Y RY 224 Journal of Plant Protection, 2016, 43(3) : 514 —522 DOI; 10. 13802/]. cnki. zwbhxb. 2016. 03. 022

ASMIEEESNaRERELRH EBRERR
REXMEMZ £ LN

2z =" gX# B o#' F @' EwmE FERF
(LR E R R2E A ISR, \LARE YR B2 T 8 506 %, TFRE 250100
2. P G a5 AR R B (R D A FRAE], LI 201203)

WE. RAREEETALSRREFRGIEN AL, A FHERRTFTRERENS | LRR,
U A AR A TR AN 5 AR R RS 0 TR AR A B e S B AR 0 A
H%2 F 5T ERLAN BTG ELA D EARTT @ XE, EREAN,7.5 /LA
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Weed control effect and safety to crops of a mixed formulation
( halauxifen-methyl 10% + florasulam 10 % )

Li Mei'"  Gao Xingxiang' Fang Feng' Li Jian' Wu Jiajun® Lee Maosheng

(1. Shandong Key Laboratory of Plant Virology, Institute of Plant Protection, Shandong Academy of Agricultural Sciences,
Jinan 250100, Shandong Province, China; 2. Dow AgroSciences (China) Co. , Ltd. , Shanghai 201203, China)

Abstract: Halauxifen methyl ( 4-amino-3-chloro-6-( 4-chloro-2-fluoro-3-methoxy-phenyl ) -pyridine-2-
carboxylic acid methyl ester) is a novel arylpicolinate herbicide with an auxinic mode of action. Field
trials were conducted to determine its weed control effect, safety of halauxifen-methyl and halauxifen-
methyl + florasulam to winter wheat and the following rotational crops in two growth seasons in Jinan,
Shandong Province. The results showed that halauxifen-methyl 7.5 g/L. EC alone achieved a high control
effect of 96. 5% —100% and 81. 1% —94. 1% to Galium aparine and Descurainia sophia, at the dosage
of 7.5 g/hm’ when applied during spring or autumn in winter wheat, but failed to control Lithospermum
arvense , and Silene conoidea. The formulation halauxifen-methyl 10% + florasulam 10% WG could well
control G. aparine, D. sophia and S. conoidea, with a control effect of 90. 5% —100% at the rates of
15, 20 and 30 g/hm’ when applied during spring or autumn in winter wheat. It only achieved moderate
control of Lithospermum arvense with a plant effect of 78.8% - 98.6% and 20.9% - 82.5% when
applied during autumn and spring, respectively. The total fresh weight control effect was 90.1% -
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98.2% in the two growth seasons, and there was no remarkable difference. No injuries to wheat and the

rotational crops, including maize, soybean, peanut, cotton and millet, were observed after halauxifen-
methyl 10% + florasulam 10% WG was applied at the rates of 15 —45 g/hm”’.
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T2 BE B ( halauxifen-methyl ) J2& 3€ [F B (G 25
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B 07 A B E YRR 2, ] /N2 T B B 22 A
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1 (FME S 2013 ; Mukherjee et al. ,2014) , HFREE
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PR AT AR AR A R A PR Gali-
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Table 1 Weed control effect of 15 d after halauxifen-methyl 10% + f{lorasulam 10% WG applied in early turning-green wheat period

