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Figure 1- Geographical position of Ramiyan in Golestan Province and distribution map of surveyed wheat fields in this
Township
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Table 1- Common properties of the herbicides applied in the experiment
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Common name Trade name Chemical family Formulation J rry © .
Recommended dose (g ai.ha?)
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Table 2- Concentrations of the herbicides applied on the susceptible winter wild oat biotype

NS s (mg a.i.L?) cdale
Herbicide Concentration (mg a.i.L?)
ilisn osileosts 0 0005 002 008 032 128 512 1024 - -
Clodinafop propargyl
e spslis 0 01 05 2 4 8 18 - -
Diclofop methyl
Jlimosplussd 025 05 2 4 8 - - -
Fenoxaprop-P ethyl
ujww 0 0.01 0.08 016 032 064 1.28 - - -
Pinoxaden
Ma’“_ 0 0001 0.005 0.01 0.02 0.04 0.08 - - -
Clethodim
Fellin S ob oS la 00001 0.001 0005 001 002 004 008 016 0.32
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Table 3— Concentrations of the herbicides applied on the resistant winter wild oat biotypes

NS s (mg a.i.L?) cdale
Herbicide Concentration (mg a.i.L™?)
N taad 0 064 2.56 10.24 20.48 40.96 81.92 -
Clodinafop propargyl
e oshelsed 0 20 40 80 160 320 640 -
Diclofop methyl
g 2aplus yd 0 16 3.2 6.4 12.8 25.6 51.2 102.4
Fenoxaprop-P ethyl
9"“‘5"* 0 0.08 0.32 1.28 125 10.24 20.48 -
Pinoxaden
”’”K 0  0.001 0.005 0.01 0.02 0.04 0.08 -
Clethodim
Aldie Fogesdle g g, 10.24 20.48 40.96 81.92 163.84 512

Haloxyfop-R methyl ester
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Table 5- Discriminating concentration of clodinafop propargyl, diclofop methyl and fenoxaprop-P ethyl for the susceptible
winter wild oat biotype

oS dle (€) ol v (d) YU s> (b) soxio ol ECso ECso
Herbicide Lower limit (c)  Upper limit (d) Slope (b) mg a.i.L*! mga.i.L?
g oeosld 99.14(5.04) 081(0.12)  0.01(0.00)** 0.05 (0.01) **
Clodinafop propargyl
ol o gl 53 98.85(5.86) 0.66(0.66)  0.13(0.05) ** 1.7 (0.48) **
Fenoxaprop-P ethyl
e sfged - 99.41 (5.84) 1.06 (0.18)  0.3(0.05)** 1.08 (0.18) **

Diclofop methyl

P<0.01 Jlis! pdaw 3 (gl gimo 3
** Significant at p<0.01
Bl g Hlme gllad Silas sly J31 slael
The values in the parentheses denote standard error.
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Table 6- Results obtained from the screening of putatively resistant winter wild oat biotypes with the discriminating
concentrations of fenoxaprop-P ethyl, diclofop methyl and clodinafop propargy! (The results are calculated as percent of

control)
Herbicide Herbicide

giladgls CRId  ponleSsd g g8lzdgls PRI g opleSsd i
NPT o sl Biotype 3 k95 o ! Biotype

