium
was composed of 1 g beef extract, 2 g yeast extract, 5 g NaCl and
15 g agar/l of water. 15 to 20 ml of molten King’s B agar medium
was prepared and poured into sterile Petri dishes under aseptic
conditions. Serially diluted samples were inoculated into the plate
by spread plate method. The plates were incubated at 37°C for 24
h. Then the plates were observed and the results were recorded.

Dual culture technique

All the bacterial isolates were tested for antagonism against A.
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Table 1 Treatment description in the experiment.
Treatment number Treatment

T Pathogen + TK-1

T, Pathogen + TK-3

Ts Pathogen + TK-4

T4 Pathogen + TK-8

Ts Pathogen + TK-10

Ts Pathogen alone

T, Un-inoculated control

Ts Chemical control (Mancozeb 0.2%)

T9 Pathogen + Pseudomonas fluorescens (TK-3) +
Bacillus subtilis (TK-4)

T10 Pseudomonas fluorescens (TK-3) + Bacillus

subtilis (TK-4)

solani on PDA by dual culture technique (Anith and Manoma-
handas 2001). The agar suspension was then dispensed into Petri
dishes and allowed to solidify and spot inoculated with the test
strain from 24-h old cultures were used (Sakthivel et al. 1998). A
mycelial plug from an actively growing A. solani on PDA was
taken with a cork borer (10 mm diameter) and kept at the center of
the agar medium in a Petri dish (90 mm diameter). The bacterial
isolates were streaked on either side of the pathogen after 48 h of
fungal inoculation. Plates were incubated at 30°C and the zone of
inhibition (ZOI) of the fungal growth recorded after 7 days.
Growth inhibition was calculated as:

% inhibition = (1 — (Fungal growth / Control growth)) x 100
Screening in vivo

All the bacterial isolates were screened in vivo for control of early
blight disease on tomato plants. Three weeks old tomato seedlings
were transplanted to plastic pots. The spore suspension of the
pathogen containing 10 spores/ml was sprayed on to one-month-
old tomato seedlings. Bacterial isolates grown in nutrient broth
(10" x cells/ml) were sprayed onto tomato seedlings one day after
the challenge inoculation. Percent Disease Index (PDI) and Per-
cent Disease Control (PDC) were calculated using the formula
given by (Wellker 1988). The percentage of disease control was
scored.

PDC =DC-DT x 100
DC

%DC= C- Tx 100
C

where PDC — percentage disease in control; DC — disease in con-
trol; DT — disease in treated plants.

PDI =2 x 100
Xn X XXL

where PDI — percentage disease index; > — sum of all ratings; X,—
number of plants; X,; — maximum rating grade.

Based on in vitro inhibition of the pathogen (zone of inhibi-
tion = 45.07-43.35) and percent disease control (43.97-42.89%) by
the bacterial isolates, 5 promising antagonists were selected. In the
inoculated treatment, the percentage disease control was 0%, i.e.,
all plants were infected and there was less produce. They were
identified up to the generic level by assessing morphological and
biochemical characters. The five promising antagonists were eval-
uated in greenhouse for their biocontrol and plant growth promo-
tion efficiency. Detail of treatments is listed in Table 1.

Greenhouse experiment

The greenhouse experiment was conducted at the Ambo Plant
Protection Research Center (PPRC), based on in vitro inhibition of
the pathogen and percent disease control by the bacterial isolates.
The five promising antagonistic bacterial isolates (P. fluorescens
TK-1, P. fluorescens TK-3, Bacillus subtilis TK-4, P. fluorescens
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TK-8 and P. fluorescens TK-10) were used to control early blight
disease in tomato cv. ‘Romans VS’. The experiment was laid out
in a completely randomized design (CRD) with 10 treatments and
4 replications including the un-inoculated control.

Pot culture experiment

The experiment was carried out in 20 X 15 cm diameter plastic pot.

