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Sensitivity of early blight pathogen Alternaria solani to difenoconazole
and fitness of resistant mutants
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Abstract: To understand the resistant situation of early blight pathogen Alternaria solani to difenocon-
azole in Shanxi Province, the sensitivity to difenoconazole were tested, and the resistance level and the
resistance index were analyzed. Also, the difenoconazole-resistant mutants, which were induced in the
laboratory, were studied on the genetic stability of resistance, the cross-resistance and the fitness. The re-
sults showed that the ECs, values of 101 isolates from Datong, Xinzhou, Changzhi, Jinzhong, and
Yuncheng cities ranged from 0.005 to 3.315 mg/L with the mean value of 0.428 mg/L. Among these iso-
lates, 97.03% showed sensitive to difenoconazole, and 2.97% isolates had low resistance. The resistance
index ranged from 0.295 to 0.447 with the mean value of 0.343. Ten mutants with medium resistance to
difenoconazole were derived from induction in the laboratory, but the resistance couldn’ t be inherited
steadily. And their mycelial growth, sporulation, spore germination, and pathogenicity were declined.
The pathogenicity of mutants was better than that of sensitive isolates under the stress of difenocon-
azole. No cross-resistance was detected between difenoconazole and mancozeb, polyoxin, or boscalid,
excluding pyrisoxazole. Therefore, the sensitivity of 4. solani to difenoconazole should be monitored

continuously in future, and the mixed or rotated application of fungicides with different mechanism should
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be considered to postpone the development of resistance.

Key words: Alternaria solani; difenoconazole; sensitivity; fitness

PGS A St et s e [ T AT gt L
K, iR M T AR AR, Hor  FReti A AR TR AR
P RE A T8 G S P T 10 44 (Z2381 4%
2015) . HAREERS I Alternaria solani 1= Fr 81
T A o 2 T i A T R B T OV 5 4
2013; FEHESE, 2015) , FERAR I HE A A K R T I
R R I P s R AR SR
s e (B4 5 ,2001) . BARAT Z it T B
TG AR , (R A RTS8
7 (Chaerani & Voorrips,2006) .

2Tk FH PRI — A A £ A P AT )2
AR, X 2 it o P (AR5 55, 2008 ) /NAZ £
R 78 Rhizoctonia cerealis(Hamada et al.,2011) ./
7 4 % T Gaeumannomyces graminis var. tritici
(Yun et al.,2012) ZLA B9 BE 18] Didymella appla-
nata(Mirkovi¢ et al.,2015) . Z& iM% 4 Cladospo-
rium fulvum ( FEIPEE 2017) 75 HE S 5246 B B4
A. alternata (5§55, 2017) Z5 A8 Y i i Y HAA
RAFrymdIE - . AR FPUETT 802 5t 23 (Fungi-
cide Resistance Action Committee, FRAC) 1A A J5
TRV 2 T R PR IR A A v BEBLME XU (FRAC, 2016)
FHZGAS s R B R 2 S BT 25 PR ™7 4R
5K, BHRTLAE (2010) K 5 9.5% 11 b 7 % 1t
& Botrytis cinerea % 7% ik H1 5w 52 {1 7K ~F Bt 1
Mondino et al.(2015) & B3-SR BRI Venturia in-
aequalis X ATt FH PRI O 77 A — e FRRE BT s et
5 55 (2016 ) SN 21 2R ik HH FRIEH] B 44 7IN22 SUAt i
BRI ECso#I{f 4 0.165 mg/L, [t Hamada et al.(2011)
2008—2009 4F: [ RAE K ECs0 3B (0.06 mg/L) I
F+T 27565, HXINI(2016) B IAGHE 1% /N2 8L
it AT R A ik FEY B A P SR 1 B BB 3k
A5 (2016) A6 I 21 ) 16 4 A5 5B I Colletotri-
chum spp. T HY L TRk FH PRIRAIRBTREAA

Tk H AR 1L VA A 24 (H R AR
T Mt TR AR Tk HH A e e A DU ) A
i, P, AR LA 25 1 I PE A 5 AT B A
FLPZEIR TR A AR, 0 SO A Tk FH A ) e AR
it L 450 A USRS o A Hobe K- Shi ke 28,
PRAN LT AR Tk Y PR BT PE A O il i = N R
ik FH PRI S AR A, PRI 5 AR (R 5 SO TR PR
Z 18] B A5 BE AR A, I 43 A A Tk R PR 55 e

