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O OERE T H A Qol £ FH A FE A B (RIERF Y5247) eh A F A, £4 50 pg/mL K
5 (SHAM) £33 8L L34 769 AEA B4 A L 2 A AR WH KB HRE BRA
B OO AR ARAEEREREE 2 A KGO A P RE(ECy) % % 4 0.004.0.009.0.016 Fo
0.023 pwg/mL; 3 34 ki R BB A Fo EE R F A FoT 9 & 89 ECy, 15 45 7] 4 0.448 F»
0.019 pg/mL, RER BTG M XammALARY Fi&F4ERA, ECy, 1H 45 5 4 0.991 #=
1.823 wg/mL, H D FZeth L AR -T2 A2 LA — 265 E M RAFa 46 &M @K R
Feig Ko, AR H 25 pg/mL ¢ R R F B iRt F AR £ %, 14d i i 8
W IRE , By Ak 72.48%
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Fungicidal activity and biological characteristics of
benzothiostrobin, a novel Qol fungicide

XU Congying, HOU Yiping, WANG lJianxin,

CHEN Changjun, ZHOU Mingguo "
(College of Plant Protection, Nanjing Agricultural University, Nanjing 210095, China)

Abstract ; Fungicidal activity and biological characteristics of a novel Qol fungicide benzothiostrobin
( Experiment code Y5247 ) were presented. The EC,, values of the benzothiostrobin inhibiting the
mycelial growth of plant pathogen Rhizoctonia solani, Magnaporthe grisea, Sclerotinia sclerotiorum and
Botrytis cinerea, on the AEA medium containing 50 wg/mL salicylhydroxamic acid (SHAM), were
0.004, 0.009, 0.016 and 0.023 pwg/mL, respectively. The EC,, values of benzothiostrobin inhibiting
spore germination of Colletotrichum capsici and Botrytis cinerea were 0.448 and 0.019 pg/mL,
respectively. The protective and curative activities against powdery mildew caused by Blumeria
graminis were 0.991 and 1.823 pg/mL, respectively. Benzothiostrobin showed no systemic
translocation but penetrative activity on the wheat leaf. Benzothiostrobin appeared good bio-properties
of rain-washing tolerance, adhesion and long persistence against Blumeria graminis on wheat leaf.
Efficacy of the chemical against wheat powdery mildew still reached 72. 48% when the pathogen was
inoculated 14 days after the wheat seedling was sprayed with 25 pg/mL benzothiostrobin.
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Scheme 1
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L1 BEHRAFIRIEFE

TR0 B A R R 00 S R L G /N A R
W B Fusarium graminearum . 7K 78 20 K N H
Rhizoctonia solani /N7 [ 45395 T8 Blumeria graminis .
WEER AR B Sclerotinia sclerotiorum . SR 75 975
Phytophthora capsici. & J& 5 Pyricularia
oryzae R IENR E Alternaria solani AR JH H
Colletotrichum capsici #1 %L & JK B W5 # Botrytis
cinerea , Y5l B 54O R AR TR 2 00 28 0 1 M
FIPRAT o

97 % A< BE T ik ( benzothiostrobin ) Ji5 24 A& H i
JUREAFRAE X B 25577 93% ME £ i ( azoxystrobin )
Ji 24 H g TR TR 20wt o ARkt 24 500 T I 1
1.0 x 10% pg/mL {5 7 B o 99% 7K 4%
fif ( salicylhydroxamic acid, SHAM) , i1 35 [E Acros
Organics 2\ 7 4= 77, F R RC % 5. 0 x 10* pg/mL
(BRI i B

I G SR 5 ABA (ALK  BERE S g, Hl
20 mL, MgSO, 0.25 g, NaNO, 6 g, KCl 0.5 g,

KH,PO, 1.5 g, BfiE# 20 g, I LB FKER R
1 000 mL,pH £y 6. 0;PDA }; 5 HE F| 5 o 15 5
K 2% WA K532 IF53CHR [4 -5 1)k .
1.2 FEFEEREVRERNSHNE