Fi =254 MIRAREL BRI
Pl . & EON T . :
2455 b Application ant no £ ,—{ %@%@% o TN ‘ %ﬂ'ﬁﬁ ant no Plant
o before D. sophia G. aparine L. arvense S. conoidea after control
Herbicide rate
(o/hm) treatment (%) (%) (%) (%) treatment effect
ghm (m®) (Plant/m”) (%)
20% F AL E 10.0 213.5 56.2 + 67.7 + 18.3 + 41.9 + 123.2 62.2 +
ity « BT 3.7b 6.0 ab 5.6e 9.3 ¢ 5.1 ab
Halauxifen-methyl 10% + 15.0 211.8  58.8%  61.2x  23.7%  90.4x 1330  58.0%
florasulam 10% WG 79bh  51ab  23de  9.6ab 4.0 ab
20.0 215.2 86.8 + 62.2 + 39.8+  100.0 % 127.0 61.9 +
4.6 a 8.8 ab 12.1d 0a 8.6 ab
30.0 260. 2 79.6 + 65.0 + 77.7 + 61.7 + 132.8 65.0 =
52a 7.6 ab 3.2b 15.8 be 7.1 ab
7.5 o/L 5L nE RS 7.5 225.2 88.4 + 84.4 + 36.3 + 87.1% 65.5 79.9 =
Halauxifen-methyl EC 7.6 a 2.0a 4.1d 9.1 ab 2.0a
50 g/ L BUFRUAS LK 7.5 289.0 44.7 + 36.0 + 59.1+ 67.7 + 259.5 38.0 +
Florasulam SC 3.1b 12.5 ¢ 4.0 ¢ 3.8 be 10.1b
36 % ATt R - WA EC 27.0 179.2 86.2 + 45.0 = 96.7 + 87.0 + 116.2 57.2
Tribenuron-methyl + 8.6 a 3.7 be 3.3a 7.6 ab 3.7 ab
carfentrazone-ethyl WP
X RER K o i T — 263.2 17.5 325.0 34.5 4.8 382.0 —

Control (Plant (or g)/m’)

FEh B B £ AR dEIR, RIS A FBE IR 4 Duncan G 2 M 2K HE P <0.05 /K25 8 % . Data are

mean + SE. Different letters in the same column indicate significant difference at P <0. 05 level by Duncan’ s new multiple range test.

WP 27 g/hm’ ASXIREIRGE (22 5K M BT,
PSRRI 30 2% , A EE EERTRCN 83. 4% (£2) .
2.1.2 /b EARLAT G 6w ) Je B AL
INFERATTEZ G 15 d BPWEE R, TR
i, HRSE B B 2250 A (8 5 96
SAMERE R A X 2% ot 5 WL, OURUARE e b B IX
=B MBS ; 52RO 20% FUS L BE PR - AU
A PR X A A | B AR B 5 X R 24 50 369% ALA
RiE - KR WP A X R 2 THGSE T FE U (A2
KON GBI ST MG, 5 IMEMREE R T4, 2505
95 d P& LI, 7.5 g/L FAMBERR EC 7.5 g/hm’ &b
B R SIS R T8 B 5, R A AR 2
XoF A2 R B A 2 A2 G it oL fHJEAE T R
MBRCN 54.3% . 50 ¢/ L WA H R SC 7.5 g/hm’
S FEXTFE ISR BT IR 2 K AR
LS ERISLN A DN -2 /N E A g/ sy
4 86.5% ., 20% FUEMLNERS - BB FLIE WG 10,15,
20 30 g/hm® KbFEXHE BB B RICAT , K 22 ) B 7 A5 s
22 IAIGR AL PEXHR IR & 2 KA BTN 2 455
AP % BB AL 5k 68.3% .89. 5% (87. 8%

F192.4% . XF BE 257 36% A< fitf [ - M6 5 il WP 27
g/hm® REBEXFE TR 16 BRES Bl R0, % 22 RS 22
BN 25, AR AR ACR 85.3% (£ 3) o

245 120 d MAEZER (AR 52505 150 d
GERILR 3 (£ 4),7.5 o/L FAMIERE EC 7.5
g/hm® RbBEXT A G200 N B30 TOR8, W IR b
L B RS, 43 K 94. 1% Fi1 96. 5% , 24 i i
AR, 50 g/L WU B SC 7.5 ¢/hm® AbFEXT
JURh 2% B B 3 81, B T B RUCH 93. 9% o 20%
SR G - BRI WG 4% 70 A B LA 2
BRI A 15 ~ 30 g/hm? Kb FH 2% & e 5 7 4%
93.8% ~98.2% ,10 g/hm” ZbFHZLFE B R Mg I | fif i
Bz 88. 8% , 36% M [ « MR FLE WP 27 ¢/hm’
Wb PR BT, BEE BTN 94. 4%
2.2 EBRFIREENENREE

2 YR HH [) it 24 Ji5 W28 & B0, 4% 24 700 Ak B IXC 1) /)N
ZHERKEBEBNES , R IWALAT 25 F /R, Wk B
ZWMFEEREY (R 5) , S AR HIX 5N TR
AEFRIX (G HR) AR B, /N2 P2 i A A Y, TC i & 22
5o RABERK G ST N R A
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Table 2 Weed control effect at 30 d after halauxifen-methyl 10% + florasulam 10% WG applied in early turning-green wheat period

R ames e s gme TR wpg gy SEPA
G. L.

