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Resistance monitoring of Fusarium asiaticum to carbendazim in Jiangsu
state farms and the efficacy of alternative fungicides to wheat scab
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Abstract Previous studies showed that the resistance frequency of Fusarium asiaticum isolates to carbendazim in
Jiangsu state farms had increased in the field since 2012. The efficacy of carbendazim for controlling wheat scab
had declined severely and even no control efficacy in some areas. In order to screen fungicides alternative to car-
bendazim, field trials were conducted in Baimahu farm and other five farms with several new fungicides. The re-
sults showed that phenamacril 25% SC, metconazole 40% SC and prothioconazole 25% WP had a higher efficacy,
prothioconazole 25% WP had the best and most stable effect on wheat scab with the efficacy of above 80% in all
farms, and there was no significant difference in disease incidence between milk and mature stage of wheat. Met-
conazole 40% SC, prothioconazole 25% WP and mixture of phenamacril 25% SC and tebuconazole 43% SC
sprayed at anthesis stage reduced DON content and increased wheat yield significantly. The authors suggested that
the strategy for wheat scab control should depend on culturing resistant or tolerant wheat varieties and spraying ef-
fective fungicides alternately at anthesis stage of wheat. Metconazole, prothioconazole and phenamacril can be
used as alternatives to carbendazim.
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10% AT . 2010 4F L5 Fifl 2 8599 & A I E Hi b 1
PRICFIRER F T, 1 Sillfeds 2010 4 RKBh iR 1 B 2R
KRR 1 o0 B TR TR R AT R N 7. 6104, 2011
11, 70%, 2012 4 16. 20%, 2015 4E 56. 88%, 2016
AERF] 66. 25%0(F 1),

PRI 40% Z B 2 SC 750 g/hm? J5, 15
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Table 1 Resistance frequency of Gibberella zeae ascospore
from rice stake and Fusarium asiaticum isolates

from wheat to carbendazim in Baimahu farm

HLZ 1 2 Wbk Ll %
Resistance frequency to carbendazim
R FHArE W Isolate from wheat ear
Veur TEMETHERT 5 T ——
A e EIOR R I X Z R BRPAR X
Ascospore from ’
. Natural Areas with two
rice stake . . .
disease area preventions by carbendazim
2010 AR E 7.61 33.33
2011 R g 11.70 54,17
2012 15. 00 16. 20 64. 26
2015 54. 55 56. 88 97. 98
2016 45. 16 66. 25 100. 00

1) FEAEF-RE5E 03 8 1R 20 1A R DU W I B0 1R W VIR 2 B JB AR
PR ST B3 TR 22 T R P B Hh m AR R 2 S W el
Byt
The data of resistance frequency of Gibberella zeae ascospore
from rice stake to carbendazim were provided by Prof. Ma
Zhonghua from Zhejiang University, and the data of resistance
frequency to Fusarium asiaticum isolates from wheat ear to car-
bendazim were provided by Prof. Zhou Mingguo from Nanjing
Agricultural University.

2.2 GIMEMREREAZGETESERNNERE
TREIBTIaRR

221 ZHERWHERHARTHE

Z W R — HIE R IX/NZE A7 v B A R w1
BT X IR EE A B ELARE A OR B A — A
75004 F. 2008 £ LR - S8 i il 47 A8 101 I
40/ Z W R SC 750 g/hm®, P& —MAE 7020 UL 1
(£ 2).2010 4. 2012 4FHIR A B RE#EH. 2014 4F
B 1090 LU o B4 5 R By 16 0 B X 20 4%
AT UL A BEF D2 PR TR PRI R T 2 B R Bl AL
R, TEHUME B BRI IE B 5000 AL B iR T
K.

x2 FTEAEE O%NSHERBEFETHFE 750 g/hn’
FRBRERR (B B#KE)
Table 2 Control efficacies of carbendazim 40% SC at
750 g/hm* sprayed twice against Fusarium head blight

(FHB) of wheat in different years in Baimahu farm

JRR /% Rate of diseased ears [izi/ %

ERE DNE A F

Year Variety QLS ZHR . (,o'ntrol
Control Carbendazim  efficacy
2006 HEE 18 30. 68 8. 88 71. 06
2008 HLE15 77. 27 20. 75 73.15
2010 F 15 97. 00 33. 40 65. 57
2012 g7 50 93.42 38.27 59. 03
2014 B3 45 50. 36 48. 84 3.02
2016 W 22 74. 92 74. 27 0. 87
222 HmSHERAETHREERGHRHRR

