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EMMEE 22-9 MAERNMKEERE
kOh, B, L E, BN KRR, AR

(HAAL IR IR 22 B HA A AP0 U A M B ih TR0 2, R 220 730070)

W OENTHEWEERERANER, RAMKF LR LN REE 22-9 HHRHAT 0~75 s By R BAF
HREHRBARETMRBRFAKNREE R, NG ERMELE AR R E G R B E P, BT B R
“%mﬁmﬂv%% EREGHRAMAERNATH EERMEERRE, FR2%H, EMKER 15~60s £ 4T, %

% 4 BRI 70 wg - mL™ F EGRE R B9 R R WAk ZZ-9A ZZ-9B ZZ-9C Fn ZZ-9D, @it xt 4 Mk R A HARSAT I E £
%ﬂ%fﬁﬁ PEE R — kI R R B R W R A W ZZ-9B, WAk ZZ-9B 5 70 pg - mLT B HHE R
WEAERME RN, S EHRZZ-9B 5 F LM ET R Wbl 8¢ 2 B, & BAA & bt R A E w8 F & h
89.42% U1 B w8 T 8 4 Fl RE WA An B A B R B %, ok, R R B Ak ZZ-9B K B 36 3 R R B, A e
DEWEEGE R, B ERE R

SRR AHE R H W AR KA Z2-9; R E A

hE S #S.S182;5436.611.1" 1 XERFRARAD ;A

Screening of chemical-resistant Streptomyces 7.7.—9
after microwave mutagenesis

CHEN Da-wei, XUE Ying-yu, SHEN Zhi-yan, MAO Wei-xing, ZHANG Shu-wu, XU Bing-liang
( College of Plant Protection, Gansu Agricultural University and Bio-control Engineering Laboratory of Crop
Diseases and Pests, Lanzhou, Gansu 730070, China)

Abstract: In order to obtain thiophanate-methyl resistant mutant strains of Streptomyces ZZ -9, the original
strain Streptomyces ZZ -9 with low resistance to thiophanate-methyl was mutated using microwave for 0 to 75 s,
which could grow well under the lethal concentration of thiophanate-methyl. After genetic stability test of resistance
and antagonism to Cytospora sp., ideal resistant strains were screened out. The combination of resistant strains and
thiophanate-methyl was used to treat Valsa canker on apple trees. The results showed that with a mutation time of 15
to 60 s, 4 stains with chemicals-resistance capability named ZZ-9A, ZZ-9B, ZZ-9C and ZZ-9D were obtained.
After measuring the inhibition rate and culturing several generations, a strain named ZZ-9B with relatively stable
hereditary and better inhibition rate was screened out. The synergistic effect of the strain ZZ-9B and 70 wg + mL™
of thiophanate-methyl showed a 89.42% effectiveness on the apple branches, which was significantly higher than
sole use of stain ZZ—-9B or thiophanate-methyl. The optimal ratio of the strain ZZ-9B to thiophanate-methyl was
8 : 2. It is concluded that small amount of thiophanate-methyl with the strain ZZ-9B can significantly improve the
biocontrol efficiency of Valsa canker on apple tree.

Keywords: screening of microwave mutagenesis; resistance strain; streptomyces 7Z7.-9; synergistic effect

IR AFAE T2 R AR b M B2 (0 Sl 80 Z TR E B, A1
ITIRES 57 BERS ™ AR MR E W HA B PERO U H AT SR P 2R Bl N 7o P A s | FEAE 2 3

W5 B #7:2018-01-10 & B #1:2018-12-06
HETR . ERE S LTI (2016YFD0201100) ; H it 4 @453 M BHIF H (2017A-028)
TEHE BN Ko (1993-) , B A5 A B9 05 o) AR 09w IR S5 M09 % . E-mail ;. gansudaweichen@ 126.com
BIEEE . BRFRE( 1962-) , %, H % s FE NI EESE . E-mail . xubl@ gsau.edu.cn
BENEE (1978-) , H  BIHU%Z , 2N FAR Y B AR B FIAT & . E-mail ; xueyy@ gsau.edu.cn



55 2 39

WRK R 55« A= B AR TR 229 T 24 DR BR 1 S AR TE 7 261

IS S R W T, 1 A ) B IR AR AR AR
FE L R R TR E G R 2B, 24T
RABIAT AL 27 28 A7), AR A 2o 0 P Ak 24 24 %
A7 ) SR A AR T T R s T L
SEOREPTZE N H 2R R0 N, A EAE
7 1B 2 7 BRI 1 e e B v Rk R B AR TR PR, R
TR fl A 25 B A R 5 AR R TR Bk, A S B A Wk 24
S {2 25 1 D RV E FH B LR 22 AR

