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Efficacy of carbendazim and its mixtures for controlling wheat scab
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Abstract: To determine the efficacy of carbendazim and its mixtures on controlling wheat scab in
fields with increasing frequency of carbendazim-resistance isolates, the resistance of Fusarium gra-
minearum populations to carbendazim was monitored in the same field from 2014 to 2016, and the effi-
cacy of carbendazim and its mixtures were conducted correspondingly in 2015 and 2016. The results
showed that the frequencies of resistant isolates against carbendazim were 22.97%, 38.55% and 43.38%
in 2014, 2105 and 2016, respectively, with the trend rising year by year. Compared with the CK, the effi-
cacy on wheat scab control of tebuconazole, carbendazim * tebuconazole and carbendazim * triadimefon
treatments were 97.82%,92.16% and 85.98% in 2016, respectively, and the yields of three treatments in-
creased by 23.90%, 23.54% and 22.57%, respectively. The DON concentration in wheat grains collect-
ed from plots of three treatments reduced by 57.39%, 59.99% and 43.34%, respectively. The tebucon-
azole treatment and carbendazim - tebuconazole treatment were the best of all treatments, and better than
the mixture of carbendazim - triadimefon treatment. Therefore, tebuconazole or carbendazim * tebucon-
azole could be used as alternatives to control wheat scab and to increase wheat yield, meanwhile reduce
grain toxin at the low and medium level areas of infectious.
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& Fusarium graminearum 7] 73 7= A= i 58025 6 9k )
Jfii B (deoxynivalenol, DON) & & K 7 & Hs M
(zearalenone, ZEN) 45 3 3 15 YL 42 b St Z /N A2 il
i, BES R AR FL K 5YE Sk e AR
PR ZETIRE T B8 R, ™ UM B 4
T {3 (BESF- 7 45, 2009 ; BE5F- 7, 20105 FEH )
%5.2012),

ANEEI 0 B ¥ R A DAPTE AR S L LA
AFIBG ME S EE A BRI . HRTA ™ LR
() INAZ PR 22 2 I R, PR B B R B A T4
1y A= BIIRATISR R A il i2vs Ak i E T B (B4R
T4, 20115 55145 ,2014) . [ 20 4 70 4R LK,
IRIFRIEE R TR 2 T R — BRI B/ INZ AR 8 B
IR FEENH], TR, S BRI PTZ
P BT, B SCR B (A R 3 45, 2000 5 B TH AR A
2016) o A& R B AN L HE S0 I TR VT 22 TR 2R T 2
P, — S 25 R 1 & LR A0 B P BURZ
RIEAF U 50% £ - 47 - it T MR ) O g 4
2003) . 59.7% WK fif e 4 4 - 22 T R n] R A 5] (X
Z,2014) Je 28% Y 5 g - Z2 0 R AL IR R 0
B4 ,2014) %,

TN R X 22 T 7R S A PR et H ) A BRI
WA IS AR A, 18 58 1A ] DX 3l S [R]— DX 3l A (]
FH Bt Jirt 7T R 0 24 T P B S — B, e & BB K
AFE, 4 bR G TARG A — M . Ak, DA
TR P GRS A5 TR s — SR TR 5 22 TR R
BRI & 5 0 AR T E A (L 5055, 2007
FEBEAR 2, 2015) o ERAKHESE (2010)BF5E T 2 IR -
TS A TR /N7 R B s PR TR R Nj-1-1 A3
HRVE T, e Bz 245 30 ] DA e 24 P o ik 1) 461 1
KRR [T LA MR 12 3 1 S N 5 4 5 B AT
R4 (2013)HRIE T 30% £ - FH T iR M FITE VLIS
TEACHBIX 736 /INAZ AR s F1 Ry s HH () 25 30080 11
RO s TR A5 (2016) AN RIBC L A 22 T 2R 5 13 i
PEET 7 INAZ AR B HAT B i B 5, o T FAIE DON 2
£ RIG5E(2017) IR Z 1R R B iR/ N2 AR BER AR
Bt it 25 R S T 5, FL NP I 2 TR R
B BR AN . Bl U TR O RS R
R W FEB IR/ N2 AR i T B DT i ] (21
2452006 ¥4 4255, 2015)  IX BEHR B FIAEZ TR
Uk ER A E R 2R

