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Abstract

Bacterial spot disease of tomato caused by Xanthomonas vesicatoria was studied during the field survey in the Karnataka state, India.
The disease incidence ranged from 22% to 50%. The pathogen was isolated from the infected plant material and seed samples. In the
laboratory the pathogen was isolated following the routine laboratory assay method i.e. direct plating method using Tween B medium.
Further the pathogen was confirmed by biochemical, physiological, hypersensitivity in tobacco (Nicotiana tabaccum) plants and finally
the pathogenicity tests. Biological seed treatment with antagonistic Pseudomonas fluorescens improved the seed quality (p = 0.05) under
laboratory conditions and tremendously decreased the bacterial spot disease incidence in field.
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1. Introduction

In India, tomato (Lycopersicon esculentum Mill.) pro-
duction of 7.3 million tonne, is grown on 0.72 million
hectares with a productivity of 9.1tha™' (FAO, 2005).
Tomato is prone to a number of bacterial diseases, among
which the bacterial spot disease caused by Xanthomonas
vesicatoria (Doidge) Dye is a serious problem (Jones et al.,
1998). The bacterial spot pathogen is seed-borne, and
persists as epiphytic populations on asymptomatic seed-
lings and mature plants (Yang et al., 2005). X. vesicatoria is
more prevalent in regions with high humidity and heavy
rainfall. In the field, the bacterium is disseminated through
aerosols, enter small wounds or stomata and produces
small water-soaked lesions, which become necrotic (Mor-
ales et al., 2005). Once the disease is established in a crop,
currently available management strategies are only par-
tially effective under environmental conditions for disease
development and spread (Jaber et al., 2003). Though
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bacterial diseases are difficult to control, various measures
have been suggested to manage them. Control strategies
are based on combinations of practice such as the use of
pathogen free seed and transplants, elimination of volun-
teer tomato plants, use of resistant cultivars, frequent
application of a copper and mancozeb mixture (Obradovic
et al., 2004) and the use of biological agents. Chemical
control has been used extensively for controlling bacterial
spot disease. Growers rely heavily on fixed copper sprays to
manage foliar diseases and reduce losses caused by
bacterial spot and bacterial speck (Kousik and Ritchie,
1996). Unfortunately, these sprays often are not very
effective and their extensive use led to the development of
copper resistant strains (Adaskaveg and Hine, 1985;
Cuppels and Elmhirst, 1999). Recently, combination of
acibenzolar-S-methyl (ASM), a plant activator and bacter-
iophages were found to be effective against the bacterial
spot pathogen in providing better disease control (Obra-
dovic et al., 2004).

Biological control is an ecologically sound, environ-
mental-friendly strategy to reduce the dependence of high-
risk chemicals for disease management (Anith et al., 2004).
Pseudomonas fluorescens (Trevisan) Migula has been
recognized as a biocontrol agent against certain seed- and
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soil-borne plant pathogens (Anuratha and Gnanamani-
kam, 1990). P. fluorescens is proven as an important
antagonist of Xanthomonas oryzae pv. oryzae in rice
(Vidhyashekaran et al., 2001), Ralstonia solanacearum in
Chilli (Umesha et al., 2006) and Clavibacter michiganensis
ssp. michiganensis (Umesha, 2006). Tomato plants inocu-
lated with P. fluorescens had increased dry weight, fruit
weight and fruit yield (Amara et al., 1996). P. fluorescens
also improved seed quality under laboratory conditions
and drastically reduced bacterial canker disease in field
conditions (Umesha, 2006).

X. vesicatoria can over-winter in soil and crop residue.
Seed transmission of the pathogen is of significance for the
seed trade and in quarantine inspection for seed exchange.
Since the bacterial spot symptoms were noticed in tomato
fields grown in Mysore and surrounding areas, the present
studies were taken up with the following objectives: a field
survey in major tomato growing districts of Karnataka
state for bacterial spot disease incidence and to determine
the effect of biological seed treatment on bacterial spot
disease incidence under field conditions.

