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Screening and biological characteristics of metalaxyl — resistant isolates of Phytophthora sojae
GUO Li -ling', ZUO Yu -hu'*, KE Xi — wang', WANG Xiao — jie’,
HAN De - jun®, HAN Qing — mei’, KANG Zhen — sheng’, HUANG Li - Ii’
(1. College of Agronomy, Heilongjiang Bayi Agricultural University, Daqing 163319, China;
2. State Key Laboratory of Crop Siress Biology for Arid Areas /Northwest A&F University, Yangling 712100, China)
Abstract; To understand the characteristics of metalaxyl — resistant strain of Phytophthora sojae, metalaxyl —
resistant (Mt") isolates were obtained by chemical taming from wild — type parent isolate Pmgl. The investigated
biological characteristics included resistance level, stability of resistance in the growth of hyphae, colony growth
rate and morphology, production capability of zoosporangium and oospores. Morphology of hyphae, zoosporangium
and oospores were also observed under optical microscope. Results showed that the resistance levels of Mt" isolates
were 3 793.7,5581.7,5773.9, 4409.3 and 5 476. 0 folds of wild — type parent respectively, and the resistance
were stably inherited during hyphae growth stage. Compared with wild — type parent Pmgl, Mt" isolates colony
growth reduced. The morphology of hyphae, zoosporangium and oospores had no significant differences from those
of wild — type parent, but zoosporangium and oospores production decreased significantly. The result indicated that
it was easy for P. sojae to produce resistance to metalaxyl, and the resistance of Mt isolates could remain in hyphae
growth stage without metalaxyl. The resistance of Mt" isolates was increased and the production capability of zoospo-
rangium and oospores was decreased, other biological characteristics had no significant change.
Key words ; Phytophthora sojae ; Metalaxyl; Inducible resistance; Chemical taming; Stability of resistance; Bi-

ological characteristics

ks H #79.2013-12-23

R 5 F AR E A (31171807 § R0 B0 E 9% [ 5 T 4 5505 JF RO 4 (CSBAA201T — 1)

FEE A EA (1988 - ) 2o, WS RGN BEDFE A, REENF KGR R AR RIS, E - mail ; guodongl 988 @ yeah. net
« WIAVEE : £, E - mail; zuoyhu@ 163. com



624 P ERH AR

2014,36(5)
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Table 1 Sensitivity of P. sojae isolates to metalaxyl

5 52 e JiE WA K Growth rate/ (mm/d)
Metalaxyl content/ ( ug/mL) 98 -6 23D 6D Pmgl HLJ - SH 558
0.0 5.3a 5.1a 3.3a 6.4a 2.8a 9.4a
1.0 0.3b 0.0b 0.5b 0.9b 0.4b 0.3b
5.0 0.0c 0.0c 0.0c 0.4c 0.0c 0.0c

T [l —F N ECEE, AN JR) PR AE 0. 05 KA B 225 P =0.05(Duncans) . FIF

Note : Different letters within a row indicated significant difference of P =0.05( Duncans). Same as below

R2 FEEKPmgl IRAEKESTRRERER CA TR EHERKER
Table 2 Growth rates of wild — type parent Pmgl and Mr' isolates on CA with different metalaxyl content

R R R R YT MRA K3R Growth rates of metalaxyl — resistant isolates/ ( mm/d) P R Pmgl A= K%
Metalaxyl content Metalaxly content Growth rates
/(pg/mL) Pmgl - Mt'1 Pmgl — Mt"2 Pmgl — Mt"3 Pmgl — Mt"4 Pmgl — Mt'S /(wg/mL) of Pmgl/(mm/d)
0.0 3.8a 2.9a 3.6d 4.6 b 4.1 a 0.00 6.5a
1.0 3.9a 2.9a 4.1 be 4.5b 4.1 a 0.01 5.4b
10.0 3.9a 3.0a 4.6 a 4.7 ab 3.9 a 0.05 4.6¢
50.0 3.9 ab 3.1a 3.8 cd 4.6 b 3.8a 0.10 3.9d
100.0 3.7b 3.1a 4.3 b 5.0a 4.1 a 0.50 1.7e
500.0 2.0¢c 2.1b 3.1e 2.4 ¢ 3.3b 1.00 0.9f
800.0 1.2d 1.2 ¢ 1.4 f 1.6d 1.5¢ 10. 00 0.3f
1 000.0 0.9 0.9d l.1g 1.4d 0.9d - -
1500.0 0.4f 0.4 e 0.3h 0.5e 0.2 e - -
2 000.0 0.3f 0.0f 0.01 0.2 e 0.0 e - -

