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Identification and Biological Characteristics of the

Pathogen of Lily Bulb Rot Disease
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(1. College of Agriculture, Liaocheng University, Liaocheng 252059 , China; 2. College of Horticulture , China Agricultural
University/Beijing Key Laboratory of Development and Quality Control of Ornamental Crops,Beijing 100193, China)

Abstract: To determine the pathogen causing lily bulb rot disease in Changping district, Beijing city, the
pathogens were identified by tissue isolation, pathogenicity test, morphological characteristics study and
rDNA-ITS sequence analysis. Biological characteristics of the major pathogen were determined by
measuring the diameter of the colony and counting the number of conidia using hemocytometer
measurement. The results showed that Fusarium oxysporum and Fusarium solani were identified as the
pathogens causing bulb rot in lily. F. oxysporum was the dominant strain although its pathogenicity was
weaker than F. solani. For the mycelial growth and sporulation of F. oxysporum ,the optimum medium was
PDA , the optimum temperature was 25 °C ,and the optimum light condition was 12: 12 alternation of light
and darkness. The optimal pH values for mycelial growth and sporulation were 5 and 7, respectively.
Lactose was the best carbon source and NaNO, was the best nitrogen source for mycelial growth. The
optimum carbon source and nitrogen source for sporulation were glucose and glycine separately.
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S Je % A BAE € 11 B e B, 30T 098 P DA A R I
o K7 U I AL o E I AT o
Tl G bk e

UEARSR , JE Bt B P DXl 3 R B T A R
T ) 5 25 B A2, ™ EE R TR ER (DD AE 7 B
Jite , 20 A AR AR . DR E 1% X A 5% =S
JEE I 0 D T, SR SR T AR O T S e B AR RO 1 B8
RIS RR X I 2E AT oy B AL E L T A T
O B A A R D TR A ST %0 1) S
HLHE 0 B17 A A B8 5E HLIE HE A o

L AR A7 &

1.1 R #F

FAE b SO A BT B XA T AR S
H, 5 ENE T H AL H & (Lilium oriental hybrids)
F I (Sorbonne ) , K £ 9 ik B A7 it Y ol 25 5 2
SE AR o
1.2 REH*E
1.2.1 mBRHG s> B 5o RAAL LM
T 7K e B AT M A 2K B S o AR 1 25 R, TR
TAE & OO 25 FAE BT 2 mm X3 mm K
INHTT5% SRR 30 s, oK EEE 3 K, T
7.5% WK ATR AN i I 3 min, TR K MYE 3 K, 8
T HAER AR RUE R SR (PDA) | 25 CHHIREE IR
3~5 d, MBS ah R sl S DR AT TR A 22
1.2.2 A RWESomEMNE BIRIE 555 aifk
M PRTE PDA B X5 3% 7 d J5, AT fL &% 1k B 2
S mm P EPF . BEIRRIRMERBEZE R, 75% &
B AT R A 75, JC WK ok o TR A ) T A
2R AL R DRI AE AL b, UG PDA R 3R AR
XFIR . PRIRER IR B KOG R O o

T VAR S R IR BRI B 5 AR P E ELAR12 em
R e i EZ B U= N R R = SN
PDA B85 7 d (438 H, 1 75 1 I, PAFEA PDA K
FeH X, 25 CHEFR, Sy WA AR AL

R T 8 E 9 U X o s 4 25
P UCHEAT 5 I T A 00 B S MR E
1.2.3 mRBEL IBEEE B ores it ny s
W43 #E PDA | 25 °C O ik B 5%, W 5% T8 75 FRAIE
(] B K A S 3 #0500, T BXS T BRAR ) 26y 58 4l 5 WL
ZETR 22 T IS H IR

T HEYE Y E A Omega Bio — Tek A H] (1)
D3390 - 02 Fungal DNA Kit 2 B & @ & A
DNA R F EC TR A2 W A 35 IR P 7 S TR B IXC (IS ) 58

FHB1# 1TS1 (5’ = TCCGTAGGTGAACCTGCGG - 3")
HIITS4 (5" = TCCTCCGCTTATTGATATGC - 3") k47
rDNA - ITS % ¢ #8°' PCR & i #2 FF:95 C
5 min; 95 C 30 s,54.5 °C 30 5,72 C 1 min,33 PF
372 °C 10 min, PCR =¥ 1% (%) By g 4 e e /L
TR W, K 500 bp 22 A7 1 Sk U Il i, O
pMD18 — T Z {4k I fk % K ¥ 14 DHS o SR AZ A5 41
b, 28 Amp B P 0 5 R VE PCR ORI S K & A
H 3 R A BEARY FRAE 58 B 2% LR o A= P BR A PR
ANFEIWE . s e 5048 NCBI ik Fl BLAST 47 1
XFor BT, FIF MEGA 5.0 H§# 2GR & W .