Plant ”“ Fresh weight

2h55) b 3 Application D. S. Plant Fresh
T . . . after . control
Herbicide rate sophia aparine arvense  conoidea treatment control  weight effect
2 . 2

(g/hm*) (%) (%) (%) (%) (Plaanz)effect(%) (g) (%)
20% FE S ML RER - 10.0 93.9+ 100.0+ 23.4+ 83.5% 25.0 90.7+ 54.2  88.8=%
LSt i 3.9 ab 0a 5.8 ¢ 10.5 a 2.3 ab 3.0 ab
Halauxifen-methyl 10% + 15 93.7+ 100.0+ 20.9+ 100.0+  26.2 90.3+ 48.0  90.1+
florasulam 10% WG 43ab  0a  47ed  Oa 1.4 ab 2.3 ab
20.0 100.0+ 100.0+ 26.0+  100.0 + 22.0 91.9+ 22,3 954z
0a 0a 5.3¢ 0 a 0.7 ab 1.9 a
30.0 100.0+ 100.0+ 825+ 927+ 5.5 98.3 + 9.4 98.0=x
0a 0a 3.8 a 7.3 a 0.7 a 0.8 a
7.5 /L SRS NE g 7.5 8.1+ 1000+ 6.6+  27.9= 40.2 86.1+ 114.8 76.3 =
Halauxifen-methyl EC 8.2b 0a 7.1d 11.5b 2.5b 11.9 b
50 g/ L BLIRUA HE i 7.5 82.0+ 57.3+ 48.5x 79.5%  146.5 58.6+  63.6 86.9z
Florasulam SC 3.7b 6.7 ¢ 5.6 b 12.8 a 4.9 d 2.9 ab
36% AT - e 27.0 1000+ 70.3+ 96.4+  90.1=z 53.5 76.3+ 80.6 83.4+%
Tribenuron-methyl + 0a 5.9b 5.9a 5.8a 4.4 ¢ 7.7 ab

carfentrazone-ethyl WP
Ko BE R4 ol fof T — 15.5 280.0 36.8 6.2 338.2 — 484.2 —

Control (Plant (or g)/m’)
PR I + FriEiR, RN E F B F R 4 Duncan [KHT E M 2RI P <0.05 KFE2Z R 5 # . Data are

mean + SE. Different letters in the same column indicate significant difference at P <0. 05 level by Duncan’ s new multiple range test.

x3 NEHZATHEBEBHERERS 95 d HEIRERR
Table 3 Weed control effect at 95 d after halauxifen-methyl 10% + florasulam 10% WG applied before over-wintering of wheat

FHE I . —— RERREL TERBT R
2y b Application i ™ Zﬁ@%@% LR : iiﬂi?— Plant no. after Plant control
e D. sophia G. aparine L. arvense  S. conoidea
Herbicide rate (%) (%) (%) (%) treatment effect
(g/hm?) ? 7 ? ? (Plant/m’) (%)
20% TSN BE i - 10.0 76.5 91.5 + 33.6 % 71.4 44.8 68.3
XLR i 9.6a 2.7a 8.6 c 11.7 a 2.6b
Halauxifen-methyl 10% + 5.0 88.2 + 95.9 + 82.5+ 571+ 14.8 89.5 +
florasulam 10% WG ' 6.8 a 1.6 a 2.9 ab 18.4 a 0.2 a
20.0 82.4 + 88.6 + 87.6 = 78.6 + 17.3 87.8 =
11.3 a 2.0 a 2.0 ab 13.7 a 1.7 a
30.0 94,1+ 92.7 + 92.2 + 85.7 = 10. 8 92.4 +
5.9 a 1.7 a 1.7 a 14.3 a 1.3 a
7.5 o/ L U MLIE g 7.5 82.4 + 90.2 + -0.5+ 57.1+ 64.5 54.3 +
Halauxifen-methyl EC 11.3 a 2.2 a 7.5d 18.4 a 3.7¢
50 o/ L WUFRLAEE L 7.5 82.4 96.8 + 72.8 = 71.4 = 19.0 86.5
Florasulam SC 11.3 a 3.1a 4.8 b 16.5 a 1.4 a
36% AP - e R 27.0 88.2 94.6 + 72.8 = 64.3 = 20.8 85.3
Tribenuron-methyl + 6.8 a 1.6 a 1.7b 13.7 a 2.4 a
carfentrazone-ethyl WP
X FERR B ol ff 2 — 4.2 79.0 54.2 3.5 141.0 —