2.2 NMBAEREAKNES

T TE B AN e R R R ) CA SPH b i ik 4t
RMRR B, TE 2. Spg/mL {1y CA Al | B
PR E R A X (K1) 32 728 A o — A
FAAEX IR E 2. S5pg/mL 1Y CA ¥4 1577, i
WL ALK EHBEE 2. S5ug/mL [ CA F4R
b IR R RS DO A S X R IS DA A
AFIXAE 2. Sug/mL 1) CA P4 L REE Y ST A K,
AT HEIR A EXBIEE S A TR
R 10. Opg/mL ) CA A I, KR BRI b A= K
RIS BT AR R AR Pmgl - MU, S8 0T TR &

E1 EFEEY Pmgl EZHER 2.5pg/mLCA
FREHE-RAERX(FA)
Fig.1 First angle(FA) of P. sojae wild — type parent Pmgl
incubated on CA with 2. 5pg/mL metalaxyl
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AR R 10. Opg/mL 11y CA A _E3RAG 5551 4 tRat
R B AR Pmgl — Mt"2, Pmgl — Mt"3, Pmgl — Mt'4 |
Pmgl — Mt'S
2.3 HRAFEREARHEAENE

HRAE R 2 AT F0, P24 T bR 1 A KR AE R R

Eﬁﬂiﬁi‘mﬁ?o 0 3| 100. Opg/mL 2 [F] 47T 2 Bt %)

R MIAE S H AR R 500. Opg/mL 1Y
iﬁ?‘%%iikxﬂﬁ%ﬁﬁﬂ?ﬂ,ﬁ 2 000. Opg/mL
M FREE EILP AR LRI PP ARAT I 2S
BRI PR X YRR R 3 HAT B BT, HT 24 B R i e

W 0.0 3] 100. Ong/mL Z [A] 22 52 A B3, BIUIH] ZKFRIGAS] 3 793.7 ~5 476.0 {5 (£ 3 M 2) .
®3 AXERBHRHEKPEROREKE

Table 3 Metalaxyl — resistance levels of Mr' isolates in P. sojae

R  mirE R Rl PP

Strain Virulence linear regression equation /(pg/mL) Resistance level
Pmgl - Mt'1 Y =2.540 8x-1.852 5 0.998 4 497.730 0 3793.7
Pmgl - Mt"2 Y =5.554 9x -10.91 3 0.931 2 732.318 5 5581.7
Pmgl — Mt'3 Y =6.2159x-12.89 8 0.968 5 757.530 3 5773.9
Pmgl - Mt"4 Y=0.8252x-1.7526 0.981 2 578.495 5 4.409.3
Pmgl - Mt'5 Y =6.314 5x-13.03 7 0.989 1 718.455 7 5476.0

Pmgl (Wild - type isolate) Y =0.986 4x +5.862 2 0.988 6 0.1312 -

Pmgl-Mt*1

Pmgl-Mt2

Pmgl

WA ML 2 A B2 T MR , A 0 S P AR AR Pmgl
Note: In all plates above, Mt" isolate on the left and P. soiae wild — type parent Pmgl on the right
E2 E%TESHER 10pg/mL i CA Fiff E 25°CEREEF 9d RS
Fig.2 P. sojae incubated in darkness for 9 days at 25°C on CA with 10pg/mL metalaxyl

x4 HFERX M IERERZERKTEPRERFHZIT
Table 4 Effect of metalaxyl on maintaining Mt" resistant — isolates of P. sgjae during hyphal growth

RS Rt R E) Bt ] b BRR 1 2242 K3 3 Rate of hyphal growth under different treatment time/ ( mm/d)

Strain Medium 5d 8 d 15d 20 d 30 d
Contained metalaxyl 4.0b 4.8 a 3.8b 4.1b 3.3¢

Pmgl - Mt'l1 - M
CK 4.2b 4.8 a 3.8 ¢ 3.9¢ 3.3d
Contained metalaxyl 3.9b 4.5a 4.3 a 4.3 a 3.8b