1.2.4 mRAEAMFHELIN HEHKLT mm [
At e I TR P BBz R F AR R 3R B R (B
9 em) o B TR FRAE DR IR, PR SR AL
e O IR pH A B UR R 6T T TR T 22 A K
77 A R R

B AR 0 52 e - Al 8 3R 5L 0 ) O PDA VLR
Vb QR %9 W 25 1 R B R 15 9% 2 (mSDA) [ #r [K #5597
B (CZA) KERli 5 77 (BM) 45 4 R [ 4 55 55 5L

Tk B ) 5 0 < K 35 38 B 4300 R 510,15 .20 .25,
30.35.40 C,

TR S % B AR I OB B (12 h 6
HE/12 h JBHE) ARG 3 b,

pH {H A2 . pH {E B B &l 3.4.5.6.7.8,
9.10.11.12,

B AL 1 52 T < A e D[R 355 7 i ly il B 7 0
V65400 250 43 00 FH A5 O REME L2 2R ELRE SRR T
BEWE BT RAOBE AT P VE R G A A R AR, AL
N T Bl T %) 055 5 3 | L G B YR B 5 R A o R

RS2 ) < A A [ [ A 5 5% 5RO Bl % 5 4
W IR A Tk Jie 43 i) P 45t 10 B R 4 L U fL B LR
R BERERE R R CH AR WA, R AN
R85 373 DL R B 9% L o X R

PRI AT TR IR UG, B IR AR O PDA B
FH 25 C 12 h YEHR/12 h B, &AL 3 1,
W3 W, IR S5 d G R T 28 SOk I 3 1 7 1Y
B L6 d 5 R I ER T HOb 7 ) A
1.3 #HiEabiE
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ZEJE K BE b oy B A A4S B 1S AN T RR (G5
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BHI—BHIS) , H ISR PR FIJE 545 AE 0 < fE PDA 85
Frdk [ 25 CAH IR, WK BIE A i 22 90 B R Bl
BOR, G R B A R 22 A B, o AR T
T ARG/ ERT RO RS, 2
AN, DR 1~ 3 s KRR R T JE 6, Bk
JIIE 3 ~10 JhF . ARAEIE SRR AR 22 T IE A,
VI 2 5E 15 Ao B RAR Y iR T 1 (Fusarium) .

BHIS 175 K J& 2 564 bp, 57515 Jy KR364579 |
MG183708 . MH569611 . KM268689 45 J& Kz 4t JJ I
( Fusarium solani) R JETE R 99% . H. A& BEHRE)
FPal — B, K JE Y 54 bp, 5 F A 5K
MG836253 . MH512964 . MG020429 | KX786247 45 22
T4 )1 & ( Fusarium oxysporum ) [ [&] Y& 1 & 100%
ARG BHL F1 BHIS 1) ITS J7 5144 £ 1) 52 50 & & A

X 15 A4 B dk 4T rDNA — ITS i )3, 45 B bk K1,

BH1

Fusarium oxysporum isolate ELRF 8(KX786247)
Fusarium oxysporum isolate STO05(MHS512964)
Fusarium oxysporum isolate BLH-P2(MG836253)
Fusarium oxysporum isolate FCHA(MG020429)
|— Fusarium solani strain FSIF6 (KR364579)

100

BHI15

3t Fusarium solani strain FIAT-31354 (MG183708)

004 003 002 001  0.00

Fusarium solani strain GWGS (KM268689)
7\{

Fusarium solani isolate FUS4 (MH569611)

Bl 1 E# BHL f1 BHIS EF ITS FIHRBEEMENRELZEN

bR BHT (AR JT ) 78 25 “C /Y PDA 15 IR 5
b RREVERE, AERZFE 'R, A6, EAERE
GRZ(K 2AB) , 5i3f 4 d IEEEEN 5.0 ~
5.1 em, WA, MERTAICE, A DR,
DREB MR, WLNTT L ZHIENEY (K
20) o /NRUMAE T IO, AN, 1 BT BN TP |
AT, v ST, P 2 5 R AR AT R 6 i )
B 4K ,0 ~5 AP lE, Z 80 3 B (& 2D) . Rtk

BHIS (Ji f2 4k 71 B ) 78 25 °C 1t PDA K53 dk |, oo
IR B2 SRR, A @ ok 1, B SRR
R0 ([ 2E.F) . 15 BHI M LL, 1 #k BHIS
AREE R4 dEEEEN 4.3 ~4.4 cm; 7l
240 6 A TRT ORI RORE B0 (1 26 ) 5 0 2R A1 LA
HUH: /NRL G A0 B KA R T 22, Eh e
B, PR (1A 2H) .

