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Resistance Levels of Lolium multiflorum Populations to ACCase and ALS
Inhibitors and the Screening of Pre-Emergence Herbicides in Wheat Fields
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Abstract : In order to clarify the current resistance status of Lolium multiflorum to the herbicides of acetyl
CoA carboxylase(ACCase) and acetolactate synthase(ALS), a total of 50 populations were collected
in the severe area of L. multi florum in Zhumadian City, Henan Province and the resistance levels to
pinoxaden, clodinafop-propargyl and pyroxsulam were determined by the whole-plant bioassay meth-
od. In addition, isoproturon, diflufenican, flufenacet, pyroxasulfone, diflufenican—+isoproturon, and
pyroxsulam were selected for bioactivity determination, and field efficacy evaluation were conducted
with pyroxasulfone, flufenacet, and pyroxsulam mixed with diflufenican+ isoproturon. The results
showed that eight populations of L. multi florum had high resistance to pinoxaden. The GR;, (herbi-
cide dose causing growth reduction of fresh weight by 50%) values ranged from 146. 67 g(a.i.) *
hm ? 456.15 g(a.i.) « hm ?, and the resistance index(RI) ranged from 10. 68 to 33. 20, accounting
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for 16 % of the tested populations. Thirty-one populations showed high level resistance to clodinafop-
propargyl, with GR;, ranging from 101. 82 g(a.i.) * hm™* 446. 40 g(a.i.) » hm *, and RI ranging
from 10. 36 to 45. 41; sixteen populations had high level resistance to pyroxsulam, accounting for
32% of the total. In the bioactivity assays, except for diflufenican and pyroxsulam, the other herbi-
cides(isoproturon, flufenacet, pyroxasulfone, diflufenican+isoproturon) showed high activity against
the SC-3 population(the highest level of resistance population), with GR,, values of 1 089. 36, 144. 43,
51.42 and 568. 69 g(a.i.) * hm ™

pyroxasulfone and diflufenican—+isoproturon provided good control of L. multi florum at the supplied

?, respectively. Field efficacy results indicated that the mixture of

dose, with fresh weight control efficacy ranging from 94. 27% to 100%, and safe to wheat. There-

fore, the mixture of pyroxasulfone and diflufenican+isoproturon can be used to control the serious oc-

currence of L. multi florum in wheat fields.

Keywords: Lolium multiflorum ; Resistance; Bioactivity; Herbicides screening; Control efficacy
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Table 2 Tested herbicides information
B 24 71 TR FEFABLH
Tested herbicide Manufacturer Mechanism
95 /6 I Ik P 7 Ji 25 Fii - SE IE R AE Y AR 3P A IR CTRGHEE A R AT ) )
Pinoxaden 95% TC Syngenta Crop Protection AG Acetyl-CoA carboxylase inhibitor
95 0 e BB I 24 Fii 1 S AR R4 R A F] CTRAEE A R A0 ) )

Clodinafop-propargyl 95% TC

96. 50 W i 7 g I 24
Pyroxsulam 96.5% TC

950 5 N BE I 24
Isoproturon 95% TC

97 /6 N S Tk 5 i IR 245
Diflufenican 97% TC

Acetyl-CoA carboxylase inhibitor
T L TR A5 L T 0 481 551

Acetolactate synthase inhibitor

Jef VR R G R e il ¥
Photosynthesis PS [I inhibitor

INE T AL R A B ) )

Phytoene desaturase inhibitor

Syngenta Crop Protection AG
it Ay BHCA IR AR A F

Corteva Agriscience Technology Co. Ltd.
TR T A RAR
Anhui Huaxing Chemical Co. Ltd.

FEH B A A
Bayer Crop Science (China) Co. Ltd.

98 V6 FWE FL e JAL 2 TLTE AR PR A R W e A % i J TR - A o 51
Flufenacet 98% TC Jiangxi Zhonghe Biotechnology Co. Ltd. Very long-chain fatty acid synthesis inhibitor
98 /6 TR ML i s 5 24 MR AL T A B ] WA 4 i T TR 4 I A il 1)

Pyroxasulfone 98% TC

55 Y6 MEHE « 5 7 B 2 I 71
Diflufenican+isoproturon 55% SC

Shanghai Qunli Chemical Co. Ltd.

RFIRRAARTAE A A
Anhui Fengle Agrochemical Co. Ltd.