AT E R B PR RS A BEF M R4
RS D R g P AR R —
fafE S N2 AR T, 5 AR R #
(14 TR AR LA R AR T 241 25 8 ) [ 2% AR TR R AH L
KREFFHEES  EAEk, BANRAHFE ST
XA W) T AR HEAT I 2 2 R O T R A
MRS, TR L) AR 4R A X BR A 9 f
PARE BbOO HEAT5AR A0 P, KA 3 BETi 800 mg - L7
ML ARG AR T Bk, 2RO S L 2T B R AR R R
RS—1 A JFL U6 TR ARk 47 D 5 28 b BB, 07 30+ — o
fit 80 mg « L™ RAREE Z A1 300 mg - L' 75 5 & 14 Bk
RSW-96, H A" S 48 o2k o 42 175 S A B YY)
T SHEPUMEAEE T21 SEF 7R R ik 3 5 dRfE 2
PR 2000 mg - LW MR E KM EA R
EHPER B T21-1~T21-5, {H2, HATE N HH
TR B Tl T B T 02 A TR AR A T 24 1 el i
AIRGER D, TR 22-9 SR M SE SR BHAR PR+
b gy B R —RR A B 1A, R BN S SRR T A
I3 PR AP R 96.4% , 78 B A% 2% 1% 32 S v g
R BRGE 75% LA 110 TR, AR I8 DA 2k 1R
272-9 I bt ok FL AT S0 75 A8 b B 0L
HHBENS 5 LA TR 2 TR 1 28 AR B R, A B A A 2
(RAE 4 A — 2 B BRI AR R

IBPR

11w

PR B RE | 2R B ( Streptomyces rochei ) 229 Fl1
SESRB 295 T ( Cytospora sp. ) HH Ay 40 K24
WA 2 B R s I o S 0 2 4R A2

HEZG ) . B AR T R (70% , RTIR A ) R
INARE R TARAFE A,
12 FHiE
1.2.1  BREA R & BOR BRI R Ak
132, A5 mL TEREABEER K (1% ) , IR/
O TSR T A (0 B T A R K T SRR
Ui SRR R AN TC W D, & TR R AR U, ik

LA BIFIR, VR O 10° CFU - mL™' 247,
B 0 R RIAR
1.2.2 FABE R AT B R H I T B0 R T 69 #
2 W R R Z2-9 T BIR G T A
e 235 0.10.30.50,70 e + mL™" F AR A R
B F— 5 A L, B4 FE 3 AT AR ,28°C 53R 5~7
d, G EPEAR E R R VE AL, IR R SR, A
A e R Al b oA A R TR R v R Sy R R
T T 2% R TR AT SR B

O ( %)= (A EH IR R A LR
[ 3 Gl iR S D T e s kA B % OV N
FH LA P 8P A LA H A BT T 40x 100, 20 HR B 7 4R
Bk CFU - mL7™',
123 Mk#FEABHMNER R TAKRGKEST W
B AR 229 T2 = MRE T E5A 0K
BBt TR (AR 7= 5 M 22 AL s el
A PR W] 5 #95. PT0D20P ~TD (WO) ; % th 2 3%
750 W ; ik pii % . 2450 MHz) N4 3 BB S 0,15 .30,
45 60,75 s, ZrAIHAEFEW 0.1 mL A6 T & EUE
VR 1 R R TR R AN & H LB R s IR — 5
AR E BN 3 AN EE 28C SR 5~T7 A, 1EREL
HE B H A 1A R 1 e [ — 5 AR B R
RIS 8 AR G bk , X H AT G5, G it B VR 2, TR H:
FETE R BUER M AR JEK B VR PR T = I
— SRR R I 28°CHE5E 5~ 7 d, FRAHRIfL T F
5, T 4°C vKRRRAT

F1EH (%) =n,/nyx100
HICR (%)= (ny-n,)/n,x100
GAFZR (%)= n,/nyx100

K ng W E FERAEAS S H R E R & K—5
SR K B TR T B 0, O R R R SR Ak B
AT H L DA R 1 1R G — 5 B A R Y TR B
ny A R PRRR VO A B 7 B SO e Y LA P R
) 15 EG— 5 A A A TR T 5, TR T B 3
CFU - mL™", F[dl,
1.2.4 & 25 A Aked i it