2. Materials and methods

2.1. Field survey for the incidence of bacterial spot disease
and collection of seed samples

The field survey was undertaken in the major tomato
growing districts of Karnataka, India. Tomato plants in
the fields were inspected at the nursery stage, post
transplanting, at flowering and at fruiting. Spot incidence
was estimated among the randomly selected subplots (10
subplotsha™!, measuring 1 m?). The plants were observed
for typical symptoms of bacterial spot disease viz., necrotic
lesions, small spots, which are generally dark brown and
circular (can be angular) on the leaves, stems, and fruits
spurs, fruit lesions begin as small, slightly raised blisters. As
spots increase in size, they become dark brown, scab-like,
and slightly raised. Developing lesions may have a faint
prominent halo, which eventually disappears. The sus-
pected plant material and fruits were collected from the
field survey and brought to the laboratory for confirmation
of the disease and disease causing organism.

2.2. Screening of plant material/seed samples for the
presence of X. vesicatoria in the laboratory

Plant materials/seeds collected from the suspected plants
during the field survey and seed samples procured from
local seed agencies, were subjected to screening under
laboratory conditions by a direct plating method onto
Tween B medium. Collected plant material/seed samples
were plated directly on to the semi-selective medium
(Tween B) (McGurie et al., 1986) after surface sterilization
with 70% ethyl alcohol, followed by repeated washing with
distilled water and blot drying. Plates were incubated at
28 +2°C for 24-48 h. Yellow colonies with clear hydrolytic

zones around the pieces of plant material and seeds were
observed, subcultured onto the Tween B media, and the
suspected colonies were subjected to biochemical, physio-
logical, hypersensitive and pathogenicity tests for con-
firmation of the pathogen. Colony morphology was studied
on the semi-selective media where in the resulting colonies
of X. vesicatoria have a fried egg appearance with yellow,
mucoid center surrounded by a zone of lipolysis (McGurie
et al., 1986). Isolated bacteria were then streaked on to
nutrient agar (NA) media and 24-48 h-old-cultures were
used as required. Experiments were conducted with four
replicates of 100 pieces/seeds each and repeated in two
consecutive seasons.

2.3. Characterization of the pathogen

Characterization of the pathogen was carried out by
subjecting the isolated bacterial colonies to various
biochemical tests like Gram’s staining, KOH solubility
test, Kovac’s (1956) oxidase test (Hildebrand and Senroth,
1972), Levan formation, Gelatin hydrolysis, Starch hydro-
lysis, Casein hydrolysis (Vidaver and Davis, 1988), H,S
production from peptone and Arginine dihydrolase test
(Lelliott and Stead, 1987). The strains were subjected to
hypersensitive reaction (HR) test using tobacco (Nicotiana
tabaccum) plants (Carlton et al., 1998) and pathogenicity
test (Lelliott and Stead, 1987). Each test was conducted
with four replicates for each strain and repeated twice.

2.4. Mass multiplication of X. vesicatoria

Isolated and characterized X. vesicatoria was maintained
on Tween B medium in the dark at 4 °C. The inoculum was
prepared by growing the bacteria in nutrient broth
incubated at 28+2°C for 36h on rotary shaker at
100rpm (Janke and Kunkel, IKA Labortechnik, Ger-
many). The 36 h-old-culture was pelleted by centrifugation
(thrice at 5000 rpm for 5min) using a bench-top refriger-
ated centrifuge (UniCen, 15DR, Herolab GmbH, Ger-
many). Inoculum was prepared by adjusting the optical
density (OD) of the bacterial suspension to 0.45 (Agonm)
to obtain approximately 1 x 10®cfuml™' with the help of
UV-visible spectrophotometer (Hitachi U-2000, Tokyo,
Japan) (Mortensen, 1999).

2.5. Effect of X. vesicatoria on seed germination and
seedling vigor of tomato under laboratory conditions

Seeds of three tomato cultivars PKM-1, Allrounder and
Avinash were treated with X. vesicatoria pure culture at the
rate 1 x 108cfuml™'. Tomato seeds were immersed in the
bacterial suspension and shaken continuously for 12h.
Seeds immersed in sterile distilled water served as controls.
After 12h, treated and untreated seeds were air dried,
plated on wet blotters and germination rates were
determined according to the standard blotter method
(ISTA, 2003). Vigor index was calculated using the formula
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(mean root length + mean shoot length) x percent germina-
tion (Abdul Baki and Anderson, 1973). The experiment
was carried out with four replicates of 100 seeds each and
repeated twice.

