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ABSTRACT
This study was conducted to investigate the resistance of problematic grass weeds including winter wild
oat (Avena ludoviciana), annual ryegrass (Lolium rigidum) and canary grass (Phalari minor) to
commonly used herbicides in canola fields at Iranian Research Institute of Plant Protection in 2019 in a
completely randomized design with four repetitions. For this purpose, 29 accessions of wild oat, 15
accessions of ryegrass and 8 accessions of canary grass were collected from canola fields located in Fars,
Mazandaran, and Ardabil provinces. After growing under controlled conditions, seedlings of the weed
species were exposed to the recommended doses of haloxyfop-R-methyl, sethoxydim, cycloxydim and
clethodim herbicides at 2-3 leaf stage. Fresh and dry weights and survival percentage of plants were
measured four weeks after treatment. Based on fresh weight reduction, 86.7%, 66.7% and 60% of annual
ryegrass accessions were resistant to haloxyfop-R-methyl, sethoxydim and cycloxydim, respectively.
Also, 25% of canary grass accessions were resistant to haloxyfop-R-methyl, based on fresh weight loss,
while 12.5% of accessions were classified as suspected resistant to sethoxydim. Based on fresh weight
reduction, 31% of 29 wild oat accessions were resistant to halloxypop-R-methyl and only one accession
was resistant to clethodim. The occurrence of definite resistance in other wild oat accessions to the three
dim herbicides was not confirmed. Generally, resistance of narrow-leaved weeds to some commonly used
graminicides in broadleaf crops such as canola has been developed; Therefore, it is recommended to

restrict application of herbicides with the same mechanism of action, while following crop rotation.
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Table 1. Herbicide application (graminicide) and cropping histories from 2012 to 2018 at the locations where winter wild oat
populations were collected

Weed Province Accession Coordinates Crop planted (Year) Graminicide used (Year)
species sampled Code Longitude Longitude
Ave;ng Fars F5 673878.31 3305402 51 wheat (2), canola (3) clodinafop-propargyl (2),
ludoviciana haloxyfop-r-methyl (3)
F6 675546.66 3301733.36 wheat (2), canola (3) clodinafop-propargyl (2),
haloxyfop-r-methyl (3)
F7 66419110 3307102.69 wheat (2), canola (3) clodinafop-propargyl (2),
haloxyfop-r-methyl (3)
F8 648315.76 3090252 53 wheat (1), canola (4) clodinafop-propargyl (1),
haloxyfop-r-methyl (4)
F9 wheat (3), canola (2) haloxyfop-r-methyl (2),
653323.61 3279245.34 sulfosulfuron+metsulfuron,
clodinafop-propargyl
F10 653303.61 307923534 wheat (1), canola (4) clodinafop-propargyl (1),
haloxyfop-r-methyl (4)
F11 wheat (1), canola (4) clodinafop-propargyl (1),
653333.61  3279255.34 haloxyfop-r-methyl (4)
F12 653343.61 3279265.34 canola (3), wheat-maize (2) pinoxaden (2), cycloxydim (3)
F13 651389.24 3301378.37 canola (4), wheat-maize (1) pinoxaden (1), cycloxydim (4)
F14 651399 24 3301398.37 canola (2), rice, fallow, wheat cycloxydim (2), clodinafop-
propargyl, butachlor
F15 canola (2), rice (2), wheat cycloxydim (2), clodinafop-
62819357  3216118.36 propargyl, butachlor (2)
F16 617023.60 3197529 78 wheat (3), canola (2) clodinafop-propargyl (3),
haloxyfop-r-methyl (2)
F17 617043.60 319754978 wheat (3), canola (2) clodinafop-propargyl (3),
haloxyfop-r-methyl (2)
F18 wheat (2), canola (3) clodinafop-propargyl (2),
64722448  3371527.62 haloxyfop-r-methyl (3)
F19 57735313 3095076.45 wheat (2), canola (3) clodinafop-propargyl (2),
haloxyfop-r-methyl (3)
F20 564571.60  3276526.66 canola (5) haloxyfop-r-methyl (5)
F21 57735313 3095076.45 wheat (2), canola (3) clodinafop-propargyl (2),
haloxyfop-r-methyl (3)
F22 564591.60 3076546.66 canola (3) clodinafop-propargyl (2),
haloxyfop-r-methyl (3)
F23 559691.30 3283886.89 canola (5) haloxyfop-r-methyl (5)
F24 559701.30 3083896.89 canola (5) clodinafop-propargyl (2),
haloxyfop-r-methyl (3)
F25 636530.37 3330743.81 canola (5) haloxyfop-r-methyl (5)
F26 639648.66 3338172.66 wheat (2), canola (3) haloxyfop-r-methyl (2),
sulfosulfuron+metsulfuron
F27 wheat (2), canola (3) haloxyfop-r-methyl (2),
647574.33 3345666.45 sulfosulfuron+metsulfuron (2)
Mazandaran M1 4046501 702825.2 wheat (4), canola (1) -
M2 4047084.32 wheat (3), canola (2) clodinafop-propargyl (3),
700633.21 haloxyfop-r-methyl (2)
M3 4048125.10 703753.11 - -
Avrdabil AR1 4384580.02 744410.15 wheat (5) clodinafop-propargyl + pinoxaden
AR2 4389059.21 246874.42 wheat (4), canola (1) clodinafop-propargyl (2),
pinoxaden (2), haloxyfop-r-
methyl (1yr)
AR3 4384465.76  744700.41 wheat (4), canola (1) -
Lolium Fars F10 660799.95 3205445.08  wheat, fallow, rice, canola (2) clodinafop-propargyl, butachlor,
rigidum cycloxydim (3)
F11 665937.43 3187044.81 wheat, rice (2), canola (2) clodinafop-propargyl, butachlor (2),
cycloxydim (3)
F12 662502.19 3199927.08 wheat (3), canola (2) clodinafop-propargyl (3), cycloxydim
2
F13 667430.73 3196302.83 wheat (2), canola (3) clodinafop-propargyl (2), cycloxydim
©)
F14 3197529.78 617023.60 wheat (2), canola (3) clodinafop-propargyl (2), haloxyfop-
r-methyl (3)
F15 3206866.44 626672.75 wheat (2), canola (3) clodinafop-propargyl (2), haloxyfop-
r-methyl (3)
F16 3195733.44 621918.34 wheat (2), canola (3) clodinafop-propargyl (2), haloxyfop-
r-methyl (3)
F17 3208610.14 616911.23 wheat (2), canola (3) clodinafop-propargyl (2), haloxyfop-