Control (Plant (or g)/m")
FHBAE B+ FriER, RN R T FEK R A Duncan (KT E M ZEERKETE P <0.05 KFEZE R I, Data are

mean + SE. Different letters in the same column indicate significant difference at P <0. 05 level by Duncan’ s new multiple range test.
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Table 4 Weed control effect at 150 d after halauxifen-methyl 10% + florasulam 10% WG applied before over-wintering of wheat

o . e AMRAREL HERBTRC .
I VTR S O L O o O
255 kb 3 Application 'E,, . L. S. o Fresh weight
o D. sophia G. aparine ) after control .
Herbicide rate arvense  conoidea weight control
) (% ) (%) treatment effect
(g/hn) (%) (%) \ (5)  effect
(Plant/m™) (%)
(%)
20% F8 SN VE TS - 10.0 88.2 = 97.3 = 66.3 + 85.7 56.3 84.1 =« 97.2 88.8 +
X ik e e 11.8a 1.8a 4.1d 9.1a 1.6 a 2.9b
Halauxifen-methyl 10% + 150 941+ 987+ 788+ 90.5% 34.5 90.3+ 540 93.8%
florasulam 10% WG 59a 0.8a 3.6cd 95a 1.5a 1.8 ab
20.0 9.1+ 98.6 = 95.8 = 90.5 = 9.8 97.2 20. 8 97.6
5.9 a 0.8 a 0.9 ab 5.5a 0.3 a 0.4 a
30.0 100.0+ 97.8 + 98.6 + 90.5 + 6.8 98.1 = 15.5 98.2 +
0a 1.2 a 0.6 a 55a 0.3 a 0.9 a
7.5 g/L A MLIERS 7.5 94. 1+ 96.5 + 5.2+ 19.0 = 151.5 57.3+ 316.2 63.7 %
Halauxifen-methyl EC 5.9a 1.4 a 9.2e 16.3 a 4.5b 5.4 ¢
50 g/ L BURAlf 5 i 7.5 82.4 + 98.7 = 81.7 = 85.7 31.0 91.3 = 53.0 93.9=x
Florasulam SC 11.3 a 0.8 a 2.4 ¢ 9.1a 1.9 a 1.3 ab
36% ATk [ - 1 i i) 27.0 88.2 + 79.7 = 84.3 + 66.7 = 65.5 81.5 + 49.0 94.4+
Tribenuron-methyl + 11.8 a 12.2 b 2.6 be 12.0 b 1.7 a 0.9 ab
carfentrazone-ethyl WP
Xof R Rl ff o — 4.2 197.2 147.8 5.2 354.5 — 8712 —

Control (Plant (or g)/m”)

LB B £ AR dEIR, RS 8] 7B IR 4 Duncan G B M 2K AE P <0.05 /K2 5% 8 % Data are
mean = SE. Different letters in the same column indicate significant difference at P <0. 05 level by Duncan’ s new multiple range test.
x5 HEBEREREX Y HENEFENFM
Table 5 Yield of winter wheat after treated with halauxifen-methyl 10% + florasulam 10% WG

