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Abstract: Isolation trials from pepper leaves showing bacterial spot collected from Giza, Kalubia and Behera governorates
yielded 13,12,9,6 isolates of Bacillus subtilis, Pseudomonas spp., Xanthomonas campestris pv. vesicatoria and P. fluorescens,
respectively. The isolated strains of X.c. pv. vesicatoria were yellow Gram negative of short rods and produced
Xanthomonadins and the other identification criteria proved that these isolates are X.c. pv. vesicatoria. Pathogenicity test of
these isolates on Balady pepper cv. indicated that all of them were pathogenic and isolate No.3 of Kalubia governorate resulted
in the highest infection. P. putida was most efficient bioagent in inhibiting of the pathogenic bacterium followed by P.
fluorescens, while B. subtilis was the lowest efficient one. The fungicide Efdal Bakirox was the most efficient one in inhibiting
growth of the causal bacterium on the medium more than the fungicides Roxil and Tango. The fungicide Tango and Roxil
failed to cause any inhibition to the causal bacterium at 100 ppm. Field experiments during 2014 and 2015 growing seasons
revealed that spraying pepper plants with the tested bioagents and the fungicides four times resulted in significant reduction to
the severity of the natural infection by the causal bacteriaum with significant increase to the produced fruit pods compared with
the control. The tested fungicides were more efficient in this regard than the bioagents. Roxil was the most efficient treatment
in reducing the severity of the disease and increasing the produced pod yield. Meanwhile, the bioagent B. subtilis was the
lowest efficient treatment and the other treatments recorded intermediate figures. Total phenols and vitamin-c content as well
as the activity of chitinase, peroxidase and polyphenoloxidase in pepper leaves infected by X.c.pv. vesicatoria were greatly
lowered in the infected leaves compared with the uninfected leaves and the tested bioagents and fungicides resulted in
considerable increase to these chemicals compared with the infected leaves.
Keywords: Pepper, Bioagents, Fungicides, Enzymes, Management, Phenols,
Vitamin-C and Xanthomonas campestris pv. vesicatoria

1. Introduction
Pepper (Capsicum annum L.) is one of the most important
and favorable Solanaceaus cops grown in Egypt for local
consumption and exportation. It is reach in vitamin-c and
other mineral nutrition’s, but liable to infection by bacterial,
fungal, viral and viral like organisms in addition to
physiological disorder and nematodes (Pernezny et al.,
2003). However, bacterial diseases, especially bacterial spot
caused by Xanthomonas campestris pv. vesicatoria (Doidge),
Dye (Xanthomonas axonopodis pv. vesicatoria) is the most

serious disease worldwide (Marco and Stall, 1983; Ward and
O’Garro, 1992; Pernezny and Collins,1997; Gore and
O'Garro, 1999; Pernezny et al., 2003; Gupta and Durga, 2011
and Li et al., 2015).
Symptoms of leaf spot of pepper caused by X.c. pv.
vesicatoria appear as water-soaked spots that change from
green to dark-brown as infection progresses. The spots or
lesions are often surrounded by yellow zones called halos.
The size of lesions is fairly variable. On some cultivars,
leaves may display several small lesions (0.25 to 0.5 cm)
covering over 80% of leaf area, whereas on others fewer
large lesions (larger than 0.5 cm) may be visible. In some

42 Eman O. Hassan and Marwa A. Zyton: Management of Bacterial Spot of Pepper Caused by Xanthomonas campestris pv. vesicatoria

cases a combination of small and large lesions may be found
on the leaves. Fruit can also be infected by bacteria and show
symptoms similar to those exhibited by leaves. The
appearance of the symptoms on leaves and fruit is influenced
by several factors, including the cultivars, strain of the causal
bacterium and environmental conditions. As a result of
severe infection on the plants defoliation can occur. The
disease affects stems, leaves and fruits and causes significant
losses when environmental conditions are suitable for the
pathogen (Diab et al., 1982 and Pernezny et al., 2003).
The disease may be distributed in different localities in
Egypt, due to cultivation of different exotic hybrids and
cultivars of pepper and tomato from foreign countries, where
the disease is well known to be seed borne and causes
epidemic infection on both plants. High relative humidity and
warm temperature are favorable for the development of the
disease, especially when these plants are grown under plastic
tunnels or houses (Jones et al., 1991 and Abolmaaty and Abd
El-Ghafar, 2010).
Bashan et al. (1982) mentioned that X. c. pv. vesicatoria
developed as endophytes in the leaves and rhizosphere of
apparently symptomless plants grown under mist, but not
under dry conditions. The causal bacterium enters plant
tissue through wounds and natural openings such as stomata
on leaves. In warm weather and under moisture conditions
such as those provided by prolonged light rainfall, high
relative humidity (higher than 85%), or overhead irrigation,
populations of the bacterium can reach high levels and cause
severe infection. As a result of the severe infection plant
defoliation can occur with high yield loss (Pernezny et al.,
2003).
Resistance to plant disease is supposed to be a dynamic
and multifactorial process. It is assumed that plant defense
response can be activated by specific recognition of some
microorganisms by the plant. There may be whole organisms
or products secreted by microorganisms under the influence
of which plants initiate defense response (Albersheim et al.,
1978 and Akram et al., 2013].
The use of Bacillus and Pseudomonas spp. as bioagents
increase the activity of some enzymes such as chitinase,
peroxidase and polyphenol oxidase, which play an important
role in plant defense mechanisms against plant pathogens (Li
et al., 2009 and 2015).

