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FOE' BEW EHER FEF EwmE' EAL"
(1. =EFARNBEB YR AR SRR RTIET, B AR AR E S50, Aol R/EY LR %R S
Fh TG S SRS, B 6502055 2. = A A B AR H BEFTSE I, Tt 616699)

WE: AMsmsd bR LR RRAAE, R FILR S B EFFHRARARLW20153, i
WA EFHER ST AN FHATAKRLW20153#ATE5E, AR LAY F4E, SX2EH, R
F ot A AR R 6 o AT F 2RI R XA ZLIK AR &, L3-8 MR, 0~4 N ARSI, K A
16.5~45.0 umx5.0~13.5 um, F38560F 23K, A2 A4 6.0~12.0 um; Z AR ITS 53] 254 L F #E4L5
Mres R ERA B LW2015.3 5 444456 Alternaria alternata(% 35 :MG195995.1) 69 B P 100% , 45
SHEFHIEE ) TETERHBEZZH LR E TR RBRREANERKTLA alternata (B F 5
KT362732.1), #ZmREH LA KETIRE A 20~30C,25CAHRERBE; BpHAINEFLAK
ik Fpnbe pH7 RiEB L4 K ;PDARSR A PSAR R AR ER LA KRR E T & F 4B Aok
R A VAR B 4N A RUR BT 69 R) B R R 5 T 0 SRR E A 50°C, 10 min; R B R AR 2 A K
YRR HEF ESERABRAFNTRHLEK,

KEBIE: ik AR RRRA LT MARTE; A FHR

Identification and biological characteristics of the pathogen causing leaf blight of
Fagopyrum esculentum in Yunnan Province

Lu Wenjie' Luo Zhiming® Li Chunhua' Yin Guifang' Wang Yanqing' Wang Lihua"
(1. Key Laboratory of Southwestern Crop Gene Resources and Germplasm Innovation, Ministry of Agriculture, Biotech-
nology and Genetic Resources Institute; Yunnan Provincial Key Laboratory of Agricultural Biotechnology, Yunnan
Academy of Agricultural Sciences, Kunming 650205, Yunnan Province, China; 2. Sugarcane Research Institute,

Yunnan Academy of Agricultural Sciences, Kaiyuan 616699, Yunnan Province, China)

Abstract: To clarify the pathogen causing leaf blight of Fagopyrum esculentum, the strain LW2015.3
was obtained with the method of tissue isolation and identified based on morphological characteristics,
molecular biological technology, and the biological characteristics of strain were also determined. The
results showed that the fungal conidia were obclavate or obpyriform, brown, with three to eight trans-
versely septate and zero to four longitudinally septate, 16.5-45.0 umx=5.0-13.5 pm in diameter. The
chlamydospores were spherical, 6.0-12.0 um in diameter. The ITS sequence of the strain LW2015.3
showed 100% homology with that of Alternaria alternata (MG195995.1). The pathogen was finally
identified as 4. alternata (KT362732.1). The mycelia could growth at 20-30°C, and 25°C was the opti-
mum temperature. The growth rate of mycelial increased rapidly at pH 6-9, and the optimum pH was 7.
The optimum media for mycelial growth were PDA and PSA. The utilization rates of maltose and sodi-
um nitrate were the highest for mycelial growth among all carbon and nitrogen sources, respectively.
The fatal temperature for mycelial growth was 50°C for 10 min. Significant differences were found
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in the mycelium growth under different light conditions and the continuous light was most favorable for

mycelial growth.

Key words: Fagopyrum esculentum; leaf blight; pathogen identification; Alternaria alternata; biological

characteristics

I+ 42 Fagopyrum esculentum Moench. i 2 F} 57
@A A T A, A S
IR T TER AR E T T, LR T it
RGN oy (ZERLL 5, 2015) , 225 & R
PR . AT, FREZ AR 1A fi S (HFR
Wil F 42 ) Ml 5 (W PRk ISR ) Horp iR 28540
AT WS B v CHA T E AR XA
TP IK R F BT T = m WU S P X
TR (BRICE ,2018) . HT, EAMEHGERFE
9N E A FF A2 MR E % (Mondalet al., 2002 ; La-
hoz et al., 2007) 1 5% 2 55 75 %5 (Petrzelova et al.,
2015;Econopouly et al.,2017) , 51723 2 Fhik F A9
TR 43 3 M 4% 33 T Sclerotinia sclerotiorum F 75 25
JB LA s TR TR A A= R 2200 3 3B S A (5 S
5 ,2014) FUBHG (Lu et al., 2015) (FE 8005 (f53C
TH%E,2017) %