r-methyl (3)



(MY Saclcale ls doms /(VE0 ) O, K0 5 alala

AL

wheat (2), canola (3)

wheat (2), canola (3)

wheat (2), canola (3)
wheat (4), canola

wheat (3), canola (2)
wheat (4), canola
wheat (3), canola (2)

wheat (3), canola (2)

wheat (3), canola

wheat (5)

wheat (4), canola
wheat (4), canola

wheat (5)
wheat (3), canola (2)

sulfosulfuron (2), clethodim (3)
sulfosulfuron (2), clethodim (3)
sulfosulfuron (2), clethodim (3)
clodinafop-propargyl (2),
mesosulfuron+idosulfuron (2),
haloxyfop-r-methyl
clodinafop-propargyl (3), clethodim
clodinafop-propargyl (2), clethodim
clodinafop-propargyl (2), pinoxaden,
haloxyfop-r-methyl (2)
clodinafop-propargyl (2),
mesosulfuron + idosulfuron,
haloxyfop-r-methyl (2)
clodinafop-propargyl (2),
mesosulfuron + idosulfuron,
haloxyfop-r-methyl
clodinafop-propargyl (3),
mesosulfuron + idosulfuron (2)
haloxyfop-r-methyl (4), clethodim
clodinafop-propargyl (4), haloxyfop-
r-methyl
clodinafop-propargyl (4), pinoxaden
clodinafop-propargyl (3), haloxyfop-

F24 3241938.05 624666.06
F32 3360239.15 631357.03
F33 3395677.49 656477.18
Mazandaran M1 3994405.94 663861.22
M2 4025041.12 559142.34
M3 4022173.84 543015.19
Avrdabil AR1 4280351.08 754225.37
Phalaris Mazandaran M1 4008227 723811.9
minor
M2 4052273.94 639479.61
M3 4053587.36 638550.3
M4 4054425.36 640091.21
M5 638471.79 4054651.43
Ardabil AR1 4391027.71 752095.04
AR2 4391882 753206.7
AR3 4388365.66 754827.59

r-methyl, cycloxydim
clodinafop-propargyl (3), haloxyfop-
r-methyl, cycloxydim

wheat (3), canola (2)