Pmgl - Mt'l -0
CK 4.0 abe 4.3 a 3.8 be 4.2 ab 3.7c¢
Contained metalaxyl 4.0c¢ 4.3b 5.0 a 4.4 b 3.6d

Pmgl - Mt'5 -M
CK 3.7¢ 4.2 b 4.7 a 4.6 a 3.6 ¢
Contained metalaxyl 3.8¢ 4.8 a 4.9a 4.1b 3.7¢

Pmgl - Mt'S -0
CK 3.9b 4.5 a 4.5 a 4.2 ab 3.2 ¢
Pmgl CK 6.5 7.0 7.2 7.3 6.6

(Wild - type isolate)
T - M FORGUZGFMRAE S IR 10.0 pg/mL ) CA AR EHiFR; -0 FURPIRMRAEA S H AR CA ERSR, CK ZRAEHRRM
B B R B P VAR R 4 10,0 pg/mLs [A—AT A HLAR, TRERAIRI B3R 7R 225 R 3% P =0.05( Duncans)
Note : — M :resistant — isolates on the plates of CA with 10 g/mL metalaxyl; — 0 :resistant — isolates on the plates of metalaxyl — free CA ;CK: Medium
without metalaxyl. Content of metalaxyl in the medium was 10. Opg/mL; Comparion within a row,the same letter indicated no significant difference P =

0.05(Duncan¥)

2.4 HHEHRBEE TR
PLAH R Pmgl — Mt'1 1 Pmgl — Mt'5, [w] B} 7E

AN R RO
B %45 5.10.15 .20 30d J5

4R R 10. Opg/mL 1y CA P4 I
Ja, R EAGTH AR
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FHFER 10.0pg/mL 1) CA P4l |, A KR AR
AR 257 (£ 4)  HERREIERERKH
VR LA TOH 22 5, R W My B 2 B BRAE T 22 [y
BEUPERY PR RS B R R 6 TR , RIS i 1) A
e PR R A T Rk,
2.5 MARKMERKERREE . BLES
P25 H Bk Pmgl — Mt'l | Pmgl — Mt2, Pmgl -
Mt'3 .Pmgl — Mt'4 Pmgl - Mt'5 7 CA B335 EavA
KRG K 3.6.4.1.4.04.0.4.0mm/d, 584
Wtk Pmgl 6.6 mm/d {25 KA 1 M 2% 5 (P
=0.05), SHEAEAML, AR KRAE RS, <&
W22 K5, AR EAR (18 3) .

P mgl=Mit*1

P mgl<Mt'2

3 BEHET CA E4F_E 25°CEREREF 5d WEEEDS
Fig.3 Colonial morphology of P. sojae incubated
in darkness for 5d at 25°C on CA

T B R Sd TR 22 K B, B2 TR PR
MR 22 AETE S LI B A RAL , 5B A 2R Pmgl
P T 22 ) DR SEIAR 305 AR 00 S, R 2203 AL iR
BRIV D SR R A T 22 O B 2 4%, SE T/ % P Il AY
B w2 BARR (K 4) .

TE:A:Pmgl - MUT JZIIRTR 22, ; B: Pmgl — MU'l B9BIR 225
C:Pmgl MISNIRTA 2 D:Pmgl MIEIRT22; N JCRRR 22 ;S A I B 24
Note: A : young hypha of Pmgl — Mi"1; B:old hypha of Pmgl - Mirl ;
C:young hypha of Pmgl ; D:old hypha of Pmgl ;
N:nonseptate hypha;S:septate hypha
B4 HZEHK Pmgl - Mt'1 FIEF & E K Pmel BE £
Fig.4 Hyphae of Mt" mutant Pmgl — Mt'1
and P. soiae wild — type parent Pmgl

2.6 WEEhMTFE. AT ERERNDFEENE

PULY R R U7 3l 70 7 9 R0 5 BF A R PR Pmgl
A RFEZER(P =0.05) , MHTLH Rk Z 0] I T6 3%
25 Vi kR Pmgl — Mt'1  Pmgl — Mt"2 Pmgl -
Mt'3 .Pmgl — Mt'4  Pmgl — Mt'5 {47 3l 1 T 28 505
Wk 575,400 350 400 312. 5 ~/cm”, 17 B A= T bk
Pmgl 775 4/em?, 5EFAE bk Pmgl HILL 025
AR A BT sl T AR A TR AR
TR A Oy AR B TR B0 S, TR BB R B A
BRI (A S) o