A B bk BHL I ¥ 1HT 5 C Dbk BHI B2 S /B 7B A% EF: fibk BHIS B I 1f 5 G M bk BHIS J22 Sk 4 TR &
2 H#k BH1 #1 BHIS g3 iR 5 RS H1E

2.1.2 mREHBEMNT  BIREEMN,4~8 d
B AE , 8% R AR 2 95 7 B 9 AL AT M €0 0 BRE i B

B O B 2 BT, AR A
OB 3A) o TEARER S 15 ~20 d H BURKAE , AT Y]



% 12 &

HE AR ERERARRANELRAYMFHRER 99

FRREAL - Freh R I s A A 4 (1 3B) R 2R 5k
T {1 AR €0 BRE A, i 300 I R LT 4w B v, bk £
R, 2500 BB RIR B 23 B A ()2 B =R SR

[LPSE AU N L TEIAPNE RS N i WL IR
AL R TR (K 3C) , SRR RRERDIR — 2

B AR FP I, BHIS TEAREERD 4 d Zo 47 JT 0 Hh
AE B P R L OR , BHL B AR 8 d A B IE
08 8 2 PR B 58 TR AR HE AN I, BHIS B BRHRD 15 d
TEUR BAE , AR L b ER e ™ M AE T, BHIL B Bk
FeRh 20 d WAE, b BRI BN HASET S,
PRk, BHIS T2 B ) B0 28 5058

I 2R G5 8 Al A I A, HEAE PDA
Br Rk BB IR AR ST 22 A TR AR X S R
Xof IO FR) TR R — 0o MR AR A A TR U, T 2R
I 09 TR TR N 22 fE 8k U] B ( Fusarium oxysporum )
J& Bz 8k J1 1 ( Fusarium solani) .

2.2 BASERERRERRBRIANEYF
ik

2.2.1 BAANRBBRAEELEKRAR BTN
Fof ) B R R A AL B T T A TR 22 A AR A
HARELW (R D), BREHS X, ZEE BM
iR E R K AR, R 63.27 mm  [H £ i
Bi, 75 PDA }i R0k F YR ARk Z, O 56. 33
mm, 7% BUH . PDA B R B T REE R,
10.00 x 10" 4~/ , He vkl CZA K5 373, BM FmSDA
WA I - R BAR . 25 B, PDA B 37 38 0 I 78 it
J1 T I 3 R AR

1 FAEFELXARINERENERKBERAMATFE

e 7% H A%/ mm FERL AL/ (x 107 A~/10L)
PDA 56.33 £2.42b 10.00 £0.25a
mSDA 50.82 £2.40¢ 4.50 £0.28d
CZA 48.60 £1.20c¢ 8.25+0.61b
BM 63.27 £0.95a 5.75 £0.66¢

T RS R NG B R 2% 5 35 (P <0.05) , Tl

2.2.2 BEMNRRHBIABALAKRP ZRETHY
R AN [E] L E R TR 22 A K B T A R Y R e
(£2), WELMS C) it m (40 C) I, B2 1%
IEA KA, EAE 10 ~35 CHRATHATAK,

) c
A B PR HERD B 25 AR 5 B I R HERD b L AR AR AT 5 C o T IACHE B B 25 5
E 3 B&#ET BHIS fn BH1 5K

25 CHpA Kb, Hok ol 30 °C L 25 C &Ry
ok, H9.88 x 107 A~/10L, H:vk K 30 C H}, —
FHIWE 25 P, 2R A5k U0 B A R R A 0 1
HIREE N 25 ~30 C, Falii ol 25 C,

