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INDUCED SYSTEMIC RESISTANCE TO CONTROL
BACTERIAL SPOT OF TOMATO

[50]

Wafaa', M. Abd El-Sayed and N.Y. Abd El-Ghafar'
ABSTRACT

Bacterial spot of tomato caused by Xanthomonas campestris pv. vesicatoria
(Doidge) Dye, is an important disease of tomato. Application of Bacillus subtilis,
Pseudomonas aeruginosa, P. fluorescens, P. putida and Streptomyces griseoviridis
isolates (biotic agent) and bion, ethephon and salicylic acid (abiotic agents) were
applied as inducers agents alone or in combination against tomato bacterial spot dis-
ease, under artificial inoculation conditions. All aforementioned agents decreased
the disease severity compared with the control.- Application of bioagents as soil or
seedling treatments were more effective than their application as foliar treatment.
Meanwhile application of biotic agents as foliar treatment were less effective than
their application as soil or seediing treatment. Fluorescent pseudomonades (P.
aeruginosa, P. fluorescens and P. putida) isolates as bioagents and salicylic acid or
ethephon as abiotic agents were the most effective in the disease reduction. Combi-
nation between fluorescent pseudomonades isolates as soil treatment and ethephon
or salicylic acid as foliar treatment greatly reduced the disease severity and signifi-
cantly increased in the disease reduction.

Key words: Tomato, Bacterial spot, Xanthomonas campestris pv. vesicatoria,
Inducer agents

INTRODUCTION (Bouzar ef gl 1994), Different strains of

the bacteria cause the disease on both

Bacterial spot of tomato (Lycopersi-
con esculentum Mill.) and Pepper (Capsi-
cum annum L.) caused by Xanthomonas
campestris pv. vesicatoria (Doidge) Dye,
is widespread. The disease causes signifi-
cant losses when warm temperatures and
rainy weather occur (Jones ef af 1991).
The disease observed worldwide in to-
mato and pepper production areas

pepper and tomato, pepper only, or to-
mato only. Induces systemic resistance
(ISR) in plants was experimented by
Ross (1966). ISR can be induced suscep-
tible and resistant cultivars using patho-
gens, nonpathogens and certain chemical
compounds (Madamanchi and Kue,
1991 and Kuc and Strobel, 1992). The
use of a chemical inducer eliminates po-
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tential problems associated with the in-
troduction of some plant pathogens as
inducer. Chemical inducers of discase
resistance hold substantial promise as
agents of plant disease control (Ye ef al
1995 and Weingart ef af 2001).

Zayed et af {2004) reported that the
potentiality of these bacteria for biocon-
trol to produce a broad spectrum of sec-
ondary metabolites that may be toxic to
other micro-organisms. In recent, there
has been substantial interest issue of eth-
ylene compound (abiotic-agents) or bio-
control agents to control of bacterial leaf
spot plant pathogens was recommended
(Wilson et al 1998 and 2003).

Induced resistance in plant and its
significance to fundamental science and
as a technology for plant disease control
were developed. Induced resistance is
specific, being an effective approach
against a wide range of bacterial plant
pathogens (Ye et al 1995). Abiotic in-
ducer salicylic acid {(SA) showed positive
results in controlling bacterial plant dis-
ease (Malamy and Klessing, 1992).
Salicylic acid (SA) is a natural constitu-
ent of plant. The involvement of salicylic
acid in systemic acquired resistance
{SAR) has been clearly established. The
characterization of the biochemical
changes associated with SAR has demon-
strated a close correlation between devel-
opment of resistance and induction of
pathogen. ‘related proteins (PR), which
play an important role in the natural de-
fense response of plants (Palva et al
1994), salicylic acid as a putative en-
dogenous signal for the systemic acquired
resistance (SAR) response was demon-
strated by (Ye et al 1995). Desirée,
(1999) evaluated the efficacy of aciben-
zolar-S-methyl (Bion 50% wg BTG), as
an inducer of systemic acquired resis-

tance against bacterial and fungal disease
of tobacco. Ethephon acts a signal for
defense response during plant microbe
interaction. Support of the involvement of
ethephon in plant resistance comes its
ability to induce accumulation of patho-
genesis-related proteins (PR) (Weingart
et al 2001). The present work aimed to
study the ability of some biotic and
abiotic agents alone or in combination, as
inducer to investigate their potentiality in
suppression of bacterial spot of tomato
under artificial inoculation conditions.

MATERIAL AND METHODS
1. Seeds and sowing

Tomato seeds cultivar peto 86 were
obtained from Horticulture Department,
Faculty of Agriculture, Ain Shams Uni-
versity, Egypt. Seeds were sown in seed-
ling trays containing peat-moss and
vemiculite (1:1 v/v) for 4 weeks, irrigated
regularly and kept under greenhouse con-
ditions. All seedlings were transferred to
pots containing sterilized sandy-clay soil
(1:1 v/v). Each pot contained 3 seedling
and 5 pots were used as replicates for
each treatment. Five pots per treatment
were treated with water and applied as
control.