2. Materials and Methods
2.1. Isolation, Purification and Identification of the
Associated Bacteria
The infected leaves collected from Giza, Kalubia and
Behera governorates were thoroughly washed with tap water
to remove soil debris and then air dried. Bacterial lesions
were then cut and surface disinfected by first dipping in 95%
ethanol for 5 s, then sodium hypochlorite solution 1.25% for
20 s followed by two successive rinses in sterile water. Each
lesion was homogenized in 0.2 ml sterilized distilled water
using a sterile Hun and pestle. The homogenate was then

streaked onto nutrient medium. Five colonies from each
lesion were randomly selected and retained. The associated
bacterial colonies were purified and identified using the
description of Parry et al. (1983) and Holt and Krieg (1984).
Also, the identification of X. campestris pv. vesicatoria was
confirmed by testing for Xanthomonad determinative
characteristics (Table, 3) including (using of standard
bacteriological methods (Schaad et al.,2001). Tests were
conducted twice on a random sample of the isolates of the
pathogen. Identity of the pathogen was confirmed by testing
the sample for pathogenicity on pepper (cv. Balady) as
previously described by OʼGarro and Tudor (1994).
2.2. Pathogenicity Test of the Tested Isolates of X. c. pv.
vesicatoria
Pepper seedlings (cv. Balady), of one month old,
apparently free from any infection by any disease (grown in
Foam trays in a plastic house) were transplanted in pots (25
cm. in diameter) filled with formalin disinfested soil. Two
transplants were transplanted in each pot.
The tested 9 strains of X.c. pv. vesicatoria were grown on
nutrient medium for 48 h at 28±2°C. The bacterial cells were
suspended in sterile distilled water and centrifuged at 3000
rpm/min for 30 min. The pellets were re-suspended in
distilled water and adjusted to the density of 108 cfu / ml.
Pepper plants (one month before transplanting) were
artificially inoculated with 1 × 108 CFU ml−1 of the tested
strains using sterilized plastic sprayers. Other pepper
seedlings were sprayed with distilled water only as control
treatment. The inoculated plants were put under plastic
cadges for two days to maintain high relative humidity
responsible for success the infection. The incidence of the
infection by the tested strains was recorded 14 days after
inoculation with the tested strains on randomly 10 leaflets of
pepper plants for each treatment. Also, disease severity was
assessed based on the disease rating scale from 0 to as
described by (0-7) by Horsfall and Barratt (1945).
2.3. Management of the Disease
2.3.1. In Vitro Experiment
The antimicrobial substances of three bioagents
(occasionally isolated from pepper leaves) and three fungicides
were evaluated against X. c. pv. vesicatoria in vitro.
The bioagents, B. subtilis, P. fluorescens and P. putida
were screened in vitro against X.c. pv. vesicatoria. The
bacterial suspension of the tested bioagents was adjusted to
108 cfu ml-1 (Optical Density 660 = 0.06), which grew for 48
h at 28±2°C.
The fungicides, i.e. Efdal Bakirox 50% (copper
oxchloride; 300g/100 L), Roxil 50% (metalaxil 15% +
copper hydroxide 53.9%; 150 g/100 L) Tango 23% (copper
sulphate 8%+ sulfur 28%; 250ml / 100 L water);. The
concentrations were determined by the broth macro dilution
method in 2 ml of nutrient medium. and the concentrations of
each fungicide were prepared at 100, 250 and 500 ppm
depending on their active ingredient. Double distilled sterile
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water was used as control.
The pathogenic bacterium was cultured in a 100 ml conical
flask containing 40 ml of nutrient broth at 28±2°C for 2 days
on a shaker at 150 rpm. One ml of the bacterial suspension was
mixed with 15 ml of molten nutrient agar medium, just before
solidification and poured in each sterile Petri dish (90 mm in
diameter). A Sterile filter paper discs (6 mm in diameter) were
immersed in the preparation of any of the tested bio agents or
fungicides. Four disks saturated with any of the tested
treatments were put on each inoculated Petri-dish with the
pathogenic bacterium. The plates were incubated at 28±2°C
for 2 days. The diameter of the inhibition zone formed around
the disc was measured. Each treatment was replicated 5 times
and the results were averaged.
2.3.2. Field Experiments
Field experiments were carried out at the experimental
farm of Fac. Agric. at Moshtohor, Benha Univ., Kalubia
governorate during 2014 and 2015 growing seasons, where
bacterial leaf spot caused by X. campestris pv. vesicatoria is
annually appear with severe infection.
The land was prepared for planting pepper (cv. Balady) by
diving the land into plots of 10.5 m2 (3.5 width x3 m long of five
rows). Pepper seedlings (one month old), apparently free from
any infection by any disease grown in Foam trays in a plastic
house were transplanted in the presence of water irrigation on
one side of the row at 50 cm. between each to transplants during
April, of each season respectively. The grown plants received all
the recommended agricultural practices as recommendation of
Min. of Agric. and Land Reclamation and left to the natural
infection by the causal bacterium.
The preparations of the bioagents, B. subtilis, P.
fluorescens and P. putida (1x108 cfu/ml. water) and the