Clodinafop Diclofop Fenoxaprop-P Clodinafop Diclofop Fenoxaprop-P

propargyl methyl ethyl propargyl methyl ethyl
12.76(S) 8.83(S) 12.05(S) ram4l 85.55(R) 84.05( (R) 90.54(R) raml
91.03(R) 90.54(R) 91.87(R) ram42 91.55(R) 91.43(R) 87.44(R) ramz2
87.06(R) 84.33(R) 84.67(R) ram43 86.04(R) 91.05(R) 85.03(R) ram3
85.12(R) 91.43(R) 90.54(R) ram44 90.33(R) 83.34(R) 87.70(R) ramé4
85.17(R) 84.54(R) 87.33(R) ram45 88.87(R) 91.54(R) 88.65(R) ram5
89.22(R) 90.45(R) 90.43(R) ram46 86.90(R) 88.06(R) 86.76(R) ramé
91.43(R) 86.06(R) 87.56(R) ram47 90.00(R) 85.07(R) 91.87(R) ram7
91.67(R) 88.30(R) 86.77(R) ram48 12.06(S) 9.78(S) 10.09(S) ramg
90.54(R) 91.55(R) 88.87(R) ram49 90.54(R) 91.43(R) 90.01(R) ram9
90.43(R) 91.89(R) 88.90(R) ram50 12.67(S) 10.13(S) 15.43(S) ram10
90.39(R) 85.90(R) 83.09(R) ram51 91.98(R) 86.07(R) 87.43(R) ram 11
91.65(R) 83.08(R) 86.12(R) ram52 85.09(R) 87.09(R) 84.07(R) rami12
91.73(R) 83.08(R) 85.10(R) ram53 83.32(R) 91.32(R) 86.09(R) ram 13
13.23(S) 11.05(S) 17.54(S) ram54 90.65(R) 91.05(R) 83.43(R) ram 14
16.23(S) 10.22(S) 9.87(S) rams5 87.07(R) 90.07(R) 90.55(R) rami5
14.44(S) 12.04(S) 11.09(S) ram56 9.08(S) 16.32(S) 14.67(S) ram16
86.32(R) 88.56(R) 88.06(R) ram57 88.54(R) 90.12(R) 90.06(R) raml7
91.07(R) 90.02(R) 84.03(R) ram58 84.43(R) 91.04(R) 85.08(R) ram 18
7.11(S) 11.22(S) 14.54(S) ram>59 90.23(R) 89.44(R) 89.81(R) ram 19
86.06(S) 84.02(S) 83.56(S) rame0 86.22(R) 87.54(R) 87.90(R) ram 20
13.66(S) 12.04(S) 9.75(S) ramé61 86.78(R) 87.06(R) 88.50(R) ram 21
88.87(R) 85.34(R) 13.43(s) rame2 89.98(R) 86.56(R) 90.05(R) ram 22
91.08(R) 88.45(R) 83.35(R) rame3 89.11(R) 90.78(R) 85.08(R) ram 23
83.05(R) 88.78(R) 91.56(R) rame4 86.12(R) 89.90(R) 90.40(R) ram24
7.57(S) 16.09(S) 12.09(S) rame5s 87.43(R) 86.08(R) 85.54(R) ram25
86.90(R) 88.76(R) 85.50(R) rame6 12.89(S) 14.55(S) 8.90(S) ram26
9.01(S) 10.77(S) 12.98(S) rame6?7 7.05(S) 13.78(S) 11.08(S) ram27
84.45(R) 88.08(R) 83.07(R) rameé8 90.04(R) 83.98(R) 90.04(R) ram28
13.23(S) 16.00(S) 11.11(S) ramé9 91.23(R) 88.45(R) 86.89(R) ram29
10.44(S) 12.00(S) 9.45(S) ram70 89.12(R) 86.65(R) 83.09(R) ram30
87.65(R) 86.00(R) 91.67(R) ram71 83.16(R) 85.87(R) 83.65(R) ram 31
9.07(S) 13.00(S) 16.09(S) ram72 90.45(R) 87.56(R) 83.77(R) ram 32
86.06(R) 88.00(R) 88.65(R) ram73 14.32(R) 11.08(R) 15.89(R) ram33
11.11(S) 6.00(S) 10.05(S) ram74 90.12(R) 90.76(R) 83.90(R) ram34
85.43(R) 83.00(R) 85.10(R) ram75 90.11(R) 91.63(R) 86.76(R) ram35
6.33(S) 7.00(S) 5.23(S) ram76 91.11(R) 88.45(R) 91.66(R) ram36
85.06(R) 85.00(R) 91.23(R) ram77 85.32(R) 83.09(R) 89.08(R) ram37
12.07(S) 12.00(S) 14.04(S) ram78 7.34(S) 9.06(S) 13.31(S) ram38
88.60(R) 85.00(R) 90.45(R) ram79 87.43(R) 85.06(R) 84.65(R) ram39
87.11(R) 86.00(R) 87.45(R) rams0 11.45(S) 14.67(S) 10.98(S) ram40

13.50 10.80 12.11 LSD 13.50 10.80 12.11 LSD
(R) Resistant polis (R)

(S) Susceptible sl (S)
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Table 7- Parameters estimated from the fitting of log-logistic function to coleoptile length of susceptible and resistant biotypes

of winter wild oat in response to of fenoxaprop-P ethyl herbicide (The results are calculated as percent of control).