Very long-chain fatty acid synthesis inhibitor

R3 RAMNKEUNERAATIRAE

Table 3 Herbicides and doses for resistance level determination

MR 24550 R it
Tested herbicide Population Dose/[g (a.i.) » hm %]
y — Senﬂﬁifﬁitﬁﬁaﬁon 0.1.97.3.95.7.9.15. 79,31, 58.63. 16
95 Y M HK T 5 L 24 ) o
Pinoxaden 95% TC TR
Téi‘giftfibn 0.31.58.63. 16,126. 32,252. 64,505. 28,1 010. 56
~ﬁiﬁ§*¢ﬁ$ 0.2.59.,5.18,10. 36.,20.72.,41. 45.82. 89
95 U4 M 5 i JEL 24 Sensitive population NE U SEN ST UEASY DN RS A e T
Clodinafop-propargyl 95% TC P Fh R
Tesi population 0.41.45.82.89.165. 78.331. 56.663. 12,1 326. 24
R A 0.,0.46.,0.91.,1.82,3.64.7.28,14. 57
96. 5 V4 W filf 15 iz 2 Sensitive population MU EUAY TN D 0880 DEN D 20N 2T
Pyroxsulam 96. 5% TC PRl R

0.7.28.14.57.29. 14.,58. 28,116. 56,233. 12

Test population

I S 2k i B R R 2 R B ) R R, R

The recommended dose is indicated by an underline. The same in table 4.

PR AR R 3 0 1O JY-3WP- s,
2000 17 2 55 55 RS 1 8 25 it 24 . Bt JE 154k . M4 1.2.2 BRSHEXLFEMNBET LRI T AL

JE.J3 275 kPa, W 3k FE 4% B T S 50 cm, W89 & 450
L« hm ?;B{25)5 5535 21 d, BRI 28 5 M - 3 40 i
4% I (D TR FE R (B 5 D5 )
X B () RIUAN [ 0] 6 2 2 i o 1 ) 6 L
W EFE AR FE(y=a+bx).GR;, 1H M
95 %0 B A X 18] 5 $2 BE 28 3K (2) TH A B 38 B (resist-
ance index,RD , ¥ J8 RI %] 4504 55 4, Rl 0 v
RI<C2. 0 WU, 2. 0<SRI<C5. 0 KT, 5. 0<<RI<<
10. 0 A HHL,RIZ=10. 0 A Edi .
E=[(M,—M)>/M,]X100% (D
RI=HPEREE GR,, / BUSFPBE GR,, (2)
KA M, S ES O BE 4L T Mk 25 50 b B

My & P

T EICH 5 Fh AL BEAT 1 A 2K b B
BRECH], X 1. 2. 1 iR I & Bt i FpRE AT PR A
I, BRI 24 50 B 3R] o DL 3R 4 - B AL 3R 2K
AR5y I Z B GB NY/T 1155, 3—2006 fil GB
NY/T 1155. 4—2006 #£47,
1.2.3 RRABREA LGB« FRERES S LE
F 364 W ) 2 E

M GB/T 17980. 41—2000, 7E97 B 45 3% T )5
7 b6 EL 8 IR BEURT R A (114, 300°E; 32, 223°
NOFEAT. /NZE SR R E AR 607, 4 Fh i N 250 kg -
hm™* B HTR AL HZ AL 1 800 kg « hm™* 5 #fth
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Table 4 Herbicides and doses for laboratory biological activity determination

HEIRZG 7
Tested herbicide Dose/[g(a.i.) » hm %]
S0/ BLT
95/ KN 0.493. 42.,986. 84,1 973. 68,3 947. 36,7 894. 72,15 789. 44
Isoproturon 95% TC —_
97 % H R I I B 245

Diflufenican 97% TC

98 U F8 WE T Ji S 2
Flufenacet 98% TC

98 %% LN i e I 25
Pyroxasulfone 98% TC
5520 MEmE « SN RE SC
Diflufenican-Isoproturon 55% SC