Lu et al.(2015) 1/ 33 25 (2017 ) il 1o B 1
W JEE S FAEYFELE T s mE K
A= IFEAE AR FNEE SO 0 L 1 40 S0 S 2
¥ B Erysiphe polygoni Fll 5 28 15 B Phoma her-
barum. Fi 3L 5 (2016 )38 1 X 57 22 #8000 1493 )i
P AE WA R R Y R B, 0 D TR A R Y TR R
20~28°C, Fre i R B R 25°C , % SR TR B e
h L P E I R AR ZE R R EGEE W, 2 H
B fa 22 R P B N Z— . 2014 LA
K, mFE LT IR FAEEE W I T — B 53
AN A . AR 3R A AR R AT Y
I, hn b A UL R U R BRI T R AR N
POMERE A RIK 35% , 4 TR 4 A 7 1 IR K I 280
P o R, IR 5 | S 5 22 Wt 1) s T 781 0T 3%
o B IR A E

HEMS A Alternaria alternata 51 WL R R
IR 5 72 MR AL, e W I AR m i 2k i
TR (5] S AN R DU 2148 i BRE s (5 S RH b, I 1D
B T R 30 ) R R, SR VOB (R A
2009) o ASBIFFE I 25 B A T T 7 A AL Ml R A
S, 38 o 2 255 BE A S R AR, T T O
PRI |, 8 8 A RRAE WSS TDNA-ITS 751 Fil R

GE B o BT AT R I B R A T R IR AR
Yy R M T, DASDI A 35 22 WA o o Jir TR B0
BLIE K5 B v A 5 R L AR

1 Rl 5 H*%

1.1 R

BRI BN F I FRE R A M E & T
PO R FEEZ M, A B 1S R
LR JE ML, BT 4 CUKF A H .

397 A - ) B 4 0 B IR (potato dextrose
agar, PDA) B 723k . Th44 200 g A 4 M 20 g 3R
20 g; A EREMEEIE (potato sugar agar, PSA ) Hi 3¢
B TR 200 g HEAE 20 g Bl 20 g; A (Cza-
pek) J% 77 3£ . MgSO,-7H,0 0.5 g.K,HPO, 1 g.KCl
0.5 g.NaNO,2 g.FeSO,-7H,0 0.01 g W4 25 g Biflg
20 g; B % b IR (carrot agar, CA) B5 32 5L . 5H & b
200 g B g 20 g; A F 3R (oatmeal agar, OMA )
FhFRHE e 30 ¢ I 20 g5 VD IR A I (sa-
bouraud dextrose agar, SDA ) £5 =3k . 25 15 10 g B
fig 20 g %5 % B 40 g; F K 3§ (cornmeal agar,
CMA)HEFEHE : FKH 30 g 35018 20 g; /K G (water
agar, WA ) B5 F2 5L . 315 20 g; i () RIE ARG R 3
HwHE 20 g GEPREN 5 o WEIRIN 2 g BRIREE 1 g I
12 g0 VU EEEFRFEIGUIN T 000 mL 2848 K

T S AL - 10xBuffer . MgCl, .dNTPs , Taq i,
AT A TAR () e fn A7 BRZAS w5 BT BSR4
DNA $2HGRF &, Aot 5 B B AE YR AR A RS TE:
23] HoAR iR 2 o 16 7 43 #r 4l Eppendorf 5424
A& B, 78 [E SEARTE F] ; Tprofessional Stan-
dard 96 % PCR 1% , 7% [¥] BIOMETRA A ] ; SPX-
100B-Z U fE R 35 F2 48, 1 P S0l A PR A )
HVE-50 Y5 H K 3 , H AR 2k L A
DMI 4000B #4{3] & i fuf i, 72 AR RAXAR A TR A ]
1.2 FHik
1.2.1 3R & rh Ak R o9 o ] e R A