SR FH B 2 1 K 3R 00 0 o R E R T X 8 A
99 Do D O 22 R AR o AR T A i e i
TEXAS [R) 95 D 5 0 0 FH 9 25 500 R AR - 0
0. 001 ,0. 004 .0. 016 0. 064 .0. 256 pg/mL ( 7K F% &L
i B A AR S 1) 50,0, 015 6.,0. 031 3.0.062 5,
0.125.0.25.0.5 pg/mL (il F H WK E); 0.
0.003 2.0.016 0. 08 0.4 2 4 pg/mL( B2 K55
7#);0.0.04.0.2.1.5.25 pg/mL ( BAEREIRH) ;
0.0.16.0.8 .4 .20 100 wg/mL ( /N3 75 5 5 14 I 5
AR PER ) 50.0.08.0. 4.2 .10 50 wg/mL ( Bk
JEI TR ) o FE TR I 1908 J A1 TR VR S 2 AT I EL AR R
5 mm YB3 AN TS R EE R IR ) AEA 5%
450 pg/mL SHAM ff) AEA P-4z ge | 4 b 3 5 43
3L, HEE 2 W, F25 CHiFE2 ~14 d JFiHHE
W& A KA 2, 1] DPS #1044 BRI | <7 25 77
Jo R T () 5B 22 AR KA AL AE () =Z 1]
BIFEA BT FE y =a + bx, iTEAHE RS (r) KH
RA Ik B (ECy) o

SR 0L 1 2 I i R 0 R T T RH 5
3 DA RIT R 0 P 0L ke i) R A I
TRI PR T 6 DA R 43 31 452 Bl T AEA P AR b, 45 4 A
2,505 F 25°C T BEEREFE 12 110 d, SR K Bk
AT gE P R E A 1 x10° 4~/mL,
50 L il FBIRIR T8 R0 e B R WE B R 1 2%
WA AR o AU IE s TR B I 5 0 24 39 Ak
P B 1R B 43 5 4. 0,0, 025 ,0.05.0.1.,0.2.0. 4,
0.8 pg/mL 1 0,0.006 3.0.012 5,0.025,0.05,
0.1 pg/mL, F25 CTH%: 6 ~8 h J5, b el Wi 52
i AR, B AR 3 R IR A 2 K.
THAS6 7 0 &A%, i2 F DPS R4k 38, 3t
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SRR AR RR L o e 0 T T R T A TR
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TR AT 3 B R 12 BRI S 2 IR, W%
AR 24 h J5 TR 4 Rl /N 22 R0 B8R A 432
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1.4 FEFEBEXT/INEBBHRHRIF RS ERNE
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Frig 25 Ak B, %68 T Mg 1 R AR EE 22 i R 0
0.078.0.313 1.25.5 Fl1 20 pg/mL, FF4bFE 3 4~ H
ST 2 Ko PRI I E SR T it 24 77
24 h JRHEFR/INE FUBMIA B 5 3697 VR T U e i b
AT 24 h 5 FEATBE 24 77 A B
1.5 FIEFEEEENZEKEHRNRESSIENE

KL E 7k s /N A it e RE S AIAR
X A I T i ) IR MAC R P o Y 33 /N g v
PO I AE e 2 eme ik B3R 1A B R A
LS50 0,50 100 1200 g/ mL FYRIE f M
25, AL B S 20 7 s/ N A2 AE SRR R
3 cm AE BRI 735374 0,50 100 1200 wg/mL )
KUEHE B IWARKEN 2 om, AL EE
20 F; 8] 200 wg/mL ZEE B R 25 ) 20 mL g
HARH 8 em B FAR U/ W A AL B E A 3
B o 235l LATR 7K B T i O 25 25 IR . Tt
2524 h JE RN AR R, B R T d R TR A R
s AR TR O, TR BAROR . IR 2 1k,
1.6 FEFEREFE/NE AT R KRR E

F1 25 g/ mL BRI R E ] P 10X HEE 245 750 e R 1 2

OS5 Ak P — O B N A2 DL R O AR
0. 1% i -80 AYZELR /K A 3k Xk IR, 23001 T4k 315
0.5.1.2.4.6.8.12 F124 h FIE a4 7K ol 22
1720 min""* SRS PR /NAZ (BP0 T, B Ak 3R
3AESE IR H T 2 K IR T d R IR PHARCR .
1.7 FEFEBEE/NEER ERFRENE