96. 5 0 B fill £ il J5L 24
Pyroxsulam 96. 5% TC

0,77.32,154. 64,309. 28,618.56,1 237.12,2 474. 24

0,65.90,131.79,263.58,527.16,1 054. 32,2 108. 64

0,21.05,42.09,84.19,168.37,336.74,673. 48

0,154.69,309.38,618. 75,1 237.5,2 475,4 950

0,6.22,12.44,24.88,49.76,99.52,199. 04

®5 BHEAYKBAABHIRERANE

Table 5 Herbicides and doses for field efficacy determination

£ 4k £

NO. Treatment

bl
Dose/[g(a.i.) « hm 2]

i

1 40 Yo WU e SC Pyroxasulfone 40% SC
2 41 % FAWERL e SC Flufenacet 41% SC
3 4 Y% WERS B2 OD Pyroxsulam 4% OD

180
147.6
15

4 55 % MLt « 5P B SC Diflufenican+ Isoproturon 55% SC

10

11

12

14

40 Yo e SC+55 % ML BE - SR SC
Pyroxasulfone 40% SC (Diflufenican-Isoproturon 55% SC)

40 Yo RN Bk SC+55 % M FE « FPFE SC
Pyroxasulfone 40% SC (Diflufenican-Isoproturon 55% SC)

40 Yo BRME RE W SCH55 % ML « 9 SC
Pyroxasulfone 40% SC-+ (Diflufenican—Isoproturon 55% SC)

41 Y FMERE e SC+55 Y0 Mk BE « S N SC
Flufenacet 41 % SC+ (Diflufenican—+Isoproturon 55% SC)
A1 FBE R SC+55 Y% ML BE - SR SC
Flufenacet 41% SC+ (Diflufenican—Isoproturon 55% SC)

A1 Y5 JRE B SCH55 WML « 52 e SC
Flufenacet 41% SC+ (Diflufenican—+Isoproturon 55% SC)

4 YO BERE R OD+55 Ykt « 5N SC
Pyroxsulam 4% OD- (Diflufenican+Isoproturon 55% SC)

4o RERE R OD+55 %Mk Bk - 5 A R SC
Pyroxsulam 4% OD- (DiflufenicanIsoproturon 55% SC)

AV MERR K OD+55 Y% HERE - S SC
Pyroxsulam 4 % OD+ (Diflufenican~+ Isoproturon 55% SC)

Z5 F X CK

1402.5

16541 072.5

165+1 237.5

165+1 402. 5

129.154+1 072.5

129. 1541 237.5

129.1541 402.5

1241 072.5

1241 237.5

12+1402.5
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Table 6 Resistance of different L. multiflorum populations to pinoxaden

lfjfflﬁfn R EE}ﬁE . gfrﬁifgn QREO/ ., 95% ggﬁi%iﬁcigﬁerval/ ﬁfﬁ:?ﬁiﬁ(
No. egression equation coefficient [g (a.i.) « hm 2] [g(a.i) » hm ?] Resistance index
S y=2.2249+2.4389x 0.956 3" 13.74 9.58~19. 69 1. 00
YC-1 y=—1.3196+3.2680x 0.877 1 85. 86 40.68~181. 22 6. 25
YC-2 y=0.5571+2.0509x 0.998 2~ 146. 67 136.54~157.55 10. 68
YC-3 y=—2.6489+4. 2425x 0.950 4" 63.52 38.37~105.17 4.62
YC-14 y=1.9244+1.4571x 0.997 57 129. 06 118.42~140. 67 9. 39
YC-5 y=—2.3635+3.6315x 0.907 3 106. 59 59.29~191. 62 7.76
QS-1 y=—2.6976+4.2423x 0.943 1 65. 24 38.13~111.62 4.75
QS-2 y=—1.5930+3.4571x 0.927 7 80. 74 46.02~141. 65 5.88
QS-3 y=—1.8240+3.9250x 0.929 5 54.78 28.58~105. 00 3.99
QS-4 y=—1.6720+3. 9169« 0.951 4~ 50. 51 29.17~87.47 3.68
QS-5 y=—2.3935+4.1297x 0.937 8 61.70 34.65~109. 89 4. 49
SP-1 y=0.6566+1.9765x 0.996 6" 157. 60 143.20~173. 46 11. 47
SP-2 y=—1.5820+3.5384x 0.954 5" 72. 47 45.95~114. 30 5.27
SP-3 y=—2.0038+4.0370x 0.955 1~ 54. 32 32.60~90. 48 3.95
SP-4 y=—0.7723+3.1290x 0.892 3 69. 95 33.09~147. 86 5.09
SP-5 y=0.2715+2.3117x 0.997 1~ 111. 04 100. 90~122. 20 8.08
BY-1 y=—1.3497+3. 36762 0.921 4 76. 83 42.13~140. 10 5.59
BY-2 y=—1.7870+3. 9546« 0.950 9° 52.03 30.15~89.77 3.79
BY-3 y=—2.1968+4.0754x 0.943 1 58. 33 33.22~102.43 4.25
BY-4 y=—1.85744+4.0053x 0.962 1" 51.53 32.00~82.99 4.25
BY-5 y=—2.4996+4.1762x 0.942 6 62.49 36.08~108. 25 4.55
RN-1 y=1.1683+1.8071x 0.995 3" 131.92 117.34~148. 31 9. 60
RN-2 y=—1.9401+3.5107x 0.909 6 94. 81 51.98~172.92 6.90
RN-3 y=—1.4853+3.3123x 0.881 3 90. 77 44.33~185. 85 6.61
RN-4 y=1.3620+1.6585x 0.992 6" 156. 17 135.39~180. 15 11. 37
RN-5 y=1.4533+1.6990x 0.988 5~ 122. 34 101. 57~147. 35 8. 90
XP-1 y=2.4215+1.4373x 0.978 8* 62.23 44,97~86. 12 4.53