2014 4F 6—8 o p 4 2 7 i B .o
(1) 2 i 722 1t e b 72 WS 2 2 Ao 1) A S i R
KR BE ) & S G, T8 A i A AR A T
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TR SRR I I A T L P S A
122 FRE&rHAE AR R R 6 MRk 2
R B TR RS0k D s 5
FALEAR N A 5 mmxS mm 24, IR 70% B |
2% YA TR EIH B0 HS B2 T PDA #5557 58, 25°C
fEIREEFE S d, IR AR g ik 5 (R A5 H
KRB AR Ak A TEoR M E . BRI
TRAEMITRRRS 2T PDA BE 9758 1, 25 CHE R F7  FF
7% HARZ) R 80 mm B, TR V40 2 F T E A% 6 mm
(TR 22 P, RO/ N A — B i e 22 it i, K
FAZA R Rt 7 3R, AR KN
0.5~1.0 mm , F & 22 LR B FE 42 it 7B IR AL, LA
FER PDA BEFREA X R b R 15 R B T
35 cmx50 cm Y EE BT OREEIRAT 55 OR300, 38 T 25°C
SR e 24 h GRS L 223 AR R 1L, LE
BRI B b PR A 5 380 A T o - R R P B 1
REFRMRIRFE SR 2 S5
123 At ARR R AT SFHIE
Ve FE 1k T AR LW2015.3 FE47 95 5L 1 48 5
B E AR T PDA R FR 5L | 25°CH IR 3% 5 d e , PR
DVFR 22 T3 b 70065 W ARER T g oA 1l
F R AT RIE S RE , 450 5 100 4S9 F 19 K
AN KBRS AT R E A R SRR S (R E
NP S A i RN e 2 L A
Fb (5K K2, 2003 ) , w125 8 TRAR A FP
124 FErtARBRAGSTEE
HHRLW2015.3 T-PDA 55558 | 25 ClHIR 55
5dJa, IR ) FSIEUR 22 , 27 B HE R 41 DNA
PEHGA ) G AE UL SR BT DNA . 3% BLR %
WA PN % 3% ] B X (internal transcribed spacer, ITS)
i 51 % % ITS1 (5-“TCCGTAGGTGAACCTGC-
GG-3') 1 1TS4 (5-TCCTCCGCTTATTGATATGC-
30 T PCR 8%, 51 i 2B T A TR (i) ik
WA BRAF A B 25 pL PCR AR Z : TR P& DNA
Rz 1 L. 10xBuffer 2.5 pL .10 mmol/L dNTPs 1 pL .,
25 mmol/L MgCl, 0.5 pL .5 U/pL Taq [ 0.2 pL .
20 umol/L 51#J ITS1.1TS4 45 1 pL, il ddH,0 % 25 pL.
PCR J i F2 ¥ : 94 C T AE M 5 min; 94°C 725 Y% 1 min,
55°CiE & 1 min, 72°CZEAH 1 min, 340 MER s fe )5
72°CHEAH 10 min, FJ ] 1.0% I JE B EE K X PCR 7
Vit AT e kA, H ) B IR stk 5 AR
(R AR A BRA I TIY . RAR T 28
BLAST . Xf 43 # J5 76 NCBI | #F 17 #2 22 , #

MEGA 6.0 31 LA SR X bk LW2015.3 SAHIC T
PRIGT AT RIS T A8 Rl — A @ AN A i) 3R
SR B, ERE 1000 K,
1.2.5 FZrtamumRRA 0 AN FHE

TS R 22 K AR SV B2 80 mm
I, T RIS DS AR 6 mm B 228, 2 BIHEF 2
PDA . SDA PSA . Czapek .OMA .CA .CMA L F R[]
B2 5L AR Th e, DL WA B3R B AR
HE S, T 25 CHEEAMF FEFRS d, WiE B R
TR AT A, IR RV (TR A RHE