(1) it 25 B Rk BP0 0, SR FH P B IRg 35 3k
Trie, 17 Fa8 UEAE PDA (S8 B A M B
BREFRIL) A T AR IC , PO A0 (R Y S
R ELEEEDE(d=5 mm) |, “ 7 F W AR PE B
( BEAPOE 30 mm) FE0RE 14 AT 24P B R A O
ARBERR CREATATRE B B Ak Z22-9) B OF, TEAb 28 3
AL DL RS RRE R AR X IR 28°C TN H
TERG TR, 0T R 22 B W A A, e X
P R A B TR AR IR



262 TRIB XA AT

o537 &

AR (%) = (o B BA 75 AR - Ab PR TR VK B
1)/ (W BRI 42 -5) x 100, 3 AP B 745 AR BN
em, F[A],

(2) T 25 BRI S 0 RF it 24 B bk 5 SR A T bk
PRSI AE 80 mL i & W 4% 7 3 (M IR & [C—5
REFEHE) R, T 28°C A1 180 ¢ - min 'R IE 3 d
Jei | R, AR5 R 6% Iy HE R i A B2
O 60 mL B R TR SR (/KR TG IR AL ) 7E
FRFA TR 4d)5,T4C 1000 - min™'
FAE B 20 min, L EWEWR A 0.22 um HFLE
arih g SO R FEIE R (SR , T 4C AR

PR 22 A KR U 4 (0 G 1 A e I
W2 mL 5% E 45°C KA PDA 53R 18 mL i
ATCHE TR LA T8 50 B 2 VR -4, 761
B S48 A SRR SR T A U (d =5 mm) |, BR4b
PR3 AL, LUIMA JCE K ) PDA VEXTHE 28°CF
FE IR B IR | 17 0T BEOKE Bl 6 #E A A, 28 X
R VE A K BAR TR A K IR
ARANHIR (%)= (W IRPATE B - PRV AR ) /

(X} BRI V& B4R -5) x100
1.2.5 @25 AR RA Z a2 B0k i AR
7S DR R AL 22 VR VR A R A T B R B R R A
HRMAGTHERBANMSR —SEREL,F
28CHHIRIG SR, B 5 d 4z 1 Ik, HEFH: 10 1%,
RRACIE 3 ANEE, TR U 1 5 1 AR IR
O, BT A VE L, 1T A SR PR R 58 AR TR R 1
AR AR,
FH A T 22 Xof 2 A8 TR AR 9 A AR (% ) =
(S,-S,)/8,%100
Ao, S, A RAR PR AE AN B B A TR R 1 AR B
BRI EL S, o 58 PR AE & SR Mk 3 R LA o
R A B A
1.2.6 w2 AkL FRARE 2 WAE A SRR
ok CRAZGHEERE 10 em KAEA
ke &, SoH A kKb T, S5 75% BT 15
s, FEATCH K oot , B Tl TAE G BT, LA
. HIETETIE (d=5 mm) BIRS Bt 25 1
PRI RS W R R R 25 i 9+ 1.8 : 2.7 ¢
3 1 LG A R it 245 4 TS 44 T 1 T R R HH A T 2 B
MAEFRRAR T3 1 S8 L BT IS 4R 5 55 5 d S
RPE R VE(d=5 mm) , 35 AL0FE, AFA-4b 3
e 6 MBI, BIMRSR 1 AR S IR TG R /K
SRR AT IR 25°C AR 10 d S+ 7
LM ERPE R I e BRI

JRIE AR (mm?) = %XWXK@E( mm ) X5 4% (mm)

A RCR (%) = (R 18 9 v FR — A B 918 18]
B /% B IE A X 100, I8 AL A mm

2 ZER55T

2.1 RFERBARMNHARKRBFRIERENHE

3 3o L A T R K T PR TR SO R B Y
WZE G5 R RUI (R 1), R R+ B R & H
FE0 T 7R VR FE R 0T i, > PR A R R A TR
KE| 70 pg - mL7 A, & TR AR A BOAE R
100% , PRI 24 FE L A7 oA R E A 70 g + mL 7 H
Tiif 24 B AR B 2 B bR s
22 HEBFEFIENHE

A 3 S X BRI 27-9 FF 1 BOEAE FH A AR
YEFII S | 25 R (3% 2) , Fifi 25 SR ek 1] A 386 T
PR 22-9 M FAIE R T 0 BULR G F I, 257
HIKF 75 s B, fE 1 RN 0% , BFEHIL 100%, %=
A R 25 1570 ) A B, S 3 S B KR N
P, U 30 s B, AR R fm, 14523.62%, LA
AN AR 2

*1 HERBERAREFEXNEHK 22-9 B FHILERR
Table 1  Effect of thiophanate-methyl on spores of strain
77-9 at different concentrations

HWeRE R34

Concentration

IR/ %

Colony number .
Lethality rate

/(g + mL™') /(CFU - mL™")
0 5.79x10%a 0.00e
10 4.63x10%h 20.05d
30 2.50x10%¢ 56.74¢
50 8.53x10%d 85.25b
70 Oe 100.00a

TE: W5 B4 )5 A R 58 RORfE P<0.05 K E2E5R B3,
T,
Note: Data in the same column followed by different letters are sig-

nificantly different at P<0.05. The same below.