-No information available.
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Table 2. Specifications of ACCase inhibitor herbicides used in the experiment

Family name Common Name Trade Name Formulation Recommended field
rate (L ha™)
Aryloxyphenoxypropionate Haloxyfop-R-methyl Gallant Super EC 10.8% 0.75-1
Cyclohexanedione Clethodim Select Super EC 12% 1
Sethoxydim Nabu-S EC 12.5% 3
Cycloxydim Focus EC 10% 2
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Table 3. Annual ryegrass accessions survival, fresh and dry weight reductions compared to control and herbicide resistance
classification to haloxyfop-r-methyl (aryloxyphenoxypropionate (fop) familly herbicid) from ACCase inhibitors according to the

resistance rating systems designed by Adkins et al. (1997) and Moss et al. (2007).

Chemical Herbicide Province Accession % of control Rating system *
family Survival Dry weight Fresh weight Adkins Moss
reduction
Fars F10 62.5 86.0 12.6 R RRR
> z F11 68.7 100 84 R RRR
< <} F12 68.7 94.9 5.9 R RRR
g < F13 62.5 100 6.1 R RRR
3 S F14 55.0 89.9 9.4 R RRR
3 - F15 55.0 83.5 30.5 R RRR
e E F16 78.7 100 0.0 R RRR
3 2 F17 65.0 62.0 26.4 R? RRR
S 5 F24 59.2 83.2 28.7 R RRR
g = F32 63.7 81.5 4.6 R RRR
2 5 F33 78.3 87.5 10.3 R RRR
> o Mazandaran M1 29.2 48.3 72.6 S R?
3 -rgp M2 375 27.3 72.7 S R?
~ = M3 82.5 84.8 245 R RRR
Ardabil AR1 36.6 44.2 61.6 S RR
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Table 3. Annual ryegrass accessions survival, fresh and dry weight reductions compared to control and herbicide resistance
classification to cyclohexanedione (dim) from ACCase inhibitors according to the resistance rating systems designed by Adkins et al.
(1997) and Moss et al. (2007)

Chemical Herbicide Province Accession % of control Rating system*
family Survival  Dry weight  Fresh weight reduction Adkins Moss
Fars F10 64.1 83.1 50.6 R RR
F11 5.0 46.5 81.9 S S
F12 73.7 85.6 23.6 R RRR
» F13 16.7 44.4 81.1 S S
% F14 55.0 55.5 45.0 R? RR
g F15 63.3 54.1 62.1 R? RR
§ F16 91.7 86.1 19.6 R RRR
3 F17 47.5 44.0 70.5 S RR
= F24 175 40.7 81.0 S S
é’- F32 40.7 39.1 76.0 S R?
n F33 56.7 515 60.2 R? RR
~ Mazandaran M1 83.3 85.2 14.1 R RRR
M2 95.8 91.7 10.2 R RRR
M3 88.7 88.3 9.9 R RRR
Ardabil AR1 10.0 341 81.7 S S
Fars F10 50.0 64.5 50.7 R? RR
F11 39.6 66.4 65.0 S RR
F12 313 46.8 81.1 S S
o F13 16.7 50.5 65.4 S RR
g—’ g F14 55.0 82.4 415 R RR
= 2 F15 55.0 60.9 71.4 R? RR
g < F16 32.9 54.3 72.4 S R?
3 5 F17 47.5 47.9 81.0 S S
g' T F24 18.3 50.0 80.5 S R?
o) g F32 3.6 42.3 88.6 S S
I é F33 35.0 47.7 71.4 S RR
Z Mazandaran M1 88.7 81.2 25.6 R RRR
M2 78.6 63.0 51.8 R? RR
M3 76.2 76.6 37.2 R? RR
Ardabil AR1 39.7 46.3 72.2 S R?
Fars F10 0.0 26.8 83.6 S S
F11 0.0 30.8 88.1 S S
F12 0.0 24.4 84.4 S S
@) F13 0.0 23.6 87.8 S S
2 F14 0.0 215 92.0 S S
2 F15 0.0 323 91.9 S S
3 F16 0.0 411 80.6 S R?
03 F17 25.0 33.3 83,5 S S
@ F24 0.0 13.9 89.8 S S
s Fars F32 0.0 26.1 89.3 S S
5 F33 0.0 25.1 85.0 S S
2 Mazandaran M1 0.0 29.1 93.1 S S
M2 0.0 39.9 86.7 S S
M3 0.0 40.9 85.0 S S
Ardabil AR1 36.6 10.6 95.6 S S