AT A W R/ INAZ AR B TR 22 T
REPetk, e FEHZ R R 2R R - =
il J2 22 T R« S A TE ) , AR YT 44 B 38 T ke X

N 7 AN ) 245 70 A XS /N A7 R 20 1 L T] Bl R /N2
7 L /INAEFPRL T DON 2553 2 B BB, LA
N FHZE LRI B/ N2 R a2 %
1 MR5REE
1.1 ##

PN R SR 3R 3 NG SRR T A2 13,1
T Y. 5 A % B B (potato dextrose
agar, PDA) B3 775 : 200 g Hh48 55 20 g A HE .20 ¢
B, 1 000 mL 7&K

2555 ] {3 - 80% 22 1R R (carbendazim ) 1] i P
B3 VTR R 2L T 540% 21 R - = ME R
(carbendazim - triadimefon) ] {2 VLR G 6
A 2G4 T A BRZAN 71 5 30% 221 2« IR M ( carben-
dazim - tebuconazole ) & 77 7 , YL 75 e ST AL 24 BR A
] 5430 g/L [ MEfE (tebuconazole) B IF 7, FEEAEY)
Bl (D A BR A 7 5 50% 1 14 s (azoxystribin) 7K
SRR L e AR A BRA ) o Triple Quad™
3500 34X , 35 E AB SCIEX 2\ ) ;20AD XR I AH 4,
TEAX, H A B HE\ 7] ; 3WBD-16 £ G HL 35 25 7%
TAEE S0 0.2~0.4 MPa, # VT BRI LA FR 2 F
1.2 Fik
121 DEFRERAN S H R GFEIR F 0 Z

RS T 2014—2016 4F-FEVL 544 P 38 T AR A i
Tl s 42 5E AR IX ] — S /N A2 s T N AT . B4R
4 7 A1/ A A X Y LR AE S04 A
TRERIN R T SR P REAIE , 232 T AR TR 48 PNl [l
SR KRR HE K O, 70% WS S TH EE L
FHE K oh gt , BE SR BCEE oK 48 BT o B TR 1Y
FEME 1 72275 Pk 2 5 30 pg/mL 4E % £ 1) PDA F
M |, 25°CHE 3% 2~3 do Bl & W 5 mg/L 2 R
(1 PDA A o 3 5l DA J3 285 TR R 14 TR1 7 320 2% 4 T HUEL
125 mm [P 225 R 2 & 2 18 R (1) PDA AR L,
25°C R R FR 3 d i , R Tl 1 AR R AF B, AN I
AT 2550 /) PDA SEARAEXT IR . W2RTE B S mg/L 2
RIWPDA VAl LR, RIZ AR 2 R R
BRHTPE o BUPEST =T M B AR B0 A2 BB R A
100%.
1.2.2  Brig s Zok F o @ A 25 20K 3

2015—2016 4F#4T T Z 0 R M B RLRIB7 iR/
22 ANFE I R 25550080 o W2 vk kN2 Rl
%, 25 R 750 L/hm?,

2015 4F 2090 152 8 AL B : (1) 80% Z 1 R A]
TR 750 g (a.i.)/hm* T4 H 20 H /N fliEE )it
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25 11K ;(2) 80% Z 1 R W IR M #3 71 750 g (a.i.)/hm’
T4 1 25 H/NZ e 2h 115 (3) 80% Z 14 R ]
TR 750 g (a.i.)/hm* T4 H 30 H/NZ LA
i 13K ; (4) 80% Z & 2 Al {43 7 750 g (a.i.)/hm’
TN R AETINEZS 215 (5) 80% £ 1A R AT
MR 750 g (ai)/hm’ TN AR R4 AL A
Jii 25 23K 5 (6) 80% 214 R AT {3 71 750 g (a.i.)/hm’
F/NZ B AR AR 25 2 K5 (7) 80%
Z 1 R AR 750 g (a.i.)/hm? T /NA2 dh R |
Ao AR AE B R A 25 3 U5 (8) &5 FIXT R
BR/NX AL 20 m?, BEALIX A HES, AR 3K B
J& VRt 245 )5 20 d 8 A5 25 Ab BN X /N2 TR 8 R
AR E R