Mixed soil of cattle manure, sandy and clay loam (1: 1: 2) res-
pectively was autoclaved at 121°C for 2 h and 3 Kg of sterilized
soil at pH 6.8, was filled into plastic pots. Two tomato plants were
transplanted to each pot and were regularly watered with de-
ionized water. The infection percentage, plant height and biomass
of shoot and roots were recorded after 60 days.

Data analysis

Plants were harvested 60 days after transplanting. The plant height
was measured and the total dry biomass (shoot + root) was deter-
mined after drying the plant samples in oven at 60°C for 48 h. The
disease infection percent and percent disease control were calcu-
lated.

Statistical analysis

The results obtained were subjected to analysis of variance by
complete randomized design and the treatment means were sepa-
rated by Duncan’s multiple range test (P < 0.05) (Little and Hills
1978). Statistical analyses were conducted with SAS v. 8.

RESULTS AND DISCUSSION

Screening and in vitro study of inhibition of A.
solani by native bacterial isolates

As many as 10 bacteria were isolated from rhizosphere soil
samples of healthy tomato plants from a Nagafile farmer’s
field at Toke Kutaye Woreda. From the place where the soil
sample was taken, King’s B mediums were used to isolate
bacteria as it is known to support growth of all types of bac-
teria. All 10 bacterial isolates were tested for in vitro inhi-
bition of the pathogen showing a ZOI ranging from 0 to
45.0 mm. The results are in agreement with the work of
Hafeez et al. (2001) and Venugopal et al. (2003) who repor-
ted the inhibition of A. solani by microorganisms in the
range of 45 to 50 mm diameter. As many as 5 isolates were
found to be strong antagonists with a ZOI or limited the
growth of the fungus of > 40.0 mm diameters. The highest
Z0I of 45.0 was produced by TK-3, followed by TK-4, TK-
8, TK-10 and TK-1 isolates. The least ZOI of 0 and 0.6 mm
diameter were produced by TK-9 and TK-7 strains, respec-
tively; the remaining strains were moderate inhibitors of 4.
solani (Table 2). The antagonistic effect appeared two days
after bacteria and fungi were co-incubated and advanced in
the days after inoculation. The viability test was recorded 7
days after inoculation. Bacterial isolates were identified up
to the species level by assessing morphological and bioche-
mical characteristics.

Table 2 In vitro inhibition of Alternaria solani by the indigenous isolates
of bacteria (dual culture method).

B. subtilis were tested for its ability to reduce disease
incidence in pot culture. Among the isolates, TK-3 isolate
alone with the pathogen gave the maximum disease control
followed by TK-4 alone. Amongst the isolates tested, TK-3
remained efficient throughout the period of experimentation.
Amaresh (2000) reported similar results where foliar spray
of P. fluorescens showed 48.9% control of Alternaria blight
and chemical spraying (Mancozeb 0.2%)" remained supe-
rior with a percent disease control of 61.30%. Similarly,
Yegesh et al. (2008) reported that native isolates Pf-551 and
Pf-572 individually and in combination with Pf-173 and Pf-
547 were found effective with respect to plant growth pro-
motion and bio-control against Fusarium solani in peas.

Screening of bacterial isolates by in vivo for the
control of A. solani

All the 10 bacterial isolates were tested in vivo for their
ability to control the early blight disease in tomato seedling
under pot culture conditions. The results indicated that the
percent disease control by the inoculated bacterial isolate
varied from 0 to 43.79% (Table 3). Out of 10 bacterial iso-
lates, 5 isolates showed very high disease control ranging
above 38% after 60 days of sowing, and the remaining five
isolates showed very low disease control (Table 3).

In conformity with the findings of Broadbent er al.
(1971), Burr et al. (1978) and Jagadeesh 2000), the present
study revealed little correlation between the in vitro inhibi-
tion of the pathogen and in vivo control of the disease.
Based on in vitro and in vivo performances of the isolates, 5
promising isolates were selected. A large population of an-
tagonists seems to be made from F. fluorescens pseudomo-
nads and non-F. fluorescens pseudomonads put together.
Non-fluorescent rhizobacteria antagonistic to a number of
phytopathogens have been reported by others (Rangeswaran
and Prasad 2000; Venugopal ef al. 2003).