O] T B4 . ML BEIRBENT ACCase M ALS 2051 3 A4t v K - 498 b 70 25 3 575 1 « 553

(42K 6 Continued table 6)

) n R n 0594 1 {3 X ]
Population Il )51y Correlation (g (a ?l}?/hm’q 95% Confidence interval/ EANES R

Regression equation Resistance index

No. coefficient [gCa.i.) « hm 2]

XP-2 y=—0.5630+3.0606x 0.887 3 65.71 29.83~144.71 4.78
XP-3 y=—1.8679+3. 9498« 0.935 3 54. 80 29.47~101.91 3.99
XP-4 y=—1.7528+3.8971x 0.926 4 54.05 27.65~105. 64 3.93
XP-5 y=—2.3594+4. 1432x 0.947 5 59.74 35.03~101. 86 4,35
SC-1 y=0.5438+2.0167x 0.991 5~ 162.07 139.10~188. 83 11. 80
SC-2 y=0.3260+1.8470x 0.993 5" 339. 31 291.59~394. 83 24.70
SC-3 y=0.1655+1.8181x 0.993 1" 456. 15 383.07~543.17 33. 20
SC-4 y=2.3901+1.0753x 0.989 4~ 267. 36 223.33~320.07 19. 46
SC-5 y=0.7680+1.7306x 0.984 5" 278.90 223.68~347.74 20. 30
XC-1 y=—1.2603+3.2944x 0.902 7 79. 49 40, 67~155. 34 5.79
XC-2 y=—1.2563+3.2653x 0.890 9 82.42 40.67~167.03 6. 00
XC-3 y=1.3357+1.7588x 0.995 4" 121.19 107.76~136. 31 8. 82
XC-4 y=1.4681+1.7009x 0.993 1" 119. 25 103.19~137. 82 8.68
XC-5 y=—1.4856+3. 3684x 0.905 8 84.23 44, 28~160. 22 6.13
7ZY-1 y=—2.8443+4.3370x 0.961 4~ 64. 37 41.53~99.77 4.69
7Y-2 y=—1.4363+4. 1248« 0.939 5 36. 34 17.88~73. 85 2.65
7Y-3 y=—1.7981+3.9463x 0.944 9 52. 80 29.66~93.99 3. 84
7ZY-4 y=—1.4240+3.7912x 0.928 6 49.48 24.97~98. 04 3. 60
ZY-5 y=—2.0284+4.0735x 0.963 1°* 53. 14 33.41~84.52 3. 87
PY-1 y=—1.3486+4.0640x 0.929 8 36.49 16.92~78.71 2.67
PY-2 y=—1.9721+4.0436x 0.960 7~ 52.99 32.78~85.68 3.86
PY-3 y=—1.6275+3.8850x 0.941 6 50. 80 27.74~93.05 3.70
PY-4 y=—1.0219+3. 6505z 0.924 3 44,63 21.34~93. 36 3.25
PY-5 y=—0.7409+3. 8472« 0.930 0 31.06 13.71~70. 38 2.26