2. The pathogen

Virulent isofate of X. campestris pv.
vesicatoria, previously isofated from in-
fected leaves of tomato was used through
this study. This isolate was kindly ob-
tained from Plant Pathology Department,
Faculty of Agricultural, Ain Shams Uni-
versity. The bacterium was grown on
yeast dextrose calcium carbonate agar
{YDC) medium for 48 hr at 28°C. Bacte-
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rial growth was suspended in sterile
buffer solution (0.85% WNaCl) and ad-
justed according to its ogtical density at

20 nm = 0.03 to 5 X 10” colony forming
units (cfu)/ml according to Wang et al
(1994). All tomato seedlings were inocu-
lated (Abd El-Ghafar and Abd El-
‘Wahab, 2001) by the pathogen after 30
days from planting,

3. Effect of bioagents on disease sever-
ity under artificial inoculation con-
ditions

Isolates of B. subtilis (BS;), P.
aeruginosa (Pal), P. fluorescens (Pf5), P.
putida (PP12) and S. griseoviridis (Sgl)
were previously isolated and evaluated as
biocontrol agents against phytopatho-
genic bacteria (Abd El-Ghafar and Abd
El-Sayed 1997; Abd El-Ghafar, 2000;
Abd El-Ghafar and Mosa 2001 and
Abd El-Sayed et al 2003). All bioagents
were grown on tryptic soy agar (TSA)
medium for 48 hr at 28°C, except S
griseoviridis isolate grown on starch ni-
trates agar (SNA) medium for seven days.
These bioagents were suspended in sterile
distilled water (SDW) and centrifuged at
3000 g for 30 min. The precipitant was
resuspended in SDW to reach the concen-
tration of 10* cfivml as determined from a
standard curve based on absorbance at
620 nm.

Bioagents were applied as soil, seed-
lings and foliar treatments. In case of soil
treatment, each pot (25 cm diameter) was
treated with 450 ml of bioagents suspen-
sion after 10 days from planting in pots
(soil drench). In case of seedlings treat-
ment, tomato root seedlings were soaked
in bioagnets suspensions (450 ml treat-
ment) for 1 hr. before directly planting,
Meanwhile, in case of foliar treatment,

tomato seedlings were sprayed with bio-
agents suspensions after 28 days from
planting in pots. Inoculation of the patho-
gen were made after 30 days from trans-
planting.

4. Efiect of abiotic agents on disease
severity under artificial inoculation
conditions

Bion (acibenzolar,s-methyl), ethephon
{2-chloroethylphosphoric acid) and sali-
cylic acid (2-hydroxybenzoic acid,
C;H;05) were applied at 0.5, 1.0 and 1.5
ppm. These agents were applied as soil,
seedlings and foliar treatments (Zayed er
al 2004) as previously mentioned with
bioagents treatments.

5. Effect bf combination between biotic
and abiotic agents

- Tomato seedlings treated with fluo-
rescent pseudomonades (P. aeruginosa,
P. fluorescens and P. putida isolates) as
soil drench treatment as previously men-
tioned. Also, these seedlings treated with
ethephon or salicylic acid at 1.5 ppm as
the foliar treatment as previously men-
tioned. (the best concentration in treat-
ment by abiotic agents only).

6. Disease assessment

Disease incidence was recorded after
7 days from inoculation with the patho-
gen. The disease was determined accord-
ing to McCarter (1992) as follows: (1)
average total lesions number per leaf,
where 4 leaves were randomly selected
from each plant, (2) disease severity (%)
according to the disease ratting scale
from 0 to 5 (McCarter, 1992) and (3)
percentage of disease reduction (PDC)
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was calculated from disease severity as
follows :

(chk'Dln)
PDC X 100
D[d:
Where, DIy = Disease severity (%) in
check treatment
DI, = Disease severity (%) in
treated treatment

Data were statistically analyzed using
the "F" test and the value of LSD (P <
0.05) was calculated according to Coch-
ran and Cox (1957).

RESULTS
1. Effect of biotic agents

Apptication of B. subtilis (BS1), P.
aeruginosa (PAl), P. fluorescens (Pf3),
P. putida (PP12) and Streptomyces grise-
oviridis {Sgl) isolates as biotic agents
decreased severity of bacterial spot of
tomato compared with the control (Table,
1). All previous biotic agents as soil or
seedling treatments were more effective
than foliar treatment in disease reduction.
Meantime, P. aeruginosa, P. fluorescens
and P. putida isolates were the most ef-
fective in reducing the disease severity,
where percentage of disease reduction
was 15.3-24.0, 15.7-22 and 12.5-19.1%,
respectively. Application of S. griseoviri-
dis isolate was the least effective, where
percentage of disease reduction was 2.0-
8.9%.

