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Abstract: [Objective] Fire blight, caused by the bacterium Erwinia amylovora, is one of the most de-
structive disease affecting plants of family Rosaceae. The bacterium can destroy blossoms, shoots and
stems, and may seriously damage an entire pear or apple orchard within a growing season under optimal
conditions. The disease has currently spread more than 60 countries, and is a serious concern to growers
of pears or apples worldwide. Up to now, fire blight and Erwinia amylovora have not yet recorded in
China, but have been found in neighbouring countries like Kazakhstan, Kyrgyzstan and Russia during
last decade. The control measure consists of removal of diseased host plants or their parts, cultural prac-
tices and application of chemical sprays. However, these measures are not always satisfactory. In all the
ways, growing relatively resistant cultivars and rootstocks can be one of the most efficient control meth-

ods for fire blight. The disease could be better controlled by understanding virulence of Erwinia amylov-
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ora strains and responses of host-plant cultivars. The aim of this study was to test pathogenicity of exot-
ic E. amylovora strains and resistance of domestic pear varieties to these strains, so as to provide the
foundation for the prevention and treatment of the disease.[lMethods]The experiment was conducted in
a screen house using in vitro culture assay. The relative virulence of three different £.amylovora strains,
E.a 0001 isolated from apple of Kyrgyzstan, E.a 0017 from pear of Kyrgyzstan and E.a 0055 from pear
of USA, was examined by both in vitro artificial inoculation twigs and young fruits of testing pear culti-
vars. The plant materials for testing were obtained from Luntai National Pomology Germplasm Garden,
Xinjiang. The shoots collected from healthy pear trees were cut into the sections of 25 cm in length,
then sterilized with 75% alcohol, and later 1/3 of the branches were inserted into the triangular bottles
containing sterilize-distilled water. Sterilization surgery knife was used to cut a wound of about 5 mm
on the shoots surface. On the wound was placed a small degreasing cotton piece saturated with 2 mL
tested bacteria suspension at the concentration of approximately 1x10° CFU - mL"', and then wrapped
with plastic wrap to prevent desiccation. The inoculated branches were cultivated in an artificial climate
chamber at 28.5 C, 75% RH and 12 h light. Twenty shoots from each species were inoculated with
each bacterium in the experiment. The length of resulting necrosis was measured 7 days after inocula-
tion, and statistics on the incidence and index were carried out. The virulence of the E. amylovora
strains was divided into the strongest, stronger, medium, and weak virulent class according to the dis-
ease index. The gathered pear fruitlets were soaked with 75% ethanol for 10 minutes. After the ethanol
was volatilized, they were cut in half with sterile scalpel. The sterilization bamboo stick was dipped in
bacterial colony to drip on the sarcocarp, and 2 to 4 inoculation points were selected on each section,
and the inoculation sterile water was used for negative control. After inoculation, the fruits were put in-
to a sterile Petri dish, which was placed in a germination box with absorbent paper in an incubator. The
pathogenicity of the strains was analyzed by recording the appearance time of initial bacterial oozes and
the ratio of bacterial oozes area to fruitlet area. Twenty-one pear varieties were chosen for testing their
relative resistance to E. amylovora 0017 strain that was aggressive in the above test. Through in vitro
shoot culture inoculation method, the level of resistance to E. amylovora was evaluated according to the
extent of lesion development on the shoot and the population of the bacteria in the tissue with real-time
fluorescence quantitative PCR assay. The level of resistance was converted into six class evaluation
scales comprehensively. [Results] The result of pathogenicity test revealed that all strains had different
virulence, and were highly strong virulent to the ‘Kuerlexiangli’ ‘Dangshanli’ ‘Heisuanli’ and Pyrus
betulifolia, being most virulent to ‘Kuerlexiangli’. All strains had strong virulence to ‘Xinli No.7’,
‘Heisuanli’, and ‘Hesejujuli’, while they had medium virulence to ‘UChe Amute” and ‘ Huochengdon-
ghuangli’. Fruitlets were most sensitive to fire blight and fruitlet inoculation was a common method to
identify the pathogenicity of E.amylovora. The results indicated that three tested stains (£.a 0001, E.a
0017 and E.a 0055) all had pathogenicity to the measured fruitlets. After inoculation, the bacterial pus
generated within 10-24 hours. According to the time of appearance and amount of bacterial pus on the
fruitlets, it was inferred that £.a 0017 strain was more virulence to fruitlets than the additional two
strains, but it was hard to compare the pathogenicity between £.a 0001 and E.a 0055. The level of resis-
tance of the twenty-one pear varieties to E.amylovora wasn’t higher generally. The majority of the pear
cultivars tested was susceptible to E.amylovora, 14 pear cultivars (70%) were evaluated as varying de-
grees susceptible, including 4 highly susceptible, 7 susceptible and 3 moderately susceptible cultivars.
None of them was highly resistant to the pathogen, while 2 cultivars performed as resistant, and 4 culti-