* ,P<C0.05, N,
* ; P<C0.05. The same in tables 7 and 8.
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HR: High resistance; MR:Middle resistance; LR:Low resistance. F[d], The same below.
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Fig. 1 Resistance levels of L. multiflorum to pinoxaden from different counties
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Table 7 Resistance of different L. multiflorum populations to clodinafop-propargyl

iR 2t 5 - A 2R B P 95 %6 E A5 X I EiR iR
Population R IEIU:D':T}i . Correlation QR"U/ _, 95% Confidence interval/ Resistance

No. egression equation coefficient lg (a.i) - hm™?] [g(a.i) » hm ?] index

S y=1.1714+3. 8580x 0.919 6 9.83 5.82~16.58 1. 00
YC-1 y=—1.7857+3.2830x 0.876 0 116. 66 55.59~244. 84 11. 87
YC-2 y=0.7398+1.8777x 0.996 8~ 185. 69 168.79~204. 29 18. 89
YC-3 y=—2.9417+4. 15452 0.940 5 81.58 46.53~143.03 8. 30
YC-4 y=1.7431+1.4705x 0.998 5* 163. 99 153.42~175. 30 16. 68
YC-5 y=—2.6552+3.5821x 0.903 8 137.10 75.01~250. 58 13.95
QS-1 y=—3.1690+4. 2132x 0.933 1 86. 87 48.48~155. 69 8. 84
QS-2 y=—1.6449+3. 2737« 0.894 2 107. 10 53.38~214.87 10. 90
QS-3 y=—2.4209+3. 9728« 0.932 6 73.77 39.38~138. 20 7.50
QS-1 y=—2.1671+3.8924x 0.933 0 69. 39 36.52~131.83 7.06
QS-5 y=—2.7621+4.0797x 0.931 4 79.92 43.30~147. 50 8.13
SP-1 y=0.8987+1.7208x 0.998 0~ 241.76 224.52~260. 33 24.59
SP-2 y=—1.6083+3.3870x 0.942 4 89. 35 52.54~151. 95 9.09
SP-3 y=—1.4745+3. 22462 0.893 7 101. 82 49.93~207. 64 10. 36
SP-4 y=0.9686+1.6960x 0.998 9~ 238. 24 225.47~251.74 24. 24
SP-5 y=0.3998+2.1463x 0.996 9~ 139.11 125.88~153. 74 14.15
BY-1 y=—1.5797+3. 2545x 0.893 6 105,13 52.00~212.55 10. 70
BY-2 y=—2.7852+4.1045x 0.940 7 78. 84 44, 64~139. 24 8.02
BY-3 y=—2.4469+3.9799x 0.9317 74.33 39.57~139.62 7.56
BY-4 y=—2.6139+4.0361x 0.933 3 76.99 41.72~142.07 7.83
BY-5 y=—2.8739+4.1268x 0.937 1 80. 91 45.27~144.62 8.23
RN-1 y=1.3617+1.5881x 0.998 4* 195. 42 182.82~208. 89 19. 88
RN-2 y=—1.9640+3. 3452x 0.885 9 120.72 60, 17~242.22 12.28
RN-3 y=—1.4519+3.1926x 0.881 8 104.93 49,55~222.18 10. 67
RN-4 y=1.6963+1.5239x 0.994 3~ 147. 23 128.79~168. 31 14. 98
RN-5 y=1.9446+1. 4150x 0.992 8~ 144. 31 124.10~167. 82 14. 68
XP-1 y=1.5747+1. 6644z 0.993 4" 114. 29 97.70~133.70 14.15
XP-2 y=—1.6783+3.2785x 0.892 0 108. 90 54,05~219.42 11.08
XP-3 y=—1.9346+3. 3568« 0.894 6 116. 37 59.35~228.10 12.29
XP-4 y=—2.1616+3.4396x 0.902 2 120. 80 63.97~228.10 12. 29
XP-5 y=—2.99914+4.1977x 0.952 1" 80. 47 48.71~132.93 8.19
SC-1 y=0.8112+1.8141x 0.995 7" 203.75 182.99~226. 86 20.73
SC-2 y=0.4088+1.9550x 0.998 8~ 223.07 210.56~236. 32 22.69
SC-3 y=0.3990+1. 7364x 0.997 3~ 446. 40 405.09~491. 94 45. 41
SC-4 y=2.1487+1.1215x 0.986 5~ 348.63 284.61~427.04 35.47
SC-5 y=1.0077+1.5668x 0.996 07 353. 25 316.25~394. 58 35.94
XC-1 y=—1.6370+3. 26362 0. 889 8 108. 05 53.07~220.00 10. 99
XC-2 y=—1.5018+3. 2057« 0.881 2 106. 71 50.54~225.29 10. 86
XC-3 y=1.2401+1. 7404x 0.994 9" 144. 65 127.35~164. 29 14.72
XC-14 y=1.2904+1.7280x 0.997 4~ 140. 18 128.03~153. 48 14. 26
XC-5 y=—1.8521+3.3425x 0.899 0 112. 20 57.65~218. 35 11. 41
ZY-1 y=—3.1794+4. 2502« 0.949 6 84.03 50.63~139.47 8.55
7ZY-2 y=—1.5813+3. 3407« 0.929 6 93.33 52.11~167.15 9.49
7ZY-3 y=—1.6344+3. 2848x 0.900 6 104. 66 53.15~206.09 10. 65
ZY-4 y=—2.0911+3.4260x 0.904 9 117, 44 62.43~220.91 11.95
7ZY-5 y=—0.8431+3.0780x 0.907 5 79.13 38.18~163.99 8.05
PY-1 y=—3.5512+4.3661x 0.947 6 90. 89 55.08~149.99 9.25
PY-2 y=—3.3764+4. 30462 0.945 1 88. 29 52.51~148. 48 8.98
PY-3 y=—2.7677+4.0984x 0.940 3 78.58 44,37~139.18 7.99
PY-4 y=—2.8228+4.1186x 0.941 6 79.32 45, 20~139. 20 8.07
PY-5 y=—3.7235+4.4234x 0.948 4 93.78 57.44~153.12 9.54
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Fig. 2 Resistance levels of different counties of L. multiflorum to clodinafop-propargyl
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Table 8 Resistance of different L. multiflorum populations to pyroxsulam