TR EEXT R 2 A KB SR R AN
80 mm B, FRRI V& I I EL A% 6 mm Y B 22 e, 452 F
Z PDAKEFRIE [, 0 il'E T+ 5.10.15.20.25.28 .30,
35°CHEIR IR S d, T Fp AL B E 5T 5 L, TRV EAR R
FH558 SO TN i, AR B T8 T SR

33 i PR SBOAE T 1 I < TRV ELAR 2400 80 mm
I, THRVE I E A% 6 mm [ 228, 35 T I,
B, A 2 mL B K, 53 5T 40.45.50.55.
60,65 C 7K, 10 min JFBUHIRERH 2=
TR, TR TR 22 B 2 PDA B35 38 |, b PR T AT
S, 25CHEIR A FREFR S dJe , AR R 22 b K

pH X B 22 A= K A B2 - 430 1 mol/L £R R 5
WA 1 mol/L & A AL BN WA 15 PDA 35 5% 58 pH
4.5.6.7.8.9.10.11.12, H7% HA2)K 80 mm i,
THE DS AL 6 mm A B 225, 43 BRI E A
] pH ) PDA J5 373k I, R Fp AL BREE &2 S 1L, F25°C
fEIR A T HER S d, VR BRI 738 Uk kAT
D, TSR VR TR S RHIE

I B B 22 R K Y 52 < B VK BLAR 29 80 mm
I, TR 2B 6 mm MY 228, #:70 T PDA
Bt b R ESDOEIR 12 h OGRS 4 s 3
AbER AEFP AL PR AT S I, F 25 CIHIR A T 5 3%
5 d, BT EAR R a8 ORI T I &, I LA
TEIIEASFRE

B (RO VR TR 224 K A5 M) < DL RERE TPk e
By FLVE 22 ZERE RBE CH RS T kIR S
15 7 5 v 1 A TR TS TR B R 0 35 35, DUAS i
VR A SERIE F LA N X R (CKO) 5 AR AL B RN
RNER iR EmR JRE EAK FREE
A5 I i R e ZRC R R 5% 5 35 v ) A R A [ ] 4
U5 K% 35 56 DUAS Jin 008 19 3 ik 3% 3% 3L 4 Sk xif B
(CK). WK EARY N80 mm B}, THVE NI ER
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6 mm [ TR 223, o3-SR 2 S AN i (R0 TR A 8%
FEE b R E A S I, T 25 CHEIR A R R IR
5.d, V& ELAR SR A 538 SO AT I, I LA
TEIIE SR
1.3 BiIBSH

RIS SPSS 19.0 8- vEA T840, IF
I FH Duncan #7524 25 46 56 25 5 8 35 1

2 BZRE55M

2.1 FEMHBEHER

FEA MR TE 6 H MR IR E R LN, T—
8 H AW . KIFHI, IR it ARl 2 th AN
FILVU) 4 0 sl DR R BE (1] 1-a~b) | BE 09 17 i Jig &
IE 5 B [ I SE 4 R L B A PR AR T
VAL 1-¢) o 120005 1T A5 35 st 7 Ao, 5 i
o B A
22 FEMHRFRERNSBERERE

XPRAE I AT LA 2155 B, S5 SR R A 43 25 5|
(HEAS TR Alternaria FUDH AR LU 3K 95% , i V)
W@ Fusarium B0 R 5 3%, 385385 A 19 K
%378 Botrytis cinerea ¥k . M3 B /R[] FL B
PEPRAC R R A TEOR M , 25 L R_ W, A%
F 708 EH HAR LW2015.3 580t Fe 2 it 7= 2
OREHE

BRI E TR, PR LW2015.3 42280
2 d S BRI R R ) BAE (/MR BE, 4 5 d J5 L 0
BEZ W R, g 5L FR AR, 55 H (] 3 2R A fE R AH

FF , N Fh 29 ik L PR 4 5 381 4 e i 5 g
o B R B 7 MR RO SRR E — 20, 9125 5N B B
LW2015.3 A5 22 MRl i 7R