Fluorescens pseudomonas is a ubiquitous bacterium in
agricultural soils and have many traits that make them well
suited as PGPRs. The simultaneous screening of fluorescens
rhizobacteria for growth promotion under gnotobiotic con-
ditions and in vitro production of auxins is a useful ap-
proach for selecting effective PGPRs.

Plant growth promotion and bio-control activities
of indigenous antagonistic bacteria against A.
solani in tomato

Five promising isolates were identified up to generic and
species level. Out of five isolates, four belonged to F. pseu-
domonads (TK-1, TK-3, TK-8, TK-10) and one B. subtilis
(TK-4) (Table 4).

The group F. pseudomonads entails different species,
which possess many beneficial activities such as production
of antibiotics, chitinolytic enzymes, siderophore, HCN, plant
growth hormones, mineral solubilization, etc. (Davision
1988; Defago and Hass 1990).

Various mechanisms are involved in disease suppres-
sion by Pseudomonads viz. production of siderophores,

Table 3 Disease control of the native isolates bacteria against Alternaria
solani (in vivo).

Serial No. Isolate No. 701 (mm) Isolate No. % Disease control
1 TK-3 45.07 a TK-3 4379 a
2 TK-4 44.17b TK-4 43.08 b
3 TK-10 44.12b TK-10 42940
4 TK-8 43950 TK-8 42.92b
5 TK-1 43.35¢ TK-1 42.89b
6 TK-2 22.12d TK-2 23.28 ¢
7 TK-5 21.92d TK-5 2321¢
8 TK-6 825e TK-6 2281 ¢
9 TK-7 6.10f TK-7 21.73d
10 TK-9 0.00 TK-9 0.00

Means in the same column followed by different letters indicate highly significant
differences according to DMRT (P < 0.05)

Means in the same column followed by different letters indicate highly significant
differences according to DMRT (P < 0.05)
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Table 4 Influence of antagonistic bacteria on percent of disease control and disease index of 4. solani in cv. ‘Romans VS’.

Treatments % Disease index % disease control
45 DSA 75 DAS
Pathogen + Pseudomonas fluorescens (TK-1) 22.58+1.64c 40.16+1.50 ¢ 45.34+0.79 ¢
Pathogen + Pseudomonas fluorescens (TK-3) 21.15+£0.82d 43.79+1.63b 47.79+0.82b
Pathogen + Bacillus subtilis (TK-4) 21.23+0.78 ¢ 4127+234¢ 47.12+0.86 b
Pathogen + Pseudomonas fluorescens (TK-8) 22.60+0.02 ¢ 38.16+1.86¢ 40.40+1.89¢
Pathogen + Pseudomonas fluorescens (TK-10) 22.60+0.72 ¢ 39.64+£2.04d 42.74+091d
Chemical spraying (Mancozeb 0.2%) 19.45+0.76 ¢ 61.30+1.03a 63.40+1.15a
Pathogen + Pseudomonas spp.+ Bacillus subtilis 2046+ 1.07¢ 39.84+1.62d 41.65+0.86d
Pseudomonas spp.+ Bacillus subtilis - - -
Pathogen alone 58.60+0.82 a - -
Un-inoculated control 32.58+£0.59b - -
Means in the same column followed by different letters indicate highly significant differences according to DMRT (P < 0.05)
Table 5 Effect of antagonistic bacteria on plant height and biomass of tomato cv. ‘Romans VS’.
Treatment Plant height (cm) Dry weight (g)
Shoot Root Total
Pathogen + Pseudomonas fluorescens (TK-1) 3245+099¢ 3330+ 1.6 ef 1425+0.87 ¢ 48.30+£0.17
Pathogen + Pseudomonas fluorescens (TK-3) 3520+ 0.88 be 36.43+£0.62d 15.43 £0.62 be 52.28 £0.66
Pathogen + Bacillus subtilis (TK-4) 3343 +£0.82de 3438+095¢ 1425+0.75¢ 49.25+0.79
Pathogen + Pseudomonas fluorescens (TK-8) 3245+ 1.62¢ 32.48+0.60 f 1443+£153¢ 47.40 £ 0.80
Pathogen + Pseudomonas fluorescens (TK-10) 3248+ 1.06¢ 32.65+090f 1455+0.79 ¢ 46.50 = 0.80
Chemical spraying (Mancozeb 0.2%) 38.50+£0.79 a 42.65+0.70 a 18.50+0.73 a 60.43 £1.72
Pathogen + Pseudomonas fluorescens + Bacillus subtilis 3428 £0.65 dc 38.43+£0.70 ¢ 16.38£0.79b 55.40+0.70
Pseudomonas spp.+ Bacillus subtilis 36.38+0.77b 40.55+1.88b 16.53+1.39b 57.45+£0.99
Pathogen alone 27.38+1.09 f 2843+1.11h 11.53+0.74d 39.58 £2.08
Un inoculated control 27.18+£0.79 f 30.53+£0.58¢g 12.54+£1.00d 42.35+0.74