Coglie 42> opo(mgaill) | TERS Coglle 2> R (mgaill) | TERS
Resistance factor Biotype code  Resistance factor Biotype code

133.85(55.29)™ >102.4™ ram37 - 0.13(0.05)" o (S)
63.28(30.41)™ 30.36(7.02)™ ram38 491.39(249.07)™ 64.88(21.47)™ raml
360.89(176.2)™ 57.82(15.03)** ram39 331.54(162.13)" 43.78(13.46)" ram2
309.04(112.74)" 40.80(4.90)™ ram40 48.69(24.05)" 6.43(2.03)™ ram3
>851.33™ >102.4™ ram43 131.26(60.57)™ 17.33(4.53)™ ram4
147.26(68.62)™ 7.65(1.70)™ ram44 >851.33™ >102.4™ ramb
>851.33™ >102.4™ ram45 367.46(173.39)™ >102.4™ ramé
62.25(26.78)™ 8.22(1.43)™ ram46 355.62(141.72)" 48.52(13.55)" ram7
57.96(26.20)™ 19.44(4.85)™ ram47 256.43(113.12)" 46.95(5.59)" ram9
457.40(193.98)™ 60.39(13.42)™ ram48 515.04(210.35)" 33.86(8.52)" ramll
85.86(32.61)™ 11.34(1.33)™ ram49 >851.33™ 68.00(12.81)™ ram12
74.695(31.12)™ 11.14(1.27)" ram50 >851.33" >102.4™ raml3
762.33(398.01)"  100.65(37.94)™ ram51 68.25(28.08)™" >102.4™ raml4
333.21(156.79)**  44.00(10.32)** ram52 168.57(77.19)™ 9.01(1.41)™ raml5
127.69(52.47)** 16.86(3.30)** ram53 >851.33" 22.26(5.68)" raml17
649.09(382.90)**  85.70(36.52)** ram54 97.17(36.50)™ >102.4™ raml8
>851.33** >102.4** ram57 84.33(31.87)™ 12.83(1.27)" ram19
229.93(106.01)** 30.36(7.53)** ram58 851.33(420.08)"" 11.14(1.18)™ ram20
94.56(42.84)** 12.48(2.91)** ram60 304.71(118.76)" >102.4™ ram21
136.78(60.68)** 18.06(4.65)** ramé2 127.8(52.62)™ 40.23(7.33)™ ram22
134.57(55.49)** 17.77(3.53)** ramé3 288.29(116.96)™ 16.86(3.31)™ ram23
>851.33** >102.4** ramé4 811.28(342.07)" 38.06(8.16)™ ram24
72.75(33.75)** 9.61(2.12)** ramé6 229.93(98.82)™ 38.06(8.16)™ ram25
378.19(186.66)**  49.93(13.88)** rame68 80.46(31.08)™ 10.62(1.83)™ ram29
64.941(29.64)** 8.57(1.75)** ram71 133.85(55.29)" >102.4™ ram30
752.33(298.01)**  100.69(36.07)** ram73 63.28(30.41)™ 30.36(7.02)" ram31
170.79(89.49)** 73.58(25.77)** ram75 360.89(176.2)™ 57.82(15.03)** ram32
159.44(75.23)** 21.89(4.42)** ram77 309.04(112.74)" 40.80(4.90)™ ram33
170.79(89.49)** 22.55(7.42)** ram79 >851.33™ >102.4™ ram35
159.44(75.23)** 51.92(13.24)** ram80 147.26(68.62)™ 7.65(1.70)" ram36

P<0.01  Jlaas! pdaw p3 (gl gxo **
** Significant at p<0.01
bl e e sl Kisles jly 51 slael
The values in the parentheses denote standard error.
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Table 8- Parameters estimated from the fitting of log-logistic function to coleoptile length of susceptible and resistant biotypes

of winter wild oat in response to diclofop methyl herbicide (The results are calculated as percent of control).

Cogied2r  Gpo(mgaill | TERS Coghed2  Gpo(mgaill | TERS
Resistance factor Biotype code  Resistance factor Biotype code

