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Induction of Systemic ‘Acquired Resistance against
Common Blight of Bean (Phaseolus vulgaris)
Caused by Xanthomonas campestris pv. phaseoli

K.A.M. Abo-Elyousr
Plant Pathol. Dept., Fac. of Agric., Assiut Univ., Egypt,

anthomonas campestris pv. phaseoli was isolated from

naturally blighted leaves of bean plants grown in Assiut
govemorate. The effect of Bion and BioZell-2000 B against common
blight of bean plant was tested. /n vitro studies, both tested
compounds exhibited no inhibitory effect against the pathogen. Under
greenhouse conditions, bean variety “Red Kidney" treated by Bion
and BioZeli-2000 B resulted in marked disease suppression. A high
decrease of the disease rate of 68% and 50% was comrelated with
a reduction in the bacterial population up t0 50 % and 45%,
respectively.
Key words: Bean common blight, Bion, BioZell-2000 B, SAR and

Xanthemonas campestris pv. Phaseoli.

Legume crops play an important role in human nutrition. Bean (Phaseolus
vulgaris) is one of the most important legumes in the world due to its high
commercial value, extensive production, consumers use, and nutritional value, ie.
carbohydrates, protein, minerals, and vitamins (Coyne et al., 1965). it is traditionally
a basic food crop in many developing countries, and it serves as a major plant
protein source in rural and urban areas. Diseases are important constraint affecting
bean yields. Among such diseases, common bacterial blight, caused by
Xanthomonas compestris pv. phaseoli (Xcp) has a particular importance. It is one of
the most destructive bean diseases especially when environmental conditions are
favourable for the pathogen (Yoshii ef al., 1978 and Webster er al., 1983).There is
no adequate chemical control for such disease. However, management practices
such as use of bacteria-free seed, rotation and ploughing of infested straw have been
utilized successfully in the United States of America (Suchuster and Coyne, 1981).
Limited success has been achieved with fungicides application such as Bordeaux
mixture, copper oxychloride, copper sulphate, and antibiotics (Schwartz and Galvez,
1989 and Saettler, 1989). Cost, potential chemical residues, and resistance among
Xcp strains are the known drawbacks of chemical applications. Thus, the use of
resistant bean cultivars to X¢p is economically and technically the most practical
method for effective management of common blight (Coyne et al,, 1973; Yoshii
et al., 1978 and Pastor-Corrales and Abawi, 1988).

Recently, several workers suggested that Bion is a systemic signal responsible
for induction of systemic acquired resistance against certain bacterial, fungal and
viral infection (Anfoka, 2000; Yuying ef al., 2001; Boksh et al., 2003; Anith et al,
2004 and David and Howard 2005). Also, BioZell-2000 B was used as a resistance
inducer against fire blight disease in Germany. (Zeller and Laux 2002 and
Abo-Elyousr et al., 2004).
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The present work was conducted to isolate and identify the causal agent of
common blight disease of bean plants grown in Assiut Governorate and availability
of controlling the discase by using Bion and BioZell-2000 B as resistance inducers.

Materials and Methods

Isolation of causal organism:

Naturally diseased bean plants showing commen blight symptoms were collected
from different localities of Assiut Governorate. They were surface sterilized by
soaking in 2% sodium hypochlerite solution for 2 minutes, rinsed twice in sterile
water, then small portion of the diseased tissues were macerated in 0.06% Na Cl
solutions, after 10 minutes, a loopful of the resulting suspension was streaked over
the surface of the nutrient agar (NA) plates. Plates were incubated at 27°C for 3-5
days and examined for colony development. The single colony technique was
adopted to obtain pure cultures.

Pathogenicity test:

Inoculum was prepared from early log-phase cells which were obtained by
growing the bacterial culture in nutrient yeast extract broth, incubated at 25°C on an
orbital shaker at 200 rpm for 24 h. Bacteria were : ibsequently pelleted by
centrifugation at 15000 rpm for 5 min and washed in 0.1% saline solution. Their
concentration was adjusted to 10® colony-forming units (CFU) by dilution to give
suspensions with an OD 660 of 0.2. The middle leaf vein was injected by 0.1 ml
bacterial suspension (Klement et /., 1990). Check plants were treated similarly with
bacteria-free of 0.1% saline solution. Polyethylene bags covered inoculated plants
for 48 hrs at 25-27°C in the greenhouse and examined daily for disease symptoms.