vars as disease-tolerant, which were all local varieties in our country. [Conclusion] A system for testing
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virulence and host plant resistance to Erwinia amylovora have been developed in laboratory. The vari-

ability in virulence among the strains was found, with E.a 0001> E.a 0055> E.a 0017. Evaluation of ob-

tained results proved the varieties with a higher level of resistance were ‘Liili” and ‘Jinsu’. ‘Bayuesu’,

‘Huochengdonghuangli’ and ‘UChe Amute’ and ‘Mianli’ were evaluated as disease-tolerant. ‘ Huang-

suanli’ ‘Jinchuanxue’ and ‘Hesejujuli’ were evaluated as moderately susceptible. ‘Xuehuali’ ‘ Pyrus

Betulifolia’ ‘Hongxiangsu’ ‘Qipan’ ‘Hongxiangli’ ‘Zaosu’ and ‘Xinli No.7” were evaluated as sus-

ceptible. ‘Kuerlexiangli” ‘Dangshanli’ ‘Jinhuali’ and ‘Huangsuanli’ were evaluated as highly suscep-

tible.
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Table 1 The testing results of the pathogenicity of three E. amylovora strains inoculated to the shoots of different pear

varieties (germplasms)

E.a 0001

E.a 0017

E.a 0055

st A RS

Variety (Germplasm) TP /BRI it 4 2L

Necrosis length/total Disease index,
length of the shoots DI

TP /BRI T IR 2L
Necrosis length/total Disease index,
length of the shoots DI

TRPER /BT 2L
Necrosis length/total Disease index,
length of the shoots DI

JE IR A AL 0.659+0.121 91.85+1.696a  0.655+0.078 91.11£1.110 2 0.660+0.120 92.96+1.696 a
Kuerlexiangli

(7 0.548+0.110 84.81+1.701b  0.556+0.075 82.78+1.110 b 0.526+0.157 77.59+2.311 ¢
Dangshanli

HRAL 0.605+0.198 82.4142.799b  0.595+0.042 79.44+0.555 ¢ 0.616+0.125 83.70+1.701 b
Heisuanli

AL 0.533+0.159 74.44+2.225¢  0.506+0.132 70.19+1.701d  0.538+0.127 71.85+1.695 d
Pyrus betulifolia

RS 0.429+0.042 66.48+0.641d  0.479+0.180 61.3142.309 ¢ 0.403+0.101 63.33+1.110 ¢
Xinli No.7

R AL 0.620+0.264 65.37+2.793d  0.596+0.118 58.33+1.110 f  0.607+0.116 61.85+1.695 ¢
Huangsuanli

Hoy o)) AL 0.171+0.114 37.22+1.110e  0.395+0.119 36.67+1.110 g 0.332+0.078 36.29+1.701 f
Hesejujuli

EWA A 0.350+0.105 32.04+1.695f  0.286+0.128 25.96+2.334h  0.245+0.086 31.67+1.110 g
Huocheng donghuangli

JiE ZER AR 0.263+0.145 30.74+3.397f  0.194+0.098 2537+2311h  0.320+0.114 31.11£2220 g
UChe Amute

AR TR R ZREE(p < 0.05. FH.

