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ABSTRACT

Fire blight has been a serious problem and destructive disease in pear
orchards. The first appearance of the disease at Mammal El-Kezaz in the region
between Alexandria and Damanhur provinces was proved in 1984. However, in 1982
sever outbreak of fire blight in the Nile Delta of Egypt was noticed. The disease spread
rapidly in most governorates and as a consequence of the disease numerous orchards
has been eradicated.

The identification of twenty-three isolates obtained during this study was
preformed by traditional bacteriological tests, BIOLOG system and serological
techniques (dotimmunobinding assay, DIA and immunofiourescens test, IF). Diseased
pear tissues with typical fire blight symptoms showed positive reaction with DIA and IF
using the specific antiserum of Erwinia amyolovora.

|| tested chemical compounds and antibiotics decreased growth of E. Amyolovora and
disease severity on immature pear fruitlets, in vitro. Starner 20% (oxolinic acid) and
nalidixic acid 20% were the most effective on the growth of E. Amylovora and disease
severity. Meanwhile, Kocide 101, Kocide 2000, Copper oxychloride 50%, Agrimycin 17,
(Strptomycin sulfate), Apromycin 20% were moderately effective and Kasugamycin was
less effective.

Field experiments were conducted using Le Conte pear cultivar during 2001,
2002 growing season at Kalubia governorate. Integration between organic manure,
mineral fertilizers (NPK) and Agrimycin 17 or Starner 20% greatly reduced the number
of infected clusters and significantly increased pear yield compared with the control
treatment. No differences were found between the copper compounds which used
spraying in dormancy stage. In order to develop a management strategy to control fire
blight in orchard., an integrated approach was adopted using organic manure, mineral
fertilizers and bactericides during blooming.

INTRODUCTION

Fire blight caused by Erwinia amylovora (Burrill) Winslow et al. is
considered the most destructive disease of pear. The initial discovery near
Mammal El-Kezaz in the region between Alexandria and Damanhur El-
Helaly et al. (1964) and the severe outbreak of the disease in the Nile Delta
at Kumbeneit Abo-Keer, Behera governorate in 1982, (Abo El-Dahab et al.
1983) and since then, the disease spread rapidly through different
provinces and was responsible for serious economic losses to pear
growers.

The diagnostic and identification tests were preformed on all
isolates from different provinces by using Biolog System (Tawfik et al.
2000). Several serological techniques, useful for detection or identification
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of E. Amylovora in infected plants or pure cultures were assayed using
selected antibodies against the whole cells of E. Amlovora. The ability of
the antibodies to react in different serological techniques allows a specific
and sensitive detection of E. Amylovora (Garris et al., 1996).

Recently and at present, most fire blight control efforts have been

directed towards preventing successful establishment of E. amylovora in
host tissue by spraying with antibiotics or copper compounds (Goodman,
1954: Zeller, 1980; Zwet and Mikhail 1984; Spitko and Alvarado, 1999;
Shtienberg et al. 2001 and Tawfik et al. 2002), these bactericides are
usually sprayed when environmental conditions are favorable for the
development of fire blight infection. In addition removal of blighted branches
during dormancy, less nitrogen fertilizers and management of soil moisture
were used to minimize the dissemination of the bacteria through the tree
and considered as one integrated measure (Miller and Schroth, 1972; Zwet
and Beer, 1995 and Koseglu et al. 1996).
The present study aimed to investigate the identification of isolates from
different localities by using Biolog system and serological techniques. Also
the effect of organic and mineral fertilizers as well, bactericides in
suppression the disease.

MATERIALS AND METHODS

Isolation of the bacterium:

Isolation was carried out from blighted flowers, leaves and branches
on plates of medium MS according to Miller and Schroth (1972). Single
colonies were purified by repeated streaking on NGA.

Pathogenicity tests:

The pathogenic ability of twenty-three isolates from different
localities was tested on green immature pear fruit according to the
procedures outlined in Schaad (1988). Pathogenicity assay were conducted
twice with all isolates.

Characterization of the bacterium:

Gram stain, physiological and biochemical characterization were
preformed using Biolog Bacterial Identification System (Jones et al., 1993).
Preparation of antigen and antiserum according to Carpenter (1965) from
isolate EAK7 which identified by Biolog System for serological assays. Dot-
immunobinding assay (DIA) was adopted by Jahn et al. (1984) carried out
to identify the isolated bacterium by clearly defined colour in the spot using
fast violet stain. Indirect immunofluorescens assay (IFA) was carried out
according to Anon (1987).