2. Effect of abiotic agents
Results in Table (2) show that appli-

cation of Bion, ethephon and salicylic
acid as abiotic agents reduced severity of
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bacterial spot of tomato, compared with
the control. Application of Bion as soil or
seedling treatment was more effective
than foliar treatment in the disease reduc-
tion. Meantime, application of ethephon
or salicylic acid as foliar treatment were
more effective than soil or seedling
treatments. Increasing doses of previously
compounds led to increase their effec-
tiveness on the disease. Meanwhile, ap-
plication of salicylic acid or ethephon
were the most effective at 1.5 ppm as
foliar treatment, where percentage of dis-
ease reduction was 41.0 - 41.8%, respec-
tively. Application of Bion as soil or
seedling treatments was the most effec-
tive, where percentage of disease reduc-
tion was 33.7 or 35.7%, respectively.

3. Combination between biotic and
abiotic agents

Interaction between P. aeruginosa, P.
fluorescens and P. putida isolates (biotic
agents) as soil treatment and ethephon or
salicylic acid (abiotic agents) as foliar
treatments greatly decreased severity of
bacterial spot of tomato, compared with
the control (Table, 3). Meantime, the
combination between P. aeruginosa and
salicylic acid gave the highest value of
disease reduction (63.7%) followed by
combination between P. fluorescens and
salicylic acid (60.9%) and the combina-
tion between P. putida and salicylic acid
(56.5%).

DISCUSSION

- Bacterial spot of tomato may spread
in several locations in Egypt due to culti-
vation of different hybrids and cultivars
of tomato seeds from many foreign coun-
tries as USA. Where, this is known to be
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Table 1.  Effect of different biotic agents applied as soil or seedling or foliar treatment on severity of bacterial spot of to-
mato, under artificial inoculation conditions.

Biotic agent No. of infection lesion/leaf Dlseas(t;:;: verity Dlseas%;:)d uction
A B C A B C A B C
Untreated control 60 61 61 246 248 248 00 00 00

Bacillus subtilis (Bs1) 53 55 6.0 216 219 230 122 117 13

Psducomonas aeruginosa (PA1) 41 43 53, 18.6 189 210 240 238 -153

P. fluorescens (Pfs) 43 4.5 5.6 192 196 209 220 210 157

P. putida (pp12) 4.4 4.7 5.7 19.9 202 217 191 185 125
Streptomyces griseoviridis (Sgl) 58 59 6.1 224 229 243 89 17 2.0
L.S.D. at 5% 0.9 0.6 0.4 1.2 1.4 0.9

A = Soil treatment B = Seedling treatment C = Foliar treatment
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Table 2, Effect of different abiotic agents applied as soil or seedling or foliar treatment on severity of bacterial spot of

tomato, under artificial inoculation conditions

+00Z (D6p “1o§ MUY S[puuY

o Dose No. of infection lesion/leaf Dlseasi/sevemy Disease reduction (%)
Abiotic agent (opm) ()
P A B C A B c A B c
0.5 42 43 49 20.8 21.0 214 194 176 164
Bion 1.0 3.4 3.7 3.8 17.5 179 18.3 322 298 285
1.5 3.0 3.1 3.3 16.6 169 173 357 337 324
_ 0.5 44 4.2 40 192 19.2 189 256 247 262
Ethephon 1.0 3.8 3.5 3.3 17.2 16.2 16.0 333 365 375
1.5 3.2 3.0 2.8 16.5 15.4 15.1 360 396  41.0
0.5 43 3.7 35 18.8 18.3 18.0 27.1. 282 297
Salicylic acid 1.0 3.5 2.5 2.4 17.0 15.6 15.4 34.1 38.8 39.8
1.5 2.9 19 17 16.4 15.0 14.9 369 412 418
Uncontrotled 0.0 6.1 6.2 6.1 25.8 25.5 25.6 0.0 0.0 0.0
L.5.D. at 3% 0.8 0.7 1.1 1.3 1.2 13

