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Table 1. Isolates code, host plant and area of sampling for isolates of E. amylovora used in this research

No. Isolate Number of Host Area
bacterial isolate

1 S1-S6 6 Apple Bastam
2 S7-S16 10 Pear Bastam
3 S17-S19 3 Pear Gorgi
4 S20-S24 5 Pear Shahrood
5 S25-S29 5 Pear Mojen
6 S30-S31 2 Quince Royan
7 D32-D38 7 Pear Damghan
8 D39-D48 10 Quince Dibaj
9 D49-D52 4 Quince Kalate-rodbar
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Table 2. Grading of symptom severity in blooms of different pear cultivars treated with Erwinia

amylovora isolate

No. Degree Intensity of symptoms in bloom
1 No symptoms The flower has petals without changing shape and color
2 Weak Browning is part of the hypanthium and some of the petals fall off
3 Moderate The browning of all the hypanthium and the fall of all the petals
4 Intense Change the color of the whole flower, change the color of the flags and

5 High intense

receptacles along with deformed the shape of the whole bloom
Blackening of the flower, progression of symptoms to the peduncle, deformation

of the whole bloom and its drying

22 3390 Erwinia amylovora g4 lus owigd Olwogas - Jaos
Table 3. Phenotypic characteristics of Erwinia amylovora strains tested

No. Test Positive strains (/)
1 Gram negative 100

2 Fluorescent pigment on KB 0

3 Production of white colonies in YDC medium 100

4 Greenish metallic sheen on EMB 100

5 Oxidase 0

6 Catalase 100

7 HR on tobacco 100

8 Oxidative 100

9 Fermentative 100

10 Levan formation 100

11 Nitrate reduction 0

12 Potato soft rot 0

13 Growth at 39 °C 0
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Figure 1. The molecular weight of bands was about 1000 bp in some selected isolates, L: Ladder 100
to 3000 bp
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Figure 2. Separation of isolates based on pathogenicity: Isolate with very severe virulence (a), Isolate

with severe virulence (b), Isolate with moderate virulence (c), Isolate with low virulence (d), Isolate
without distinct symptoms (e)
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Table 4. Pathogenicity test for isolates of E. amylovora used in this research

Types No.
: . Isolate
of virulence  of isolate
A 1 D 43
7 S13,515,520,S30,D38, D39, D40

23

m O O®

13 S 11,5812, S 14, S16, S21, S 22, S 23, S 24, D 41, D 42, D 45, D48, D51
S2,54,55,56,58,59,510,5S18,S19,S25,526,S27,S 28, S 29,
S31,D32,D33,D34,D 35, D 36, D37, D 44, D 46,
8 S1,8S83,57,517,D 47, D 49, D 50, D 52
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Table 5. Compare Means of the ability of the isolates studied in amylovoran production

Isolate  O.D. Group Isolate O.D. Group Isolate 0O.D. Group Isolate 0O.D. Group

S1 0214  j-n S14  0.285 c-e S27 0.213 j-n D40 0.325 a

S2 0.191 n S15 0.295 b-e S28 0.208 k-n D41 0.216 i-n
S3 0.207 k-n S16 0.266 e-g S29 0.203 k-n D42 0.231 h-1
S4 0.212 j-n S17 0.201 I-n S30 0321 f-h D43 0.316 ab
S5 0.202 I-n S18 0.213 j-n S31 0214 j-n D44 0.201 h-1
S6 0.218 i-n S19 0.187 n D32 0.255 f-h D45 0.245 f-i
S7 0.211 j-n S20 0311 a-c D33 0.202 I-n D46 0213 jn
S8 0.204  k-n S21 0.305 a-c D34 0.211 j-n D47 0.217 i-n
S9 0.197 mn S22 0.245 f-i D35 0.217 i-n D48 0.266 e-g
S10 0.208 k-n S23 0.239 g-j D36 0.214 j-n D49 0207 k-n
S11  0.291 b-e S24 0271 e-g D37 0.195 mn D50 0193 i-m
S12 0.274 d-f S25 0.209 j-n D38 0.203 k-n D51 0225 e-g
S13 0.302 a-d S26 0224 i-m D39 0.311 a-c D52 0211 i-m

I o 53 0 Jlozl a3 (51 gme LDt SO b g 3 alie U5 sl
The numbers with the same letters in table are not significantly difference (P> 0.05).
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Table 6. Results of the siderophore production test for the isolates examined (mm)

Halo Halo Halo Halo
Isolate Group Isolate Group Isolate Group Isolate Group
zone zone zone zone

S1 12 de S14 17 a-e S 27 15 a-e D 40 22 ab
S2 12 c-e S15 21 a-c S 28 13 c-e D41 16 a-e
S3 14 b-e S 16 14 b-e S29 12 de D 42 19.5 a-e
S4 17 a-e S17 16 a-e S 30 20 a-e D 43 21 a-d

S5 18 a-e S18 12 de S31 12 e D 44 14 b-e
S6 13 c-e S19 14 b-e D 32 15.5 a-e D 45 12 de
S7 11 e S20 15 a-e D 33 14 b-e D 46 15 a-e

S8 13 c-e S21 175 a-e D 34 14 b-e D 47 13 c-e
S9 14 b-e S22 19 a-e D 35 13 c-e D 48 14 b-e

S10 16 a-e S23 15 a-e D 36 11 e D 49 13 c-e
S11 16 a-e S24 15 a-e D 37 13 c-e D 50 12 de
S12 16 a-e S25 17 a-e D 38 23 a D51 12 b-e