5 HZ5EHE Pmgl - Mt'S OB &
Bk Pmgl 7= E R TR
Fig.5 Zoosporangium of Mt" isolate Pmgl — Mt'5
and P. soiae wild — type parent Pmgl

P2 AR A IR A 780 5 B AR Rk Pmgl A 2
FER(P=0.05), FLLH K Z W I TR #H % 5H.
HLZ H kR Pmgl — Mt'1  Pmgl — Mt"2 , Pmgl — Mt"3 |
Pmgl — Mt'4 Pmgl — Mt'5 B 54 T-505 510 1 325,
900,325,525 2 225 ~/cm’, M $F 42 B bk Pmgl 2y 23
400 4~/em® (& 6) o T 24 B bk 14 B9 96 B 1 €0, 4
WARTEIE A EEcA kAW A 5, 58 AR A
Pmgl [AIAER A« B g AN R, — el A, 18 A F
Az 5 B i BE W, TC UL, BRE 5O BRE ; O 4 1 BE
J& G AN B ORLAR (1 6) .

6 HZHREHE Pmgl - Mt'1 FEF 4
E#k Pmgl B0 7F ( Oos)
Fig.6 Oospores(Qos) of Mt" isolate Pmgl — Mt"1
and P. soiae wild — type parent Pmgl

3 it

FE 6 R 0 1 T 583 — , LR
HHIR RNA AT, RNA B4 FHI0 5 £ B0
PERR TR L A L B
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P ARG T X H RS R B B P R R
RGRERPVER R, ABF5E T, @ 25 9k 5
PR FRE R TP A R B, SRR T 5
PREPL 5 R AP0 2 P g ARk, Pk K P T ik 51
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RGN AR B ik T BB T AR R AR Y
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SIS I el N =i e SO O o - R v (1 79
SRR AR B N R A P R — R R )
PR B R 2 7 AP A AL 15 S T e R
=R

A4, Cafe” — Filho ™ 1 A~ 7 45 ) % i FP 7
T B BRABRE B TR MR O 58 v e B, AU B L R AR
R BRITE SRR 5 BURR RR AR, E2 A
WEHURGE R B % 2 5. EANE b, 58457
A Pmgl AL, BARBULT TRRR 19 A R BRI, AR
P22 TR IR R OG22 BB Sk B, BU 2 TR AR
M 22 sl TR MO T IIE A, S8 A R4
Pmgl JFICH] 25 5, iX SR H FEEAYE S FRE R
KEFEFR R R AR ME . SRt
2T BR BT Sh A 14 7 A BB ) R R BT
PR ] A, X — 55 Rana %7 A
A PR AE Y B v i AR B Y A 2 T A )
TR R B PR 2 5 T B A 7 7 B 1 45 M
— B, X SBRF Y R WA R BRI R RNA RS
Fig o, AT REIAP5 S 2 XA 1 AR B A At A= BRI 7
TETAREIR . P T K 0 B S o D A PR A
6 A0 Ak 2D BT BB X BT 24 TR RRAE I AR AL 1) el
27— E B RE N o

AHIESE o I Al AT A5 28 5, T 2 7 R
REEFEE S TR T =P /5 R B2k 2 A8 bk
AR, — e WA R R LR SR
RET R T O — Rt A7 B P R R
S [A] S BT A, 7R B B AR TR S A L
PR g H AR R R B iR R . A
VAR o i R 22 15 BH K R A TR 5 ) R R R AR T
itk UL, 78 B A K S AR R i, 2 PR
HAR R E R 25 1 H A R 5 Al X
P2 24 550 50 5 fi P o TR T o T, s o B — 24 551 fii
o ROGEER X H 5 R PUER r EH0 fEbE E
TEASFRAE R A , 70385 9 I b i O8I B 5 O
WIZRIRE S5 . AWFFE /NG S0 50 K 44

B AR TRAR AT A R TR R ) AFLP — DNA 45 80 [&]
Tk, DA B iff R 508 A R R R R e e AR
)5 FHLEE

gt AT HA B R XYY E R E
SUSE IS FE YA AR B K A R IR A= B i S, LA
FARACARN K2 5K S A L BRI TR 2 5 iU 2L
P AL 1 K 7 RE B TR K 98 — 6.23D 6D Pmgl |5
M1 HL) - SH, —Jf- 88t
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