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o R 7 46 J5 FH T B K W6 B SR FH il 35k B 30k
THEC A R BE O 1.8 X 10° mL ! Y 96 ¥ B
W o SR R S g R e 3 AR 0% S A0 AR 4 o ke )
9 D TR BB M o RS AR kT B fle R
FEAR, HRAK P BER R, B 2K 2y 4~6 cm /MR
BLORT o=T0% CFEE W IH B 30 s, FEHC
K BE 3 W HFHUCE T IR — R AEAE BR 0 /AR BB
BLA3 PR A T 0LV A A K TR 8 40K 1) I T % 7R
morp, Herr—4 A 3 mL 5 R 8 F B IFH
— M AR TR TC TR KA X B F 25 CREFRAE
B R LGSR B s R0 2 399 4B 7K DA OR 45 0L PN A
XM EE =85 00 o 1 M43 AR 4 Fh vk 3k UIR R R 36
TR — SO i B B A5 1, MR IR R R T T
TR K R gk 3 W, TR I i U0 25 AR 9 A4
HAHATHRAL TG B R T A LW E A E
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K H CTADB 3k 45 BUjw J5t 1 Bk 55 I 41 DNA,
Ll ITS1 (5'-TCCGTAGGTGAACCTGCGG-3")
1 ITS4M (5'-TCCTCCGCTTATTGATATGC-
3D M54, 91 rDNA-ITS KB, 25 uL PCR &
%:Taq B 0.2 pL,10 f% Buffer 2. 5 pL,dNTP
2.0 pL. ITS1/ITS4 5l ¥ 4 1. 0 pL. ddH,O
16.3 pL,DNA #i#z 2.0 pL. B FEF:94 CHi
5Pk 3 min; 94 C7Z8PE 30 5,50 CiBk 405,72 C
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AW TAR R IOy A BR 2 w3 47 464k JF i
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ITS ¥, % H MEGA 5. 1 #ft , 48 4% 1 (Neigh-
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W BE 20~35 CIREEA&M. #4271, 6. 17 ik
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AT R R
1.6.4 pHamREABLAKRARLTHANY
W HE1L 6. 17 A R R DF T 4 TR IR pH
() PDA A sk, F 25 C B35 10 5 1 75 A%
FAEYEE 3 k., HORTE pH ) PBS il % 5
PUEF (1510 £3%) 25~ 30 A4~ 7 (199 B 14 43 4= 46
TRIVFW 25 CHEFRW & BME I & 3 h
12 h WAl R IE N IF ALK 300 4>
R E I T R R
1.6.5 AT sHuBEMNZT PR EE A
1 F BV A H BT 35~50 C i E IR K 58 h
EFEALFE 10 min, P8 F 25 CHEFE 24 h, &l
O3B 2 18 B0 A A BRBE LR A 300 A4
il THE A A R R

B 75 4 K % (AGR) = (D—7)/d . 5\ D
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2 RO BRI AR L 2 B2 5 K B 0 )
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A fEERFMR R Healthy strawberry roots; B. K H & & Symptoms on rot roots of strawberry
B1 ESREBRELFER

Fig. 1 Symptoms of root rot of strawberry in filed
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= KA 3 26 i s/ 3 43 2F A (8] 2-B) L 4y
A TC A BESG T KRG BOIR . RA A AE 4 (8]
2-O) B, Mgl Bt A 1~3 DR
JEE , v — o BEE 53 A 4 F K /N (20 ~40) pm X (5~
10) g s P 73 A2 8 1 K/ (30 ~42) pim X (7~
12) o, = B8 43 2R 48 5~ R /N (33 ~47) pum X (6 ~
10) e {8 UL 52 B4 T 1 B0 /N 78 3 A= 4 (17 ~
37) pm X (5~9) pem s 55 37 5 W98 43 AT 22 K 3 o
Vi) 24 JEE TR ok, 6 o B ) R B A 4
WA RO, AR A ERDE, 518 8~ 14
pm([E 2-D), R4 F RIS R R R B ) 2P
W B R AR T8 (Ilyonectria sp. ) ,
2.3 FEEBFEENE