2016 4255015 13 A0 EE : (1) 80% Z 1A R
BRI 750 g (a.i)/hm® T4 7 14 H/NZ R
211K (2) 80% Z 1 R {EPER ] 750 g (a.i.)/hm* T
4 719 H/NZ AT 25 11K ; (3) 80% £ 1 R ]
TR 750 g (a.i)/hm> T4 H 24 H/NZ 46 BA ]
JiEZ5 11 (4) 80% Z 1 R 1R K357 750 g (a.i.)/hm’
T/ INAEII R AL TG ZY 2 15 (5) 80% Z 14 R AT
TEMERIF 750 g (a.i.)/hm® T/ N2 SRR Az A6 A 1
JitE 24 21K 5 (6) 80% Z 1 R A {BPERFI 750 g (a.i.)/hm’
TN AR IR A B AI 2 2 1 (7) 80% £
T R IR R 750 g (a.i)/hm® TN 3746
WA AL AR G2 3 U5 (8) 25 FAXTIE; (9) 30%
ST R R PEF 450 g (a1, )/hm? T/ N7 AERI Y
AL A IS 2 7% 5 (10) 40% Z2T5 7 - —WRERAT IR
PERBIRI 600 g (a.i.)/hm’ T/ NI A AL B AR 0t
245275 (11) 80% Z 1 R i 1 125 g (a.i.)/hm’
TN AT R AE A2 2 15 (12) 430 g/L
P P F) 192 g (a.i)/hm® T/N22 469 A F14%
A6 A 25 2 WK 5 (13) 50% 15 1 i 7K 43 IOk 71
200 g (a.i.)/hm’ T/ N2 45 A6 F147 A6 B R DTt 24
29K, BE/NX A 20 m?, BEALIX ZHHRS) , A 3K
e VK25 24 d VA £ Ab BN /INE TR BE R &

R
SR UENY/T1464.15 JEAT/NAZ SR BN )™ 8

JaAE,20154F5 7 20 H , BR/NX X AL S B, B
JEUHAY 1000 F/NAZ ;201645 H 18 H, Bi/NMX XA
2 5 HIURE B A5 A 500 R, 0 SRR A T
BE TR RS TR BB . R = A
PRI SFEEIO<1009% 5 55 155 48 E== (I FEEIOHH X 5L
{HD)/ (IR BSOS B ) % 100 ; Bl 3%= (25 LT

HE DX 15 48 50 — b P D I PR 50 /25 PR IR X 1
TRE<100% ., /N2 TR Bg I )™ T B SRR ifE : 0 9% . T
I 5 1 G0 I/ VBRI NI 1 /453 90 /A< / VR
SNEE<1/2 55 D 12<5 /B BN B <3 /4
7% s N R NEE>-3/4,

7 I BURE 43 3 T 2015 48 5 1 26 H Al
2016 4F-5 J1 30 HiFAT, B/ INX R 2 5 AU, B
BL0.2 m* Ay 22 R 0 BURE ARl %) S X Aok 45 T-r
&R R, o (kg/hm?) =P FHUR BT
H T (g) <28 O BOBEEU/hm? ) x 107 38 P R = (Ab
PHIX HLS F= - 25 OO BR X 7= i ) /45 G RE X
FE 5% 100%

123 MEMFETEEFESZHNE

W BB RN NS 2 . 1 it
TRAIEE R S I, 10 W51 BRI rhopgkr, (ks 2
Rormile . fRUra e ie)a , 26 2LHE R
BB i T 204 5 INHTIT AT , 2 AR iE SN/T
3137—2012 F1 GB/T 23504—2009 %} DON,3DON
15DON J ZEN &R it il AT IE . FEEERCR=(7
XTI IX B 28 A i — AN HR X B 8 &5 ) /45 I RHIR X
TR E*100%.