Identification of the pathogenic bacteria:

The isolated bacterial culture providing to be pathogenic and cause blight
symptoms to bean plants were identified according to their morphological, cultural
and physiological characteristic as a stated in Bergey’s Manual of Systematic
Bactericlogy (Krieg and Holt, 1984).

Plant material:

Greenhouse-grown bean variety “Red Kidney” was used for all experiments.
Plants were grown in 20 cm pots in a soil mix containing sand, and a slow-release
fertilizer 1 % N.P.K (12: 4: 6) in a conditioned greenhouse at 25+5°C with 68-80%
RH. 5000-14000 lux light and watered when necessary.

Agar diffusion test:

For agar diffusion test, King's Medium (KB) was used according to Zeller and
Brulez (1987). A suspension of Xep isolate No. 1 was spread over agar surface, after
drying 0.05% of Bion and BicZell-2000 B were pipetted into 9 mm punches. After 2
days from cultivation at 27°C, inhibition zones were measured. Four replicates were
used for each treatment.
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Application of Bion and BioZell-2000 B:

BioZell-2000 B (50% etheric cil of thyme (Thymbra spicta), 20% oil of Zea
mays, 20% oil of anise and 10% oil of sesame (Sesamum indicum) was used at
a concentration of 0.05% (diluted with tap water) as inducing agent by spraying on
jeaves 48 h before inoculation. Bion (50% active ingredient in a wettable powder
formulation) was dissolved in distilled water. Aqueous solutions of Bion was
prepared at concentration of 0.05% and then sprayed onto the whole plants.

Disease index:

Disease index was determined 30 days after inoculation according to Louws
er al. (2001). Plants were scored on the basis of a five-grade disease index as
follows:
0= no symptoms; 1= a few necrotic spots; 2= many necrotic spots caused 10-20 leaf
area affected; 3= 20-50 leaf area affected and 4= leaf collapsed-plants.

The experiment was repeated twice with 3 replicates. Each replicate consisted of
four pots and each pot consisted of 2 plants. Percentages protection was calculated
for each treatment according to Godard er al. (1999).

Effect of Bion and BioZell-2000 B on pathogen multiplication in vivo:

Bacterial colonies were recovered from inoculated bean plants tissues, treated
with Bion, BioZell-2000 B and water 2 days before inoculation, by removing 5-mm-
diameter leaf discs by using a cork borer aseptically from the region of inoculation.
Excised discs were homogenized in 1 ml of sterile 0-06% NaCl solution, and serially
diluted. Aliquots of alternate dilutions (0-1 ml) were plated onto KB medium agar
plates. Plates were incubated at 26°C for 48 b, and emerging colonies were counted
on ali dilution plates showing bacterial growth. Each dilution from each leaf disc
was duplicated.

Statistical analysis:
All data were subjected to statistical analysis and means were compared using
L.S.D. test (Gomez and Gomez, 1984).

Results

1- Isolation and pathogenicity tests:

Three pure bacterial isolates were obtained from naturally diseased bean leaves.
Pathogenicity of isolated bacteria was tested on bean plants. Data illustrated in
Fig. (1) show that all three isolates were pathogenic to bean plants cv. Red Kidney
and varied in their pathogenicity. Isolates No. 1 caused the highest disease index
followed by isolates No. 2. Isolate No. 3 caused the lowest one.
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Fig. 1. Pathogenicity tests of three isolate of Xanthomonas campestris pv.
phaseoli (Xcp) on bean plants. Bars indicate the standard deviation.