Means in the same column followed by different letters indicate highly significant differences according to DMRT (P < 0.05)

hydrogen cyanide (HCN) and antibiotics, competition,
induction of synthetic resistance, etc. (Ryan 2004).

All the 5 promising isolates were tested for their abilitaé
to reduce the disease incidence in pot culture. At the 45
day after sowing (DAS) (= 15 days after inoculation), maxi-
mum disease control was recorded in the chemical check
(61.30 = 1.03). Among the isolates, TK-3 gave the maxi-

mum disease control (43.79%), followed by TK-4 (41.27%).

At 75 DAS also, chemical spraying resulted in higher dis-
ease control of 63.40%. This was followed by TK-3
(47.80%). Among the isolates tested, TK-3 remained effici-
ent throughout the experimental period. It is clear that TK-3
is an efficient biocontrol agent with good in vitro and in
vivo antagonistic activity.

Among the different treatments, P. fluorescens + B. sub-
tilis followed by P. fluorescens (TK-3) showed maximum
plant height, shoot and root dry biomass (Table 5). How-
ever, the lowest plant height, shoot and root biomass were
recorded in plants inoculated with 4. solani alone and also
the treatment P. fluorescens with the pathogen showed high-
est plant height and root shoot biomass. In the last two
decades endophytic bacteria especially P. fluorescens have
received considerable attention as potential biocontrol agent
of a number of soil-borne pathogens. Unfortunately, the
seemingly inherent variable performance of most biocontrol
strains between field locations and cropping seasons has
hampered commercial development, and relatively few bio-
logical agents are registered for use in production agricul-
ture Cook (1996). The plant growth-promoting rhizobac-
teria (PGPRs), of which fluorescent Pseudomonads are
major players, could play an active role in plant growth pro-
motion and disease suppression as an active component of
organic farming Yegesh et al. (2008).

In the present study, the indigenous isolate TK-3 was
found effective with respect to plant growth promotion and
biocontrol against 4. solani in tomato. However, field ex-
perimentation is required to conclusively prove the bio-
control potential and plant growth promotion with yield of
the isolate for its commercial exploitation as a bio-control
agent.

CONCLUSION AND RECOMMENDATIONS

For effective bio-control of early blight disease, there is a
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need to isolate efficient microbes, preferably from the same
environment to which they can be used, and their mecha-
nism of disease suppression is known. Such isolates are
ecologically fit than the strains introduced from other loca-
tions. The efficacy test results of antagonistic bacterial iso-
lates in this experiment have clearly indicated that the indi-
genous strain, P. fluorescens (TK-3) is an efficient biocon-
trol agent against A. solani with good in vitro and in vivo
antagonistic activity. However, field experiments are
required to conclusively prove the bio-control potential and
plant growth promotion with yield of the isolate for its com-
mercial exploitation as a bio-control agent. The findings of
the current study indicate the potential of Ethiopian P. fluo-
rescens strain as an efficient biological control agent against
A. solani in tomato. Considering the condition of Ethiopian
farmers, the results of this research could be used as eco-
friendly technology with relatively low cost than inorganic
chemicals.
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