2G50 Z (R A A AE S BT, AT A 26 T 17 e
FROT R PRI R B KU, LAY S it F PR
A BRAE L ) 5 B2 PR PR SRR BERE A HfE

1 B 7

1.1

A TR PR B 7 0« 101 BR B 73t - 98 95 1A TR PR T
2012—2014 AEFE AT MR8 2% e 28 1) & U 9 58 3
TR AT H R R R T 17 Bk P T 20 AR LK
IR 148k AE P 31RE s 3TT 198k . Tl AP A
FERRE I Tt A R ST Y, §
B2 5~6 i HLM e e R IFfe M58 SR 6 it T
SO I E

HER 24 570 S a7 - 95% Ak HH PRk (difenocon-
azole) i 25 , W R BUE KR L E YR A R A A
96.2% WE B 1A i (boscalid ) I 2 , 37 M BLide Ak T4 FiR
N 3 91.2% WE FE EME (pyrisoxazole ) 24, Tk BHAL T.
I3 35% £41 8 K (polyoxin) JF 25 , i TR 4=
YAk A FR A 7] 5 56% 1R 4% 44 £F (mancozeb ) 1]
TR, W T IR DRk s AR e TR
KBECH 10 000 mg/L AR, HAr 4 Fh 2457 121 F o A
Fic il 10 000 mg/L B, 4°C T PA7-55 H 5 il s FHOC
[l i o s DDA R e S | B iy S s VTR

BL AR RN « D B A M Bl (potato dex-
trose agar, PDA ) Bi F2 5k . T2 2200 g Hj &0 20 g
Bl 20 g FEIE/K 1 Lo SPX-150B-Z A= fb i 5546
RSO A RRA R BRI AT kiR,
T ROR A ARG A IR A R
1.2 FHi&
12,1 BT 92 0% T xR B IR a4 5O P ]

FHIC PR 7K A B AR Tk HH PR BV O T 1A PDA 1%
FrHE, 23 B2 B 24 0.1.0.5.1.5. 10 mg/L 1Y
TR B RN T R AR A T PDA T
Ma b, 25°CHi SR 4 d TR T 1 2% 1/3 Rh il 2 B AR N
5 mm A TR AR , PRI RN 7E & 2535 R 5 bty L
13, DA AR RAFR TG R 7K /19 PDA -k X R
BRI AR TR 3k, 25°CHE5R 5 dJa
K 728 RN Vs R R TR AR R
Pk FH A o] T 22 A A PR TR 3 AR 24 700 B X 4
HSWE2AERKMH R Z B CR K ECo. W2
AR AP R =1 (245570 Ab R e % LA — TR A B AR )/
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e i F JE A G S Tk PR A s ) R L £
0.305 mg/L( FE 504, 2008) , M4 FL 2k 15 bk
HHT P A5 40 (resistance factor, RF) o RF=F £ ECs/
TPURRILEL , Horp RE<S USRS | S<RF<20 MAKPL
FAY 20<RF<100 J A, >100 Ky 28 (fF:
RS ,2014) o RIS PARESSTT IS BT AR BT
PEACERIGTHIIR . BUHECR=P I R 438
MRE<100%

1.2.2 AT A AR R B W 2R 0 1 R AT

H3 9 Zhao et al.(2013) J5 5 S A FEAR 1) ECso
2y 6 41 . %5 1 4H : 0<ECs<0.6 mg/L; 5 2 4
0.6 mg/L<ECs<1.2 mg/L; %5 3 21 : 1.2 mg/L<ECs<
1.8 mg/L; 55 44H : 1.8 mg/L<ECs<2.4 mg/L; % 54H
2.4 mg/L<EC5<3.0 mg/L; % 6 41 : 3.0 mg/L<ECs<
3.6 mg/Lo AR A T TH R 2R Bk F PR 11
PrPEFE B (resistance index, R1) o RIEXZ(CXF))/ix
FAREL, o, CRIRAME (i=1~6) , F, RN B4
PP RAREL T SRR B E A L
1.2.3 R TARFEF AL SR 2