F2 FEIRERGESIEITER 727-9 M FHBIER S RTE
Table 2 The lethal and mutation rate of strain

77-9 spores treated by microwave

ARPRINRL /s AFER/ % AAHFENE BOLR/ % R/ %
Treatment Survival Log of Lethality Mutation
time rate survival rate rate rate
0 100.00a 2.00 0.00f 0.00
15 54.44b 1.74 45.56e 2.82
30 25.12¢ 1.40 74.88d 23.62
45 14.46d 1.16 85.54¢ 15.61
60 3.74e 0.57 96.26b 5.13
75 0.00f 0.00 100.00a 0.00
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2.3 THAREBRAIFIE
231 WHERGWIGER B RIAL, G
T 4 MR 25T RE , 4390 R Z2-9A Z7-9B Z7-9C 77
—9D, K 4 BRI 2 TR AR 5 3 SRR R0 1A T ARG
IR, 4 S F I (3 3) , 4 BRI 24 T ik Xl 312 SR A e 05
P —E AR E R (B 1) ik Z2-9B 1Y
IR FH Bl 77.06% , 5 35 AR Htk 22-9 ]
KA, AUH 22 0.81%; BBk ZZ-9C Rz, N
73.04% ; Hibk 22-9D 5 ZZ-9A MHIZREAL, 205 K
58.31% .50.12% .,
232 WA MRl A K Rk
Xif 45 i 2 R ARUEA T 0, 4 SRR (3R 4) L4 BRI 25
TR TG AT 108 V00T S SR R B8 2 5 B 80 A — 3 1 A o)
FEHI (P 2) , e i 25 T8 ik ZZ-9B 3l 2R f v, >
91.75%, 5 AR HE Kk 22 -9 W H] R B0, (A 2
2.41% , H. 5 25 5 T Al 245 P 1R 0k 5 TS 245 PR AR 22—
9C 5 ZZ-9D MRk Z , 4350 83.90% .82.29% ;
PPk ZZ-9A TR 330K,y 79.48% .,
2.4 THAREKMERBEENE

IR L A G Y A i 2 7 B R E £ 10 IR
BRI S) , P BLHR T 58 X 45 it 24 1 v ik A 1K
I 2 1) S M AR PR AR | 2% B 98 A8 TR 1) it 24
HERARE LRGN L, K 22-9B A K
TRRAD AR A, PRIBL K i 25 B bk ZZ-9B 2
AT 25 B AR, TR 22U
2.5 TMHAMEKS RERE R HEERERK

i SR EslyE

I R B AR Z i, a5 SRR (%K 6,
K 3), 25 PEHRk 22-9B 5 70 pg - mL™' AR
R4 3 PP LB EC S |, 76 B AT 4% 1 X S SR A i 2

3 siglitie

BB A R — PP RS AR T B, BRI 7
JERT I AR B R SR R B i R Ak, H S
TES A B R LA L, BEAE IR $12 /5 TR bk 58 A8
PG 1 A A W H R LE SRR R R R
FEES ZRH M, AR R 30 s KT,
BIkk Z2-9 BILR K 74.88% , 57 F H23.62% , H.
RERETN 70 wg - mL™" WA 1A R, 2845 5 it 2)
PEATS DR AG SE , HL 0 o 38 3 00 U4 o R, 5 T
ot et R A— 5, 2055 B 58 K BUAE Tk
R 30 s Z50F T 152 R1S —HE 80 mg - L™K
BR300 mg - LT HHERMPUR M, B2 0%%
JG AR EE R, VR AR AT IR, FE
R 30 s T, 35—k 4 pg - mL ' R KREEWE
MR, PR, I 0 75 A8 X i 4 TR ZZ-9 T 24 TR AR
AT EBA AT,

®3 MHMERMERMELRENMEIERNGER
Table 3  First screening results of inhibition effect of

chemical-resistant strains to Cytospora sp.

k7S I/ mm M/ %
Strain Colony diameter Inhibition rate
77-9B 18.0 77.06b
77-9C 16.3 73.04¢
77-9D 10.2 58.31d
77-9A 6.8 50.12e
77-9 18.3 77.87a

F4 WMHEERMNERMELHRENNSIERERER
Table 4 Second screening results of inhibition effect of

chemical-resistant strains to Cytospora sp.