PR % 5 A5 77 (LB ¥ GRsy/ 95 6 5 X [f] FIREE RS
Population Regression equation Corre}la'tion [e Cai. )“' hm 2] 95% Conﬂdcncc 1nf§rval/ Re:sistance
No. coefficient [gCa.i.) » hm 2] index

S y=4.1377+2.4141x 0.996 3~ 2.28 2.06~2.52 1. 00
YC-1 y=0.5409+2.5701x 0.990 1 66. 00 55.30~78.78 28.95
YC-2 y=0.4317+2.5107x 0.875 6 57.30 29.48~111.35 25.13
YC-3 y=—1.3976+3. 6388« 0.994 2~ 23.95 20.87~27.50 10. 50
YC-4 y=2.2595+1.9868x 0.994 2~ 23.95 20.87~27.50 10. 50
YC-5 y=1.0682+3.1714x 0.888 3 17. 37 8.27~36.49 7.61
QS-1 y=1.4750+3. 9415x 0.9239 7.84 3.43~17.93 3.44
QS-2 y=1.3593+3.6578x 0.939 0 9.89 5.09~19. 25 4. 34
QS-3 y=1.6117+3.8837x 0.926 3 7.45 3.26~17.07 3.27
QS y=1.8182+3.8027x 0.932 4 6.87 3.04~15.52 3.01
QS-5 y=1.5167+3.9182x 0.9219 7.74 3.33~18.00 3.34
SP-1 y=2.6902+1.6713x 0.998 3* 24.10 22.38~25.96 10. 57
SP-2 y=0.3123+4.1330x 0.950 7~ 13.62 8.12~22.86 5.97
SP-3 y=0.8451+3.8891x 0.944 3 11.70 6.49~21.11 5.13
SP-4 y=0.5555+3.4356x 0.914 5 19. 66 10. 74~36.01 8.62
SP-5 y=2.1479+1.9899x 0.997 4~ 27.12 24, 83~29. 62 11. 89
BY-1 y=1.4710+3.5977x 0.933 2 9.57 4.71~19.45 4. 20
BY-2 y=0.9036+3. 8136x 0.922 2 11. 86 5.85~24. 04 5. 20
BY-3 y=1.1663+3.7204x 0.930 2 10.73 5.37~21.23 4.71
BY-4 y=1.2698+3. 6724x 0.927 8 10. 37 5.06~21.23 4.55
BY-5 y=1.2802+3.6619x 0.937 6 10. 37 5.32~20. 22 4.55
RN-1 y=1.8097+2.2492x 0.992 5" 26.21 22.49~30.55 11. 50
RN-2 y=1.6014+1.8539x 0.986 6~ 68.11 55.31~83. 87 29.87
RN-3 y=1.6950+1. 8474x 0.998 3~ 61.52 57.29~66. 06 26.98
RN-4 y=0.5159+2.1512x 0.988 4 121.48 95.40~154. 68 53.41
RN-5 y=1.5705+2.0200x 0.990 9~ 49. 86 42.51~58.47 21. 86
XP-1 y=0.7578+4.0054x 0.969 4* 11. 46 7.43~17.67 5.03
XP-2 y=1.3862+3.9828x 0.923 2 8.08 3.55~18. 37 3.54