FR A 1.2.1 i 45 5L, 356 HOCREUBR R Ak 713 (ECsm
0.513 mg/L) . D11 (EC5=0.543 mg/L) 1 Y3 (ECs—=
0.518 mg/L) AP FHI MG M. 4 J13 . D11 A Y3 B
BRIZFIAE PDA AR I, 25°CHE 35 2 i 22 K L, SR
JEIMATCRIKBE N 4310, 4 4 2R TR A it 1
J MR 25072 0 2 A A6 R TR VR VR E IR
e B R 229 8%10° ~/mL. HL0.1 mL 432 1607 &
TR A AE S 10 mg/L Z5 ik F 2RME ) PDA AR L,
25°CH5 5% 24 h 5, 225N 20 em b FEST 6 min, £
F25°C T HRIERTFR 10 do BN B TE 552 3Rk
IRme i 15 mg/L %) 75 2 PDA 5583 E LAR R 7
BACHEIF SR, 2 5 R R 7 g i e 250k B
BRSSP A AR e P AR R BCs T
PO T AKF
1.24 R RAReGE AR T R E

HE 1.2.3 HgRAS Ao S8 AR IR FE TC 2 PDA T4l
R FR 204K, I 4 d, I E S 1.10.201K
Ptk Z AR AR IY) ECso, THBUREME 25 AU A% 2L (factor of
sensitivity change, FSC) ., H®ALHI3RER . FSC=
RF,/RF,, Horbvn R4k A0%k
1.2.5 Fuhk R TARxE A 257 69 L Lok 2

Z 1.2, h kil & & 25 e  Horp g
AT A 28 B R 0.5.1.5,10.,20 mg/L ; BE B B
MEZP R ML E N 1.5.10.50,100 mg/L, {07

EREFI LA M 0.875.4.375.8.75.43.75 .87.5 mg/L,,
B RARER S 2 PURF R WE TR TR I E TR A Xof 4%
ik FF PR IR B 7 28 A8 AR (1) ECso, 23 BT 45 245 570 %) B Bk
ECso ARG | AR 2 2R ik FF A 553 4 F 245590 1)
ZHBUE
1.2.6 MR RIKESE N T

AR R K BURE R I13 . D11, Y3 ShitEx
AR 5 mm F R FTE PDA AR |, 25°CHi 954 d
Je R A ORI TR VR BAR TR AR KR
AR R = (TR BAR - ELAR )/ (KRR =2) o
RHLFI3REE

FEA R o AR 3 A ERURR R R RN AT 28 AR T A
W RKWILE B ILN SRy SRk —EE T
250 mL = #id, inA 50 mL G K, 580k 7 L
Ve R R, & 4)Z2 20 M0 ok U8 B4R 3 A 16 07
TR, SR IR 50200 52 43 A 6 - B VR VR TR B, 1
FE BRI M, A3 R E R

B & g0 ] A Y g AR B
TR B2 10° A~/mL, B 100 pL i 78 M3 A e
25°CARIB R 7 8 h, Bl 7 & 1 O , Bk i 96+
B AT 3000 R R R, B3 IRE
5 AR A = AR B S A< 100% .

Hom e 75% AR A A 1 min,
TCRE K Pk 3 U, BT, SR il AR AR 2 em
PR BIZ A 10 mg/L A<k F R 04 10 s, B,
PR ATCER K 10 s A R B 7= 70 I e v il £ 1)
A3 A B TR B ZE 10° S/mL, B 10 pL Y5098
A 5k L SR IR I A Y 4R TG B B
FRMLH,25°CHE 57 3 d IR 7 i AR T AR . Ak
HIWEL
1.3 #ESHh

B 2% F DPS 7.05 . SPSS 17.0 il Excel 2003
BRA AR AT BRI BTPERS BOR T 2 A7 P 56
D ATRE S , S HATHER FH B SR AE DA A3 BT, 3
J& K FHl Duncan [HT 52 A 227 0547 25 53 W 35 AR 50

2 EREHM

2.1 AR X A B F IR RO Bl R
2Tk P PRI X 101 75 i 7928 9 T TR AR Y ECso
5 4 0.005~3.315 mg/L, ¥J{H 4 0.428 mg/L, i
X AR TR BRI AR R 2.97% (6 1) o Hirpr R
[F] T TR ECso 28 kak 16 A%, MR BRI, HLH 3 3 #RAIK
BB RE , BUEAT 2 R 17.65% ; T A8 2T 71 9 A A6l
FUPTHETERE (6 1) o B LIPS 2 T Al e o B X 2
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ik F PRIREEAS | oA P A e, 48 K S B MO R ik
R BT RS
2.2 SRR RES R IR S T