Disease control:

Testing the effect of seven chemical compounds and four antibiotics
on the growth of E. amylovora in vitro were evaluated by the use of filter
paper disc method. Chemical compounds and antibiotics used in vitro
shown in Table (1).
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Table (1): Chemical compounds used in experiment to control fire
blight in the field under natural infection.

Active
Common name Commercial name ingredient Dosage
%
Copper oxychloride Cobax 50 500 g/100 L

Benalaxyl+Copper oxychloride Galben copper 46% 11+35 250 g/100L
Dimesomorph+Copper oxychloride Acrobat copper 46%  11+35 200 g/ ooL
Metalaxyl+Copper oxychloride Ridomel plus 50% 15+35 250g/100L

Streptomycin sulfate Agrimycin 17 21.2 120 ppm
Kasugamycin+Vethaled Kasumin 1.2+15 65 mi100L
Oxolinic acid Starner 20 150 g/100 L

Field trials for evaluating the effect of copper compounds and
antibiotics for disease control were performed in orchard located at Toukh,
Kalubia governorate during 2001 and 2002 seasons on 20 years old Le
Conte pear cultivar grafted on Pyrus communes. Trees of uniform size were
chosen at random (in complete randomized split-split plot design with ten
replicates for each treatment).

Farm-yard manure and calcium superphosphate 15% P,0s, were
used at rates of 75 and 1.5 kg/tree respectively. Ammonium nitrate (33.3%
nitrogen) and potassium sulfate (48% K;O) were applied at the rate of 1 and
0.5 kg/tree, and NPK at the same rates was also applied. Bactericides
namely Agrimycin (streptomycin sulfate 21.2%) at the rate of 0.5g/lit, kocide
101 (copper hydroxide 50%) at the rate 1.5g/lit and Starner (oxolinic acid
20%) at the rate 1.5 g/lit were sprayed on blooming.

Estimating the degree of disease severity was recorded at the end
of May as disease incidence (Number of infected clusters per tree)
according to El-Zayate et al. (1995).

RESULTS

Isolation and pathogenicity:

The casual organism was isolated from bacterial exudates (ooze)
coming out on the petioles of leaves and blossoms, which collected from
Behara, Ismaelia, Kalubia and Menufia governorates in the spring of 1999-
2002 seasons. Twenty-three isolates produced on MS medium, reddish,
orange colored colonies with deep orange centers, which were indicative of
Erwinia amylovora.

All the isolates were examined for their pathogenicity on immature
pear fruitlets, the results were demonstrated that all isolated were
pathogenic with no substantial differences in degree of oozing Table (2).
Different isolates showed blackened areas with drops of oozes on pear
fruitlets Fig (1).

5907



Tawfik, A.E. et al.

Table (2): Pathogenicity test for isolated bacterium from pear samples
with a typical fire blight symptoms, during 1999-2002 growing
seasons, from different governorates in Egypt.

Isolate

Governorate .o Locality Season  Pathogenicity
El-Behera EAB1 Kafr El-Dawar 1999 +
EAB2 Kafr El-Dawar 2002 +
EAB3 Kafr El-Dawar 2002 +
EAB4 Kafr El-Dawar 2002 +
EAN1 El-Noubaria 2001 +
El-Ismailia EAS2 El-Kasacien 1999 +
EAS3 El-Kasacien 2000 +
EAS4 El-Kasacien 2000 +
EASS Gamiet El-Asher 2002 +
EASE Gamiet El-Asher 2002 +
El-Kalubia EAKSE Toukh 1999 +
EAK7 Toukh 2001 +
EAKSI Toukh 2001 +
EAK10 El-Kanater El-Khairiah 2002
EAK11 El-Kanater El-Khairiah 2002
El-Menufia EAM1 Ashmoon 1999 #
EAM2 Ashmoon 1999 +
EAM4 Ashmoon 2000 +
EAM6B Ashmoon 2000 +
EAM7 Ashmoon 2001 +
EAMS Ashmoon 2001 +
EAM9 Ashmoon 2002 +
EAM10 Ashmoon 2002 +
+ = Qozing in immature pear fruits.