1.3 #ESHT

2% 3 $5 98 K JH SPSS 19.0 #E 4T 88120 Hr L

Duncan [CHT 2 W 2275017 22 5 1o PR 56

2 BERGHM

2.1 INEFREREX S EROMMERE

IINZE TRBEI TR 22 T R BT R 4 SR B
2014 454853 B TRIAR 74 bR, P PR B bR 17 BE, Btk
HIEE R 22.97% ;2015 353 BT TR R 83 1k, Hoh i
R 32 8%, Pri sl 38.55% ;2016 4443 B H bk
674, Heh i tE BB 20 Bk, PR Ik 43.38% .
2.2 AEAHAFIINEFRBHRHERIE =R

2015 AR5 HI/INAZ AR i R AR 5%, 25 PR IRIX
S BRI H8 500 51 4.53% 1 1.60, £ 1H R4
b T B Rk 47.11%~89.81% , 14 PE R IK 5.63%~
15.41% , Horb, FH 25 2 O 3 AL BRI B 3% . & v T
FHZ 1 RAL BB AL, 2R w5 T 24 1K
AbEE L (HAS AL BRI B E 25 (R Do 2016 45K
6 FH/INZ AR & AR, 25 D6 R X R S A
TEFERIY ) 24.70% F115.05, 2T R AL TR B
Bk 51.58%~82.81% , 34 7= WU AR 35 8.15%~14.38%,
HEER 52015 4E S5 R (R 2)
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Table 1 Effect of different carbendazim treatments on wheat scab and wheat yield in 2015
255 Ak B[R] TR (%) TR TR R Biisk (%) 74 Yield HRCR Yield-
Fungicide Date Disease incidence Disease index  Efficacy effect (kg/hm’) increased effect (%)
BONZLIHR 4-20 2.47+0.12 Dd 0.83+£0.05Bc  47.86+4.91 Aa 7 485.50+546.30 Aab 5.63£7.05a
AR 4-25 1.93+0.31 BCDcd  0.68+0.08 Bc  57.18+8.30 ABa 7 662.52+737.90 Aab 8.22+11.57 a
80% carben- 4-30 2.08+0.42 CDd 0.84+0.20 Bc  47.11+14.67 Aa 7 582.04+369.30 Aab 7.05£6.26 a
dazim WP 4-20, 4-25 1.37£0.31 ABab ~ 0.37+0.03 Ab  76.42+4.43 Cbc 8 056.60+134.76 Ab 13.7242.66 a
4-20, 4-30 1.40+0.20 ABCbc  0.394+0.08 Ab  75.06+6.90 BCb 8 008.27+410.74 Aab 13.08+7.00 a
4-25, 4-30 1.15£0.23 Aab 0.36+0.03 Ab  77.10+3.87 Cbc 8 139.52+599.78 Ab 14.9249.03 a
4-20, 4-25, 4-30  0.60+0.20 Aa 0.16+0.02 Aa  89.81+1.36 Cc 8 175.26+595.83 Ab 15.41+8.75 a
R CK 4.53+0.58 Ee 1.600.20 Cd - 7085.12472.91 Aa -

F B A R IEZE o TRIBVEE 5 AN TR R /N T8 53 3113718 28 Duncan PGB SR 22 EEAS 30 7E P<0.01 B P<0.05 7K
225+ 3% . Data in the table are mean+SD. Different uppercase or lowercase letters in the same column indicate significant differ-

ence at P<0.01 or P<0.05 level by Duncan’s new multiple range test, respectively.

2016 44} 2 T8 7 K A TBE X /INAZ R B B
B R /NG 7 I 5 R R, 430 /L NG s i
777 192 g (a.i)/hm®, 30% £ & 7+ 5 WK B5 5 77 5
450 g (a.i)/hm*,40% 22 1 R - = W i ] 35 74 Ay 711
600 g (a. i.)/hm’ &b 3 B 24 53 5 0 97.82%. 92.16%.
85.96%, XM S LTI Z2 DA R« IOWABEA IS A8 ) o 2
B T2 RAE;430 o/ LI ERE 192 g (a.d)/hm’,