A = Soil treatment

B = Seedling treatment

C = Foliar treatment
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Table 3. Effect of combination between soil treatment with biotic agents and foliar
treatments with abiotic agents on severity of bacterial spot of tomato, under

artifical inoculation conditions

Foliar treatment . No. 9f Disea.se Disea§ ©
Soil treatment (ppm) mfectlon severity l'Cdl;Cthl‘l
lesion/leaf (%) (%)
P. aeruginosa (Pal) 1.5 11.2 54.8
P. fluorescens (Pf5) Ethephon 1.8 11.9 52.0
P. putida (PP12) {1.5) 2.0 12.2 50.8
Non 3.1 15.7 36.7
P. aeruginosa (Pal) 1.0 9.0 63.7
" P. fluorescens (Pf5) Salicylic acid 1.2 9.7 60.9
P. putida (PP12) (1.5) 1.6 10.8 56.5
Non 23 15.1 39.1
P. aeruginosa (Pal) 38 18.5 254
P. fluorescens (P£3) Untreated 4.1 20.2 18.5
P. putida (PP12) 42 21.0 153
Non 5.9 248 0.0
LSD at 5% 0.7 1.1

seed borne and cause epidemics on to-
mato. Meanwhile, high relative humidity
and warm temperature which favoured
the disease were found, when tomato
plants grown under plastic sheet (Abd El-
Ghafar and Abd El-Wahab, 2001). The
results reported here indicated that appli-
cation of bioagents decreased severity of
bacterial spot of tomato compared with
the control. Application of all bioagents
as soil or seedling treatments were more
effective than foliar treatment in the dis-
ease reduction. Fluorescent pseudomona-
des (P. aeruginosa, P. fluorescens and P.
* putida) isolates were the most effective-
ness and S. griseoviridis isolate was less
effective. Plant growth prometing rhizo-
bacteria (PGPR) isolates could induce

systemic resistance in tomato plants
against the challenge-inoculated pathogen
(X. campestris pv. vesicatoria), when
bioagents isolates were applied as soil
drench treatment. These PGPR could
root-colonizing beneficial bacteria and
the beneficial effects include biological
control and growth promotion (Weller,
1988 and Fravel and Engelkes, 1994
and Wilson ef al 20603). Induced
systemic resistance (ISR) is based on
plant defense mechanism that are acti-
vated by inducing agent as PGPR
(Kioepper et al 1992), or ISR, once ex-
pressed, activates multiple potential
defense mechanisms that include in-
creases in activity of several defense, and
pathogensis related protein (Lawton and
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Lamb, 1987) enzyme phytoalexins (Kuc

and Rush, 1983).

Application of Bion, ethephon and
salicylic acid as abiotic agents reduced
severity of bacterial spot of tomato com-
pared with the control. Application of
Bion as soil or seedling treatments was
more effectiveness than foliar treatment
and at the same time application of
ethephon or salicylic acid foliar treatment
was more effectiveness than soil or seed-
ling treatments in the disease reduction.
Palva et al (1994) suggested that three
possible ways for salicylic acid capability
to induced resistance to some pathogenic
bacteria. These are
(1) Salicylic acid could directly affect to

bacteria as a chelating agent.

(2) Satlicylic acid could act as inducer of
plant defence compound such as
pathogenesis-related proteins.

(3) The inhibition could be a combination
of both effects. However, salicylic
acid has been established as a putative
signal molecule that induces plant de-
fense and systemic acquired resistance
(SAR).

Increasing doses of previously abiotic
agents (Bion, ethephon} led to increase
their effectiveness on the disease. In-
duced systemic resistance (ISR) would
give results that susceptible cultivars be-
come resistant to pathogens and resistant
cultivars become more resistant. Many
“biochemical and soil changes occur dur-
ing (ISR) i.e. pathogenesis-related protein
(PR proteins). Acidic PR proteins includ-
ing acidic B 1,3-glucanase and chitinase
are secreted into intercellular space,
where they would be encounted and- act
against fungal and/or bacterial pathogens
at an early stage of the infection process.
Bacic B 1,3-gluconase and chitinase ac-
cumulate in the vacuole, may interact

with pathogens at a later stage of infec-
tion during host cell deterioration (Kuc,
1995 and Weingart ef al 2061).

Combination between fluorescent
pseudomonads (P. aeruginosa, P. fluo-
rescrie and P. putiday isolates as soil
treatment and abiotic agents (ethephon
and salicylic acid)} as foliar treatment
greatly decreased severity of bacterial
spot of tomato, compared with the con-
trol. Interaction between P. aeruginosa
and salicylic acid gave the highest value
of discase reduction. Biotic and abiotic
agents caused phytoalexin synthesis and
accurnulation.  Specificity with phy-
toalexin probably resides in the regulation
of the rapidity and magnitude of their
synthesis and accumulation and this is
under genetic control of host and patho-
gen. As with phytoalexins suggested de-
fense compounds produced by a given
plant (lignin, phenolic, cross-linked cell
wall poilymerase, hydroxy prolin rich
glycoproteins, callose, thionins, chilinase,
B 1,3-glucanase and peroxidases-related
proteins) can be produced equally well by
susceptible and resistance cultivars giving
the proper conditions for elicitatiopn (Ye
et al 1993, Wilson and Bachman, 1999
and Zayed ef al 2004).
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