- = No oozing in mature pear fruits.

Fig (1): Immature pear fruitlet showing blackend area with drop of
bacterial ooze after inoculated with Erw.r ia amylovora (E) and
immature pear fruitlet inoculated by sterile distilled water as
control (C).
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Biolog Microplate System:

Two isolates namely EAK7 and EAM6 were selected from the
isolated bacteria, the metabolic capabilities to utilize 95 different carbon
sources were examined by the Biolog System. Results showed that E.
amylovora isolates utilize D- glucose, D- fructose, D-mannitol, trhalose,
glucose-1-phosphate, sucrose, D- sorbitol and glucose-6-phosphate, the
two isolates were identified as E. amylovora according to the computer
sheet.

Serological tests:

Antiserum of E. amylovora was applied using dot-immunobinding
assay and immunofluorscent reaction Table (3) and Figs. (2 and 3). All the
isolates of E. amylovora and diseased pear tissues gave positive reaction
with DIA (clear violet color with high reaction at 1/10 samples dilution).
Immunofluorescent test where the bacterial cells which stained with specific
fluorescein conjugated antiserum were observed bright green halo around
the cell wall using an ultraviolet light source. Meanwhile, healthy pear
tissues gave negative reaction using the two tests.

Table (3): Application of Erwinia amylovora antiserum on different samples,
using dot-immunobinding assay and immuno-fluorescent reaction.
Dot-immunobinding
assay Immuno-

Sample dilution fluoresent test
1/1000 1/100 1/10

Sample Source

Isolates of E. amylovora:

EAK7 Pure culture + ++ +++ F
EAR3 Pure culture + ++ et F
EAB1 Pure culture + - 4 F
EAKS9 Pure culture + - +4+ F
EAM2 Pure culture + ++ +++ F
EAMS& Pure culture + ** P E
EAN1 Pure culture + ++ +4+4 F
EAS2 Pure cuiture - ++ 4+ F
EAS3 Pure culture + ++ +++ F
Isolates of different species of bacteria:
Pseudomonas syringae pv. .
syringae Pure cuiture - - - 4 0
Erwinia herbicola Pure culture » + + (o]
Bacillus subtilis Pure culture - * + (o]
Agrobacterium tumefaciens  Pure culture < : C 0
Pear tissues:
Healthy pear

oy tissues °
DT

1 Dls;g::gseear + ++ 44 F
DT

2 Dis‘el::::seear . S e F
DT3

Dlstli::;gseear + ++ EE S F

Control Distilled water o]

" With a typical fire blight symptoms.

- = Negative reaction, 2 = Slight reaction, + = Moderate reaction,
++ = High reaction, +++ = Very high reaction.

F = Fiuorescence (bright fluorescing rod).

O = No fluorescence.
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Fig (2): Detection of Erwinia amylovora from different samples, using
dot-immunobinding assay on nitrocellulose membrane.
EA = Isolates of Erwinia amylovora.

SDW = Sterile distilled water.

AC12 = Agrobacterium tumefaceins.

BSI = Bacillus subtilis.

EH1 = Erwinia herbicola.

PS4 Pseudomonas syringae p'/. syringae.
DT Diseased pear tissues.

HT = Healthy pear tissues.

1/1000, 1/100, 1/10 = Samples dilution.
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Fig (3): Photomicrograph of bacterial cells of Erwinia amylovora stained
with specific fluorescein-labelled antiserum; fluorescence is
stimulated by ultraviolet light from the mercury lamp. The apple-
green fluorescent cell walls were observed.

Disease control:

a. Effect of chemical compounds and antibiotics on growth of E.

amylovora in vitro:

Results in Fig (4) showed that both chemical compounds and
antibiotics decreased the growth of E. amylovora compared with the control.
Starner 20% and nalidixic acid 20% were the most effective to reduce the
growth of the bacterium. Meanwhile, Mycosheilde Agrimycin 17, Kocid 101
and copper oxychloride 50% were moderately effective. However, Kasumin
was less effective.

b. Orchard experiments:

1.Integration between organic and mineral fertilizers:

Data in Table (4) showed that all treatments reduced severity of fire
blight and increased the productivity compared with the control. The most
effective treatment was detected in the interaction between organic manure
and NPK. However, application of organic manure or mineral fertilizers
alone was less effective.
2.Integration between bactericides and different fertilizers:

Data in Tatle (5) noticed that the interaction between Agrimycin 17
and Starner 20% and NPK were more effective than interaction Kocid 101
and NPK.
3.Interaction between organic manure, mineral fertilizers and

bactericides:

Interaction between organic manure, NPK and Agrimycin 17 or
Kocide 101 or Starner 20% greatly reduced severity of fire blight disease
and significantly increased pear yield compared with the control in season
2001 and the same trend in season 2002 (Table, 6).
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Fig (4): 1, 2, 3 and 4 = doses from low to high.
C = control (sterile distilled water).

5912




J. Agric. Sci. Mansoura Univ., 30 (10), October, 2005

Table (4): Effect of organic manure and mineral fertilizers on severity of
fire blight and fruit production of pear during 2001 and 2002
growing seasons, at Toukh (Kalubia) region, under natural
infection conditions.

Season 2001 Season 2002
Organic 2 o Disease Disease
manure 1 MIneral ferllzer = ction® Red&‘;“’" Yield® Infection® Re"(‘f:)““ Yield®
Untreated 427 49 16.3 41.6 5.7 17.2

Ammonium nitrate (N) 313 303 27.4 30.0 320 289

Treilgy  CBSLAD 28.7 %1 200 280 65 300
superphosphate (P) " j ' : )
Potassium sulfate (K) 29.4 345 28.7 28.7 349 29.4
NPK 21.4 52.4 348 21.0 52.4 359
Ammonium nitrate (N) 418 6.9 20.7 3.7 14.5 224
Calcium

Untrezated superphosphate (P) 358 203 28 39 &34 26
Potassium sulfate (K) 36.3 19.2 249 349 20.9 25.0
NPK 26.9 40.1 29.4 25.7 4.7 30.0

Untreated Untreated 449 0.0 768 441 0.0 8.0

L.S.D.at5%

Organic 7.8 5.6 6.3 5.2

Mineral 5.2 3.2 46 3.0

Interaction 8.4 5.9 6.9 5.7

(2) N.P.K. at the rate of 1, 1.5, 0.5 kgitree,
respectively.
(3) Average number of infected clustersitree. (4) Average number of fruits/ branch.
Table (5): Effect of bactericides and mineral fertilizers on severity of fire blight
and fruit production of pear during 2001 and 2002 growing seasons,
at Toukh (Kalubia) region, under natural infection conditions.

(1) Farm-yard manure at rate of 75 kg/tree.

Season 2001 Season 2002
Organic " aree o () Disease Disease
manurs @ Mineral fertilizer . Reduction ) . Reduction
Infection i o jeld™
fec (%) Yield™ Infection (%) Yield
Untreated 224 50.1 337 211 522 354
] Ammonium nitrate (N) 21.0 53.2 350 19.9 549 364
AOURTE. f:;‘e‘:‘p";‘mpha:e ol 15.0 666 377 143 67.6 383
sotassium sulfate (K} 15.0 64.4 36.8 15.0 66.0 38.1
NPK 10.2 7.3 41.1 98 778 728
Untreated 287 36.1 29.9 26.7 41.8 3.2
Ammonium nitrate (N} 264 41.2 29.8 243 449 343
Kocide 101 f:;f;;’;osphate ) 201 55.2 314 19.8 55.1 356
Potassium sulfate (K) 21.9 51.2 31.0 219 526 35.9
NPK 16.7 62.8 36.1 15.9 63.9 38.7
Untreated 2486 45.2 326 22.8 483 345
Ammonium nitrate {N) 220 51.0 344 209 52.6 35.0
Starner gj;tf;:’osphm - 18.2 505 32 155 64.9 3656
Potassium sulfate (K) 19.4 56.8 36.0 16.3 63.0 353
NFK 13.2 706 38.7 11.0 751 40.8
Untreated Untreated 449 0.0 76 44.1 0.0 8.0
L.S.D. at 5%
Organic 6.2 4.9 6.0 43
Mineral §.6 4.5 5.3 4.7
Interaction 7.3 5.2 7.0 5.0
(1) Using at the rates of 0.5, 1.5, 1.5 g/l,(2) N.P.K. at the rate of 1, 1.5, 0.5 kg/tree,
respectively. respectively.
(3) Average number of infected ciustersitree. {4) Average number of fruits/ branch.
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Table (6): Effect of organic manure, mineral fertilizers ard bactericides
on severity of fire blight and fruit production of pear during
2001 and 2002 growing seasons, at Toukh (Kalubia) region,
under natural infection conditions.