R2 W ELEEHRREERAZENEX/ NEFREBRFRHHIRNEZE

30% 218 7 - SRR B TE ] 450 g (a.i.)/hm?F140% %
B R - = MR TR 77 600 g (a.i.)/hm?AHE PR
A3 51K 23.90%.23.54%.22.57%, 5 T2 i A A HE 5
PSR . 50% WEREK /M ETR 200 g (a.i.)/hm?
Ab PR BH AR 77 38R 73301 R 91.13% #1130.19% , 14 5
EETERRH(E2),

A

Table 2 Effects of carbendazim and its mixtures on wheat scab and wheat yield in 2016

W IR (%) st Bt (%) i SRR Yield-
Treatment Date Disease incidence  Disease index Efficacy effect Yield (kg/hm®) 1ncrea(s;;i)effect
1 4-14 12.37+1.37 Df 6.74+0.72 EFe 54.2746.17 Aa 5990.90+542.30 ABab  8.61+11.36 Aa
4-19 10.27+£1.25 CDef ~ 5.87+0.71 DEFde 60.09+6.49 ABa 5984.83+668.58 ABab  8.15+8.40 Aa
4-24 11.77+1.43 Df 7.17+0.97 Fe 51.58+5.24 Aa 5992.18+680.72 ABab  8.29+8.70 Aa
4-14, 4-19 7.87+1.47 BCDcde 4.03+0.36 CDEcd 72.59+4.12 Cb 6221.43+164.02 ABab 12.68+3.50 Aa
4-14, 4-24 8.00+2.12 BCDde 4.46+1.39 CDEFcd 70.67+2.24 BCb 6079.33+101.11 ABab 10.16+5.00 Aa
4-19, 4-24 5.97+0.51 ABCbcd 3.31+0.18 ABCbc 77.2145.11 CDbc 6 245.40+603.41 ABab 12.95+8.02 Aa
4-14, 4-19, 4-24 5.03+1.78 ABbed 2.67+1.39 ABabc  82.81+7.66 CDEcde 6 270.25+650.88 ABabc 13.35+8.19 Aa
2 4-19, 4-24 3.23+0.49 ABab  1.24+0.72 ABab  92.16+2.80 EFef = 6 819.58+333.95 Bbc  23.54+7.15 Aab
3 4-19, 4-24 4.20+0.96 ABab  2.09+0.80 ABabc 85.96+4.81 DEFcd 6 758.85+309.70 Bbc ~ 22.57+9.73 Aab
4 4-19, 4-24 5.60+0.98 ABCbcd 2.61+0.78 ABabc  82.16+5.76 CDEc 6 308.23+265.05 ABabc 14.38+8.50 Aa
5 4-19, 4-24 1.17+0.06 Aa 0.64+0.10 Aa 97.82+0.38 Ff 6 843.90+233.81 Bbc  23.90+1.80 Aab
6 4-19, 4-24 4.33+0.15 ABabc  2.56+0.25 ABabc  91.134+2.49 EFdef 7 187.43+707.80 Bc 30.19+13.28 Ab
CK - 24.70+5.45 Eg 15.05+3.56 Gf - 5524.05+£187.04 Aa -

1: 80% Z 1A R AL BRI 750 g (a.i.)/hm’s 2: 30% 21 2 - [MEREETE I 450 g (a.i.)/hm®s 3: 40% Z0 T8 72 - — W AT g Pk
¥ 600 g (a.i.)/hm’; 4: 80% 214 7% Al IRPEHSF 1 125 g (a.i)/hm®; 5: 430 g/L MR ETEH] 192 g (a.i.)/hm’; 6: 50% B TEK
S ECRIR] 200 g (a.i)/hm’s FH B A VI RabnifEE . [RFVEHE R AN FIR /NF R 3IE R 2 Duncan RO A R 223K 50 1 P<
0.01 1 P<0.05 /K255 %, 1. 80% carbendazim WP 750 g (a.i.)/hm?; 2: 30% carbendazim - tebuconazole SC 450 g (a.i.)/hm’;
3: 40% carbendazim - triadimefon WP 600 g (a.i.)/hm’; 4: 80% carbendazim WP 1 125 g (a.i.)/hm’; 5: 430 g/L tebuconazole SC
192 g (a.i.)/hm*; 6: 50% azoxystribin WG 200 g (a.i.)/hm’. Data in the table are mean+SD. Different uppercase or lowercase letters