Note: The different letters mean significant difference at p << 0.05. The same below.
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Table 2 The testing of the pathogenicity of three E.amylovora strains inoculated to the young
fruits of different pear varieties in China
E.a 0001 E.a 0017 E.a 0055
. VISR LY A8 hJE RN FIAREK A8 hJEHkE WG TIR 48 h A
s P Ta] The amount of ~ tHHLI i The amount of  Hi L [H] ik
Variety The Initial time  bacterial ooze The Initial time  bacterial ooze The Initial time ~ The amount of
of bacterial after inoculation  of bacterial after inoculation of bacterial bacterial ooze after
oozes appears’h 48 hours oozes appears/h 48 hours oozes appears’h  inoculation 48 hours
¥AL 75 Xinli No.7 10 i+ 10 +t 10 ot
JE K #4554 Kuerlexiangli 10 T 10 o 10 St
#7111 ¢ Dangshanli 12 +H++ 12 -+ 12 -+
#1455 Hesejujuli 12 +H+ 12 HH+ 12 +t
TR AL
Huochengdonghuangli 18 ++ 12 +++ 18 +++
2 %Y Huangsuanli 18 -+ 18 4+ 18 ot
PE %R ARF UChe Amute 18 ++ 18 ++ 20 ++
HRA! Heisuanli 18 ++ 18 ++ 20 ++
HL#EFL Qipanli 20 ++ 18 ++ 24 ++
43 Lili 24 + 20 24
AL Mianli 24 20 + 24 +

VBt FROR T (YRR 2/3 BLE 7 ROR MR 5 A0 R R MAE 1/3 & 2/3 Z ] “+" FoR ki (H 4 R R A 1/3 BUR .

Note: “+++” indicated that the bacterial oozes amount accounts for more than 2/3 of the surface area of the young fruit; “++” indicated that the bac-

terial oozes occupied the surface area of young fruit between 1/3 and 2/3; “+” indicated the amount of bacterial oozes accounts for less than 1/3 of the

surface area of young fruit.

22 HEARHGMFR X E I E. amylovora
B9/ B M E
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HCTHA, 45 R WK 3. MRHE A& 2 0 15 8 Horn s
N 2 D73 S W 1) CT BRI 2 B i Bl (40 470/ 87
H(EERD.

HH 3R 33 4 v AT, (K 1 20 AN 24 5 R ] 1 e
HHEEER. LR REI ST, PUR SR
SR CGRARL T R AR AL CE A AL
CONHBER PEZERTARE, R AN IR AL 4
S W E AR B RN S AR
CULETRCRBRCAFER ML B TS, mK
A FIOA  EOR A AL L BL  HIRAL SR .
W 5E 25 FZR W, 144 B4 5 oFp o B4 K% 5 1 E.a 0017
HAN R FE B 5 o D b o 11 70% 5 A 2 A i
R PUm T, 4 A A — e i

3 1

31 HAXEFRETREKROBR N
Z AR NN BB 1 (8 1% b i

w

x3 HiXBBIHFREOX E. amylovora B ¥k I 140 E
Table 3 The testing of relative resistance of domestic pear
varieties (germplasms) inoculated

with exotic strain of E. amylovora 0017 strain in vitro shoots

assay

RpiE Wit R E
i i Disease {54 = (CTH)
Variety incidence/ Disease CT value/g

% index Twig tissue
JiE IR #7534 Kuerlexiangli 100 91.11a  22.69
711142 Dangshanli 95 82.78b  24.69
4162 Jinhuali 95 81.29bc 24.72
Y%A Heisuanli 90 79.44c¢  25.03
1AL Xuehuali 90 71.48d 2570
A3 Qipanli 85 70.19d  25.95
21 % Ik Hongxiangsu 85 67.22¢ 2643
K24 Pyrus betulifolia 80 65.19¢ 26.74
21 %24 Hongxiangli 85 65.00e  26.77
FLik Zaosu 95 62.41f  26.94
HrAL 75 Xinli No.7 75 61.31f 2718
#2%L Huangsuanli 65 5833g 2732
4:)11% Jinchuanxue 60 37.04h  28.44
1y f) ) %L Hesejujuli 60 36.67h  28.53
J\H Ik Bayuesu 50 27411  29.33
FE 3 4 7% %L Huochengdonghuangli 50 25961  29.82
JE B AKE UChe Amute 55 25371  30.08
F34L Mianli 40 18.70j  32.08
ik Jinsu 20 6.67k >35
ZEAL Lili 15 500k >35
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Table 4 The classes of resistance of pear varieties (germplasms) to E. amylovora
PUR Y HeFh E.a 0017 HIALJE it F

Resistance class

Pear varieties inoculated with E.a 0017 strain

=¥t High resistan (HR)

BB LB R

Resistan(R) Lili, Jinsu

T 75 AVEIUN: ¢ &Sy e AN TP N SN E S

Tolerant (T) Bayuesu, Huochengdonghuangli, UChe Amute pear, Mianli

o R IR B 2SN A GRAET

Moderately susceptible (MS) Huangsuanli, Jinchuanxue, Hesejujuli

&I ERIE SN A RS SN & U RN [ )