1 ZHEAFEMHREIER
Fig. 1 The symptoms of pathogen of leaf blight of Fagopyrum
esculentum in Yunnan Province
a~b: BIRAIW; ¢ BYRE W . a-b: Early symptom;
c: late symptom.
2.3 FEMHFRBREENESFEE
T 22 WA PR AR FE PDA 15 973 L B BRI VK 3
DGR, 52T 10 2 5 48 (0, T 22 0% (18] 2-
a) , & I A (0 2 B A0 (8] 2-b) s p A 1 2
IR BB AU 45 (0, HL 3~8 MERRR , 7 kb
W o 47 S AN B , O~ IR , 73 A= A5 R/ N
16.5~45.0 umx5.0~13.5 pum (€] 2-¢) ; JE- 40 760§~ S BR
JE, B4 6.0~12.0 pm (& 2-d~e) .

E2 FEMRRHRENESRFE
Fig. 2 Morphological characteristics of the pathogen of leaf blight of Fagopyrum esculentum
a: PDA M E RV IEMIES ; b: PDAAR FHEETHIES; ¢ 04T d~e: JEIHAM T, a: Colony morphology on the
PDA plate at the front side; b: colony morphology on the PDA plate at the back side; c: conidium; d—e: chlamydospore.

24 FEMHRFEREENS FELEE
DL I TR B LW2015.3 A3 R 41 DNA AR,
RGP XF ITS1/1TS4 #E47 PCR Y18, 445 1 54

550 bp FITE I 25745 (K] 3-a) I /R IZEAREY TTS Fr
BYR/INN 569 bp (B 55 . KT362732.1) , BHZFAIAE
NCBI |- BLAST F X, 398 BUBE A 10 8 15 Y Bl 65 410 A.
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infectoria EGS27-193 (555 : NR_131263.1) . KA
HERR A A. longipes EGS30-033 (GB35 : AY295068.1) .
BEAR ) A. alternata IBR-SESA-AL1 (& %5 . MG-
195995.1)  Z4EA% 1 A. porri CBS116699 (% 575
NR_136100.1) . 2= & A HEA& 1L A. brassicicola 434/2
(585 : KP993538.1) AL IRBEHEAR A 4. gaisen 15A

a

| LW2015.3 (KT362732.1

(B SR5: AY295072.1) S5 i bk, 1T 2 P41 Hu s e
RGEEEF0Hr G5 BN 2R R TS [P 55
k461 A. alternata IBR-SESA-ALI (Y[R EYE R 100%,
TR LW2015.3 SEASALEHE IR B N, SR —2K
(K3-b). Z5GTHMLW2015.3 IEAEHE , 4455
A M R S A AR FRBAERR 6L A. alternata.

100, Alternaria alternata IBR-SESA-AL1 (MG195995.1)

Alternaria porri CBS116699 (NR_136100.1)
Alternaria infectoria EGS27-193 (NR_131263.1)
jAlternaria longipes EGS30-033 (AY295068.1)

100 L Alternaria gaisen 15A (AY295072.1)
Alternaria sp. BMP610 (KY626597.1)

Alternaria sp. RGR97.0067 (KP275779.1)
Alternaria sp. Pit-Alt-1 (KY073857.1)

M 1 b
0.05
bp 100 )
99 L
750
500 . .
[—A lternaria brassicicola 434/2 (KP993538.1)
100
93

B3 FEMHRNPCRIEMER (a) SETITS FIMEEMHKRLW2015.3 RIBXE#HRMRGELZEM(b)
Fig. 3 Results of PCR detection of Fagopyrum esculentum leaf blight (a) and phylogenetic tree of strain LW2015.3 and

related strains based on ITS sequences (b)
M: DL2000 DNA marker; 1: ##kLW2015.3, M: DL2000 DNA marker; 1: the strain LW2015.3.

2.5 BEHRLW2015.3 B934
251 BEAASHLZAKRGY R

AR LW2015.3 76 8 Pl 73 e 223 meAdE K,
HAP7E PDA 5573 B 22/ Kbl , Hok b PSA B
FRIk ST B AR 61.44 .59.91 mm, —F Ak
PR, HAE 2R R E AR 2k

70
60
50
40
30
20
10

0

BEFEE Medium

65
a

B HE% Colony diameter (mm)

SDA CMA PDA PSA Czapeck CA OMA WA

KB ; 76 OMA .CMA . Czapek . SDA J5 55 [ 24
ARAE R, X TR EAR 5 R 55.38.54.16.53.72.
53.51 mm, 4 FPAb B (8] JC 35 2% 5, 7E CA S5 55 4
WA K72 5 0P TR 7 54255 1) R 48.09 mm
121.67 mm, ¥ B EMTLL L 6 FhlEFRIL (K 4) .
Vi PDA 3555 5401 PSA ¥ 3 Ll i A K .