XP-3 y=1.4755+3.6333x 0.948 9 9.33 5.03~17.33 4.09
XP-4 y=1.0787+3. 8448z 0.962 7" 10. 47 6.36~17.24 4.59
XP-5 y=1.3682+3.9875x 0.922 0 8. 14 3.57~18.60 3.57
SC-1 y=1.9918+1. 6840x 0.982 4~ 61.14 48.45~77.17 26.82
SC-2 y=2.3254+1.8636x 0.996 9~ 27.24 24.74~29.99 11. 94
SC-3 y=2.5359+1.6040x 0.997 1~ 34.37 31.44~37.58 15. 07
SC+4 y=2.0354+1.8179x 0.994 9~ 42.73 37.98~48.07 18. 74
SC-5 y=2.4184+1.7088x 0.997 4~ 32.42 29.77~35.30 14. 22
XC-1 y=0.8003+3.3118x 0.902 9 18. 54 9.52~36.10 8.13
XC-2 y=0.6854+3.4297x 0.928 1 18.11 10.28~31.93 7.95
XC-3 y=0.1590+4,1791x 0.944 0 14. 40 8.37~24.77 6.32
XC4 y=1.5114+3.0051x 0.885 0 14. 48 6.42~32.70 6.35
XC-5 y=1.4542+3.1131x 0.916 6 13.77 6.91~27.44 6. 04
ZY-1 y=1.1181+3.7328x 0.925 5 10. 96 5.38~22.35 4. 81
7ZY-2 y=1.6392+3.8633x 0.922 3 7.41 3.15~17. 44 3.25
ZY-3 y=1.5097+3. 9238x 0.922 3 7.75 3.34~17.98 3.34
ZY-4 y=1.4873+3.5626x 0.918 8 9.68 4.40~21.29 4,25
ZY-5 y=1.4072+3.6318x 0.936 2 9.76 4.91~19. 37 4.28
PY-1 y=1.3167+4.0357x 0.932 5 8.18 3.82~17.51 3.59
PY-2 y=1.6265+3.9075x 0.937 1 7.30 3.39~15.70 3.20
PY-3 y=1.5418+3.9302x 0.932'1 7.58 3.45~16. 65 3.33
PY-4 y=1.5702+3.9147x 0.9310 7.52 3.39~16. 67 3. 30
PY-5 y=1.2777+3.6695x 0.928 4 10. 34 5.06~21.12 4.54
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Table 9 Biological activity of different herbicides on L. multiflorum population SC-3
FE i 4 4 57 45k % R AL . S0 L)/ . S0 1)/
245 commen se/ [ 97 75 LT GR;, (95 %CL)/ GR,, (95%CL)/
Herbicide R:(;?a‘ i.(; fl(‘k:lmdf);]' Regression equation (C:)('fFil(i,itcr(n [gla.i.) » hm ] [gCa.i.) » hm %]

95 % 5t N K I 24 789, 47 ~ 1.
Isoproturon 95 % TC 789.47~1 184. 21
97 % Mk o A 5 Iz it 24 93 71~ 57
Diflufenican 97 % TC 123. T1~185.57
98 6 FiIE F i I 24 o 0f 1m0 g