% 2015 4F 5 H 20 Hil#&, ‘e 45
10% LB R SC 750 g/ hm? Ab FH {14 975 Fll 2 B 54y
29. 94 %6 RGP RN 30, 44% . 4 L R
%1125 g/hm’, JREEZE BT RN 26. 16 %6, fi5 T8 B 4L
Hh27.87%, REZWARHBEIINT 50% APk
FOREA W B R . NI IR A, 400 £
7 SC 750 g/hm? 4bFf X [ 5 B F Ky 75. 53% .
1125 g/hm’ ZbHRIX ()5 R 77. 69 %6, X HEIX &
R 87. 56 0,2 AN FHH A P A —3L
2.3 EREEEFRFFENERBHBEHRR
2.3.1 KR RHE A G FBEROER

2016 AF ARG A 0 K B L 25 %0 R G 1] 1A
WP 240 g/hm’” BiIARCR FedT» g B Bl s 7 8096 ~
95 % =z ] SEHIB R 86. 54 %, FLUR Ky 40 %0 - e
SC 150 g/hm’ , SFE-Y B30 h 75. 1206, i 22 5% K i
F. 25V0FURTATR SC 375 g/hm’ “FHIBELCH 68,9924,
ALK T 40%0 MW SC A 250 PN B M8 WP 3).,
A3% M SC B R F LT 400 Bk SC.25%
PIBLEIE WP, 4020 2 R SC BisifER i 2 5K,
RIS = WA A BT $30E 25 26 U
fisi SC,{H2ETF 40 Yo T SC.25 %6 BT e WP,
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104 Z 1 R SCALBEIX T 30 Z2H 43 s, S X s T
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3 IHBEXRAEREF AR RERRRILE (2016 £5 F)Y
Table 3 Control efficacies of different fungicides against FHB in milk stage in Jiangsu state farm in May, 2016
BERZ ) AR R/ B5%%/ %  Control efficacy SEHI Rk Y
BT g+ (hm?)! Fo g IV g vk 1 535 = Average control
Tested fungicide . . . . . . g
Effective dose Dongxin ~ Huanghai Linhai Xinyang Baimahu Sanhe efficacy
400 Z W R SC
- 7 5.42 71. 1. 67 217. 20. 26. o
carbendazim 40% SC 50 65. 4 36 61. 6 68 0. 88 6. 46 45,58 d
250 I R SC . _
phenamacril 25% SC 375 63.19 75.39 79.17 43.57 75.03 77.59 68. 99 be
40 Yo R FEmE SC
1 72.24 72. 75. . 77.09 92. 75.12 ¢
metconazole 40% SC 50 56 5. 83 60. 00 0 98 5 ab
25 0 P e WP
prothioconazole 25% WP 240 82. 23 81. 76 95. 00 82. 47 87.32 90. 45 86.54 a
43 %% 1M SC
376 DUk SC 322.5 42. 81 64. 34 Bk 49, 05 72.79 56. 40 56. 45 cd

tebuconazole 43% SC
D [R5 5 AN TR FR R TE 0. 05 K227 2. R,

Data with different letters in the same column were significantly different at 0. 05 level by Duncan’s new multiple range test. The same below.

R4 BT IR LB (2016 F£ B DH#K)
Table 4 Control efficacies of different fungicides against FHB in milk stage and mature stage in Baimahu farm in 2016

BRI/ ABER/ Y Diseased ears rate  FLEIRIR/ % RBIBIA/ Y BICF HEIREE/ %

PR 247

.. g+ (hm?) ! FL 2 J A Control efficacy Control efficacy Descent range of
Tested fungicide . o o .. . .
Effective dose Milk stage Mature stage in milk stage in mature stage control efficacy
10/ ZHR SC
carbendazim 40% SC 750 40. 82 74. 27 20. 88 d 0.87 f 20. 01
2594 SC i -
phenamacril 25% SC 375 12. 88 17. 33 75.03 b 76.87 b 1. 84
40 Y5 R FEmE SC
1 11. 82 24. 7 77.09 . J 10. 1
metconazole 40% SC 50 8 3 U I B E G 10
25 I e WP . B
prothioconazole 25% WP 240 6. 54 8. 47 87.32 a 88.69 a 1. 37
A3/ e B T 5] = c 5
tebuconazole 43% SC 32 14. 04 35. 68 72.79 b 52.37 d 20. 42
50 Y0 Wk fiie WP _
prochloraz 50% WP 300 21. 10 44, 38 59.10 ¢ 40.76 e 18. 34
X B CK — 51. 59 74.92 — — —
232 AHmESLAESHX Bk e » S LA AL B, =R 254014
HEAR Y 250 INTR I ME WP 80804 180,240, G F Mk WP 3 A~ FH o 1995 48 By &0k 34 5 8 ek
300 g/hm’ {55535 B &% 5 B 4 76. 6226.83. 75%  —F(, LA 300 g/hm? KbFREALE S Bisk R 93. 73%

H192. 69 %6 . FH 48 Jin B R . 300 g/hm® Ab B (5,

RS WHREMRBESR(2016 £)