S13 19 a-e S 26 13 b-e D39 22 ab D52 13 de
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The numbers with the same letters in table are not significantly difference (P> 0.05).
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Table 7. Results of the Biofilm assay for the Erwinia amylovora isolates examined in 590 nm

Isolatet  O.D. Group Isolate O.D. Group Isolate O.D. Group Isolate O.D. Group
S1 0.283 ab S14 0.183 z S27 0204 wvw D40 0192 x-z
S2 0.269 c-e S15 0.237 l-o S28 0.226 p-r D41 0221 p-r
S3 0.254 f-i S16 0186  x-z S29 0.196 WX D42 0254 g
S4 0.261 ef S17 0.263  d-f S30 0.209 uv D43 0253 g-i
S5 0.239 k-n S18 0.288 a S31 0.288 a D44 0.262 ef
S6 0.192 X-Z S19 0248 h-k D32 0211 t-v D45 0216 s-u
S7 0.275 bc S20 0205 wvw D33 0.208 Uv D46 0228 o-q
S8 0.233 m-q S21 0212 tv D34 0.257 f-h D47 0241 j-m
S9 0.225 g-s S22 0.186 yz D35 0.276 Bc D48 0202 vw
S10 0.259 e-g S23 0189 x-z D36 0.235 I-p D49 0189 x-z
S11  0.215 tu S24 0268 c-e D37 0.239 k-n D50 0.217 s-u
S12 0.244 i-l S25 0232 n-q D38 0.241 k-n D51 0248 h-k
S13 0.218 r-t S26 0195 w-y D39 0.268 Cd D52 0259 f-h
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The numbers with the same letters in table are not significantly difference (P> 0.05).
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Figure 3. Pathogenicity assay in blossom tissue on eight pear cultivars
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Erwinia amylovora 43
Table 8. Results grading of symptom severity in blooms of different pear
cultivars treated with Erwinia amylovora D 43 isolate

No. Degree Pear cultivars tested
1 Minimum of symptoms Dargazi
2 Weak Spadona
3 Moderate Gossi, do Comis
4 Intense Koshia, Duchess, Chini Hesar
5 High intense Shah miveh
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Table 9. Susceptibility and resistance of eight unripe pear cultivars to fire blight (in

millimeters) for eight days

Susceptibility and Diameter of . .
. . . Diameter of disease spread area
No. Cultivar resistant of the disease spread (8 day)
cultivar area (5 day) y
1 Do Comis Resistant 4/5 9 134
2 Chini Hesar Resistant 8/5 " 16/2 ¢
3 Dargazi Semi-resistant 11°¢ 21°
4 Duchesse Semi-Susceptible 9/5¢ The whole surface of the fruit @
5 Koshia Susceptible 14°¢ The whole surface of the fruit @
6 Spadona Susceptible 21° The whole surface of the fruit @
7 Gossi Susceptible 220 The whole surface of the fruit @
8 Shah miveh Susceptible 25° The whole surface of the fruit @
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The numbers with the different letters are significantly difference (P< 0.05).
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Abstract
Background and Objectives
Fire blight, caused by Erwinia amylovora, is one of the important bacterial diseases of
pome fruit trees. It causes the blight of different organs of the tree (blossoms, shoots,
leaves, fruits, and limbs) and exudates' production. The main symptoms of fire blight
infection are the burnt-like appearance of infected tissues, bacterial ooze released from
the infected tissues, shepherd’s crook, wilting, and water-soaked appearance. Recently, it
has been included in the top 10 plant pathogenic bacteria. This study aimed to collect,
identify and characterize E. amylovora isolates from provinces of Semnan in Iran and
determine their pathogenicity factor and the current situation of fire blight disease in this
province.
Material and Methods
In the present study, 68 strains isolated from pear, quince, and apple hosts were identified
in Semnan Provinces. Phenotypic, nutritional, and biochemical tests were performed on
strains. The molecular identification of isolates was conducted using specific primers A
and B of the plasmid pEA29. A pathogenicity test of the bacterial isolates on the
immature pear fruit of the Spadona pear cultivar was performed, and the most pathogenic
bacterium isolate was selected for further evaluation. Pathogenicity test was carried out
on immature fruits and blooms of eight pear cultivars. Pathogenicity characteristics such
as amylovoran, biofilm, and siderophore were studied in most virulence isolates.
Results and Discussion
The isolates were gram and oxidase negative, catalase-positive, and anaerobic. The
isolates were able to produce a hypersensitive response in tobacco and levan production,
but none of them could produce fluorescent pigment on King B medium and growth at
39 °C. The results suggested that of 68 strains collected, 52 isolates belong to Erwinia
amylovora bacteria. The virulent isolate (D 43) was collected from Dibaj city. All 52
isolates under study proliferated 1000 base pairs. These tests, along with sequencing of
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PCR products, proved they were Erwinia amylovora species. Studying pathogenicity
factors showed an almost direct relationship between all pathogenicity factors (other than
biofilm production) and the severity of disease symptoms on tissues. The most resistant
blooms tissues to D 43 isolate were shown to be related to Dargazi and Spadona pear
cultivars; Duchess and Chini Hesar pear cultivars had the most resistant immature fruits
tissues to D 43. It is therefore concluded that the susceptibility tissues to isolates of
Erwinia amylovora were different in various cultivars. This point could help control fire
blight disease and programs of breeding cultivars in the future.
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