fungicides Efdal Bakirox 300 g./100 L water), Roxil (150 g./
100 L water) and Tango (150 g./ 100 L water) were sprayed
on the grown plants four times beginning of mid of August of
each season, at beginning of appearing the symptoms of the
natural infection with two weeks interval. The adherent
material super film (50 ml./ 100 L water) was added to the
sprayed plants to adhere and spread these material on the
treated plants.
Disease severity was determined by counting lesions on
each of 50 randomly sampled leaflets per replicate 10 days
after each spray and the average was recorded using the
devised scale (0-7) by Horsfall and Barratt (1945).
2.4. Biochemical Associated with the Infection by the
Causal Bacterium
2.4.1. Estimation of Total Phenolic Compounds
One gram of pepper leaves sample was extracted with 10
ml of 80% methanol at 70°C for 15 min. Reaction mixture
was containing 1 ml of methanolic extracts, 5 ml of distilled
sterilized water, and 250 µl of Folin–Ciocalteau reagent (1N).
This solution was kept at 25°C. The absorbance of the
developed blue color was measured using a
spectrophotometer at 725 nm. Gallic acid was used as the
standard. The amount of phenolic compounds was expressed
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as mg gallic acid per g plant material (Zieslin and BenZaken, 1993).
2.4.2. Determination of Vitamin-C
Vitamin-C or ascorbic acid method (A.O.A.C., 1975) is
based on measurement of the extent to which a 2,6dichlorophenol-indophenol dye solution is decolorized by the
presence of ascorbic acid.
Procedure:
Two dry test tubes, pipette the requisite volume of sample
or standard ascorbic acid solution and make up to 5 ml with
2% HPO3. Add 10 ml of the dye solution (0.02%) with rapid
delivery pipette, shake and take the reading within 15-20 sec.
Measure the red color at 518 nm against blank consisting of 5
ml 2% HPO3 and 10 ml of water.
2.4.3. Determination of Chitinase Activity
a. Substrate preparation:
Colloidal chitin was prepared according to Bade and
Stinson (1981) as follows: 4.0 gm of purified chitin powder
(sigma) was suspended in 100 ml water at 4°C and stirred in
cold. concentrated H2SO4 (30 ml)at 4°C was added drop wise
to the suspension. The cold viscous chitin solution was
filtered through glass wool into 1800 ml ice-cold 50%
ethanol with rapid stirring. The precipitated colloidal chitin
was washed with distilled water to pH 5. It was buffered with
phosphate buffer (pH 6.5, 0.2 M) before use as substrate.
b. Enzyme assay:
The reaction mixture according to Ishaaya and Casida
(1974), with some modifications consisted of: 1 ml
phosphate buffer (0.2 M, pH 6.5), 200 ml 0.5% colloidal
chitin and 200 ml enzyme solution. After 1.5 hour incubation
at 37°C,. Enzyme activity was terminated by boiling test tub.
Undigested chitin was sediment by centrifugation for 15 min
at 8.000 r.p.m.. The supernatant was taken for determination
of N-acetyl glucose amine that produced as a result of chitin
digestion by chitinase.
2.4.4. Determination of Peroxidase
Peroxidase activity was determined according to Vetter et
al. (I958).
The sample (200µl), in which the color is to be formed, the
following reagents are added:
1 ml. of 1% o-phenylenediamine (in 95%ethyl alcohol;
fresh every 4 hours)and 1 ml of 0.3% hydrogen peroxide (in
distilled water). The reaction is allowed to proceed for 5
minutes at which time it is stopped by adding 2 ml of
saturated sodium bisulfate.
The reagent blank for each sample is prepared by adding
the dye, followed by the sulphite, and then the hydrogen
peroxide. The enzyme is inhibited by the sulfite so that it is
inactive when the hydrogen peroxide is added.
The starch in the sample and the blank is flocculated by
adding 25 ml of 95%ethyl alcohol. The starch suspension
must be swirled continuously during addition of alcohol, so
that good flocculation occurs.
The samples were then centrifuged at approximately 3000
r.p.m. for 5 minutes. The clear supernatant is decanted into a
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colorimeter tube and its absorbance recorded at 430 mµ. The
colorimeter is set at 100% transmittance with the
corresponding blank for each sample.
The enzyme activity was expressed as the change in
absorbency at 430 m(∆OD430)/minute/gm fresh weight.
2.4.5. Determination of Polyphenoloxidase Activity
Polyphenoloxidase activity was determined according to a
modification of Ishaaya (I971), in a reaction mixture consisting
of 0.5 ml phosphate buffer (0.1 M, PH 7), 200 µl enzyme
solution and 200 µl catechol solution (2%). Prior to the
initiation of the reaction, the substrate and other ingredients of
the reaction mixture were separately incubated at the optimum
temperature of the reaction (25°C). Enzyme reaction was
initiated by adding catechol solution. then after exactly 1 min,
the optical density was determined. Zero adjustment was
against sample blank. The phenol oxidase activity was
determined as O.D. units ×10 3 at an absorbency of 405 nm.
2.5. Disease Assessment
Disease severity ratings were recorded using assessing
lesion numbers on 10 leaflets in case of pathogenicity test
and 50 in case of field experiments of disease management
using the Horsfall- Barratt scale (Horsfall and Barratt, 1945)
as in Table (1).
Table 1. Scale ranging content eight degrees from 0-7.
Rating
0
1
2
3
4
5
6
7