Table 5 Control efficacies of prothioconazole at different doses against FHB in 2016

fiti 257 BN /g + (hm?) ! 51 +5 %1 Discase index BIERHR/ % Control efficacy
Tested fungicide Effective dose Hrrf Xinyang =77 Sanhe e Xinyang =91 Sanhe
25 % PR M WP prothioconazole 25 % WP 180 3. 96 2.05 76.62 b 86.55 b
25 % N M WP prothioconazole 25 % WP 240 2.75 1. 21 83.75 b 92.95 a
25 % Pl M WP prothioconazole 25 % WP 300 1. 24 0. 95 92. 69 a 93.73 a
X EE CK — 16. 94 15. 21 — —
2.3.3 HHERAESHR 77.09% .5 25% FU i Eg SC 375 g/hm® JEAR —

H A 3 AR d e A = W S AL A (5 B R AR BRIUT & RUR BT R R, e
H 22 H).40% it me SC 150 g/hm® MIBiskl  BiRCFREEDIR (K 6).
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Table 6 Control efficacies of metconazole at different doses and planting stages against FHB in Baimahu farm in 2016

W /%) Diseased ears rate Bk /% Control efficacy

A2l BRI /g + (hm?) ! — — — -
Tested fungicide Effective dose ?L?Miﬁ TR :;’L?M%ﬁ HCA
Milk stage Mature stage Milk stage Mature stage
40 % M- me SC 90 21. 96 38. 38 57.43 b 48.77 ¢
metconazole 40% SC 120 19. 78 35.42 61.66 b 52.72 c
150 11. 82 24.73 77.09 a 66.99 b
25 Y6 A il SC phenamacril 25% SC 375 12. 88 17. 33 75.03 a 76.87 a
i CK = 51. 59 74. 92 = =

2.4 AEREFLENETE
NEMERAE e T R e RE T

FEAE=REST . SRR AR T 70 24 m] 484 i P

PR (R T o 4020 SC I 25 06 PR 1 1 WP

R . 45K 40, 10%, 25 AR TR SC 5 43%
s SC R FH A 38 7 20O W I e 1 H o R Y 3
FERLRE, 5 40 YTk SC I 25 Y0 PN B B WP i
BRAN Y, Z 18 R 3G P ORI (Ul 15, 04%%,

x7 AEHFHEFHFILET LE~E(2016 £F)
Table 7 Effect of different fungicides on yield of one wheat ear in 2016
P21 ARG/ RMPR/e Yiddperspike Pagreig 0
Tested fungicide g (hm®) Wik B BAB ST e yield  nerease

Effective dose Linhai Xinyang  Baimahu Sanhe ratio
40% % iR SC carbendazim 40% SC 750 1. 60 1. 86 1. 13 1. 39 (1. 50=£0. 31)ab 15. 04
25 % FUA R SC phenamacril 25% SC 375 1. 68 1. 96 1. 42 1.49  (1.64=%0.24)ab  26.02
40 % M- SC metconazole 40% SC 150 2. 10 1. 98 1. 56 1. 65 (1. 8240. 26)a 40. 10
25 % P M WP prothioconazole 25% WP 240 2. 00 2. 02 1. 60 1. 67 (1. 8240. 22)a 40. 10
43 % )% me iz SC tebuconazole 43 % SC 322, & 1. 90 1. 94 1.58 1. 49 (1.73%£0. 23)a 32. 88

ey . R T S

iiﬁiﬁiﬁﬁ;;/tgéi/:iaﬁéoﬁif:e 43% SC 240+161. 25 2. 00 2.08 1. 66 1.53 (1. 8240. 26)a 39. 90
i CK — 1. 48 1. 44 1.08 1. 20 (1. 30£0.19b —

2.5 EEEREFENEFFH DON &8
Wit 3% P 70 i /N2 AR P 4 5 0 D T 0
(DOND %5 i W2 T . 2% B 0] 50 R i 2 e K

(e 25 20 UM B TR SC R 25 00 TR B e WP, b kL

DON & &3 1 %%F By /b 86. 16 %0 F11 85. 46 %, I,
/b 25 Y EIE T SC & /)55 43 % L mk i SC 1R A
BORAR S . DON FRIEAS] 86, 02% (3 8).