2. Identification of pathogens:

Identification of isolated pathogenic bacteria was carried out using the following
characters: shape of cells, motility, gram staining reaction, aerobiosis, spore
forming, pigmentation, hydrolysis of casein, gelatin liquefaction, acetyl methyl
carbinol production (VP test), reduction of methyl red (MR), nitrate reduction,
starch hydrolysis, levan production, hydrogen sulfide production, indole production,
utilization of carbon compounds (glucose, fructose, sucrose, lactose, galactose,
arabinose, mannose and raffinose).

Morphological, physiological properties of the three pathogenic isolates are
presented in Table (1). Data show that all tested isolates were rod shape, motile,
gram negative, aerobiosis, did not produce spore, pigmentation, levan positive,
produce hydrogen sulfide and did not produce indole, did not hydrolise starch,
negative V.P. test, were able to liquefy gelatin, negative M.R. test, did not reduce
nitrate, starch hydrolysed and negative urease. Results also showed that all tested
isolates produced acid from glucose, fructose, sucrose, lactose, galactose, arabinose,
mannose and raffinose

On the basis of the morphological cultural physiological and pathological
characteristics of the isolated bacteria and according to those reported by Krieg and
Holt (1984). It was concluded that all the tested isolates could be identified as
Xanthomonas campestris pv. phaseoli.
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Table 1. Morphological and physiclogical characteristics of the isolated

pathogenic bacteria
Test Bacterial Isolate - Harby, 2000
Xep 1 Xep 2 Xep3 as references
Shape of cell Rod Rod Rod Rod
Motility + + + +
Gram staining - - - -
Spore forming - - - -
Aerobiosis + + - + +
Pigmentation NDYP NDYP NDYP NDYP
Gelatin liquefaction + + + ?
Urea test - - - ?
V.P. - - - -
M.R. - - - -
Nitrate reduction - - - -
Starch hydrolysis + + + +
Levan production + + + +
H,S production + + + +
Indole formation + + + +
Fermentation of carbon
compounds:

Sucrose Acid Acid Acid ?
Glucose Acid Acid ~Acid Acid
Fructose Acid Acid Acid Acid
Lactose Acid Acid Acid Acid
Galactose Acid Acid Acid Acid
Raffinose Acid Acid Acid Acid
Mannose Acid Acid Acid Acid
Arabinose Acid Acid Acid Acid

(+)= Positive reaction; (-y= Negative reaction; (NDYP)= Non diffusible yellow pigment and
(?)= Not done.

3- Effect of Bion and BioZell-200 B on common blight causal organisms:
Invitro: '

Data in Table (2) show that Bion and BioZell-2000 B did not inhibit the in vitro
growth of Xanthomonas campestris pv. phaseoli. However, streptomycin showed an
inhibitory effect to the pathogen.

In vivo:

Data in Table (3) show that Bion and BioZell-2000 B have significantly reduced
the number of the Xep cells as compared with the control. Data also indicate that
after 4 days, Bion and BioZell-2000 B have shown the highest reduction in
multiplication of the pathogen within the host tissues compared with the control
check plants 50 and 45 %, respectively. In general, Bion caused the highest
reduction in multiplication of the pathogen followed by BioZell-2000 B after all
tested inoculation periods. The inhibitory effect was first observed 4 days after
inoculation and was remarkable monitored till the end of the experiment.
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Table 2. Effect of Bion and BioZell-2000 B on growth of Xanthomonas

campestris pv. phaseoli in vifro

Treatment Inhibition zone (cm)
BioZell-2000 B 0.0
Bion 0.0
Streptomycin 0.6
Control 0.0
L.S.D. 5% 0.11

Table 3. Effect of Bion and BioZell-2000 B on the number of Xanthomonas
campestris pv. phaseoli in bean leaves

Days after BioZell- | Reduction | . Reduction
inowdation | <! | 000 B (%) Bion (%)

1 0.30x 10" | 0.25x 10’ 16.66 0.20x 107 33.33

2 1.20x 10" | 0.80x 107 33.33 0.60 x 10’ 50.00

4 6.00x 10" | 3.30x 107 45.00 3.00x 107 50.00

6 830x10° | 530x 107 36.14 4.30x 107 48.19

7 9.00x 107 | 7.00x 107 22.22 5.40 % 107 28.88
L.S.D. 5% 1.04

4- Effect of Bion and BioZell-2000 B on incidence of bean common blight disease
under greenhouse conditions:
Data in Table (4) indicate that untreated check plants have shown

a significantly faster common blight symptoms development for all tested days from

inoculation. At all period tested post inoculation treatments of Bion and BioZell-

2000 B reduced the disease index 68 and 50%, respectively. In general, Bion

showed the highest reduction in disease index followed by BioZell-2000 B after all

tested inoculation periods.