Les 55 ol 2815 s einls OLES Cnglin S 5o
sScde 5l ol WS V_,JMS,.L{M SSde
2 M3 5 M2 shaess aSgsbar o oS s
ol s pslie Yzl o5 S 55 2S5 as el
koS g iSle & (RR) pslis 455 55 ple i)
el 5 ML ea g adas Coaslie axdl i S 13
4L S s S ile « Slesl 3y5e s 53

(8 Jsd=) A

o Caslie wn ool Okl Glres s wlis
SIS L LSy o 035 4w 3 s S Sl
Olas ahaisle ol 31 el L;Jj@? M3 ; M2 M1
) Sy e Sloes 5 st 4 SESle 1ol oS 5l
Slas p 38 aw a5 Sl 03,5 J xS Olial ol s
oS Sede 4 b (hs s e b b
b LNk Okl Sl e aw ol (8 Jsds) sy,

PSde 4 ple (Shuad) e 5 5SSl i, Sles


https://www.google.com/search?rlz=1C1GCEA_enIR807IR807&sxsrf=ALeKk02KbHGnzC_4wksBWVg-WtmIyqO0GQ:1589474810319&q=cyclohexane+dion+herbicide&spell=1&sa=X&ved=2ahUKEwih6cqL57PpAhUtzIUKHfMjDpgQkeECKAB6BAgLECY

AQ ...\;JS@\}»@\)L;LAU:SJ;fﬁ@juwgﬁ&)l{jﬁduu_&ou)ua

imman ol 0L Caslise oS ISl o
Ol 31 eSS pzer Glasise 51 o) W 350
© (RR 5 RRR) pslis glaess o35 53 )l
23 S S B S IS S s Sl
S he,s jho g Ve (£0/0 (05 el Aoy bl
Slaobal 5 e wallls 5550 0z Glaes s
S IS ASlle 4 Jua)l 5 OLle (b
Jol w4 g b calply Lol 0L Caeglis
e Sled s 53 b Caslie 4S5 S O OlF
Al iScile 4 0Ltk 5 ol sladkial Al
J= > (ACCase o5 ,ls5L) =25 s o3l gl oo
bessi (o $xS03 s @ e ol 228
a Caslie 4 S S b pslis Vorml (glaes i o5 55
gl Ao O ae 51l cadlas syse gla Sl
Sbrl bl HLEs B 38 Cmiles polpe 5o L iSile
o,lss Ol 5 AL ials b iScile opl 51 36 e
Jdas skea prow e 3 Laisile ol )
v 03 23S e IS ol s e acile
e el 5 ol ladlial () 5,50 Ol
polis dlucSy oz lres s sldad o 2eS 5 o il
sls 1y Gaalasl ool s eslizal 5 5e sla iSile «
S iSde & o Cuglie J5p 4 ey Lol
S gl e slgl (s ol 53 ACCase o sls 5L
Sl Caslis ) p skien 5 g Slalllas s
Bpdeslinal 35 iSCile glaes S slu

odlpls piSile 4 Jyene BlaSgd laodg Cunglia
<9

S Sligs 5 gy s SdE Sl bl
ol 3 el gy j@? M5 , M4 M3 M2 M1)
(b3l 250 Glaes s 3l S a6 sls 0L Ok
LIl Ol e o S Il iSde 4 el
(0 Jsa)