Xof FL g A i AL R 15 i R A AR AR R S AR -
LR 4 B8 45 R 04T LU ER, mT LR I 46 R 9 HE R AR

i A B AR AR 22 bR EUTA b 1 AR EC T TR bR CF9
TE K06 JE W RE R B B S B R B
68. 0265 T 7E A bR v IR R AT B B, B
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AR B A ol R R A0 AR o AR 24 R B
5 FH [0 R AL I AR 2R R R (TR 3D . H R 3-
B AJ UL, FEAE AR AR 320 I AR L R AR A R
0, J5 3% B S B AR B e e iR AR R R A
A 308 A €200 L TR TR 22 T A 2 P S IR R M
AR AR TR AR R ( 3-A). R 3-D wf
DL T A 477 R e o Ao 8 R A R A R N B A
B RARECE D, b T R 25 E R O R
APl o B PR AR R A B RGN BIRAR B E £
(1 3-C), W R 1 Al J0, oA 2 Fh B A5 A R (X IR
A1) 7 B PRRAS T AUAT PR o /N 5 40 et U0 403 10 &
A RO AR L R SRR 15 4 B o 13, 2%
F129. 1, 5 AR B B A 1 ol Ak PHE g AR R 2 SR A
W IE 48 B B T B AL, 4y Bl Ak 730 700 M
73,0, 2 W J B 43 A 96 7 X R B AR AR R 1R
YL RE TR o I A0 AR R B R AR AR R
JE L R RE BT BN 7. 3% (17, 9, T TG AR 1
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A.PDA ¥ FHEIES Colony of mycelia on PDA plate (5 d); B. 424l 74  Conidiophor;C. 43 E 4+ Macroconidia and mi-
croconidia; D. JE$E i1+ Chlamydospore
B2 BEEREREER CFI EEFHE

Fig.2  Morphological characteristics of Ilyonectria macrodidyma CF9

A REFBEIREFMEL Control roots in vitros B. fl T BIF B LR FAFM B Rot roots inoculated with pathogen conidia sus-
pension in vitro; C. iE{AX BB EEfk  Control strawberry plants; D. 72 F BUIG (R i iR B BE M AR Strawberry plants inocula-
ted with pathogen conidia suspension

B3 EEREFRFREEABRNE
Fig.3 Symptom of strawberry root rot caused by Ilyonectria macrodidyma CF9
1 ESRBERHFERE CPBRENE Lo

Table 1 Pathogenicity test with conidia suspension of pathogen strain CF9 causing root rot of strawberry

07 X R/ % 973 1 98 B
Inoculation method Root rot percentage Disease index (RDSI)
MREBE AR In vitro assay X H& Control 13.245.3 29.1+18.1
A AL EL Inoculation 73.7+27.8 73.0£26.6
WA AR BER  In vivo assay %t Control 7.34+2.8 17.942.1

R AT Inoculation 57.7+12.1 60.4+12.4
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REMFEREARR R LR R ER T
AR B, 23 ) 57, 7% .60, 4, 3 I 5 5L B 4>
Az A R B R I R AR AR 0 B R AR G B RE
1o INEIE 2 FhECE P E J7 s 1R R i sg A
Qb HE T 3 B A B 5 4 i i T A [) A T
2.4 RRESTENMFEE

W40 J T T Bk CF9 % rDNA-ITS 5: P il J5
ZE L (GenBank & 535 .JN641882) #£ 3¢ GenBank
B E 4T BLAST HoXF 20 7 » 45 5 & 30 995 it 1
CF9 5 KXW 4 £ 75 7 (Ilyonectria macrodidy-
ma ) REF202 ( GenBank % 3 5.
IN859422) i - FI AR L BE w5 3% 99. 7906 . S
¥k (N. macrodidyma) CBS 112615T (GenBank
BT AY677290) R FI AL EEA B 99. 7626, H
YHHAT R KB HAR R —5032 (K 4,9

isolate

PL100% i S R 5 HAh (1. macrodidyma) B
H 3 M HAl O S Fh PR B R . A5 B IE A
FRAE B0 G 51 D 7Y K 22 B A AR 0 B T
Ir5e J@ (Ilyonectria) K WAL + #7578 (Ilyonectria
macrodidyma) , 5 TGP B K K WA A 781 (Cylin-
drocarpon macrodidymum)

2.5 mEEEVFHE

2.5.1 AASFLAKGH S, HES AW,
9o 5L TR TE A ) 5 7 R TR 22 A K B A AE )
25, 1E CMA i3 b Jil A R 22 A= K i,
FiFR A 7 RIS LK HARTIK 58, 17 mm. 22
S KR N 7. 31 mm/d, 7E PDA fil PSA |
R AR R 2 Rk B R T KEW
R AR A G IR 58 AR T 22 g T
PR, DL CMA B35 77 f /b

Ilyonectria macrodidyma strain Cy258 (JF735348)

Ilyonectria macrodidyma isolate REF202(JN859422)