2.6. Screening of tomato seed samples for bacterial spot
incidence under field conditions

Field experiments were conducted in the experimental
plot of the department to evaluate the tolerance ability of
the 20 tomato cultivars against seed-borne X. vesicatoria
infection under field conditions. Four week-old-seedlings
of all 20 tomato cultivars were transplanted into the field
from raised beds (1 x 4m). The seedlings were planted
leaving 0.5m distance between plants and 1.3m between
rows. Experimental plots consisted of 10 replicates with
18-20 plants per replicate. A buffer zone of a single row
without seedlings was maintained between replicates. Plots
were irrigated through furrow irrigation. A randomized
complete block design was employed for replicated rows.
All the normal agronomical practices like application of
fertilizer once in every 20 days, weeding as and when
required etc. were maintained throughout the experiment.

Disease assessment in field plots was done by counting
the number of infected plants at 10-d intervals up to the
fruiting stage starting from the appearance of first
symptoms. The disease was confirmed by observing the
infected leaf section from the bacterial ooze under
compound microscope, plating the pieces of leaflet showing
symptoms onto Tween B media and subjecting the isolated
bacteria to various biochemical, physiological, HR and
pathogenicity tests. Experiments were conducted in three
consecutive seasons and average disease incidence was
calculated.

2.7. Mass multiplication of biological agent

The antagonistic strain of P. fluorescens was isolated
from native soil taken from farmers’ fields and serially
diluted on King’s B medium (KMB) (King et al., 1956).
The isolated P. fluorescens was further confirmed by
performing various tests specific to P. fluorescens (Stainer
et al., 1966). The 48 h-old-culture from King’s B broth was
centrifuged at 10,000 rpm for 10min using bench top
centrifuge (UniCen, 15 DR, Herolab GmbH, Germany).
Inoculum was prepared by adjusting the bacterial concen-
tration with sterile distilled water to 1 x 108cfuml™" at
Agionm (OD = 0.45) using UV-visible spectrophotometer
(Hitachi U-2000, Tokyo, Japan) (Mortensen, 1999). The
talcum powder based formulation of P. fluorescens
(2.8 x 10CFUg™") was prepared by mixing 100ml of
bacterial suspension in 25g of purified talcum powder
under sterile conditions. Carboxy methyl cellulose (2.5 g)
was added to 250 g of the formulation, shade dried, packed
in polythene bags and used for further experiments
(Umesha et al., 1998).

2.8. Effect of P. fluorescens on seed quality parameters
under laboratory conditions and bacterial spot incidence
under field conditions

Tomato cultivars previously screened for the presence of
the bacterial spot pathogen in both laboratory and field
conditions were treated with the suspension of
P. fluorescens by shaking the seeds in a pure culture of
P. fluorescens (1 x 10°cfuml™") for 12h. The first set of
samples were soaked in distilled water which served as a
control. The second set was treated with the above
formulation of P. fluorescens in the form of a slurry
treatment at the rate of 10gkg™' seeds. After 12h, the
treated and untreated seeds were air dried, plated on wet
blotters and germination rates were determined according
to the standard blotter method (ISTA, 2003). Vigor index
was calculated using the formula (mean root length + mean
shoot length) x percent germination (Abdul Baki and
Anderson, 1973). The experiment was carried out with
four replicates of 100 seeds each and repeated twice.

Field trials were carried out using the same 20 tomato
cultivars with P. fluorescens formulation treatment with
appropriate controls. Treatment was the slurry treatment,
as explained previously for the field experiments. Field
plots were inoculated with X. wvesicatoria suspension
(1 x 10*cfuml™") during the early morning and late
evening as a spray inoculation. Plants were sprayed with
suspension of pathogen to run-off 48 h after transplanta-
tion. In all the field experiments, there were five replicates
of all the cultivars in a randomized block design with 25-30
plants in each replicate. Each experiment was repeated in
three consecutive seasons. Plants were closely observed
from day 7 after inoculation until the fruiting stage, for
typical symptoms of bacterial spot disease as explained
earlier.

2.9. Statistical procedure

Data on percentages was transformed to arcsine square
root equivalents prior to analysis of variance (ANOVA).
Means were separated using Duncan’s multiple range test,
(DMRT; p = 0.05) using SPSS software.