ARL s 57 oo 5 aw Caslie Sy Condy oz
4 Jeasl Okl 3l ead soslaex ARS 5 AR2

& Jussl Okl Sl edd goslaer ARL 5 sl
DS LB 0ptlSa S alpls oSl
e e 3 Ay bl oS e s s
5 opteSse s Asaile b sode
Ll o5 ol Ll ol DL ol oS SIS
2o Seaslie 4 S S 0y 8 5 5 Uiy Sl s
ASeils 4 el s S s Sl By e
(E Jdr) S8 5 513 S IS

ey o8 V0 5L G5y Sl sl 5o Kb
o Sase Ses s Ay s TW AW Wl
i bogS e slhpisaile 6 e
4 Js Lol 0L Caeslie eSSl 5 oS g2
ey e ak (b Okl 5l (F16) o5 S 5
sy o i3 glS ESCile el 5 se LS
e sbes Sl F sl a4 4 s L s
LSl 4 s 5 Ll eyl ladlil 5l Al
Arr e S 2 D sl 4 Jie sl B S
ol 4 O Gladkal 3l lesg ul doys Ve 5 Y
FS O S st pl s pilie Sl
el 6 A ey by Caslis
oy el bl ol o3l SCiS s LSl
Golsp ised 0 polie > e iSile S pae Gl
davl pay bl HLis rll Kby sy 4 ) Jsax)
B N T P T CRR P P
Sacleile Bl el s Sl
O Jsdr) il o i dS sladle b S L
O T S PP Y N [P SO S VO
oSy ASile e
IS 2 L 2l G aeS dlaes) 050080 IS
0355 V0 5l &S g, sbas ol YL Jl oz Ses s

a)bjl}'— )l

-\V Li_,?u“ 4dl.'(.-l‘ A )J )JAQLLQ Lﬁ‘ I Lg))TCQ}
53 Al QLA sl oS i Sile 4 Ao
(M)J\")w).?wﬁcw)ﬂbjjﬂ Qt‘w‘dw.ru.:.:



(MY aclacale ls das /(080 0) O 5 alule q»

o S S Caslie 6 S Sie elas slae s
Ob sl Gl nl by (0 ) w5515 e slie
OSls 4 Jpens pls s e Caslis 5,
5l S BIS gl s Jre oSl

Al S

5008 Sl pelel e S8 S e iSCile
e)ﬁ)s%j@uasjwlés\sow.uqu
4 (RR) r)LEA)(RR) NLEA (R?) Coslin 4 S SCie
UNLA\J)J}SJA L;LAn}j: wﬁ )‘jﬁ )js.)w JZS;.LLP

055 5 e pa (Sis 055 5 Sleedis) mSsl i,

oS le & Cuglile (gabdiwd 9 LS b dmglie ;5 (ilg (Job W 0395 SUES (359 9 P 0j9 GRS (Flesij weoyd -0 Jgaa
OlyKod g 3083 gy (wlw! 3 ACCase (goui a3l 0955 31 ((293) lUgarg y oS 958 oS 3l 5 2319315 ) hsio— 31~ 298 causS gl
{Moss etal., 2007) !, ¢ (wlo g (Adkins et al., 1997)

Table 5. Canary grass accessions survival, fresh and dry weight reductions compared to control and herbicide resistance
classification to haloxyfop-r-methyl (aryloxyphenoxypropionate (fop) familly herbicid) from ACCase inhibitors according to the
resistance rating systems designed by Adkins et al. (1997) and Moss et al. (2007)

Chemical Herbicide Province Accession % of control Rating system *
family Survival  Dry weight  Fresh weight reduction ~ Adkins  Moss
§ 5 _ Mazandaran M1 24.4 90.7 S S
83 2 M2 16.5 933 S S
2 °E’ = M3 17.1 934 S S
35 &8 M4 20.3 92.8 S S
3 28 M5 16.8 94.2 S S
< g Ardabil AR1 175 320 73.1 S R?
E s AR2 50.0 53.9 48.4 R? RR
= AR3 51.7 59.9 64.9 R? RR
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Table 6. Canary grass accessions survival, fresh and dry weight reductions compared to control and herbicide resistance
classification to cyclohexanedione (dim) from ACCase inhibitors according to the resistance rating systems designed by Adkins et al.
(1997) and Moss et al. (2007)

Chemical Herbicide  Province name  Accession % of control Rating system *
family Survival Dry weight  Fresh weight reduction Adkins Moss

® Mazandaran M1 0 22.0 90.7 S S

%—' M2 0 28.9 90.8 S S

= M3 0 16.5 87.9 S S

= M4 0 17.4 91.7 S S

2 M5 0 256 89.6 S S

g Ardabil AR1 9.2 25.0 83.3 s s

< AR2 125 30.3 77.2 S R?