in the same column indicate significant difference at P<0.01 or P<0.05 level by Duncan’s new multiple range test, respectively.
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2.3 AEHBFLEINNEIFHNHSEESENZI
2015 4 X 45320 56 /N X TSR B 18 /0N 22 s B
fit DON . 3DON , 15DON K ZEN % & #E 47 5 , 2%
FEE R, 25 6 IR DX R AR AE Y DON 2
R OBEESESH N2 298.14 .2 392.22 pg/kg Fil
1 604.48 .1 740.47 pg/kg, Z W R 750 g (a.i.)/hm’ ik
T TR AN kR B DON 75 8 b M B R S A%
T b TR AR I S AR BRI 2

FHZ5 A0 PR IRBIAE S 1 DON B R B FHEZ S0
9 1161.96 pg/kg Fl 1 251.65 pg/kg, H2s FXF IR
TFEAK 49.44% F147.77% . fARLEE 5 B DON #E %K |
MFEE R 566.67 ng/kg F1601.75 pg/ke,
25 4 %) HE A ) BTG 64.68% F1165.43%, H 14 525
XA s S i . e AL B A TRORE A SR RS H DON
HBRAOERZFEUM TR AR, AEFAEE
(£3).

R3 2015 F S ERZLEIN/NEAFHF DONFEER B ERHIRM
Table 3 Effect of different carbendazim treatments on DON and total toxins in wheat grains in 2015 ng/kg

Qb FisJ i)

{iEhi Healthy and diseased grain

{47 Healthy grain

Treatment Date DON

HFEZ Total toxins DON

HFEZ Total toxins

BO0%LH R  4-20
nRPEmR 4-25
80% carben- 4-30

1918.63+621.87 Aab
1326.21+£627.79 Aab

dazim WP 4.20, 4-25 1 524.67+33.09 Aab
4-20, 4-30 1 398.07+306.44 Aab
4-25,4-30 1 161.96+311.16 Aa
4-20, 4-25,4-30 1 484.27+163.87 Aab
X HE CK

1384.41+451.05 Aab 1 467.07 £467.85 Aab
2 024.93+648.39 Aab
1 433.07+£605.62 Aab
1 629.24+86.04 Aab

1 487.60+£306.90 Aab
1251.65+307.29 Aa

1 569.81+197.34 Aab
2298.14+1 029.10 Ab 2 392.22+1 052.01 Ab 1 604.48+293.52 Bb

1 193.64+277.31 ABab 1 245.70+293.87 ABab
1 494.63+538.35 Bb 1 563.62+517.56 ABb
878.52+66.96 ABab 949.39+91.59 ABab
1 044.72+545.14 ABab 1 148.90+580.44 ABab
822.84+183.41 ABa 909.48+146.00 ABab
566.67+120.18 Aa 601.75+121.98 Aa
865.94+251.18 ABa 961.60+216.99 ABab
1 740.47+336.28 Bb

A FE % DON . 3DON . 15DON K ZEN Z fil, Fe 8t R F- B 8ebmifi 25 . [WAVEARE G A FIR /N BE53 7 3878 28 Dun-
can [CHT B My 21K 0 7E P<0.01 BY, P<0.05 7K -2 5% 1.3 . Total toxins were the sum of DON, 3DON, 15DON and ZEN. Data in

the table are mean+SD. Different uppercase or lowercase letters in the same column indicate significant difference at P<0.01 or P<

0.05 level by Duncan’s new multiple range test, respectively.