RRBTACE 82.01% ~80.42% M @ Tty % A, g
ZGTBR AT AR R, S Nk 2208 - i
- . .16a
I LA R BN 8 ¢ 2 Hﬁ,ﬁ%*ﬁ%ﬁ*ﬂ% 77-9B 1.18e 91.75b
/N, M 50.44 mm® 2/ NTR IR B RE ik 89.42% 77-9C 1.83d 83.90¢
TR0 P 25V b 22-9B MR LGRS 5 20 o o
JEY RIS 114.22 98.84 mm?, Bl AL 53 4 K 878 o
75.97%F1 79.24%
x5 HERBERMEEEESWHAMEBRERNE K HZEUE
Table 5  Growth inhibition rate of thiophanate-methyl on each
chemical-resistant strain after inoculation
bk A KA1 Z Growth inhibition rate/%
[Es]
Strain ez 0 4% 2R 4R ik 6 14 T4k 8 AR e 1014
Inoculation 0 Inoculation 2 Inoculation 4 Inoculation 6 Inoculation 8 Inoculation 10
77-9A 20.15 19.43 19.67 20.22 19.81 19.62
77-9B 10.01 9.28 9.42 9.21 9.58 9.36
77-9C 14.01 15.32 14.84 14.67 14.67 14.84
77-9D 18.77 18.43 18.76 19.04 18.25 18.29
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7E Note: (A)ZZ-9;(B)ZZ-9B; (C)ZZ-9C; (D) ZZ-9D;
(E)ZZ-9A; (F) %1 Control,
B 1 MAEEERNERMECRENNEERMFER
Fig.1  First screening results of inhibition effect of

chemical-resistant strains to Cytospora sp.

U Note: (A)ZZ-9; (B) ZZ~9B; (C) ZZ~9C; (D) 77
-9D; (E)ZZ-9A; (F) X% Control,
2 THAMEANERMEERENNHIERERER
Fig.2 Second screening results of inhibition effect of

chemical-resistant strains to Cytospora sp.

2 BN R 253 B BEAR I s 45 B R 23R B2 JE B4R I 5 (A) Z2-9B « LB R N 8 « 25 (B) ZZ-

9B : HILRE AN T : 3;(C)ZZ-9B : MEBE R N 9 1; (D) Hphfli 1 F I R ; (E) Sl s kk 22—

9B; (F)2s HXTHR

Note: Left chart shows scar of branches with epidermis; right chart shows scar of branches without the epidermis;

(A) Strain ZZ-9B to thiophanate-methyl is 8 : 2; (B) Strain ZZ-9B to thiophanate-methyl is 7 : 3; ( C) Strain ZZ-9B

to thiophanate-methyl is 9 : 1; (D) Single use thiophanate-methyl ; ( E) Single use strain ZZ-9B; (F) Control.
3 THEAENRS FERE R EE R ERBE RN

Fig.3 The control efficiency of synergistic action of chemical-resistant strains and thiophanate-methyl to Cytospora sp.

® o MZHERS FERE R thEE A3 RRE R
Table 6  The control efficiency of synergistic action of

chemical-resistant strains and thiophanate-methyl to Cytospora sp.

T WA B %
e T B3/ %
Average scar Control
Treatment
area/mm> efficiency
77-9B : HUILHIE R 9:1 85.37d 82.01c
77-9B to 8:2 50.44f 89.42a
thiophanate-methyl 7:3 71.24e 85.02h
F A TR -
, R R 98.84c 79.24d
Thiophanate-methyl
77-9B 114.22b 75.97e
CK 476.17a -

AR 2 T 24 B bk 22 - 9B 5 F LA B R I
bk 8+ 2 I, FE B AR 45 X 3 SR JEE A2 1) 1 T
Bii KA 89.42% , Wi ik e T B A FH 2 2 TR Ak A Y B
B TA R B, T, N A SR B R 5 A B
R ARTE 5 % A 0 P I A O T B B 9T A HRGE
X WUE 2 458 R 0.001 mg - mL ™ SRR B R
K5 4 b A B 2 FRURT RV B T 755 1 Sk 7 BT AT A P
A3k 78.21% ~80.93% , $4J 155 T 3 HAB A B
w, JH B AR T AR A 25 AR S 1 500
F 0 5 B B R TR A, X i K B I B R
85.90% , .3 s T & O I OB %, (B2
S FH A B 2R 55 T80 T TR L R B 9 S SR AR S 9 0
T HE R
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