Susceptible (S) Xuehuali, Pyrus betulifolia, Hongxiangli, Qipanli, Hongxiangsu, Zaosu, Xinli No.7
e J PEIREIAAL 7 L B B AE AL R IR AL

High susceptible (HS)

Kuerlexiangli, Dangshanli, Jinhuali, Heisuanli

SF, A S5 Rl R B R AT X 43 S B A A Ak
BT A ABL . H T S A SR I T R I, AN [R] 1 P
T AT T RV AR K BB TR, T AR ) 5 R 2L e A=
PRAFAE A A& AL A T A, RIAE R e /K-
B kEwmEEERE —ENERT. HEA
SEUSIR B A R B AR e T AL KSR B Eas
0056 110036 =A™ 1 Kk X} 31 Flt (5t O B2 A1 55 LR
S A PRRHE B0 7. 14 0056 E.a.0036
ARG 11T AR AN B 32 8 80 01 KN
5128 0056>E.a>0036, San £ 5 il £ 52 56 = F
LA B A A 2% CFF 4 T 35 77 38 I8 ) B L B2 7E H (]
WP 26 FEFh, LU T E. amylovora 11 2 /> 1L 73 25
B AR CBE PR 15 B AR 3D 1N M1 20 28 1 ok CRA Ak 2D
(RO 77, 5256 25 A0 HH TA) 3000 7 25 SR Sl vs — 350, Ak AR 4%
Tk % Bk B 98 B 1) 4 B L B0 71 KNS R T
PR3>TE R 2> T K 1

SE SR A IR AL it M 1) B A S e ikl sE T
3N A R b B R Y5 A [F] FF E 8 E.a 0001 E.a 0017
FE.a 0055 B PR IS0 77 MRHE 25 1A 2% B2 P s
B R 7 B PR 2% B 1 L Ag) o) v 1) 4 98 b 1
Gt R Z A 17 T 2, F 0 R T B0 )53 5 B
5 R REANES , DR AERA X 2000 )5 i 80 I 2= 5. 4
R, 3A MR AR A 10 AN B 5 A CoisO 396
55 R B PR B0 77, oA ek R & AL R AL
CRIRAL A AL BAA RN T, 0 R AL BB
Wi DB . A N SR P A R B BBME L, 3 A4
B R EI0 77 1) 58 55 1K I E.a 0001>E.a 0055>E.a
0017. E.a 0001 Jy=RJ5 T /K 5 B i dH i3 3 0
W, %k AL BN 7 v T 38 BRI i 2R 3 0 37 3H A A 43
B E.a 0055 M1 E.a 0017. A7 E W N, E. amy-

lovora B3 EFEWUMRZESR, S NERKR . BH T
PR AT PHALPE RO AR T B 3 A TR R AL R
T AL, 0 HoAth 2y FBOR i, R EHRAT % E
PEIE 2 BLA 25 B LM SR T R St A

AL L)) TN B K R B UK, W) R R A e
E. amylovora BURTERIH 75 . R FRIIZLLR
B g B OR, 3¥k E.a 0001 .E.a 0017 Al E.a 0055
PRI 52 B B4 SR8 6 0 71, #Fh 5 10~24 h 97
AT R o A B b &y SR R i HE 3P B T R B G
FIBT E.a 0017 B8 R 41 5 1 805 77 b HoAth 2 4> B ik
58, (H X E.a 0001 F1 E.a 0055 #E LL b8 H 800% 158
550 AU R BLAE 2 RN 4l SR bt B R,
T A3 R &) TR A RE X 23 BUW T Bk . 09T
SEIRBEOR, A% TR P AR R PR, (E 3 LUK R IR
BLIEAT AL, FZVEAS R X 2 BUW 1 22 5 A KI5
3.2 FEEYHURRIERIEN FE