2016 47X 25 1050 /N DX R AR 1 /N2 K FRLRE b )
DON # % Fll ZEN 5 R & s #E A7 IE , 45 R WoR
25 % BE X IR R BE & 1Y DON # % il DON+ZEN
FESENH2219.07 pg/kg F12 537.69 pg/kg.
Z R 750 g (a.i.)/hm’ T/N2 3 4890 390 11 25 4b 3
() 1R R FF i DON 3 % Fll DON+ZEN # % & = 7
SH 2 465.62 ng/kg T2 554.84 pg/kg, W& 125 1
X R (H 22 R 1 3 5 22 TR R H B AR B R TR R
DON # Z Il DON+ZEN £ Z 5 f 4318 1 199.38~
1575.76 ng/kg fl 1 297.45~1 676.33 pg/kg, .23 FA%}
T8 3 591 Bt ARG 45.95%~28.99% F11 48.87%~33.94%, H.
25 430 g/L M REEIE R 192 g (a.i)/hm’,
30% Z T R - MR IT 71 450 g (a.1.)/hm’ . 40% Z 17
- R AR AR F 600 g (a.1.)/hm> 4k BE A4 TR AR
il DON £ % 43 51124 945.46.887.81.1 257.35 pg/kg,
DON+ZENTZE 5 M 1078.25.993.46,1291.01 pg/kg,
A A it B 1) A BRI 5 T 2 TR R - I R A B T
HIEE T DON FIDON+ZEN T2 % & BAR T2 14 2 45
PR BRI Z B R - =R EAL B, (0 22 7 R 3
50% W IR /K A3 ORI 7] 200 g (a.i.)/hm*Zb BRI /N RE

SRR AR ) DON . DON+ZEN % £ & & 405l 4
3401.07.4 138.12 pg/kg F12 232.07 .2 565.43 ng/kg,
S AP A R T (F4),
3 g

2014—2016 47 2L 34 WE I T [ Bl FH /N A2
I B30 R X 22 TR R BT 2 M MR AR 4 I
22.97% .38.55% F143.38% , Ui W16 X /N % R 20
X Z T RHUIEA G, PR 24 s

1£2015—2016 4 H [a] 25850560, Z2 W R H 2
2 YR 3 R A B ) 7 35 4 2 v T R 24 1 R A 3 B
5, LRGSO A R T L AR EE, H 2 R Ak
PR — BRI P B R & SRR, b, Ll
WA 5 37 48 B R 3 2 YR R 24 b B R R e, 1
25 55Kk 1055 (2017) R Z W Z AR N HE AR B iR
INZERFEIR I E 2518 — 30 2016 4F 114 H (8] X 55
S5 UL TR B S ) 2 e A TR X
2 O T B B AR R 87 ROR Gk 2
22.57% VA _L- 5 3 Fh 25550 b BHAA 1Tl SRR /N2 Fpr
HRERSE AR T2 AR, IL45 R 5
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A5 (2016) A5 45 R FAR—B, BT AS[a] (1) J2: 3G s
it LTI AL BRI 8 7= 5 BRI DON 4583 K K
- A —E I 2E S 25 AT RE X 2 MR Pk
MR YA RO AN T AR 25185 1 A 5l

(2007) % 1 7255 (2015) FIPLI 75 55 (2016) i 56 45
TR TE /N2 TR B o 6 22 A R UM R b 25

DA By 1L DX, R FH e e 52 ) 22 1 R - R 2
WA 22 1 2R B ] U B O BT s 7™ B B A
DON 535 K IR . MIsiZb A 25 T KA 2
B B SE G I R PG P A B PR DON 458 3%
HHRENZFIE, ZH R 5 C A TN
TREIBTIA o