No. of spots
0
1-10
11-20
21-30
31-40
41-50
51-60
>61

Where:
n = Number of infected leaves in each category.
v = Numerical values of each category.
N = Total number of the infected leaves.
2.6. Statistical Analysis
Data were statistically analyzed using the standard
procedures for complete randomize block and split designs as
mentioned by Snedecor and Cochran (1989). The averages
were compared at 5% level using least significant differences
(L.S.D) according to Fisher (1948).

3. Results
3.1. Isolation and Frequency of the Isolated Bacteria from
Pepper Leaves Showing Leaf Spot
Isolation trials from pepper leaves showing bacterial spot
yielded 50 bacterial isolates, Table (2). The isolated bacteria
were purified and identified as Bacillus spp., Pseudomonas
spp., P. fluorescens and Xanthomonas campestris pv.
vesicatoria, being 13, 12, 6 and 9 isolates, respectively. The
frequency of the isolated bacteria was not greatly differed in
the three governorates, i.e. Giza, Kalubia and Behera, being
14, 13 and 13 isolates respectively.
3.2. Confirmation the Identification of X. campestris pv.
vesicatoria

Description
Represented a sparse plant canopy
Necrotic spots on the leaves/plant
Necrotic spots on the leaves/plant
Necrotic spots on the leaves/plant
Necrotic spots on the leaves/plant
Necrotic spots on the leaves/plant
Necrotic spots on the leaves/plant
lack of epinasty on new growth

The 9 strains of the presumptive pathogen were yellow
Gram negative of short rods producing Xanthomonadins, Table
(3) shows the following the tested isolates were positive for
growth on potato sucrose peptone agar medium, gas of
glucose, relation to o2, starch hydrolysis and catalase activity,
but negative for KOH 3%, pigment in K. B, utilization of
arabinose, gas of arabinose, utilization of glucose, utilization
of maltose and gas of maltose. The strains also induced typical
bacterial spot lesions on Balady pepper cultivar.