70 a

5 10 15 20 25 28 30 35
¥R Temperature ('C)

70 -
60

a
b b
50
40 -
30
20
10 -
0 1 1 J

HEELR 2R SER
Fulllight ~ 12hlight/12h  Full dark
dark
JeHB & Light condition

El4 AEEFEENE/RLW2015.3 B2 E KB
Fig. 4 Effects of different culture conditions on the mycelial growth of the strain LW2015.3
Pl PR T B bR 2 . R [R5 28 Duncan [CH B2 R B 7 P<0.05 K P2 5 1% . Data are meantSD.

Different letters indicate significant difference at P<0.05 level by Duncan’s new multiple range test.
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252 BAXMAZLAKNYR

T bk LW2015.3 75 5~35°C 7 il 1N 14 22 2 fig
K38 B A KR R 20~30°C , 75 25 C IR R AYF- 1y
V& H AR RN 61.44 mm, K T H B B b
P, RO P 22 A K f il R R 25°C, O AE 28C
TR ZZ AR, PR T BSOS 55.74 mm, 1E 20
30°CF W22 A KB , T3 WiV BR300 R 33.13
33.57 mm, 7E 5.10.15.35°C F @ 22 K 2818, W ik
I 22K (E4)

PRI AR EE K VAEEE 10 min f5 , T PDA
Rigidk b R PIZ 40 45 CORIBAL PRV R 228 5 d J5 1
Al KT 22, T 7E 50.55 .60 .65 CCOK T A TR Y T4 22 e
Rig% 10 d G AR W 22 K 5 TR 22003 7 46 .47
48 49°CIKHAL 10 min Ji7, 5 dJF ¥R K B 22, 1l
A 2995 L P P 22 R S8BT R 50°C, 10 min,

253 pHAHE £ A K% h

BIKE LW2015.3 75 pH 4~12 B i 22 34 B2 K,
BIRTE EARMKI N 52.70.55.41 .57.63 .60.12.57.09
56.44.54.16.53.10.49.39 mm. 1EpH N 120}, # 22
A K I B0, 7 pH K 6~9 I, B 22 KR
B, 7 pH Ry 7 05, PR e VR BAR B E T e A
PR TR 22 AR P TRVR B8 R W pH Ry 7 I i
EwzzE K (E4),

254 RBAMHZLAKGIA
B R LW2015.3 7E3E 22 IR 12 h G 58

S PR 3 RO TR A K S I B
MR A3 591 g 60.04 . 51.42.52.70 mm, 7E 12 h G
TR BT, & 2 E ¥ W% AL
B E 2T EHESOCIRAMN T T W% AR
o T e 2 P AL B B I S IR Gl B 4
K (& 4).

255 A CRBRATH ARG R

PR LW2015.3 7R AL 7 P i 155 95 0 b I 2
Bre A, o AE DU 200 b JR A B R 2 BRI
R, FH % AR 60.94 mm, B & T HE
TG A B s A2 LATHENE A4 R e U 55 7 3 1R
RIRZ I HAR 00 58.51.57.90 mm, &
[ TG 48 3 22 5 5 72 LAAHE A i 1) 335 95 35 R %
B, Y B 75 B M 48.73 mm; 7F LA LA R sk 5
REFREE 2 Kig (R 1),

Bk LW2015.3 7E 8 o Fl R % 5 3 b 22
BIfeA R, ForA e LIRS IR £ ok LR 1 85 57 3k A
Rigey, FHHEE AN 62.51 mm, &5 T HE
RUUGARFE 5 FLUR DA 2R A IR B0 R R4, P-4
B4 E AR50 59.19.58.53 mm, 7E IR TN &R 4
PR R FR PR R 5L R R, P s AR
39K 52.01,50.41 mm, 78R Z N R IEA R 55
PR R IAR, 2248 KU W LT e a3 (%
1), RUIRFEINHI T 22 4= K e ik