2 TRABETRAGNEHEENEREANATE

WL/ C 7 E 2/ mm FALR/ (%107 4+/1)
5 7.00 £0.00e 0.00 £0.00e
10 28.27 £1.26¢ 0.30 £0.01d
15 30.33 +£1.08¢ 0.38 £0.01d
20 47.93 £0.75b 0.65 +0.10¢
25 56.37 £0.40a 9.88 £0.45a
30 48.03 £1.60b 9.70 £0.36a
35 22.00 £0.67d 1.78 £0.10b
40 9.00 £0.15e 0.00 £0.00e
223 ABSRIABRITARALARPTRENS

W N 3 ATLLE Ak T R AE 2t I O g
B RBEEAE T YRR, S ELMET
Weh K, 5B 0BT, BELEERAR
BE HEERS T EEREAAR, e BH LM TH
PRI A L 3K 9.75 x 107 AN/, T A O I
14 SIS AT

R3 FREBTRARIEEENERBELANATE

JE IR A B ¥ B 1% /mm P/ (x 107 /)
B 51.25 +0.98h 3.20 £0.24c
o 2SR 56.33 £1.07a 9.75 £0.63a
E 55.25 +0.43ab 4.40 +0.40b

2.2.4 pHUEAMN KRB NHHALAKRFFRENY
W AR 4 AT LUE L, R A VT AR pH {H 4 ~ 12
WA A K 78 pH (R S T Bl M 1 R85 45 18 F R
KB EER pH E (10 ~12) T 25 MR H5F
B 110 T R 5 ) €5 K AR i, pH (B S ~ 8 I, I &
LA AR, pHAEY 3 AR, 7E pH {H 4 ~
12 P, 77 96 6 e 3G N5 AR, >4 pH (R 7 B, 7 4
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47 %

B, IE7.70 x 107 A/,

x4 TEPpHETRARINEEENERKBEANATFE

pH Y% B4R/ mm PR/ (x 107 AS/10)
3 - 0.00 +0.00f
4 42.13 +£1.04d 2.83 +0.36e
5 69.50 £1.78a 4.70 £0.29¢
6 61.90 £1.79bc 6.70 £0.54b
7 57.23 £1.40¢ 7.70 £0.31a
8 69.30 +£1.08a 6.50 +0.46b
9 68.63 £0.80a 6.40 +0.25b
10 64.63 £0.50ab 3.48 £0.40d
11 66.30 +0.83ab 4.10 £0.39¢
12 69.70 £1.24a 4.58 +0.20¢
2.2.5 BRENLBBRIBAALAKRF TR EAY

v SRS T B TE AR TC M B Rk B B RE A K
(£5) . i HW 22 A KB IE 9 FLRE,S d IR %
FLAR ]I 60.33 mm, LUk O 22 200 4, S50 I
(TCH ) HH EL , T 5 W 0T 9 P oy 0 ok 17 T 22 1) A=
Koo TR TE LA 6 0 RV OB S B DR A B R A L
B Z, 73 JE X I 5. 50 £5F1 5. 33 .

x5 TRABRETRARIFEAENEKERMATE

Tk U5 7% B A5/ mm PR/ (x 107 /)
H#HE 54.30 +2.54hc 8.25 +0.46a
i 51.93 +2.55bc 5.00 £0.31c
T 40.40 +0.93¢ 8.00 +0.40a
EZ 2 56.30 = 1.76ab 4.25+0.15d
LA 60.33 +1.68a 5.25 +0.33¢
HEWE 45.27 +4.48de 7.00 £0.21b
[CIEDASE 53.80 +1.80hc 3.75+0.30d
A E R 44.20 +0.69de 5.25 £0.29¢
T Y 49.23 +3.38¢cd 1.75 £0.29e
Tk 44.97 £0.70de 1.50 £0.15e

22,6 RRMNRIEHNWALERFREHF
o BARRAHE T B TR TC R g R b A E
(LR | B AN A (U T AT AN PO Rt S
RAELE (R 6) o TR 22 A2 SRR LA R B0 0 19 £ 52
R R B PN SR A B A 2, 3 WL TR N i A AT
BILZ ) 8O B, 0 e 285 0B R T ROCR B 22
RIS R F 0 R B A 2 R R I B R T AR

#6 AARBETRARIHEENERKERMATR

AR T V% B A2/ mm PEHIE/( x 107 4~/100)
M 58.97 +1.75bc 2.76 +0.23b
et 5 61.30 =0.89ab 3.10 £0.40b
HAEmR 57.23 +1.50¢ 3.93+0.35a