3. Results

PKM-1, Allrounder and Avinash were the popularly
grown tomato cultivars identified during the field survey in
both seasons. Disease incidence was 29% in Mysore and
50% in Mandya with cv. PKM-1 in both seasons. Whereas
in Bangalore and Kolar it was 31% and 22% with cvs.
Avinash and Allrounder, respectively, in both seasons.

3.1. Screening of tomato cultivars and characterization of
the X. vesicatoria

The colonies of X. wvesicatoria on Tween B medium
appeared as fried egg like colonies with a yellow, mucoid,
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centre, surrounded by zone of lipolysis. Based on the
morphological criteria, the suspected colonies were sub
cultured to NA and subjected to further characterization.
The results of the 20 tomato cultivars subjected to
screening for the presence of seed-borne X. vesicatoria
using direct plating method on Tween B medium are
depicted in Table 1. Among the tomato cultivars tested
using the direct plating method, none of them were free of
X. vesicatoria. However, the disease incidence ranged from
3% to 19% across all the tomato cultivars. Only one cv.,
Golden recorded a 5% incidence, the cultivars Allrounder,
PKM-1 and Avinash recorded 17%, 11% and 16%
X. vesicatoria incidence, respectively. On the other hand,
bacterial spot incidence in the cv. Golden was not detected
in the field experiments, whereas Allrounder, PKM-1 and
Avinash recorded 10%, 4% and 9% bacterial spot disease
incidence, respectively. The incidence of bacterial spot
under field conditions ranged from 4% to 12%. The
tomato cultivars namely Allrounder (10%), Sungro (10%),
Madanapalli (10%) and Arka abha (12%) recorded
more than 10% disease incidence under field conditions
(Table 1).

Table 1

Screening of tomato cultivars for the presence of X. vesicatoria under
laboratory conditions and bacterial spot disease incidence under field
conditions

Incidence of bacterial
spot disease (%)°

Incidence of X.
vesicatoria (%)*

Tomato cultivars

Allrounder 1740.6 10+0.5
PKM 1 1140.5 440.2
Avinash 16+0.6 9+0.5
Lakshmi 124+0.5 540.6
Leadbeter 13+0.5 540.6
Vijaya 1740.6 940.8
Quality 16+0.6 9+0.8
Sungro 18+0.7 10+0.9
Golden 340.2 0
Valley 1240.5 440.5
Solar 13£0.5 5+0.6
Safal 1540.6 840.8
Solar round 154+0.6 84+0.8
Ashoka 1440.5 540.6
Madanapalli 18+0.6 10+0.9
Sasya 1240.5 440.6
Naveen 1440.6 540.6
Arka aloka 1540.6 6+0.8
Arka megana 13+0.5 540.6
Arka abha 1940.9 124+0.9

#Results of direct plating method, tomato seeds were surface sterilized
and plated on Tween B media and incubated at 28 +2 °C for 48 h. Seeds
showing the bacterial colonies with fried egg appearance were screened.
Values are the means+SE of four replicates of 100 seeds each and
repeated twice.

PResults of field screening, tomato seeds were sown in the experimental
plot and transplanted after 4 weeks from the nursery beds. Bacterial spot
incidence was screened after 10 days of transplantation and up to fruiting
stage. Values are the replicates means+ SE of 10 replicates of 18-20 plants
each and repeated thrice.

Table 2
Biochemical characterization tests of the pathogen X. vesicatoria

Tests Results

Gram’s Staining

KOH solubility
Arginine dihydrolase
Gelatin hydrolysis
Starch hydrolysis
Levan formation
Lipase activity

Casein hydrolysis test
H,S production test
Kovac’s oxidase test
Oxidation/fermentation
Tobacco hypersensitive
reaction

Pathogenicity test +

I+ + 1

I+ 4+ +

+ +

All these tests were conducted in 4 replicates and were repeated thrice. “ +°
indicates positive reaction; ‘—’ indicates negative reaction.

The bacterium on Tween B medium plates, was
tentatively identified as X. vesicatoria. Infected stem and
root portions showed discolorations when cut open. Milky
white bacterial ooze was observed when plant material was
placed in water. Healthy plant material did not show any
discoloration or bacterial ooze. The results of physiological
and biochemical tests of the bacterium are shown in Table
2. Necrosis was observed in tobacco plants, within 24 h of
infiltration with bacterial cells, whereas sterile distilled
water infiltered leaf region did not show any change in the
leaf color, which served as a control. Tomato plants
inoculated with the strains showed bacterial spot symp-
toms after 15d. Control plants inoculated with sterile
distilled water did not show any symptoms (Table 2).