LLI PG48 45 T 26 728 9 AT DA R XS 2 ik FY B g
HUPEFE BOE B M 0.295~0.447 , BB 7 0.343 (% 1),

s DU S B AT E R £ B KR T RN
sk, H A KRR it dedom TME , &’
ST P 95 R A, A X 5 AT B A 5 R T
X R Tk B s Y P M 34 T B 3 22 R (5 7=0.78<
% 005,20, P>0.05)

R 1 BHEMN PR E X G PR SR

Table 1 Sensitivity of Alternaria solani to difenoconazole from different cities

i AR ECs, S RL RM RH
City No..of (mg/L) Bom BOR (%) Bog MR (%) Bod R (%) e B (%) RI
strains No. Frequency No. Frequency No. Frequency No. Frequency

KA Datong 17 0.207-3.315 14 82.35 3 17.65 0 0.00 0 0.00 0.447
' Jinzhong 31 0.052-0.513 31 100.00 0 0.00 0 0.00 0 0.00 0.319
P Xinzhou 20 0.052-0.981 20 100.00 0 0.00 0 0.00 0 0.00 0.322
iz ¥ Yuncheng 19 0.005-1.134 19 100.00 0 0.00 0 0.00 0 0.00 0.295
{3 Changzhi 14 0.193-1.123 14 100.00 0 0.00 0 0.00 0 0.00 0.330
J23T Total 101  0.005-3.315 98 97.03 3 2.97 0 0.00 0 0.00 -

S: #UE; RL: {15 RM: H4T; RH: HE¥T; RI: HUPEFEEC RUERA ¢ 2 S PRI 6 A TR 36, I H A 20,y %00s,20 =

31.41, S: Sensitive; RL: low resistance; RM: moderate resistance; RH: high resistance; RI: resistance index. The RI values are

analyzed with the chi-square test (y? test) for independence estimate. The degree of freedom is 20, y 005,20 =31.41.

2.3 MMERTENFESREKF
i i R AT 10 Bk BT E R B4R, ECs Hy

11.229~27.535 mg/L, A5 ECH 36.81~90.28, 347Xt
ATk H R b TR (22) 0

R2 BIMRRFESE T REEX R E R AT

Table 2 Sensitivity of the 1st generation mutants resistant to difenoconazole

7S BESI M ) Ptk fEE itk
Isolate Regression equation R EC (mg/L.) Resistance factor Resistance level
R13-2 y=4.235+0.703x 0.925 12.256 40.18 RM
R13-3 y=4.398+0.546x 0.929 12.708 41.67 RM
R13-4 y=4.456+0.518x 0.966 11.229 36.81 RM
R11-1 y=4.333+0.465x 0.968 27.286 89.46 RM
R11-4 y=4.069+0.716x 0.932 19.931 65.35 RM
RI11-6 1=3.938+0.905x 0.997 14.926 48.94 RM
R3-2 y=4.169+0.631x 0.951 20.741 68.00 RM
R3-3 y=4.029+0.783x 0.973 17.375 56.97 RM
R3-4 1=3.904+0.844x 0.978 19.945 65.39 RM
R3-6 y=3.985+0.705x 0.935 27.535 90.28 RM

RM: F1$i, RM: Moderate resistance.

24 MERTEMEEREN

PUPE R AR 1A PTHEAS BH 36.81~90.28
(F22), 55 10 ACFNE 20 AR A BT EATEST 50 31.41~
83.05 129.54~79.21, Hi Ik & 4 A5 4k 5 £ 10 AR AIER
20 F A BBURR A AR A A RN T 0.95, H B 555718
g, UEHE AR LR T RS AP R AR
P A Tk FF SRR (BT PEAS e AR 1A% (e 3) 6
2.5 MMERTEHEIERAAFINZERES T

W 28 R AR 58 A A 1) BCso 5 10 R X BMHL,

A3 MR ik BRI 5 L 24 550 A A e - P R AR AR
X 2R Tk FE B8 P AR 55 ) W e 7 e\ 2 e R R R
PR B 119 RS0 [B] 1) AH OC R B BAIK, 4300
0.12.-0.28,0.11, Y0 it FZAH G , 3 Ak HY B e
PUPE G AR AT WE BE TR i 2 H0 a5 32 ARG AR,
TCAZ HATTYE 5 55 06k W B W i) AR 8] F9 A S R 8K
4 0.85(P<0.05) , 7% 2R Tk HH A s 470 4 58 AR A4 X g
e R A P R W 25 T I o TR X 2 v 24 741 )
e H itk