Table 4. Effect of Bion and BioZell-2000 B on common blight disease index of

beans
Days after BioZell- | Protection . Protection
nocalation | <™ | 50008 (%) Bion %)
4 11.00 * 10.00 9.09 3.50 68.18
7 25.00 24.00 4.00 9.00 64.00
10 52.00 32.00 38.46 23.00 55.76
12 72.00 36.00 51.00 30.00 58.33
14 85.00 50.00 41.17 35.00 58.82
L.S.D. 5% 4.48

* Disease index (%).
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Discussion

The bacterium, Xanthomonas campestris pv. phaseoli causes serious damage to
bean plants causing severe blight symptoms in the field in Assiut governorate. The
present work was undertaken to gain some information that may lead to compute the
problems that are caused as a result of infection by such disease.

Results reported herein indicate that the three bacterial isolates obtained from
naturally diseased bean leaves collected from different localities of Assiut
governorate proved to be pathogenic and able to infect bean Ieaves causing blight
symptoms, They were identified as Xanthomonas campestris pv. phaseoli. These
results are in agreement with those reported by several workers (Yoshii er al., 1978,
Webster et al., 1983 and Harby, 2000).

From our first findings, no direct effect of Bion and BioZell-2000 B on the
pathogen, in vitro, which served as a first indication for using such compounds to
induce resistance in bean plants. These results are agreed with those reported by
Zeller & Zeller (1999} and Abo-Elyousr er al. (2004). They found that no inhibitory
effect caused by BTH and BioZell-2000 B against the Erwinia amylovora.

Results clearly confirm that application of Bion and BioZell-2000 B induces
resistance in bean plants. Similar enhanced disease resistance were induced by Bion
in bean plants against potential fungal, bacterial and viral disease agents (Louws
et al., 2001, Buonaurio et al, 2002 and Anfoka, 2000).

Bion and BioZell-2000 B had an obvious effect on multiplication of bacteria
within plants. In generally, Bion showed the highest reduction in muitiplication of
the pathogen followed by BioZell-2000 B after all tested inoculation periods.
Reduced bacterial growth was also reported in tobacco, pepper, tomato and apple
plants treated with ASM (Cole, 1999; Buonaurio ef al., 2002 Baysal ef a/. 2003; and
Abo-Elyousr et al 2004). This effect may be due to their indirect effect on
decreasing nutritional substance available to growth of the bacteria. A Jow nutrient
concentration in the intercellular spaces could be a limiting factor for the growth of
pathogens (Goodman et al., 1986). Also, Zeller {1998) suggested that this effect may
be caused by an accurmulation of anthocyanins hindering bacterial pathogenic
enzyme as a physiological barrier in xylem parenchymas.

In greenhouse experiments, severity of common blight symptoms development
in plants after application of Bion and BioZeli-2000 B were recorded. After 10 days
from treatment by Bion and BioZell-2000 B, disease index was reduced greatly than
the control check plants. These results agree with those reported by Louws et al.
(2001) who mentioned that Bion was evaluated for management of bacterial spot
caused by X. axonopodis pv. vesicatoria and bacterial speck of tomato caused by P.
syringae pv. fomato in field experiments. Bion applied at 35g/ha, reduced foliar
disease severity in 14 of the 15 bacterial spot and all 7 bacterial speck experiments.
Disease control was similar or superior to that obtained using a standard copper
bactericide program. Also, Baysal et al (2003) mentioned that the disease index of
bacterial canker of tomato plants was suppressed by BTH over periods of 2 weeks.
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