Disease severity was assessed as follows:
Disease severity % = £ (nxv) / 7 N X 100

Table 2. Frequency of the isolated bacteria from pepper leaves collected from three governorates, during 2013 growing season.
Frequency of the isolated bacteria from
Giza
Kalubia
Behera
4
3
6
5
4
3
3
2
1
2
4
3
14
13
13

The isolated bacteria
Bacillus spp.
Pseudomonas spp.
P. fluorescens
X.c. pv. vesicatoria
Total

Total

%Frequency

13
12
6
9
50

26
24
12
18
--

Table 3. Tests carried out for the identification of 9 isolates of X.c.pv. vesicatoria.
Identification test
KOH 3%
Gram reaction
Size
Growth on PSPA (potato sucrose
peptone agar)
Spore
Pigment in K. B
Yellow pigment
Utilization of arabinose

Isolates of X.c. pv. vesicatoria
Giza. 1 Giza. 2 Kalubia. 3
short
Short
short

Kalubia. 4
Short

Kalubia. 5
short

Kalubia. 6
short

Behera. 7
Short

Behera. 8
short

Behera. 9
short

+

+

+

+

+

+

+

+

+

+
-

+
-

+
-

+
-

+
-

+
-

+
-

+
-

+
-
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Identification test
Gas of arabinose
Utilization of glucose
Gas of glucose
Utilization of maltose
Gas of maltose
Relation to o2
Starch hydrolysis
Catalase activity
Another bacterial genera

Isolates of X.c. pv. vesicatoria
Giza. 1 Giza. 2 Kalubia. 3
+
+
+
+
+
+
+
+
+
+
+
+
X
X
X

Kalubia. 4
+
+
+
+
X

3.3. Pathogenicity Test of the Tested Isolates of X. c. pv.
vesicatoria
Table (4) shows pathogenicity test of the 9 isolates of X.c.pv.
vesicatoria on Balady pepper cv. Results indicate that X.c.pv.
vesicatoria isolate No.3 of Kalubia governorate resulted in the
highest incidence of the infection to the leaves of the inoculated
pepper plants, being 51.7% as well as disease severity, being
12.9%. Meanwhile, isolate No.2 of Giza governorate resulted in
the lowest incidence and severity of the infection, being 36.2
and 7.8%, respectively. The other isolates caused intermediate
figures of incidence and severity of the disease. No infection
was observed on the un-inoculated pepper plants.
Table 4. Pathogenicty test of the 9 isolates of X.c.pv. vesicatoria on pepper
plants (cv.Balady), greenhouse experiment.
The tested isolates
Giza-1
Giza-2
Kalubia-1
Kalubia-2
Kalubia-3
Kalubia-4
Behera-1
Behera-2
Behera-3

% Disease incidence
42.8
36.2
39.4
38.8
51.7
39.0
37.8
38.3
38.8

% Disease severity
9.8
7.8
8.5
8.1
12.9
8.3
7.8
8.0
8.1

* No infection was observed on the un inoculated pepper plants.

3.4. Inhibitory Effect of Some Bioagents and Fungicides on
the Causal Bacterium
The inhibitory effect of three bioagents and three fungicides
on the causal bacterium is shown in Tables (5 and 6).
Results reveal that the three tested bioagents, i.e. B.
subtilis, P. fluorescens and P. putida and fungicides, i.e. Efdal
Pakirox, Raxil and Tango caused great inhibition to the
causal bacterium comparison with the control treatment.
The bacterium P. putida was the most efficient bioagent
followed by P. fluorescens and B. subtilis which were the lowest
efficient, being 3.4, 2.9 and 1.9 mm., respectively (Table, 5).
Table 5. Inhibition effect of three bioagents (1x108 cfu/ml) on X.c.pv.
vesicatoria., two days after incubation at 28± 2º.
Treatments
B. subtilis
P. fluorescens
P. putida
Control
L.S.D. at 5%

Inhibition zone (mm)
1.9
2.9
3.4
0.0
1.5

Kalubia. 5
+
+
+
+
X

Kalubia. 6
+
+
+
+
X
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Behera. 7
+
+
+
+
X

Behera. 8
+
+
+
+
X

Behera. 9
+
+
+
+
X

Table 6. Inhibition effect of three fungicides at different conc. on growth of
X.c. pv. vesicatoria, two days after incubation at 28± 2º.
Treatments
Efdal Bakirox