F125 g/ mL (142 i P 1T T i 24 988 %5 Ak
B — /N2 DL RO 3800, 1% i i-80
2RI K AL B S I8, 23 3 TA RS 3.7 .10 il 14 d
FERh/NAE BT A T, B4 B 3 A EAE ISR
2 EHRT R TRA A RCR .
1.8 #iE4bE

IR ] DPS v7. 05 BAFBEAT S0 Hr o
I A X OB B2 2275 i Student £ 45 560 9847 22
S ENE T

2 #ER5H5H

2.1 FIEFEEX S MEMRKEENS

ARWE AR XTI 8 FIAE Yo I R R TR 22 42 K 3%
A AR, 55 AL M7 SHAM it 2 8 T 1 14
PRV PE A R E . AR 1 AT LB R
I T i X AS [0 S T A I R AP A R 22 5. #E
A SHAM 1y AEA BiFRIE I, R WE TR fig X B A 7Y
TKFE SO B 7K 8 R0 BT Vi B A6 T R
I 97 A TR ML 7 T P T 22 2 K R B s 2 Y
TEIVER , BCyfEH7E 0. 004 ~1. 147 pg/mL Z[d], Tiij
Xt /INZE ARBEG B AR IEL I BT R 7 28 05 A 11
BRI 22 A KA 1 6 o ) 42 A%, ECy, fH £ 4.338 ~
14. 081 wg/mL Z[d],

x1 FEFHENFEYFREERLERKHEN

Table 1 Toxicity of benzothiostrobin against mycelial growth of plant pathogens
. A& SHAM £33 |1 ECsy “r SHAM }: 373 [ 1y ECs,
T SR _ .
ECs, + SD on medium ECs, + SD on medium
Pathogen
SHAM-free/ ( wg/mL) containing SHAM/ (wg/mL)
IKFELFT I Rhizoctonia solani 0.025 +0.010 0. 004 0. 004
TURESRE Pyricularia oryzae 0.047 +0. 034 0.009 +0.010
WERH AR # Sclerotinia sclerotiorum 0.442 +0. 335 0.016 =0. 003
AR K BZR I Botrytis cinerea 40. 660 +10. 993 0.023 +0.010
BAE RN E Phytophthora capsici 20. 580 4. 196 1.147 £0.720
INZE TRFEHR A Fusarium graminearum 47.823 +1.481 4.338 +0. 454
B IASK T Colletotrichum capsici 30. 648 +11. 600 5.325 £0. 464

H 5YERE R Alternaria solani

35.379 £18.291

14. 081 +4. 664
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AR IE T T R 3 D 1 W A B R T R R TR 22 A S R Y 12 A 5 R RS K R T
o TR 22 A B M 16 P o FErR MR AR R T R AR R T T R R 22 A R 20%
T AT AR ECs fH A 0.439 pg/mL, i6itE LLE(F2).

R2 FEFEEWRREAFHROMGIEE

Table 2 Activity of benzothiostrobin inhibiting spore germination of pathogens

) =TV Ry g HRFRL(r) EC,, +SD/( pe/mL)
Pathogen Regression equation Correlation coefficient
BAHIE IR # Colletotrichum capsici y=5.411 +1. 148x 0.992 0. 439 +0. 005
R K BEJR  Botrytis cinerea y=11.247 +3. 614x 0.974 0.019 =0. 002
2.2 FIEFEEEX/NEBBEE B HIEE 20 wg/mLIF, X R E B AL 92.70% .
RIS R ORE R N ORI 2.3 REREERRE/NEAMRNRIP ST ER
ARG 1 A0 61 35 4, B S WA 5 ARy = 4,891 + ARVE R BB IG /N A B RO PRI A

1.090x, ] ¢ % % 0.981, ECy, {7 (1.016 =  JAJFHEF, ECy ff4r31% 0.991 Fl 1. 823 pg/mL, f§
0.224) pg/mL, 34 78 BE 1 fs M0 B8 & W N PER B 5 0 TIRIPER (R 3) 6

®3 FEEERG/NEBMRBRIPIERTIATER

Table 3 Protective and curative activities of benzothiostrobin against Blumeria graminis