3.2. Effect of X. vesicatoria on tomato seed germination and
seedling vigor

There was a significant change (p = 0.05) in the seed
germination of tomato seeds with and without
X. vesicatoria inoculation. Seed germination in cv. Allroun-
der was reduced from 78% in the untreated control to 38%
when the seeds were treated with X. vesicatoria. A similar
trend was reflected in the other two tomato cultivars. The
mean shoot and root lengths were reduced from 2.6 to
5.7cm in the untreated control to 1.7 and 2.8 cm when the
tomato seed cv. Avinash was treated with X. vesicatoria.
The vigor index was significantly reduced (p = 0.05) from
663 in the control to 175 when the seeds were exposed to
X. vesicatoria (cv. Allrounder). The same trend was noticed
with the other two tomato cultivars (Table 3).

3.3. Effect of P. fluorescens and its formulation on tomato
seed germination and seedling vigor under laboratory
conditions

There was a significant improvement (p = 0.05) in seed
germination when tomato seeds were treated with
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Table 3
Effect of X. vesicatoria on tomato seed germination and seedling vigor

Tomato cultivars ~ Germination (%) MSL (cm) MRL (cm) VI
Allrounder

Control 78 2.7% 5.8% 663
Treated 38° 1.5° 3.1° 175°
PKM 1

Control 724 2.9% 6.0% 641%
Treated 41° 1.9%® 3.2° 209°
Avinash

Control 67° 2.6%° 5.7° 556°°
Treated 32 1.7° 2.8%° 144%

Values are the means of two independent experiments of four replicates of
100 seeds each. MRL = mean root length; MSL = mean shoot length;
VI = vigor index. The values in the column followed by the same letter(s)
are not significantly different according to analysis of variance (DMRT;
p = 0.05).

P. fluorescens (Tables 4 and 5). Seed germination in the cv.
Allrounder increased from 66% in the untreated control to
81% and 79%, when the seeds were treated with pure
culture and freshly prepared formulations of P. fluorescens.
The mean shoot and root lengths were also increased with
P. fluorescens treatment both in pure culture and the
formulation. The vigor index was increased from 670 in the
untreated control to 898 and 851 when the seeds were
treated with P. fluorescens and formulation, respectively
with the cv. PKM-1 (Tables 4 and 5). Among all the
cultivars tested, P. fluorescens improved the seed quality
parameters in both pure culture and formulations (Tables 4
and 5).

3.4. Effect of P. fluorescens formulation on the incidence of

bacterial spot under field conditions

In all 20 tomato cultivars tested, bacterial spot disease
incidence was significantly reduced (p = 0.05) upon
P. fluorescens formulation treatment followed by challenge
inoculation with X. vesicatoria (Fig. 1). In certain cultivars
the bacterial spot incidence in the untreated control ranged
from 60% to 70% was reduced to 20-30% (Group I,
Fig. 1). This group includes the cultivars: Lakshmi,
Leadbeter, Vijaya, Quality, Naveen and Arka alok. In
Group II, the bacterial spot incidence in the untreated
control ranged from 50% to 60%, upon seed treatment
with P. fluorescens formulation at the rate of 10gkg™"
seeds followed by challenge inoculation with X. vesicatoria,
the disease incidence was reduced to 12-18% (Fig. 1).

4. Discussion
Field surveys in the two consecutive seasons showed a

high incidence of bacterial spot disease in the tomato fields
of Karnataka. The disease was severe with an average

Table 4
Effect of P. fluorescens pure culture on tomato seed germination and
seedling vigor

Tomato cultivars/ Germination MSL (cm) MRL (cm) VI
treatment (%)

Allrounder

Control 66° 2.5° 5.1 502
Treated 81° 3.1° 6.8 802°
PKM 1

Control 77% 2.8% 5.9¢ 670
Treated 88® 4.0° 6.2° 898°
Avinash

Control 69* 2.7 5.5° 566°
Treated 82° 3.7° 6.8° 861°

Values are the means of two independent experiments of four replicates of
100 seeds each. MRL = mean root length; MSL = mean shoot length;
VI = vigor index. The values in the column followed by the same letter(s)
are not significantly different according to analysis of variance (DMRT;
p = 0.05).