>752.57" 403.66(117.28)" ram37 - 0.3 (0.05) )
>752.57" >640** ram38 >752.57" >640** raml
>752.57" 442.73(157.77)" ram40 >752.57™ >640** ram2
144.79(91.33)™ 43.23(6.72)™ ram43 174.26(51.29)™ 52.021(10.97)™ ram3
>752.57" 499.43(10.00)" ram44 592.53(181.35) 176.88(44.49)™ ram4
>752.57" >640** ram45s >752.57™ >640** ram5
258.49(68.17)™ 77.16(11.08)™ ram46 >752.57™ >B640** ramé
>752.57" >640** ram47 >752.57™ 442.73(175.38)™ ram7
450.61(123.94)" 134.50(21.99)" ram48 652.99(168.95)"" 194.93(30.68)™ ram9
>752.57" 374.33(136.13)™ ram49 >752.57™ 372.09(55.78)™ ramll
529.60(146.52)"" 158.1(9.60)™ ram50 >752.57™ >640** ram12
731.33(200.00)" 218.32(9.60)™ ram51 >752.57™ >640** raml3
>752.57" 264.14(10.00)™ ram52 >752.57™ >640** raml4
>752.57** >640** ram53 234.20(52.99)™ 69.92(6.64)™ raml5
>752.57** >640** ramb54 >752.57™ 317.53(111.86)™ raml7
310.59(65.89)** 92.72(9.50)** ram57 >752.57™ >640** raml8
>752.57** >640** ram58 >752.57™ 323.74(56.81)™ ram19
752.57(174.52)**  224.65(31.56)** ram60 481.62(125.66)™ 143.78(23.14)" ram20
286.00(68.47)** 85.37(13.03)** ram62 >752.57™ >640%* ram21
365.63(118.68)**  109.15(22.78)** ramé3 >752.57** >640* ram22
356.25(81.40)**  106.35(14.34)** ramé4 623.06(186.8) 186.00(45.36)** ram23
>752.57** >640** rame66 >752.57** 387.98(77.09)** ram24
>752.57** 463.81(78.70)** rame68 >752.57** 349.00(44.62)** ram25
>752.57** 561.53(146.73)** ram71 >752.57** 400.95(79.34)** ram29
>752.57** >640** ram73 365.62(83.26)**  109.15(15.98)** ram30
>752.57** 278.68(49.90)** ram75 354.81(75.736)**  105.92(13.03)** ram31
553.50(476.06)**  165.23(49.88)** ram77 274.83(72.71)** 82.04(15.86)** ram32
365.63(118.68)™ 142.11(31.51)" ram79 534.88(158.35)**  159.66(31.42)** ram33
>752.57" 451.35(193.85)" ram80 175.62(62.42)" 52.43(8.80)" ram35
646.95(280.83)"" 193.11(72.13)" ram36

P<0.01  Jlaas! pdaw p3 (gl gxo **
** Significant at p<0.01
bl e e sl SKisles jly 51 slael
The values in the parentheses denote standard error.
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Table 9- Parameters estimated from the fitting of log-logistic function to coleoptile length of susceptible and resistant biotypes
of winter wild oat in response to of clodinafop propargyl herbicide (The results are calculated as percent of control).

Coghod2d R (mgaill) | TERE Cogle 42> oo (mgaill) | TEES
Resistance factor Biotype code  Resistance factor Biotype code
1386.4(371.27)** 12.25(1.38)** ram37 - 0.01(0.00)** wbes (S)

>1443.9** >81.92** ram3s8 >1443.9" >81.92™ raml

>1443.9** 17.03(3.45)** ram40 >1443.9" >81.92™ ram2
1302.90(429.37)** 11.86(2.59)** ram43 310.27(104.52)** 2.82(0.67)** rams3
>1443.9** 58.01(11.97)** ram44 942.24(348.10)** 8.58(2.42)** ramé4
>1443.9** 44.84(17.54)** ram45 >1443.9™ 65.88(15.82)** ram5
409.48(185.10)** 3.73(1.24)** ram46 >1443.9™ >81.92™ ramé
>1443.9** >81.92** ram47 >1443.9" 25.41(6.69)** ram7
405.04(128.28)** 3.68(0.71)** ram48 992.12(305.68) 9.03 (1.62)** ram9
>1443.9** 34.00(7.48)** ram49 >1443.9" 33.31(6.34)** ramll
945.31(391.01)** 8.61(2.40)** ram50 >1443.9™ >81.92™ raml2
1209.5(292.12) 11.01(1.07)** ram51 >1443.9™ >81.92™ raml13
>1443.9** 36.26(8.24)** ram52 >1443.9™ >81.92™ raml4
>1443.9** 18.27(1.55)** ram53 656.91(224.63)** 5.98(1.47)** raml5
>1443.9** >81.92** ram57 >1443.9™ 15.01(3.41)** raml7
>1443.9** >81.92** ram58 >1443.9" 13.26(3.32)** rami8
>1443.9** 19.53(3.13)** rame0 1400.00(388.25)** 12.74(2.11)** ram19
>1443.9** 79.48(17.90)** rame62 >1443.9" 40.44(5.72)** ram20
1443.90(497.68)** 13.14(2.97)** rame63 >1443.9" 31.04(4.93)** ram21
1162.4(335.89)** 10.58(1.74)** ramé4 >1443.9™ >81.92™ ram22
>1443.9** 32.83(6.57)** rame6 >1443.9™ 19.53(3.74)** ram25
>1443.9** 23.55(4.99)** ramés >1443.9™ >81.92™ ram23
>1443.9** 56.42(21.65)** ram71 >1443.9™ 75.36(24.15)** ram24
>1443.9%* >81.92** ram73 >1443.9™ >81.92™ ram29
>1443.9** 20.52(3.75)** ram75 >1443.9™ 13.25(2.54)** ram30
>1443.9™ 19.31(3.95)** ram77 >1443.9™ 13.88(3.70)** ram31
>1443.9™ 32.38(4.56)** ram79 >1443.9™ 20.32(4.63)** ram 32
>1443.9" >81.92"" ram80 >1443.9™ 21.31(4.44)** ram 33
310.26(108.44)** 2.82(0.70)** ram35