Roxil

Tango
Control
L.S.D. at 5%

Concentration (ppm)
100
250
500
100
250
500
100
250
500
0.0

Inhibition zone (mm)
1.9
2.9
3.8
0.0
0.2
0.4
0.0
0.0
0.2
0.0
1.8

The fungicide Efdal Bakirox was the most efficient and
superior one in inhibiting the causal bacterium more than the
fungicides Roxil and Tango (Table, 6). In addition, the
fungicide Tango failed to cause any inhibition to the causal
bacterium at 100 and 250 ppm and caused low inhibition at
500 ppm. (0.2 mm). Also, the fungicide Roxil failed to cause
any inhibition to the causal bacterium at 100 ppm. and
caused low inhibition at 250 and 500 ppm., being 0.2 and 0.4
mm., respectively.
3.5. Effect of Three Bioagents and Three Fungicides on
Management of Pepper Leaf Spot and the Produced
Fruit Yield
Data of the field experiments on managing pepper leaf
spot during 2014 and 2015 growing seasons are shown in
Table (7).
Table (7) indicates that spraying pepper plant with the
tested bioagents, i.e. B.subtilis, P. fluoresence and P.
putida and fungicides Efdal Bakirox, Roxil and Tango
four times resulted in significant reduction to the severity
of the natural infection by bacterial spot caused by X.c.pv.
vesicatoria with significant increase to the produced fruit
yield compared with the control. In general, the tested
fungicides were more efficient in this regard than the
bioagents. In addition, Roxil was the most efficient
treatment in reducing the severity of the disease (1.8%)
and increasing the produced pod yield (22.4 kg./plot of
10.5 m2). Meanwhile, the bioagent B. subtilis was the
lowest efficient treatment, being 6.4% and 19.1 Kg.,
respectively. The other treatments recorded intermediate
figures. The plants of the control recorded 23.1% and 17.3
Kg., respectively.
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3.6. Biochemical Changes Associated with the Infection by
Bacterial Leaf Spot
Data presented in Table (8) reveal that total phenols and
vitamin-c content as well as the activity of chitinase,
peroxidase and polyphenoloxidase in pepper leaves infected
by X.c.pv. vesicatoria were greatly higher in the infected
leaves compared with the uninfected leaves. In this respect,
bioagent the P. putida resulted in the highest increase in the
total phenols (245.33 ug GAE/g fresh weight), the content of
vitamin-c (659.33 ug A.A./g fresh weight) and the activity of
the enzyme chitinase (2123.67 ug NAGA x 103/min/g fresh
weight) compared with the other treatments. Meanwhile, the
fungicide Efdal Bakirox resulted in the lowest increase in the
activity of the enzymes of peroxidase and polyphenoloxidase,

being 571.33 and 617.0 ug NAGA x 103/min/g fresh weight,
respectively compared with the other treatments. On the
other hand, the fungicide Tango resulted in the highest
increase in the total phenols (1256.67 ug GAE/g fresh
weight), the activity of the enzyme chitinase (1238.33 ug
NAGA x 103/min/g fresh weight) and the enzymes of
polyphenoloxidase (292.0 ug NAGA x 103/min/g fresh
weight) compared with the other treatments. The fungicide
Roxil and the bioagent B. subtilis resulted in the highest
increase in of vitamin-c (319.33 ug A.A./g fresh weight) and
the activity of the enzyme polyphenoloxidase (292.0 ug
NAGA x 103/min/g fresh weight). Uninfected plants by the
causal bacterium recorded high figures for total phenols,
vitamin-c and the three enzymes.

Table 7. Effect of three bioagents and fungicides on management of pepper leaf spot and the produced fruit yield, field experiments at the experimental farm of
Fac. Agric. at Moshtohor, Kalubia governorate during 2014 and 2015 growing seasons.
%, Disease severity during
2014
2015
6.2
6.6
5.0
5.3
5.0
5.5
3.0
3.2
1.7
1.9
2.1
2.4
23.8
24.3
6.7
7.0

Treatment
B. subtilis
P. fluorescens
P. putida
Efdal Bakirox
Roxil
Tango
Control
Mean

Mean
6.4
5.2
5.3
3.1
1.8
2.3
23.1
---

Average weight of the pods / plot (10.5m2)
2014
2015
19.2
18.9
20.7
20.1
21.5
20.7
22.3
21.1
22.9
22.0
22.7
21.1
17.5
17.0
20.4
18.6

Mean
19.1
20.4
21.1
21.7
22.4
21.9
17.3
---

LSD at 5% for: Treatments (T) = 2.1 1.9
Season(S) = n.s. 1.6
T X S = 2.8 3.1
Table 8. Estimation of total phenols and vitamin-c content as well as the activity of chitinase, peroxidase and polyphenoloxidase in pepper leaves infected by
X.c.pv. vesicatoria.
Treatment
B.subtilis
P.fluorescens
P. putida
Efdal Bakirox
Roxil
Tango
Control *
Control **

Total phenols
(ug GAE/g fresh
weight)
1930.67
1759.67
2450.33
2359.00
1554.00
1256.67
1207.78
2510.67

Vitamin C
(ug A.A./g fresh
weight)
467.33
500.67
659.33
584.00
319.33
431.33
298.65
672.00

Chitinase
(ug NAGA x 103/min/g
fresh weight)
1917.00
1741.67
2123.67
2100.00
1353.33
1238.33
1200.21
2157.00

Peroxidase
(∆ 405 O.D.x103/min/g
fresh weight)
313.00
365.67
495.67
571.33
421.00
330.33
298.07
589.33

Polyphenoloxi-dase
(O.D. unitsx103/min/g fresh
weight)
536.67
417.00
542.67
617.00
314.33
292.00
278.90
647.67

* Infected plants by the causal bacterium, ** Uninfected plants by the causal bacterium.