JR% 42.73 £0.55d 2.73 +0.28b

i % 44 62.03 £1.97a 2.68 +0.28b

i R Bk 16.43 £0.42e 0.00 £0.00¢
IR 16.87 £2.50e 0.00 +0.00c¢

T A 57.93 +1.25¢ 0.00 £0.00c¢

FreAaamm®E, DO Rk /IR i R
R,k 3.93 x 107 AN/, g 35 7 T HiAth b 2
HRREFBRE EOAMARE, WA LRS SR
FHETHANA AT, RUAIE A A TR
AN

3 k5T

TE A KA BB, 5 5 o K A B 2R T R
7 | R T ) 9 25 F e 1 o i L T T AT B R
( Penicillium cyclopium ) | ) £ ¥ B ( Rhizopus stoloni-
fer) (PR % (Aspergillus niger) \MAE T B ( Penicilli-
um corymbiferum ) 123 7 4 77 B 45 L A I 1 9% 25
B 2 95 1 i it T AT AR S T TR L B Bk ) T e
Y 7] B ( Fusarium moniliforme Sheldon) f1 /2 H 9
JIHi ( Fusarium proliferatum) 2™ . WF5¥ 26 85, K [A]
b DX A K A0 0 2K 0 e Y D B A 8 A A T
A A e B EL 22 N T Ak 2 0 DT 28 B
FE N RALHR I i Bk ] B ( Fusarium solani) FIR
A9 7] W ( Fusarium graminearum ) (o o WA FE M
S e o T a A A I 2R e T A e B
AR R DR 2 R R T L B
TR 2 VBB 5 MR s 114 2 2 B0 T O 2R At B
JYR RIS TT B o AR [ X 0 5 L 1 N
Se 4 AR IR) , AH 32 B0 1 14 SR A i T T U™ AR
LHEWHNEELAT (F. oxysporum f. sp. lilit) , X}
T G R E AT B0 1 FE T R LB (F. oxyspo-
rum f. sp. gladioli) """ AT YA I0 5 E P LXK
AR5 B A 2R B 25 0 92 0 R D TR Ry 2R A 5k
RS PAN PN R 6 AT (IR AR RN
B, b B E R 93.3% s WBURYE b, 8 BBk T B
TE 0 5 [R] A0 2 B2 #R s T OBk VT . R
PRI B AET DRI K A A st H
A G TR L, A5 00 5 E TR B ik T T R B
o A o

TG W 25 T e R A e L 3 L
22 IRTE S ZE N B L) T 22 4K | JEL 4 A 1 N TR A B R B
AR 88 bl SRR 2, i AR T G R B W AR
=R SRR ) 7 N SO0 L D EEO A NN 7R
R R AR A M TR & AT
R RAE H B CTRR X B R 2 W A A A A, B
T2 EAE R HEAEME ., A T E R AT B
A6, #E— 0BT T 3 230 T O A ik T TR Y
AW R V. T A ORI P Y I 3 R R R R
PDA $5 357 3 A O™ #6119 38 B o 25 ~ 30 °C
O IR B 25 °C i 224 K fil pH (R 5, 77 4



% 12 &

XFHEHERERARE

KB A FHERT 101

() il pH (B 75 B 2208 12 12 JORE 388 440 7 B
K AR, 777 A0 B 5 5 0 22 b AR IR a8k 4 B R T B
2 1 K S5 T B T O LB L 7 P 3 W TR O
B 5 0 HLEURI RS 25 BRI B0, 1 22 4 K B A
R 2 B T kR PR B9 7 LA i i VR R H R
AWFFEALERE T 4 Fd 753 , A — & 1 BR A, 17 ik
— 25 T A B R RN T A R R T A A
PR RIS R R T AR & B R
T 22 P K U B A pH 3 BT 45 20 5 AR G o T
AR IG5 TR0 1 1 2 K
35 bR A X e H B T B B 5T 4 S — B, H
IR B 1 B R Al B LE 4 T PR R A K
IR 8 R o e o NI BRARE O AR DOR 3/ W
(9 IR LA 22 5 0 Al T B8 W R L AL AR K
72 ARG B AU O A A e i 4 R 3k
W], S A5 R I T S F B ) B B 2 A K
T o A A ) T 22 M o SR T A B )
T 0 A K 7, A B 1 4 A (L AR K R
7 6 1) B B R T 5 AR 6 1 5 R R TR
T A 7 S B v TS S A R PR LA B
A A 255 7 X 0 49 B 2 K 5 P A, AT O
R T W 2R B RS 1 2 2
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