1’EFFUJE§ ﬂﬂJ'lElUﬂ}ﬁ%' *E)?%’;’éﬁt(r? ' ECsy( = SD)/(ng/mL)
Mode of action Regression equation Correlation coefficient
P-4y ER] Protective activity y=5.012 +0. 884x 0.954 0.991 +0.032
VAEITAER] Curative activity y=4.842 +1.027x 0.983 1. 823 +0. 562
2.4 REREEE/NEZER R RSES S R BRSTFRIR 25 B A REAE M 7 d IS A ER AR 5 i

RUERME X /NE M IR X BRI 8 BEREREZE /N M IR A DA ROR . XSRS
100% (R 4,18 1) , WRZG XM BT 458K ORGE R/ N R A i ke 22, A
RO E WG R AHAR O A AL B B WJEBT G AL REBUINAZ IR RIBOT

®4 FEFEREENEER EHARESE

Table 4 Systemic translocation of benzothiostrobin in wheat

B VAR Control efficacy/ %

i vk W IR IX_E AR IR 2 X AR

Rb PR 7] . MR iR IX . AHERA LisSH970k2] TSR IR
. Concentration/ Terminal parts Stem base parts o
Fungicide Treatment area Vg Treatment Treatment
(ng/mL) on the on the treated
on leaves Untreated leaves on roots on stems
treated leaves leaves
RNGE R i 50 100 a 4.77£1.83 d 4.61 £1.81d 0a — 0d
benzothiostrobin 100 100 a 9.10 £0. 001 cd 8.91 £0.13 cd 0a — 0d
200 100 a 17.63 £0.78 ¢ 14.08 £0. 89 bc 0a 0b 0d
% T2 T 50 100 a 72.93 £8.28 b 17.52 +1. 82 ab 0a — 89.93 £0.57 ¢
azoxystrobin 100 100 a 85.13+2.55 a 21.21 £5.04 ab 0a — 93.72£1.20 b
200 100 a 93.12£0.91 a 24.90 £6. 11 a 0a 88.67 £2.03 a 96.36 £0.73 a

TE AR IR 2T . RSB P8 R i A AR IR B FROR 8 22 57 (P =0.05) s IRZ W B S .
Note: Numbers with the same letter in the same column are not significantly different according to Duncan’s shortest significant ranges ( SSR) test
(P=0.05).
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CK M50 M100M200 B50 B100 B200

TE M AR S, B AURIREE R, 50,100,200 X255 i
B (B pg/mL) .
Note: M represents azoxystrobin; B represents benzothiostrobin ;

50, 100 and 200 represent concentrations ( Unit: pwg/mL).

B1 FEEBEEENENF EHARESE

2.5 FEEBRTE/NEM R BRI R KR

FH 25 weg/mL [ 2% E B P I AL BE RS
0.5 ~24 h BN ZK pith) 20 min, 2EAIEIR 7 d JR 4%
A B A A SR AE AR, B IR R B 86% LA
b, O HR 24 R0 W TR R B 2 (3RS ), U AR
FRR /NS R AR BRG]
2.6 FEEEE/NEER EOERNE

AR 2 T i 6 T P Ak B2 B A ] ek 1] 5 42
Fift/NAE AT, 4 2R (3R 6) R, 2R ME T i B 3 /)
A2 K B A 280 S 3 G T X T 24 )
25 wg/mLAYRER BRALBE 14 d J5 38R0, BTG 2
AR 72. 48%

3 @St

ARBFTERI B Qol 253K 1 57 R E T Fi X AN
R S B H A AN TR B R s . B AR R T
ST S A TR K R SR o T B AR T 3 3 T

Fig.1 Systemic translocation of benzothiostrobin AN TR IR AR KSR TR A S M B0 T I R 22 4R K
in the leaves of wheat e SR PR RUE S ol TR S i A
=5 FERLEMRABRIRKELESR
Table 5 Rainwashing tolerance of benzothiostrobin
Ab 243 PRt BiiA AR Control efficacy/ %
- Concentration/

Fungicide (we/mL) 0.5h 1h 4h 8h 12h 24 h
IR T 25 86.13 £6.54 88.89+6.43 92.44+6.39 94.11 +4.21 95.69+3.51 98.07=1.01  98.97 +0.42
benzothiostrobin
5 BT T 25 88.79 £4.16 92.37 £4.42 93.67 +4.13 94.78 +4.63 96.78 +2.66 97.59 +2.19 100
azoxystrobin

AR Student ¢ G H AT, FIFVBE PECGFAA « FREREF (P<0.05) ,RZAERALFE,

Note: Number with an asterisk in the same column indicates a significant difference (P <0.05) according to Student's t-fest.