4. Discussion
Symptoms of pepper leaf spot caused by Xanthomon
campestres pv. vesicatoria appear as water-soaked spots that
change from green to dark-brown as infection progresses.
The spots or lesions are often surrounded by yellow zones
called halos. The size of lesions is fairly variable. On some
cultivars, leaves may display several small lesions (0.25 to
0.5 cm) covering over 80% of leaf area, whereas on others
fewer large lesions (larger than 0.5 cm) may be visible. In
some cases a combination of small and large lesions may be
found on the leaves. A general yellowing may occur on
infected leaflets and often leads to premature defoliation.

Stem lesions are narrow, elongated and raised expanding up
to 6 mm. The lesions become light brown and rough in
appearance. Fruit lesions are prominent beginning as green
spots. As a spot enlarges, it becomes brown in color, and
raised with cracked, roughened, wart-like appearance. The
lesions range in size, up to 5 mm. in diameter. During periods
of high moisture, fruit rot may develop around the lesions
(Roberts et al., 2004). Affected fruit may not be marketable.
The disease agent survives on pepper seeds (Bashan et al.,
1982), volunteer plants, plant debris, and weeds as epiphytes,
as well as on pepper leaves (Jones et al., 1991).
Isolation trials from pepper leaves showing typical
symptoms of bacterial spot collected from Giza, Kalubia and
Behera governorates yielded 50 bacterial isolates. The
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isolated bacteria was purified and identified as Bacillus spp.,
Pseudomonas spp., P. fluorescens and Xanthomonas
campestris pv. vesicatoria. The frequency of the isolated
bacteria was not greatly differed in the three governorates.
Identification of the isolated 9 bacterial strains proved to
be Xanthomonas campestris pv. vesicatoria. Identification of
the 9 strains was initially confirmed by morphological,
biochemical and physiological tests as described by (Schaad
et al., 2001). The causal bacterium was isolated by may
authors from pepper plants showing bacterial leaf spot
(Bashan and Okon, 1986; Jones et al., 1991; Mirik et
al.,2007 and 2008 and Ju-Hee et al., 2015).
Results of pathogenicity test indicated that X.c.pv.
vesicatoria isolate No.3 of Kalubia governorate resulted in
the highest incidence and severity of the infection to the
inoculated pepper plants meanwhile, isolate No.2 of Giza
governorate resulted in the lowest incidence and severity of
the infection. Mirik et al. (2007) reported that a total of 67
bacterial strains were isolated and purified. In pathogenicity
tests, pepper plants inoculated with bacterial suspensions of
the 67 strains and reference strains (GSPB 224) gave
characteristic bacterial spot symptoms on pepper leaves in 7
to 14 days. No symptoms appeared on negative control
plants. All strains were pathogenic on pepper plants cv. Bursa
Yaglik. Re-isolations made from artificially infected plants
yielded the bacterium originally inoculated.
X. c. pv. vesicatoria is widespread and damaging to pepper
and tomatoes in field-grown crops in warm-temperate and
tropical countries, especially under overhead irrigation.
Losses of fruit yield are greatest when infection occurs early
(Bashan and Okon, 1986). The fruits rarely show symptoms,
but may drop if infected early. But, the damage of the leaves
tends to expose fruits to the sun and increasing sunscald.
Field experiments during 2014 and 2015 growing seasons
indicated that spraying pepper plant with the tested
bioagents, i.e. B.subtilis, P.fluoresence and P.putida and
fungicides Efdal Bakirox, Roxil and Tango four times
resulted in significant reduction to the severity of the natural
infection by bacterial spot caused by X.c.pv. vesicatoria with
significant increase to the produced fruit yield compared with
the control. In general, the tested fungicides were more
efficient in this regard than the bioagents. In addition, Roxil
was the most efficient treatment in reducing the severity of
the disease and increasing the produced pod yield.
Meanwhile, the bioagent B. subtilis was the lowest efficient
treatment and the other treatments recorded intermediate
figures.
Regarding bioagents, Byme et al. (2005) found that under
field experiments the highest mean reductions in severity of
bacterial spot on foliage, averaged across all locations, were
provided by P. syringae Cit7 and Pseudomonas putida B56].
They added that unfortunately, neither the bacterial strains
nor the standard copper bactericides consistently reduced
disease incidence on fruit.
Mirik et al. (2008) reported that bacterial leaf spot
development was decreased by 11-62 and 38-67% in pepper
plants inoculated with the 3 Bacillus strains alone and in
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combination, respectively, in greenhouse and field
experiments. Also, they found the Bacillus species were
important agents for decreasing disease development through
increasing biological activity They added that disease
severity was decreased by Bacillus strains in the field
experiments, where about 38-67% reduction in disease
development was observed.
According to Salerno and Sagardoy (2003), it was found
that B. subtilis 210 was resistant to rifampicin at 20 µg ml- 1
and showed the highest degree of antibiosis against
Xanthomonas campestris pv. glycines under greenhouse
conditions. Also, members of multiple Bacillus species are
known as very efficient producers of antibiotic molecules. B.
subtilis has an average of 4-5% of its genome devoted to
antibiotic synthesis and has the potential to produce more
than two dozen structurally diverse antimicrobial compounds
(Stein, 2005). According to Salerno and Sagardoy (2003), it
was found that B. subtilis 210 was resistant to rifampicin at
20 µg ml-1 and showed the highest degree of antibiosis
against Xanthomonas campestris pv. glycines under
greenhouse conditions.
Copper bactericides have provided control of coppersensitive strains, although the presence of copper-tolerant
strains makes control with copper compounds extremely
difficult. Copper-tolerant strains are more effectively
controlled by the combination of a copper bactericide and
mancozeb or maneb (Stall et al., 1986).
Fixed copper is often in combination maneb and
mancozebn have been the principle chemicals for managing
bacterial spot caused by X.c.pv. vesicatoria on pepper (Mirik
et al.,2007). Similar results were obtained by Marco and
Stall(1983); Mc Carter (1992) and Ju-Hee et al.(2015).
Wilson et al. (2006) mentioned that foliar bacterial
biological control agents and plant growth promoting
rhizobacteria (PGPR) have been tested for control of
bacterial spot of tomato. In field trials foliar biological
control agents and PGPR strains controlled bacterial spot
although they provided variable results. PGPR strains may
induce plant resistance under field conditions, providing
effective suppression of bacterial spot of tomato. As a
result of that study, there may be some benefit for
integrating rhizosphere-applied PGPR and foliar-applied
biological control agents into a bacterial spot management
program.
Ascorbic acid, or vitamin C, is the most common sulfite
alternative. It acts as a reducing agent, preventing quinone
accumulation by reducing it back to the original phenolic
form before they are able to polymerize and form pigments
(Queiroz et al., 2008).
It has been found that the obtained data revealed that total
phenols and vitamin-c content as well as the activity of
chitinase, peroxidase and polyphenoloxidase in pepper leaves
infected by X.c.pv. vesicatoria and treated with the tested
bioagents and fungicides were greatly higher than those of
the infected plants and untreated with any treatment
The obtained data revealed that spraying of pepper plants
with the tested bioagents and fungicides resulted in