Season 2001 Season 2002
Organic Mineral il (3) Disease Disease
manure " fertiizer® - Infection' Red(l.‘;ﬁc}tlon Yield® Infection™ Rea'(l:}tlan Yield®
.8

Agrimycin 17 76 83.1 483 6.8 84,6 48.6
Treated NPK Kocide 101 124 72.4 38.9 10.9 753 4.0

Starner 9.6 78.6 40.6 86 _ E'S 47.4

Agrimycin 17 10.2 77.5 411 9.8 11.8 429
Untreated NPK Kocide 101 16.7 62.8 36.1 15.9 63.9 38.7

Starner 13.2 70.6 38.7 11.0 7o 40.8

Agrimycin 17 22.4 50.1 337 211 8§22 35.4
Untreated Untreated Kocide 101 28.7 36.1 29.7 26.7 413 33.2

Starner 246 45.2 32.6 55.8 £3.3 345

Untreated Untreated Untreated 449 0.0 7.6 441 2.0 8.0
L.S.D.at 5%
Organic a7 4.3 3.5 44
Mineral 3.7 4.3 35 44
bactericide 29 3.8 27 39
Interaction 43 4.9 4.0 49
(4)Average  number  of infected

(1) Farm-yard manure at rate of 75 kg/tree. clustersitree.

(2N.P.K. at the rate of 1, 1.5, 0.5 kgltree, =
respectively. (5) Average number of fruts/ branch.
(5)Using at the rates of 05 15 15 gl,

respectively.

DISCUSSION

Symptoms, colony morphology on selective media, pathogenicity
tests, Biolog System and serological assays all provided evidence to
confirm the existence of fire blight in Egypt and the fz ct that E. amylovora is
the pathogenic agent. It is possible that during 1964-1983 fire blight
increased and spread near the center of its introduction, under Egyptian
climatolcgical conditions in which rainfall occurs during March and April and
average temperature during bloom of Le Conte vary from 9-26°C. In
addition wind storms during April (bloom period), all these environments are
generally favorable for the development and dispersal of tha discase which
become widespread in a large area of Behera, Meaufia, Nubaria and
Kalubia provinces and now in most Nile Delta of Egypt. Therefore, the
disease varies in severity from year to year and from site to site tecause of
variation in environmental conditions and differences in amount of initial
inoculum.

In order to develop a management strategy to control fir blight an
integrated approach was adopted using organic manure, mineral fertilizers
and bactericides. Field experiments were conducted using Le Conte pear
cultivar during 2000 and 2001 growing season at Ka L bia governorate. The
integration between organic manure and NPK were more effective than
organic or NPK alone for reducing the disease incidence. Mean time the
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application of Starner or Agrimycin during blooming period at three times
25%, 75%, and 100% of blooming was suggested for minimizing fire blight
infection. The highest yield was attained as a result of using organic and
mineral fertilizers integrated with bactericides. These results are in
agreement with that obtained by Tawfik et al. (2002). Who noticed that the
control of the disease depends on horticulture practices which minimize the
blossom infection by early flowering and spray the blossoms with Starner,
Agrimycin, or Kasugamycin. Also combination between bactericide and
organic or mineral fertilizers treatment clearly reduced the disease severity
and increased the yield (El-Zayat et al., 1995). It is important to notice that
Parker et al. (1961) found that combination between nitrogen and
potassium or phosphorus fertilizers led to increase tree growth and a
concomitant increase resistance to fire blight. Also Zwet and Beer (1995)
reported that fertilization program could be designed to provide the proper
balance of nutrients.

According to the aforementioned results, it can be stated that the
strategies for fire blight control depends on:
1.Protecting the blossom by treatment with bactericides during blooming

period.
2.Management of organic and mineral fertilizers to reduce susceptibility.
3.Reducing the efficacy and distribution of primary inoculum with copper
compounds during dormancy.

4.Studying the environments.
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