F6 FIZFEEEFHIE/INEBMBEHFERIE

Table 6 Persistence of benzothiostrobin against Blumeria graminis

—— e Jiti 24 J N RIS Tl 422 A B 9 28R
2355
ML HRZ5) Concentration/ Control efficacy with different inoculation times after treatment/%
Fungicide

(pg/mL) 3d 74d 10 d 144
FKIBETA iR benzothiostrobin 25 100 96.91 +£0.48 * 88.05 +0.81" 72.48 £0.54 "
W B g azoxystrobin 25 100 87.28 £1.31 69.83 £1.37 62.59 £0.59

TE AR Student ¢ KB 347, FIFIER AP A « BRRZERLEE (P<0.05), RZNERARE .

Note: Number with an asterisk in the same column indicates a significant difference (P <0.05) according to Student's r-test.

I P e P 3 T LA I B 22 2 R AR A A 1
PEAH L, ZRE G R R B T g s B A 4 B 5 11
HATRUF BN PR o 2R T 15 X o S b 781 B A
HOEHIE R T I RO N 242 58 N <OE 11 R GIR S T

PR T L AR A A DR 1 AT RS TR A
AT AR T, ATFE B R B0 45 R LIRSS T %
S B AR, 4 05 BT P X0 LT 8 1 A
IR 22 M A B R A 14 2 55 DR D R i S o AR
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FEFE | R D R X SRR S5 AT TR 22 A K A 0 o
TE YRR, AEO AR & B4 il 76 AR w5, R A
LB TR AR I I B 1 3% A FH AR /R, T A 2
IBITEH S IRAE BTG /N2 Ry s 36 v, R E TR TR
R TIRG R ERRRITE- . B8R, R
WA AT T T e K 05 TR P96 e A 2228 K3
RGPS (FUR AR T & IR, RERE IR 1R
Ty Yo A TR IR 7 A e KB 24k, BRI FH B 3 K
B N FH A (B A R — 25T

CLA AF 5T 2R BH : Qo 218 3% [ 1) W A1 1 M 1A ik A7
B4 B A N Wk, R LB ARG 97 22 A 4 %
U AHIRSE 8 i 1 P 2 I T TG Ak B R T 57
FERP/INAZ AR B, T2 X /INZZ R I B 2, 245
SAUERA AR GE TR A HA WP, U 2R i
WIRIRITVE R o SR, 1050 TF BH 2R 058 TR7 155 X 2% 11 7
AN LR BB IT R

ARE DA R AL B /N7 W I AN [) B ) 98 0, G
J2 0.5 h J5 5 A B[R]0 % 19 B A R S AR AL, 2
— UL 2GR T I . RE TR R AL FE /N M R fR
WRE 5 AW, BIT6 U RICR 22 A K, B
G FIAENT BT RGOS I RN K o

FHZRGE R AL BE/NZZ 0 7 14 d 5 2R /INE
BT AR NE IR A 72% UL 1 i B 16 %%
BB TR TR 10 /N E 2 a5, R ORWE B R e /N2
M EANG) o s e, RO o TR R A B S
KT B35 3 5 R BB s L AT 2 b B [ 1) 48 5 T T8 8 S o
AT F 2 PR Ay L P R M AR AR AR N T4, BRI T
A B AN A 24 T S B0 o

5 HAb 2 R B R R AE e 2 BT iy
QoI AR, HA | il s s b s v . AT
FEIE B BT Qol 218 2% TRT 771 4 W P g Xk 22 o 8 X AF 4
o i DA U ELAT R B TR I T L AE AR 2R T R 3
R b, RO, HA AR g 0% T 97 A 25 5 P
FHHT5E,
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