_ 2012 2013
—— Ap}fﬁiion AP SR TR ONGER R R
Herbicide rate Yield per Yield per Yield Yield per Yield per Yield
(g/hm’) plot hectare increasing plot hectare increasing
(kg) (kg/hm’)  rate (%) (kg) (kg/hm*)  rate (%)
20% FU G M I - 10.0 12.5 6262.5 1.0£0.4 a 14. 1 7037.5 -0.7+1.6a
LT F e 15.0 12.5 62250 0.4z1.1a 14. 6 7275.0 2.6+1.0a
Halauxifen-methyl 10% + 20.0 12.6 6287.5 1.4%0.7a 14.5 7237.5 2.120.7 a
florasulam 10% WG 30.0 12.5 6250.0 0.8%1.0a 14.2 7 100.0 0.221.0a
7.5 o/L A ML BERS 7.5 12.3 61250 -1.2+1.9a 14.4 7175.0 1.2+0.7 a
Halauxifen-methyl EC
50 g/ L WUFR A H 1% 7.5 12. 1 6050.0 -2.4x1.6a 14.2 7 100. 0 0.2+1.2 a
Florasulam SC
36 % Ak it - ek B TR 27.0 12.7 6350.0 2.4%0.9a 14.5 7225.0 1.920.8 a

Tribenuron-methyl +

carfentrazone-ethyl WP
AN T.BE# Control — 12.4 6 200.0 — 14.2 7 087.5 —

FPHAE AT EIEL « prifiR, [ A R 5 5 R £ Duncan [CHT B 25K 0 7E P <0.05 K V2255 W3 . Data are

mean = SE. Different letters in the same column indicate significant difference at P <0. 05 level by Duncan’ s new multiple range test.
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2.3 SWMAFINGEEDHREMH

2 H W3 it 20% S8 58 N BE i - 0L 3RUAR 5 i WG
15.30.45 g/hm’ &7, T/ WK G Foi e #EAE Y
2012 AE T 245 73 d RIS EEMED FOK R G ARAE
A 2013 4EF 255 7 A ARG HAEY ok K

UOAT A EEEYRE RS IR A R B, 45 25 7
AR FRIX A (T BR IX AR HE, J5 AR A0 B R
e, I R B8 5 7 e B AR — B, L) 2013 AR A
XFHET R RIS 40 d Bk DX PRI (K 6) &
Ab PR35 G i 25 25 5

&6 HEBIEMREFXFEEYERKR=EHRM (2013 4)

Table 6 Growth and yield of rotational crops after treated with herbicides (2013)

it Hix % HBIE 40 d bk H
25504b3  Application Relative germination rate (% )  Height 40 d after planting (cm) Yield increasing rate (% )
Herbicide rate EX KE AT WHE EFX kK8 AT #E O ETK O OKE AT #HE
(g/hm’)  Maize Soybean Millet Peanut Maize Soybean Millet Peanut Maize Soybean Millet Peanut
20% Fi S 15 102.2+ 97.2+ 101.6+ 105.6+ 96.8+ 487+ 38.9+ 250% -3.7+ -0.5% -2.3+ -3.4%
i« R 36 Ai 41a 3.7a 3.1la 39a 25a 2la lL4a 33a L6a 38a 19a 35a
Jf Halauxifen- 30 989+ 105.7+ 940+ 100.0+ 946+ 49.8+ 39.0+ 249+ —1.3+ 0.5+ 1.0+ 13%
methyl 10%  + 38a 39a 27a 55a 21a 1.2a lLla 19a 47a 49a 35a 43a
florasul
lgjb‘;;(‘;“ 45 989+ 991+ 99.2+ 1009+ 958+ 485+ 389+ 258+ 1.5+ 1.2+ 0.6z 1.1z
7 28a 29a 23a 1.8a 1.4a 06a 20a 31la 27a 56a 20a 44a
75 FXHIR — — — — — 973+ 49.4x 390+ 261 — — — —

Control 0.4a 1.3a 06a 23a
FFBAE BB+ briEDR, RIAIAR F B KR4 Duncan (KT E M ZEKETE P <0.05 KFEZ R I E ., Data are

mean + SE. Different letters in the same column indicate significant difference at P <0. 05 level by Duncan’ s new multiple range test.