AL HE W 8 B 9% o TR 1) SR T v T A F
Fo TRIE HPUR FIRR B, 55 E AR R BT
Tt 0 A K 903 T B 42 B B B B P it . 1R AR TE
PO B )k B AR T T 2T R T AV . R
[ 3 5t F ) 70006 P U A AN TR MR 6 1 42 A
T, R BATE AR 7 B4 A i Rt B kOB B B
HOAREE NPT E 22230 5 5 ARy, 4
5] i 38t 2 N BUE 1 AL R AR R S s E T
BT B AL A Bohemica ™, HF 7L & I 8 B
T HEYREBLKCRE I B PR M T S R, EER
FA X TR) G 2 R gl B A0S o B 1 B ARk 4% 18
AR BEAT N TP R 55 % VPN E b
o KPR AR AR AR ], K 25K FH Ge vk A ke 5%



636 xOW

¥k F364

B B R BB B E 4 L ORI R LR I A 2% A
HC DA FE (5 422 b B 2% K B 1 bU A X 3 B/
PEIEAT 43 400, 16 W FL 3 18 1T GFP 5 ik 5 = A
XoF 5 JE T A i, 38 I W S A B S AE AN R A 3 )
A AN TE A DK S B A B PUI 2E R R AR A
DA 24 4 A 0 00D S AR B 2 T A K %, P R 5 iR T
15 BCR YR T 55 87 5 ML 40 A PR35 AR T 1) 75 /R 3 B
HrH AL B E.a 0017 5 E00 /1w tk. @ Id R
o3 Do B o 5 AN ) 2 o o R0 2 R 2R I I R AL
gh & ST 9t PCR 8 & A s Jir 1 250, ) 2 AL b
FRHLIR PP 85 , 25 A PEAS BRI AL &R i B0 7K
Fo IR G R R, A1 20 N RS A, 14 4B
sty ot AN [ P B o 0 A R D 70% , FLHp ¢ R
IRENERL LB S Ae AL IR AL = R R
AR MR O FERCRER CAFRL FLAL
CHELT S B, A R E N BRI R S
CEEIRENA AL S — > M I A SR R b 5 R € R
TEBT a8 O 1400 Z AR AR ET DI S SR A
A NG i AT N IN LYo W N 7 N A
S R T I S P A O B B R €A 2 AR AR
() B B SO ¢ PEOR B A AL X OB B v R
CREIRENE R R AL B R AR R B R
B AL A B AL T S S R B S AR, N 2 B
ALK CRE I AR 11 v AU [X 3, — g B A i i A
P LT BT Y R it

X AR F 4l SN T8 % 2 R, X 54
B 24 Fp 5T G5 IR IR AT 2L KR B E VY . A FUR N
K H P E R 37 4 (80.4%) FL i R BB , 1 51 i3k
(5T B IR R RBP4 (12.5%) , 2= 7 AL
(P A VG 7 AL TR i, 75 R IR kb i b 2R e R
UFIIPUREPE . AHIE SR I, BUR I 2 AN df e (€ 3
Tk SR AL VR I 4 S R COEIR A AL O\ A
Tk ¢ BE ZE R ACRS " AR AL D B AR E T SR, 4
J 3 38 V) 7 LG - S HU o R AL R R
Y5, — B R A X LR SR o] LR T HUE E
Fofr, R 4 ) 5 S B 15000 B R B R AR ALk
R A Y

AHIF 5T SR ) B AR 25 K B ik e R 1 45 S TR B
(1) %€ & PCR AL , ¥ 52 1 2 T i 45 A, D e 3L
st P B 5 R 8 X R AR 27 3 M B 1 4
HA D78 CRSE 24 HERIAR . BZIE AR
— JE 1R PR, — 2 B AR SR K B I B A B, 3 5 AN

ReTE A KRR s 02 B AR EE FR 2 S W A AR ) AR BROIR A
A RE 2 DUAR 9 1 - A7 E I LA 9% &R 5 = & R H Real-
time PCR £ A 7E 73 B £ 5 o i 48 15 (1) rDNA B,
ANHEBR K T A0 T Jo AU S B0 B T 20 B 2 A
B ETEN IR G MRS B . 2T Bk
O, 7E S5 B A A SR UEE P 6 11 B 25 2 A R L A8
TR 4 P B R B AR M 80 T R R
IS AT FE M R A PR M. RIS T
rRNA 43T [#) Real-time PCR 43 A e Bf: i v 4 1 41
il %} 317 38 Real-Time PCR 5& &7 K [ T4 o

B2, KT E E. amylovora A [7) 43 B3 %) 1
HOW 7, VRN AN R B SR B KT 6 T iR B iR
2450 U B R IO I R AR IR AT DA A E SR A
B 45 SR 3 B L
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