983.48(377.37)** 8.95(2.63)** ram36

P<0.01  Jlois! plaw ;5 (g,ls gxo ¥*
** Significant at p<0.01
ibe slne olbs Sisles julyy J51 slael
The values in the parentheses denote standard error.
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Table 10- Parameters estimated from the fitting of log-logistic function to coleoptile length of susceptible and resistant
biotypes of winter wild oat in response to haloxyfop-R methyl ester

g S5 (d) YL as (D) oo cand ECso Cuoglio as b
Biotype code Upper limit (d) Slope (b) mga.i.l* Resistance factor
o (S) 98.84(2.14) 0.65(0.05) 0.013(0.0007) -
ram1 99.97(3.67) 1.23(0.23) 3.58(0.62) 424.35(69.45)
ram15 100.05(3.67) 0.92(0.11) 5.35(0.81) 284.50(52.27)
rama 100.12(3.67) 1.33(0.28) 3.69(0.62) 292.93(53.03)
rami8 99.92(3.68) 0.93(0.12) 5.08(0.79) 403.11(67.31)

pSOOl Jlo.bl a.‘a.m 5 d)ll@.ﬂb ek
il Jlre slad Siales 53l 3 sl ()
** Significant at p<0.01
() values in parentheses denote standard error.
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Table 11- Parameters estimated from the fitting of log-logistic function to coleoptile length of susceptible and resistant
biotypes of winter wild oat in response to clethodim

d) yu ) . )
Guigm oS U( ) ¥ I» () ove cuns ECso Cuoglio as b
Biotype code F(’gf rlimit Slope (b) mg a.i.L? Resistance factor
o (S) 99.52(6.35) 0.64(0.12) 0.0011(0.0004) -
raml 99.05(6.40) 0.68(0.12) 0.0021((0.0007) 1.96(1.07)
raml5 99.25(6.38) 0.69(0.12) 0.0016(0.0006) 1.48(0.81)
ram4 99.43(6.36) 0.55(0.11) 0.0012(0.0006 1.16(0.71)
raml8 99.47(6.35) 0.55(0.11) 0.0013(0.0006) 1.20(0.73)

P<0.01 Jls! daw j3 (g)lo gino s

ibge slore sllad Soled sl J31s slael ()
** Significant at p<0.01
() values in parentheses denote standard error.
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Table 12- Parameters estimated from the fitting of log-logistic function to coleoptile length of susceptible and resistant
biotypes of winter wild oat in response to pinoxaden