100

99

CF9 (JN641882)
Ilyonectria macrodidyma CBS 1126157 (AY677290)

Ilyonectria macrodidyma CBS 112601 (JF268765)
— Neonectria obtusispora isolate Guardbrigel3W ( GU726752)

Neonectria obtusispora (DQ888723)

100

0.01

Ilyonectria destructans strain CBS 264.65 (AY677273)

Ilyonectria destructans strain CBS 301.93 (AY677274)

B4 ET DNAITS FIMERRERFEER CFI REXER
Fig. 4 Phylogenetic tree of Ilyonectria macrodidyma CF9 and related strains based on rDNA-ITS sequence
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Fig. 5 Colony diameter of pathogen strain CF9 on different growth media

2.5.2 hRBxEH2LAKGYw BHE 6 AR
JRH CF9 B 22 78 A [6) O B8 4% 8 A K B A7 76 1]

WES, FELBEQID) &M TR 7TdHELH
e K, Al ik 43, 83 mm, W 22 F ¥ AR KRR



. 6 . (I A3

I

O 27 %

5.26 mm/d, i 3 K T 4% B (241L) F1OG 58 85
(121./12D) 444 (P < 0. 05) , 4= 6 B F1G 1 28 %
ZW T 2% % (P>0.05), 4 S & F T 14
“whHK,

70 1

E3d B4d BS5d B26d m7d

60

BE¥% Hf/mm Colony diameter

24L

12L/12D
K I® 44 Light condition

24D

24L 24 h &R
912 hOGRE S 12 h B A %
each day;24D Jy 24 h 4> B 1R5

241 indicates 24 hours light; 12L/12D

12L./12D indicates 12 hours light

24D indicates 24 hours darkness

one day

Bo6 AEXBEGTESREFRFEERCHEEER
Fig. 6 Colony diameter of pathogen strain

CF9 under different light hours

2.5.3 BEANHLAKBRRTHEG Y H
&7 A UL R AR e JEL i CF9 A 20~30 C
WHENB AR, 25 CTHEHBRRA, KH
T ORI LHIEEAN52. 7 mm, £ 35 CFH
T R/NA AR R WL 224 K

Hi &1 8 AT, 30 C 451 TF i it I 48 1 1 & R
e 12 h PR E N 68.0%.25 C 12 h (7
T &R N 66.2%, FW 25~30 C& CFI 17
WY K 1) F i i
2.5.4 RAAPHNWLAKRBTHANY
v AT, BE R B pHOW o D R T 22 AR K

(o))
(=
1

E3d B4d
50| a

40t

30}

|
H

20

10

B H4/mm Colony diameter

[=]

Bs5d

5.0

R R R 2, R CF9 R 4L pH 3~38
AT A K AR T A o Ko i 224 pH R 4
TR EAE KSR, 25 7 REE ERET
ik 44. 67 mm, @ 22K #EE K 5,38 mm/d,
RV 224 KGR M o 78 15 9% B pHS ~ T

70

=E3d

B4d BS5d BE6d O7d
60
50 F
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B 7% BH/%/mm Colony diameter

¢ 5 30

¥R E/°C Temperature
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Fig.7 Colony diameter of pathogen under

different temperatures
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Fig. 8 Conidia germination rate of pathogen

under different temperatures
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Fig. 9 Colony diameter of pathogen under different pH conditions
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KHRERANLE(P>0.05), B 224 K # g
flEF pH 4 X105 7 KEEEB T 34. 7~
36.3 mm, [ 2 ¥ 4 K Rk 3. 95 ~ 4. 19
mm/d.,

t & 10 AT UL, pH Ry 5.6.7 204 T 9 I B 4t
TR PR EY & T H M pH 414,
Horp pH 7 B e R T 85 & R AR B
#& 3 h Al 12 h J5, 45 8 & % 55 5 g 34. 6 %0 I

BE3h

120 a
A a ab _—

100 c T
1

o
80 Tt f/é ﬁ/é

a
a -

BT R E/%

Conidia germination rate
o
)

S
IS

1] o0

b
SMEE B N

3.0 4.0 5.0 6.0 7.0
pH

[\
(=]
o

(=

94. 8%, 2 4 S ¥y K BE 43 9 AT 35 33. 8 pm FlI
207.9 pm, G MK E AN 19, 34 pm/h, F B
P B2 26 55 R T8 IR B CF9 il 7 8 & M 23R &
k.