1

SRR AR LLVEAE 7 LR RO A P PRI ) AR e S AR A 3 3 1

205

2.6 MUERTEWESE

TR AR T13 . W11 F Y3 59 2E K 30K (11.69~
11.94 mm/d) . P24 & (4.15%x10°~4.50x 10° ~/mL) Al
T &3 (54.77%~55.84%) ¥4 i 2 5 THitk s
A K % (5.00~9.13 mm/d) =9 (2.20x10°~
3.50x10° 4~/mL) Fl 48 F 0§ % % (38.51%~43.68%)
(F4), BURBEE I3 R YA R 09 & 9% 1w L
3.07 em?, MIHTHESRAAR L) AR THIFR 1.64~2.57 e,

i 77 35T R 5 Y IAEE TAEAE 10 mg/L ATk FH R
i, PR S AR IR AR T AN 1.67~2.09 em?, B0k 11
R TR R AR J13(0.65 cm?) (A 1), RIAFE
FELE S TR R ik B = AR B IR A K S B e
AR A N S A RN i el B4 . NS fa o <2
SEGAL T MELLR SR O DL S B Rk, (B 7E 2K Tk
PR E T, BUPERE AR B B0 77 R B — 2 B o
Fril#e,

R3 BMPEFREAMEREENEEREN

Table 3 Stability of mutants resistant to difenoconazole

bk ECs (mg/LL) i‘ﬁ‘fﬁ%’;‘?& ¢ 104%@15%&@1’%1%@ 5520 ﬁﬁf&@‘f&f/}ﬂt{%ﬁ
Resistance factor  Factor of sensitivity change of ~Factor of sensitivity change of

Isolate 1st 10th 20th 10th 20th  the 10th generation (FSCi)  the 20th generation (FSCaom)

R13-2 12.26 10.62 9.51 34.82 31.18 0.87 0.78

R13-3 12.71 11.15 10.21 36.56 33.48 0.87 0.80

R13-4 11.23 9.58 9.01 31.41 29.54 0.85 0.80

R11-1 27.29 25.18 24.01 82.56 78.72 0.92 0.88

R11-4 19.93 17.56 15.77 57.57 51.70 0.88 0.79

R11-6 14.93 12.91 10.43 42.33 34.20 0.86 0.70

R3-2 20.74 19.01 17.92 62.33 58.75 0.92 0.86

R3-3 17.37 16.63 14.58 54.52 47.80 0.95 0.84

R3-4 19.94 18.23 16.85 59.77 55.25 0.91 0.84

R3-6 27.54 25.33 24.16 83.05 79.21 0.92 0.88

R4 HRERSHERTRNERER FHE
MBFHEEILER
Table 4 The comparison of growth rate, sporulation, and spore

germination rate of resistant mutants and sensitive isolates

"~ ERISUES Pt (&S
7S : i
Isolate Growth rate Sporulation ~ Germination rate
(mm/d) (x10°4~/mL) (%)
J13 11.75+0.46 a 4.15¢0.49 a 55.84+6.85 a
D11 11.94+0.43 a 4.50+0.40 a 54.77+1.83 a
Y3 11.69+0.90 a 4.35+0.52 a 55.66+8.12 a
R13-2 9.13+0.14 b 3.50+0.40 b 38.51+£7.02 b
R13-3 8.56+0.13 bc  3.40+0.52 b 42.89+5.91 b
R13-4 9.13+0.32 b 3.50+0.64 b 39.04+5.54 b
R11-1 5.06+0.43 2.35+0.29 ¢ 38.67£1.26 b
R11-4 5444031 e 2.20£0.21 ¢ 38.58+4.36 b
R11-6 6.38+0.14 d 2.75+0.35 ¢ 39.27+8.28 b
R3-2 6.44+0.24 d 2.60+0.29 ¢ 41.55+4.18 b
R3-3 6.25+0.35d 2.70+0.37 ¢ 43.68+£7.45b
R3-4 5.31+0.38 e 2.25+0.40 ¢ 40.06+7.36 b
R3-6 5.00+0.20 e 2.20+0.21 ¢ 38.94+5.48 b

P RAE PR bR ZE o RIS 5 AN Rl R
£t Duncan [CHT & R 2E LA EGAE P<0.05 /K255 3% . Data
are mean+SD. Different letters in the same column indicate sig-
nificant difference at P<0.05 level by Duncan’ s new multiple

range test.