2 96~
Flufenacet 98% TC 112.96~150.61

98 20 LItk 5 14t J5t 25
Pyroxasulfone 98 % TC

550 ML ML « SN RE SC
Diflufenican—+
isoproturon 55% SC

96. 5 20 WE B 1 Jie J5 24
Pyroxsulam 96.5% TC

153.06~183.67

1072.5~1402.5 y=

9.33~15.54 y=0.6285+3.3566x

y=—5.8194+3.9843x

y=—3.3512-+4.0059x

y=—2.2630+3.9564x

y=—0.7189+4.0912x

5.0925+4.1287x

0.938 2 519.42(247.09~1 091.93) 1 089.36(630.61~1 881.87)
0.968 6 121.54(78.39~188.43) 253.88(182.96~352.29)
0.936 7 68.51(32.14~146.05) 144.43(82.87~251.73)
0.927 0 25.00(11.50~54.36) 51.42(28.91~91.43)
0.949 4 278.27(163.17~474.57) 568.69(378.09~855.36)
0.868 2 20.06(9.63~41.79) 48.33(24.33~96.00)

B« SNBEAE 165+1072.5 gla. i) » hm 7,
16541 237.5 g(a.i.) » hm ?,165+1 402.5 g
(a.i.) » hm * 7l &5 T X £ {6 B 2% o fif 5 pj &
B L AE 94,27 % ~ 100 % 2 [a] 5 9 16 w0 il + it
Bk o S5 T TR TG A5 SR A M A R b EE - R
P B e fF B R 4 M AE 65. 24 %6 ~ 70. 8800,
57.69%~65. 13 % Z [ ; WE fiff B il 5457 % 22 4k 2
2 B IR ROR B A B Bl R0 S S B 2008 o
31.28%6.31. 57 %% s ML R e S5 npk o« S P R 5]
Xf 2 B R A 2E RN T A R (R

11) BT, Ok v ms + nik ik« SN BEAE 165+
1072.5 g(a.i.) » hm™*,165+1 237.5 g(a.i.) *
hm ?.165+1 402.5 g(a.i.) « hm ? & F,/h
FIE PR 7 957, 50,8 183. 00,8 325. 10
kg « hm™*, i & & T X X /N2 77 45 (7 163. 00
kg« hm ) /=R 0510 11.11% .14. 26 % .
16. 26 %0 ; FHL A 45 A B/ 22 1 AN [ 72 B 1) 14 7=
BEWRAE 2. 50 %0 ~8. 43 Y6 2 [a] » H 4% 24 71 4b 3 AT /)N
2 G SRR B R BIOR T ok B Y B A R R R
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Table 11  Effects of different herbicides mixed with diflufenican— isoproturon on yield traits of wheat
e AL . IR TR BRI 7= Va0
No Spike numbeli/ Grain number 1 000-kernel Theoretical Xleld/ Yield increasing
' (X10*) » hm 2 per spike weight/g (kg * hm %) rate/ %
CK 470.75+8.62h 32.5041. 29f 43.2540.03f 7 163.004128. 35¢ -
1 491.50+£1. 29¢ 36.00£0. 82¢ 44,1340.09d 7 764.75480. 56bc 8.43
2 483. 00+ 2. 94f 33.0040. 82de 44,1340.03e 7 588.50+116. 55cde 5.95
3 473.25+2.63¢g 31.5041. 29e 43.8740. 10e 7 340. 5077, 861 2.50
4 493.00+£0. 82¢ 36.7540. 96¢ 44,1840.03d 7 724.75480. 49¢ 5.28
5 529.0041. 83b 47.5040.58b 44,5140.07c 7 957.50+118.13b 11.11
6 541.5041. 29a 49,254 1. 26a 45.1540.02a 8 183. 00+ 154. 32a 14. 26
7 541.0040. 82a 47.7541. 26ab 45.0940. 05a 8 325.10493. 29a 16. 26
8 483.00+0. 82f 32.7540. 96de 44,0740, 47de 7 630.25486. 03cde 6.49
9 482.75+1.50f 33.5041.29d 44, 2240.02d 7 645.754139. 39cd 6.78
10 486.25+0.96e 37.004+1.41c 44,7740.07b 7 713.00+166. 98¢ 7.72
11 483.25+0. 961 33.75+1.26d 44, 1940. 04d 7 443.50480. 06ef 3.95
12 483.00+0. 82f 32.50+1. 29de 44,1840.03d 7 494, 254127, 95def 4.63
13 488.50+1. 29d 37.50£0. 58¢ 44,2940.03d 7 512.254120. 75def 4.92

5 5K 10 XN,

The numbers are as same as the ones in table 10.
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