F4 2016 FSFHR R EESERFIZELIEI/NEFFHRIA DON FEZE DON+ZEN S =M

Table 4 Effect of carbendazim and its mixtures on DON and DON+ZEN toxins in wheat grains in 2016 ng/kg
255 AbERRS ] 1 kI Healthy and diseased grains {Hki Healthy grains
Fungicide Date DON DON+ZEN DON DON+ZEN
1 4-14 1366.89+197.42 Aab 1424.87+166.18 Aab  390.37+216.37 Aabc  451.37+271.30 Aabc
4-19 2 465.62+46.65 Bc 2 554.84+112.50 Bc 500.624210.01 Aabc  526.69+212.50 Aabc
4-24 1393.59410.15 Aab 1 534.60+98.59 Aab 724.15+154.24 Ac 800.27+178.59 Ac
4-14, 4-19 1486.944378.15Ab 1 666.84+525.59 Aab  549.67+85.55 Aabc ~ 633.44+76.09 Aabc
4-14,4-24 1235.224353.81 Aab 1437.444616.60 Aab  591.14+173.72 Aabc  662.63+238.77 Aabc
4-19,4-24 1350.62+136.15 Aab 1 593.79+127.04 Aab ~ 479.50+273.33 Aabc  569.26+209.01 Aabc
4-14,4-19,4-24 1575.76+382.71 Ab 1 676.63+327.94 Ab 671.824358.44 Abc  715.38+364.16 Abc
2 4-19,4-24 887.814237.25 Aa 993.46+317.23 Aa 287.96+200.40 Aab  320.73+244.65 Aab
3 4-19, 4-24 1 257.354498.52 Aab 1 292.01+499.03 Aab 235.10+60.47 Aa 252.91+£57.35 Aa
4 4-19, 4-24 1199.38+49.37 Aab  1297.45+110.20 Aab 417.86+171.02 Aabc  465.55+206.50 Aabc
5 4-19, 4-24 945.46+200.43 Aa 1 078.254+332.89 Aab 367.82+81.52 Aabc  431.62+112.44 Aabc
6 4-19, 4-24 3401.07+192.11 Cd 4 138.124351.66 Cd 2 232.07+229.71 Bd 2 565.43+294.09 Bd
CK 2219.074396.05 B¢ 2 537.69+401.46 Bc 579.27+144.59 Aabc  656.67+196.58 Aabc

1: 80% Z 18 R FIIRIERI ] 750 g (ai)/hm’s 2: 30% 21 7 - KB TR 450 g (ai)/hm’s 3: 40% 22 2 - =R AT 3R
B3 600 g (a.i.)/hm’; 4: 80% Z 1 & 1T IBHERIH 1 125 g (a.i)/hm’; 5: 430 g/L LMREEETE A 192 g (a.i)/hm’; 6: 50% WA R /K
SrHORIR 200 g (a.i)/hm’s RPN FEBRER . [RIZTERIE AR NTRES5IFR 4 Duncan [GHTE 22 LK S AE P<0.01
1 P<0.05 /K27 W% 1: 80% carbendazim WP 750 g (a.i.)/hm*; 2: 30% carbendazim-tebuconazole SC 450 g (a.i.)/hm’; 3: 40%
carbendazim-triadimefon WP 600 g (a.i.)/hm’; 4: 80% carbendazim WP 1125 g (a.i.)/hm’*; 5: 430 g/L tebuconazole SC 192 g (a.i.)/hm’;

6: 50% azoxystribin WG 200 g (a.i.)/hm’, Data in the table are mean=SD. Different uppercase or lowercase letters in the same col-

umn indicate significant difference at P<0.01 or P<0.05 level by Duncan’s new multiple range test, respectively.

Zhang et al.(2009a, b) W57 & B, & N B AR A1
YL B R BN AR B R AR (10 B 38 7 R AR
BRRRIG 465 5 FIRL R 3Rl AR B iDL RS
AN R R A R R U B AR B 2 6, DA/
IREEIR UL B 2 W AR L DON % R e T
RO B . ARHIRSE R, /N2 B A6 A0 B it 22 B R
bR R AT AR A 22 , BB R /N A TR R i o
DON %58 &R & S , 77 A X P 9 i A T g 2
TE/INAZ A% B 96 B T30 W (VN2 3 A6 00 it 245 1 1K
Jei , 2218 RAF I U bR A TR, A P2 P R R 4R
PET ARG AAF2S RS G 3, S8t 2 e ik
FE A B (B4 4245, 2005) , AT 3: 3k DON 4535 %
ARG I, BRI A FE i — 25T

T LA 2015 4F 1 2016 4F 4 b B/ INAZ {1
DON %585 2 &/ K, 2015 4E AR B0 R AR 4%, &4k

HHAEKL DON 25 75 38 7 42 R X e 5 2016 4F R 2 M
KA HE, 25 A0 BRAEORE DON 4535 28 1% B AHXS 45
i FEOXFPIR AN ] BESR AR/ NA o Bl R A=
BRI AT | B oL AR 52 2 R B TR 19 1 4%
(ELOR SLAE , T3 A8 53 22 R B4 g D 1 ) A ELAT 7 A
DON 458 R BE ST , BRI T R ASRTE
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