FR1 B EAEXERLW2015.3 B 24 KB 0H

Table 1 Effects of carbon and nitrogen sources on the mycelia growth of strain LW2015.3

Tt WY& A% (mm) AR W HAE (mm)
Carbon source Colony diameter Nitrogen source Colony diameter
7 2 H% Maltose 60.94+1.24 a filf24N Sodium nitrate 62.51£1.37 a
JEME Sucrose 58.51£2.55b e R Cystine 59.19+1.21 b
HIZH% Glucose 57.90+1.53 b T4 Potassium nitrate 58.53+1.33 be
[ PETE RS Soluble starch 53.70+0.84 ¢ iR E: Ammonium sulphate 56.26+1.94 cd
‘H# 5 Mannitol 53.66+0.41 ¢ I Peptone 55.93+0.58 d
AHE Xylose 48.73+0.61 d E AR H Beef extract 54.18+2.36 de
FLBE Lactose 45.684+0.92 ¢ KINZA R Phenylalanine 52.01£1.65 ef
Xif i CK 48.43+0.46 d SA1L# Ammonium chloride 50.41£1.39 f
JRZ Urea 4423+1.42 ¢
XTI CK 50.73+1.66 f

F P R BB HE S o R B [6) 5B 2278 25 Duncan [T 5 4% 2% 346 30 76 P<0.05 7K F-2% 5 2 . Data are meant

SD. Different letters in the same column indicate significant difference at P<0.05 level by Duncan’s new multiple range test.

3 iTig

ABFGEE I A T 5 40 F R W2 S 5 | W
S R AR (95 5L o e TR AR T AL alter-
nata. RIS Sk 436 (1 B G N

A RSO A S (CEUEILEE , 2001 5 5K 52 45, 2009) o
AR AR — R UL AR P R LA, RE 5 | S AP A
8 T PR AR RIS BB (i SCSCEE,2012) L 14 B
BEI (4 /NERAE L 2014) K S8 BB BER () N 55
2015) %5 Z AR 3, 7™ 5 I R 90 1) b S5 A
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NSl L NN LS N

ATFSE K IR, EAR RN SR 55, 9 SR v R 7
KB, IS B IR , P R, X504
F54E(2016) K F 4 (2006) IR B0 25 B 5L A — 3,
XIGERRAE (2015) AR, B i A S SR B P B A% 161 A
alternata kK Q il A K 5 37 0 PSA B 35 4L, 1
B KR BT Rl R 20~30°C , Foid aJiE ok 25°C 154>
R TR 2 A K ae e, SRR 45 1R AR —
B H B R Q Frol A KB IS A AT M Ve Ay, B AR
R E AR, 5ANISE 73 B Rk LW2015.3 feidi24E
e 5 22 250 , fiead A K IR R RS R B 1) 2518 17
TE 255 5 78 A %5 (2016) X R 4] 25 18 B AR ) 22 e v
FER I, H IO S BR A S A 2 R A BRI
M), A 7 A DA 3 2 S A ] R R A [R) b s A
S TR AR G Btk U R BT 38, #0855 (2018) &
B, —ESREE I IR A, alternate RIRR A Sl A= K
pH M 11, S5AF 5T B Ak LW2015.3 feifi A= K pH N 7
(2R 22 55 B, X T B X RS 2 £
FA R (TEZK,2005) . A (2009) ) PUAEAE
P A 95 075 5 T B A A A alternata WF 5T 300, T Bk
GHS fieidi 4= K F5 355 0 PDA , fei&i A= K pHE A 7,
X5 A 45 S AL, (B Pk GHS X IS Rk
FEFTAR JCIREE T R4 KAy, SAIT 98 i 2t i)
A M T HERk LW2015.3 4 KIS AR, 7= A4 i
PG 0 BRI A W] e 32 b XK A BN R A
i) (75 2 8 , 2005 ; 7 H 45, 2016) , {H ELAR R [FE 75
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