48 Eman O. Hassan and Marwa A. Zyton: Management of Bacterial Spot of Pepper Caused by Xanthomonas campestris pv. vesicatoria

considerable increased in the activity of chitinase, peroxidase
and polyphenol oxidase. It is known that these enzymes can
play an important role in plant defense mechanisms against
the infection by plant pathogens. Data showed that the
enzymatic activity in treated pepper plants was increased
than those in the control. Many plant enzymes are involved
in defense mechanisms against plant pathogens. Oxidative
enzymes such as peroxidase and polyphenol oxidase enhance
formation of lignin, while other oxidative phenols contribute
in formation of defense barriers for reinforcing the cell
structure (Avdiushko et al., 1993) In addition, experimentally
supported the idea that peroxidase and chitinase play a
defense role against invading pathogens (Yang et al., 2008
and Fan et al.,2016). Also, phenolic compounds are among
the most influential and widely distributed secondary
products in the plants. Such compounds govern disease
resistance in many crop plants. There are many researches
established that higher level of phenolic content was
positively proportional to the degree of plant resistant against
plant diseases.
Phenolic compounds are ubiquitous secondary metabolites
in plants, which are crucial in many aspects of plant life,
especially during their interactions with the environment
(Lattanzio, 2013). Some phenolics play key roles in plant
defense responses to pathogen or insect attacks.
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