g 5 d) Yu (0) oo ECso Cuoglile ,ad b
Biotype code Upper limit (d) Slope (b) mg a.i.L* Resistance factor
o (S) 94.68(4.32) 1.71(0.34) 0.10(0.01) -
rami 100.71(5.48) 0.75(0.14) 0.14(0.04) 1.34(0.40)
ram15 100.56(5.51) 1.18(0.32) 0.11(0.02) 1.10(0.25)
ram4 100.29(5.53) 1.384(0.32) 0.12(0.02) 1.15(0.26)
rami8 100.30(5.53) 1.30(0.29) 0.12(0.02) 1.16(0.25)
P<0.01 Jls! gdaws 3 (gl gme s
A3l o slee glas Sisles gl J5s slael ()
** Significant at p<0.01
() values in parentheses denote standard error.
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Figure 2- a) Distribution map of the fields putatively infested with winter wild oat
b) Distribution map of winter wild oat biotypes resistant to fenoxaprop-P ethyl, diclofop methyl and clodinafop propargyl
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1- Reactive management
2- Proactive management
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Introduction: Weeds are wild plant species which grow in agricultural ecosystems and compete with crops
for resources such as water, nutrients, light, and space. Wild oat is reported as one of the most troublesome
autumn weeds in croplands and its dominant species in Iran is winter wild oat (Avena ludoviciana Dur.).
Herbicide resistance is the inherent ability of a weed biotype in survival after being exposed to a rate of herbicide
which would be lethal to the wild type species. In the recent years, there have been several reports on the
occurrence of herbicide resistance in Golestan province. The following research was conducted to identify the
ACCase- resistant winter wild oat biotypes and generation of distribution map for the resistant biotypes in wheat
fields of Ramian Township.

Materials and Methods: The present study was conducted in 2017-2018 at the greenhouse and Weed
Science laboratory of Gorgan University of Agricultural Sciences and Natural Resources. Plant material included
80 putatively resistant winter wild oat biotypes which were collected from 100 wheat fields of Ramian
Township. The susceptible biotype was also collected from the regions with no history of herbicide spray. Three
Acetyl coenzyme A carboxylase (ACCase) inhibiting herbicides including clodinafop propargyl, fenoxaprop-P
ethyl, and diclofop methyl which are common graminicides applied in wheat fields of the country were used to
confirm the occurrence of resistance in winter wild oat biotypes. Three herbicides including pinoxaden,
clethodim, and haloxyfop-R methyl ester were also applied on the biotypes as the possible alternative herbicides.
First the winter wild oat seeds were hulled by hand. To obtain a more uniform germination, the seeds were
placed in 9 cm Petri dishes topped with a filter paper and 2.5 mL of distilled water was added to the Petri dishes.
Then, the Petri dishes were transferred to a refrigerator with a temperature of 4-5°C under darkness conditions.
After pre-chilling, the petri dishes were incubated at the room temperature to germinate. To perform the
discriminating concentration, pre- screening and concentration- response assays, 10 pre- germinated seeds from
each biotype were placed on the Petri dishes as described above, then were treated with various concentrations of
the mentioned herbicides. Three Petri dishes were used for each concentration, with each Petri dish serving as a
replicate. Also, the Petri dishes treated with distilled water were regarded as control. The Petri dishes were kept
at the room temperature for seven days and then the length of their coleoptile was measured. Four parametered
log-logistic function was fitted to the data using R software (drc package). ArcGis V.10.3 was used to generate
the distribution map of the herbicide- resistant biotypes.

Results and Discussion: Results of the present study indicate the confirmation of resistance to clodinafop
propargyl, fenoxaprop-P ethyl, and diclofop methyl herbicides in 58 out of 80 winter wild oat biotypes gathered
from wheat fields of Ramian Township. Resistance factor to clodinafop propargyl, fenoxaprop-P ethyl, and
diclofop methyl herbicides were 48.69 to >851.33, 52.57 to >752.57, and 310.27 to >1443.90, respectively. For
further investigation on the response of these resistant biotypes, three herbicides including pinoxaden, clethodim,
and haloxyfop-R methyl ester were applied on the biotypes as a Petri dish assay. Two biotypes with the highest
resistance factors (raml, ram18) and two with the lowest resistance factors (ram15, ram4) were selected for this
assay. In the haloxyfop-R methyl ester treatment, the highest and lowest resistance factors were observed in
ram1 with 423.35 and ram15 with 284.50, respectively. In the other two herbicide however, resistance factor had
no significant difference with the value 1. Application of herbicides possessing different modes of action may
lead to elimination of both susceptible and resistant biotypes. However, this will serve as a new selective
pressure which will eventually result in intensification of resistance and furthermore, evolution of cross and
multiple- resistant species. Thus, meticulous application of integrated weed management methods are of great
importance to prevent or delay the evolution of resistance to herbicides.

Conclusion: Implementation of cultural methods for weed management and preventing the distribution of
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herbicides to which the weeds have readily developed resistance will lead to reduction of selective pressure.
Adoption of crop and herbicide rotation principles will serve as a tool to debilitate the weed in competition with
the crop, which in long term may contribute to reduced frequency of resistant alleles.
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