®8 ARELGFSEFHREH DON 28"

Table 8 Effect of different fungicides and mixtures on the toxin DON in wheat

ARSI/
g+ (hm?) !
Effective dose

P55

Tested fungicide

By fa DX 35k

Control area

DON 21t /mg - kg *
Average content of DON
XFHR[X. Control — AbF[X. Treatment

Boxt HR R/ 0

Descent range

10N ZH R SC

carbendazim 40% SC
250w A R SC

phenamacril 25% SC

40 % mH-Emk SC

metconazole 40% SC

25 Y B A e WP

prothioconazole 25% WP

43 %0 B EE SC

tebuconazole 43% SC

25 YoM T TiE SCH-43 %6 Ik SC
phenamacril 25% SCtebuconazole 43% SC

240

322.5

240-+161. 25

SR 4 15. 33 6.18 59. 7
SISy 17. 05 2. 36 86. 16
SV 18. 01 3.33 81. 52
H B = 17. 62 2.56 85. 46

=/} 15. 98 4. 87 69. 55
SN 16. 94 2. 37 86. 02

D FHE G =050 B WA TR Y AR IR I =R RTRR .

Bai, Xin, Huang, Lin, San represent Baimahu farm, Xinyang farm, Huanghai farm, Linhai farm and Sanhe farm respectively.
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WK DON BLERARICR fght 3% 81. 3904 11 b4
FEI DON BURBYRICR B 22 R 36. 6100, KUK
U DON N Rl 25 Bin AR i #—2k.

3 RSt

AR AR A b 50 43 85 DA AR BT 24 1R T R
B, 2010 4F LLRIT . 912 1 2R 7R 50 o AR AR 72 VLT3 AR
B &R B R RR I EL BN 5 2 RIS 5
WFIBEAL . 2010 4ELLJG BT aR 80 & A N . o i
PRAREEIGAS T B R, B XK L i R 2 B
R BRI 88 77 5 80 M B AR L) T 2
HBFR S A5, U AR B 24 R Pk L BB o o A
B2 W R wAR EL ] s ik 98 %0 LA U L 23
BEAME] L 22 18 R PTUARAR - 22 P R AL 3k Sk I 4k 2
FRSURKR, il IR A 3 2 W R Pk w
PR ECITE 20 20 247, P24 B RRAT RAH 24 TR A
5~6 AE K ANFU 3 2 A R 0 BRI M AR
(s . BN 3 s & o r= B Ve R i AR
YN Bl /N AR B » AR I 29 MG B L3 s B
BRI T-EL

IR KB, 25 Vo UG TR TE SC.40 Yor| Fme SC il
257014 Bit B g WP X /N 27 AR B 1Y B TR SR N
70%6~85% , HiH 25 %0 P M WP i Bl 358 e e o
ket . R B S e T A P AR BRI 2 T
RIVBHRA Y. 2014 —2016 4F = AF K& A & 2K
Xt 0 AR A0 SRR P AR B2 M R AR . B T
T AT A 5 3 s VR FH L AR AR » 58 BHG B %o 3 LA
3| B SY RGN o 71 d T W D vk s D DO S 2 [T
A3% 1% M SC 322, 5 g/hm” Bl sh K, 5
25 V0 A TR e SC 554 BR 22 1 L B ff P 4 5 2K
ARG, A3 Y0 Mg SC B IR R A 105~
150 g/hm” , A~ & FR AT 56 FH & 1) 50 %6, #3 b ) o
il PR Ak SR A . 43 %0 ok i SC A5 2% Al 40 i &
322.5 g/hm® Xp/NF 44, H¥/= B 2%, 25 . 24
T M HC T IR X b B Xl 0 T
10% . S0 B TR 2 AR B0 D7 3 140 8 dt s B 30
HG IR IR £, {5 Z2 0 A7 0y oAt R 290 3 %
ARSI, FUR AR S5 0 I A 1

SRR T AT AN R R) R B R0 4Ry AL TN
i T A 164 7 FH 5 A T e L TR Y
PREE AT AR B L 25 B RO, B SR &

R 6000 MKFEL RS HIE 100N A
ARAHERE 7 B B SR 45 Bl 8RB 1A 3] 8076 ~ 9020
7o H A RRALL  (EDRFRE P 2 2 T AR B B R K
SRAR . 2014 4 ,2016 42/ N IBURE I 3 /N A2 FFoRL
JI8 4855 T ik ) TR s B (DOND 5 3, 52 AMREAR L 1K
T DON 5 FE 5 brE 1 mg/keg DL REM HA 2 14,
AN[RLINZE A BV i i, e DON & i 25 57
WARK ., “HEF 45 At 2hxf AL 1) DON &8
55. 11 mg/kg, ‘#ERH 22”7 HA 10. 5 mg/kg, il /NE
A AR RFRLEE R AR RS AR A PR i AR i
16 R LR RE R AR )R PR R B 4
MERY . B DX B AREE S Al B ZEAS A S X
TR 4 9 FE R 8358 18 /N 22 it s DA AT B
TEIX LA AR oAb A R g R A E 24 )
BTG58 . T TR A G T P S fel T SUAR TR TR
SEBCH BT IR o5 B LU BB 92 i e 45 T AR 4l /N 22
AR P KT A o R B A o TEC D7 R s I
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