3501 m O0mg/L o 10 mg/L

it

R13-3 RI11-5 R3-6 RI11-1
£k Strain

28

2.1

<
“

KIRTEAR Disease area (cm?)

o
=)

J13

1 SRER S RTENERE DE
Fig. 1 The pathogenicity of resistant mutants
and sensitive isolate
LRk €Ty IR ok €2 i = CIRCEX < Sl o N I S =
Duncan F BT & i 22 2L 4G 5576 P<0.05 /K 22 5 i 3% . Data
are mean+SD. Different letters on the same color bars indicate
significant difference at P<0.05 level by Duncan’ s new multi-

ple range test.
3 g

PULATERY B 2 FaAE R TR0 25280 38 A 7™ 7l
A IR TR AT 247 & O I 4Rk 4 ke AR

Yy &3y 1 ) B 5L [A] R (Mondino et al., 2015) . 7F
ARSI T A S AR A R R R R
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HELE M, L — SR R B L A T2y
PE (X% 2003 ; 70 F-4,2010) . HRT, FHiikE
(A B IA EBAREE R TR, T LA T Ao D o % % B 711
UM TR = B A AP 2 MG B R . AR
A5 A 3L P 45 25 3t SR T A R o) 2 ik FH B
WA P UM AR 25 57, UM (0.005~3.315 mg/L)
OYAREETE  AH2E 637.44 4% o T OV HRAE 1AL S g
IRIEL PRDAS < ik FF P8 1) AR R SURH 22 18.51 4%
(A AE,2016) , IL TASIRIR 25 5L, Ui 1L P4
e LI PGS AR Tk FR PR BT 1) = A 5 R R A A
TETE AU

—BAE LT 38 B R B ECso BT RS R
TP M X 15 AT D) 4k fefi RS 245 70, (H X Fit 24
PEVEAN R B i, PR R B i 5 H BB C R R I
PRI L, A 25 7 31 A k0 3 7R K 1) ECs0 (Shii et al.,
2015) . TP P T8 ZUEN RE [ B 25 18 2 Hi 4 % 0
ECso, M TR 4 J5E— b DX B A 2% B 5710 19 LS A
M (Zhao et al.,2013) o A5, 408 H ILPEA
SANTR 101 BREARA 97.03% (155 B A G ik F
PR, HA 2.97% BARBUTRBE , BRI Sk R
PR A T KA B S EM SR I E 25
BRI , HPEFE BT ATEATART AR 000 # A G 30KS 1 b,
PEH R T 70 BT KO, X T 7 5 DX Rl N
AT D0 B A6 75 o SR ) 3 TR A A K
Bh(Shi et al.,2015),

AP E FEBT 21 RS DAL RS A R
I, 8 2 A S T 10 BRPUE R AR, Hit
FEPTEAECN 90.28 , 3 R TAE#EAE (2017) 175 S193E
B S V% R 1 Alternaria alternata f. sp. mali $it)%,
I i S AR A (R T AR R (31.68 475 ) , 1H XTI ik FFY B4
AT AL F K. M2 SRR K A
WL MR E NiE S IR G it
IRV AR . AR I ) APt S AR (A
PUrEABERR T A%, LA K 3R | J it R ALK
ol A BB 10855 B0 1 T R, DB S AR 1A 1Y
GRS  MELUR R B SR A s (B AR < ik Y B
FEJIR bk S AR R A B0 1 T U AR, R
—EMSEA P XS HEAE(2012) HREAHTT o

A Ja  AET AR B BT IA 155 I R
FH BRI (1) FE TR T ) ol 1 KU DA 2 B
PrEARERR A L GG A RS S ARRIE FPLETY
WE PR EMA A7 22 FLTPE , DR e A i R v B R
NSRS FVEFIBLS 24550, DL B 1k B R
Pk Y A R URR PR T — 20 T R, IER PR R I

270 A o FH I B, B e bk 21 A 308 96 5 1
(1 o AEHD S B XoF 2 #5506 A i ) 7 A= e
PER R A cyp51 B 5€ 742 (Chen et al., 2012;
Carter et al.,2014) .cyp51 FEPKI KK 1 (Luo et al.,
2008;Ma & Tredway, 2013 ) J¢ iz i (1 335 5 L
SO B 1A 2 Bh AR HE R 1 57 (Kretschmer et al., 2009)
T2 5T TR 9 TRV AR ik FH BRI P b 1 S IR A
BLHIAEA RE i — PR ATRTHEIE
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