2.5.5 pARFHEBE HE2HEEE
CF9 sy A=A F7E 45 C4F T ALFE 10 min BPZR &
By R RETT, R AR F B IR E N 45 C L 1E
Fi 10 min,

B 12h
300
B a
250 | b [
=
E 2 200f %%
[
. —
=2 150 $ 7
Y2 < L
fo g
%g 100 |
€
50 F C% c c b a%

3.0 4.0 5.0 6.0 7.0
pH

B 10 AREpHEHTHEECFOBFHEZEMFEKE
Fig. 10 Conidia germination rate and germ tube length of pathogen under different pH values
X2 EEREFREEE CF YEMFHIEBE (xts)

Table 2 Lethal temperature test of pathogen conidia

W/ C  Temperature 35 40 41 42 43 44 45 50

C Jﬂ%ﬁﬁﬁ}‘;/% 76.3+0.5 37.7%+0.3 30.5+0.4 21.240.6 8.2+0.5 2.54+0.2 0 0

“onidia germination rate

3 W a2 A T B S A AR B %R R 28
it T

R T 2 A 8 7 v [ A R R g b IXC )
B AR . A RE R A EOR A 2
FLF5 22 W v @ i T TR B e AT S 20 AR
A [F] b 3 A R A ARG B E EO RA Fh 2
TEAEAS[F] o A okt 3 8 A [) e Bl 2 7 B 455 v S B R
g MR A 1 = O TR A S R R AR B AT 4R
SL R R OGP R — . T H R XS PP K X R
B AR 9 A 1 2 D 2K O A L I X
b DX A AR 5 14 9 D R SR AT A R B
PR L ARG T R R S R R E L rD-
NA-ITS J 91 53 4 K2 B 0 7€, 3E W + o8 52 )8
KA + 77 72 (Ilyonectria macrodidyma ) J& B
VPO 48 K 22 DR g M 1Y 2 2 I T . 5 B G
V187 T 1A JH Al et DX A AT o 0 L B AN ) . - R 52
J& (Ilyonectria P. Chaverri & C. Salgado) K& H:
TR #9 )8 (Cylindrocar pon Wollenw. ) H [H
GYAT Tz K UL TR A R AR AN Bt

PO S R 0 9 B T 1R AR T A TR JE
AL BRI R B, AR 5 R B (Tlyonec-
tria spp. ) W] 5B A MR A R 2R
g RIS R =L BB R Ak
AR i 20 S 2RI W 5 B A B R LR T
W BRT 5 | A R AR IR A T . AN BT S A [ P IR
A8 RV - 75 7 X 5 REAR AR AT B0 1R G fE
J1 T 5| S S A A A e v AR A A T A
Il PRy JH A i DX i R DL A1 G 32 i R 7 R R T
b e S R A R B A W A ) A i —
wr5e .

o D T ) A ) 2 R 0 2 L S DT A
K IEHEAT I H O A N S A AT R . AR SE
F W] IR R XA - o 7 B R BORAR L R B A it
B FRIE E A A KL 7E CMA B e Bt B KR
PR LB 2 s i 5 0 AL RE T 58 A AL B R
FAEREETC S E 25 B A TR 4
A TR 22 el A IR EE R pH 20 Sy 25 C 4,
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Identification and Biological Characteristics of Pathogeni Ilyonectria

Causing Strawberry Root Rot(Fragaria X ananassa Duch. )

SHEN Guanghui'? , XUE Quanhong” and ZHAO Juan'*

(1. College of Life Sciences, Northwest A&.F University, Yangling Shaanxi 712100, China; 2. College of Natural
Resources & Environment, Northwest A&.F University, Yangling Shaanxi 712100, China; 3. College of Food
Science, Sichuan Agricultural University, Ya’an Sichuan 625014, China; 4. Institute of Plant and Environment

Protection, Beijing Academy of Agriculture and Forestry Sciences, Beijing 100097, China)

Abstract Root rot is a serious damage to the strawberry production at fruit stage in recent years.
Chang’an district of Xi’an city is the main production area of strawberry in Shaanxi province in China,
the causal pathogen fungus was identified as Ilyonectria macrodidyma based on the morphology char-
acteristics, ribosomal DNA-ITS phylogenetic analysis and Koch’s postulates pathogenicity test. The
biological characteristics showed that the pathogen could grow under different culture media. The op-
timum temperature for mycelia growth was 25 C, and the suitable pH was pH 4. The optimum tem-
perature and pH for spores germination were 30 °C and pH 7 respectively. The conidia lethal tempera-
ture was 45 C for 10 min.

Key words Strawberry root rot; Ilyonectria macrodidyma ; Pathogenicity;TDNA-ITS sequences
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