3 it

) AR R R R R0 A 3 A s, 25 b S
JL/INSS BIVAT o SR AR ) ) B4 B R | LK R
AMLTTUG 7 R U A S 42 R m iK1 1 il
IR MK 7 IR 73 I BE ST ; 91 B R 2E M L1
FHAL 32 2G5 1005 AR A A SUZ IR, 5 20
PIRGSE (XA ,2006) o F50 S M P L AL 2 1
RABRF, 2R 2R 2 FAER S HE A KRR
TR FOR B — B A TP B IR HIEZ , R
SRUMLE I g b DX AR e e B 32 AR DR, 265 7 d %
I AL A A AT HOOUSR R
Jitg Ak TR, LSRRG B it 24 ) 2 e i B A, AR T i
JE s A BARIEL P2y, S e R AL BE X 2R AL T
REE IR T 3 S 5 A R Bk, SE T

FeE A BHEBUT /N E IR R B T
TEAEA B A (ZE 5245 ,2015) BRI I & K
O MR O B E &N F LB R wE (W7 AR A
2008 ) , AIRKER LR R, /)N A2 B A R AR 75 41 3]
Jiti PRSI E R 7. 5 g/ han® , XA AR R s B 4
PYREUT R RGN FE MR 22 SO0, N R T
203 391 it FH 157 285 W G- T RS A% T 5 00 SR R
7.5 g/hm’ XK 4 TR BT R, (B A B SR BUAE AR

KBTS FENE | /N2 B AT it FH 8O e 2 0 TR
VI ; — % SE BRI 20% F A IE RS - BUFRA
FLl WG AT FTR T # HT it FH G 3 J LA 2% 5 B
BIRET 2 A2 0 B AC A 2 il )
15 ~20 g/hm’ . &/NEE 2R 555 BUACHT
BN IR E WA AT

S RE R XS /N2 2 Pl AR DLARGE . R
S (2012) A= s 25 F R W, RUFRURE B e %of /N 22 il
AR ) PP IS PG T AR 5 45 56 45 (2013 ) 4R IE XL
SR SRS 2 W 4 S O R R N A
Kieloch & Rola (2010 ) % B AR Atk B e 5 ik e i
ek 2 ,4-D IR, Xt 24/ SR 4, ARBFGR S
AR, 7 T [R] /)N 22 18 A% 15 5lGR 7 470 0 M it 93 550
MERERSE 7.5 ¢/hm® PR B H AT F 1590 209% S meE
fi « AU EE WG 10 ~30 g/hm? , R /NAE 120 4
TGN BERR X /N R A B T BE 5% 25 T L)k
P A ¢, HAE /N RN k= IR 1.0 ~
1.2 d( Mukherjee et al. ,2014) ; & B il 51 XF /N2 1y
e SRURS Y ALKV STX AW PE TR N S QI
Boer et al. ,2006) ., A5 45 IA R, /NAZ It
20% FRSAMLPERE - XURUEE FHE WG 15 ~45 ¢/hm’,
YHEFEVEY oK KRG A A F R AL i e
KIC W B, % ek, 522 9545 (2013) i
43% MR - 2H 4 E R lE SE XS HEEY £
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K K MRAEFIAEA 2 A — 2, X AT RS U
WCE TR R UUJBUAME e Jle — % 7E - 3 v i 2 s I B R
K, P LAAR TR R 7 2 05 47 (Jackson et al. ,2000;
Krieger et al. ,2000; Mukherjee et al. ,2014) ,

T E TR T X R AR 8 S TR Bl 8T, %k 42
KON FIMFRRE , 5B A i S G, 7T AR
B BRAR BRI R B /N 2 4 W Jm AR
YR 4 Je— AR B LT R BRE R, 5
Hb, H T AR EO0 IA E F2E B B R B 500 2 7 A TN
[ AR BE BT 21, HoR AR R e EEAR I & iy 423k
A AR )R ( Shaner,2014) . HAT, 3% E /N B
AT/ B T e Y S /A RO B S
A T A B2 1k (FMEESE, 2010 SR B 92 4%
2013) LA (AR A 50% LA bR DX, 6 00 8
E X A R AR T b s KB (VR B AE 2011 505
PAESE,2014b) . TR E UMD, J5OA 1 7
KH LG TR A BE MR T A 7 rh BT v 2 B )
IR (Busi et al. ,2014) , FRFTVE I FAL R
FFNFR FH AR B 255 IR FR A T e, 2 i Pk e 2
fEEMEE 7 (Owen et al. ,2014) , M BE fig
Xof A 7 TR R 24 1 2% R RN 42 R BCR neT, A 1
Tt
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