Table 5
Effect of P. fluorescens formulation on tomato seed germination and
seedling vigor

Tomato cultivars/ Germination MSL (cm) MRL (cm) VI
treatment (%)

Allrounder

Control 66° 2.5% 5.1% 502
Seed treatment 79° 3.0° 6.8° 774°
PKM 1

Control 77 2.8% 5.9¢ 670%
Seed treatment 86° 4.0° 5.9° 851°
Avinash

Control 69* 2.7% 5.5 566°°
Seed treatment 80° 3.4° 5.8° 736°

Values are the means of two independent experiments of four replicates of
100 seeds each. MRL = mean root length; MSL = mean shoot length;
VI = vigor index. The values in the column followed by the same letter(s)
are not significantly different according to analysis of variance (DMRT;
p =0.05).

incidence of 29% in Mysore region, 50% in Mandya region
in cv. PKM-1,31% at Bangalore region and 22% at Kolar
region with Avinash and Allrounder tomato cultivars. The
morphological characteristics on Tween B medium, phy-
siological, biochemical characterization results, hypersen-
sitive response in tobacco plant leaves and pathogenicity
test results confirmed that the pathogen indeed was
X. vesicatoria (Bradbury, 1986; McGurie et al., 1986).
The present investigation showed that for detection of
X. vesicatoria in or on the seeds, the direct plating method
can be routinely used. For detection or isolation and
purification of X. vesicatoria Tween B medium proved to
be more suitable than any other media, with great
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Fig. 1. Effect of P. fluorescens formulation on bacterial spot incidence of Tomato under field conditions. Tomato seeds of all the twenty cultivars were
treated with P. fluorescens formulation at the rate of 10gkg™" as a slurry treatment. Seedlings of 4-5 week old were transplanted and challenged with X.
vesicatoria after 48 h of transplantation. Disease incidence was recorded after 7 days of inoculation until fruiting stage. Values are the means of five
replicates of all the cultivars. The lines on each bar represents SE when subjected to analysis of variance (DMRT; p = 0.05).

reduction in number of saprophytes, confirming the
conclusions of McGurie et al. (1986). The presence of
X. vesicatoria on or in the seed may provide a potentially
dangerous source of inoculum. In the present studies, seeds
from naturally infected plants under field conditions clearly
transmitted X. wvesicatoria to seedlings, since typical
symptoms of the bacterial spot disease were recorded in
the field screening. However, we found that X. vesicatoria
adversely affected tomato seed quality, as reported by Silva
et al. (2004) and Ji et al. (2006).

The results obtained during the field screening of the 20
tomato cultivars for the presence of X. vesicatoria varied
from 4% to 12%; similar findings were reported by
Hammond and Jones (1996). In susceptible plants,
X. vesicatoria strains are able to multiply and spread
throughout the plant, leading to the appearance of typical
disease symptoms. In resistant plants, the activation of a
rapid and localized cell death at the site of infection, known
as hypersensitive responses (HR) limits the pathogen
growth and minimizes disease symptoms. Similarly the
field screening of the 20 cultivars revealed that they are
grouped into two (Fig. 1), based on the degree of discase
incidence shown by the cultivars.

The biocontrol agent, P. fluorescens may be effectively
incorporated into an integrated disease management

program to manage bacterial spot disecase of tomato.
Various control strategies, including host-plant resistance,
cropping systems (Dalal et al., 1999), transgenics, resistant
cultivars, soil amendments, integrated control and biolo-
gical control have been developed (Guo et al., 2004).
Reports from elsewhere indicate that P. fluorescens can
effectively induce systemic resistance against fungal (Chen
et al., 1995), bacterial (Alstrom, 1991; Vidhyashekaran et
al., 2001) and viral (Maurhofer et al., 1994) pathogens.
Potential biological agents used to control bacterial spot of
tomato include selected rhizobacterial strains (Silva et al.,
2004; El-Hendawy et al., 2005). Ji et al. (2006) reported
that, when foliar biocontrol agents and plant growth
promoting rhizobacteria were used individually or in
combinations, they reduced the bacterial spot disease
incidence and some naturally occurring antagonistic
rhizobacteria (Guo et al., 2004). Research is going on to
unravel the complex process of biological control of
bacterial spot disease of tomato.
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