&£ AR3 42 336 82.6 S S

Q o Mazandaran M1 0 39.8 94.3 S S
S s M2 0 37.0 90.7 S S
@ g M3 0 215 87.3 S S
> S M4 0 233 93.8 S S
= 3 M5 0 29.8 923 S S
= py Ardabil AR1 0 20.1 91.1 S S
Q 2 AR2 0 25.8 82.4 S S
S =~ AR3 0 325 86.2 S S
Mazandaran M1 0 26.4 96.2 S S
o M2 0 15.5 96.5 S S
" 3 M3 0 12.0 93.9 S S
s M4 0 13.2 95.6 S S
g3 M5 0 16.3 953 S S
& Ardabil AR1 9.2 27.3 84.4 S S
& AR2 9.2 20.8 82.7 S S
AR3 4.2 22.5 87.4 S S
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Table 7. winter wild oat accessions survival, fresh and dry weight reductions compared to control and herbicide resistance
classification to aryloxyphenoxypropionate (fop) from ACCase inhibitors according to the resistance rating systems designed by
Adkins et al. (1997) and Moss et al. (2007)

Chemical Herbicide Province Accession % of control Rating system *
family Survival Dry Fresh weight Adkins Moss
weight reduction
Fars F5 0.0 30.8 86.5 S S
F6 0.0 41.9 82.1 S S
F7 8.3 345 85.1 S S
F8 58.3 55.3 55.8 R? RR
F9 0.0 455 813 S S
F10 4.2 34.0 87.0 S S
F11 0.0 40.6 83.9 S S
F12 0.0 30.8 84.5 S S
> T F13 62.5 57.5 56.7 R? RR
3 % F14 54.2 58.6 62.7 R? RR
e S F15 0.0 40.4 84.9 S S
s %“ F16 42 385 86.8 S S
3 + F17 0.0 314 86.5 S S
g 3 F18 0.0 39.0 84.5 S S
s §- F19 0.0 234 91.0 S S
é ,5 F20 4.2 36.1 86.3 S S
=) & F21 0.0 28.3 87.9 S S
3 oy F22 42 335 86.9 S S
Pig @ F23 42 239 86.9 S S
% 5 F24 0.0 281 86.3 s s
~ = F25 62.5 83.5 35.9 R RRR
F26 66.7 86.9 35.7 R RRR
F27 54.2 89.2 39.1 R RR
Mazandaran M1 0.0 34.8 84.3 S S
M2 0.0 338 84.8 S S
M3 125 44.4 85.0 S S
Ardabil AR13 62.5 100.0 2.2 R RRR
AR14 66.7 100.0 28.2 R RRR
AR15 75.0 100.0 10.2 R RRR
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Table 8. winter wild oat accessions survival, fresh and dry weight reductions compared to control and herbicide resistance
classification to cyclohexanedione (dim) from ACCase inhibitors according to the resistance rating systems designed by Adkins et al.
(1997) and Moss et al. (2007)

Chemical Herbicide Province Accession % of control Rating system *
family Survival Dry Fresh weight Adkins Moss
weight reduction
F5 42 418 83.9 S S
F6 42 41.9 82.2 S S
F7 42 44.9 85.4 S S
F8 8.3 39.0 83.5 S S
F9 42 411 82.1 S S
F10 8.3 38.0 86.5 S S
F11 8.3 417 82.3 S S
F12 8.3 318 84.3 S S
F13 42 29.0 87.0 S S
F14 8.3 28.4 85.9 S S
F15 42 34.8 85.5 S S
& Fars F16 125 46.9 85.3 S S
g F17 125 33.3 85.0 S S
ks s F18 12.5 40.8 83.5 S S
g 3 F19 20.8 445 83.3 S S
3 Z F20 16.7 447 85.0 S S
5 g F21 0.0 34.7 87.7 S S
o & F22 42 343 87.0 s s
S F23 42 28.8 87.7 S S
o F24 0.0 26.3 87.5 S S
5 F25 375 441 79.6 s R?
= F26 25.0 36.1 81.2 S S
F27 20.8 375 83.9 S S
Mazandaran M1 8.3 38.4 81.8 S S
M2 8.3 44.0 815 S S
M3 12.5 31.2 82.4 S S
Ardabil AR13 42 47.9 817 S S
AR14 42 43.9 82.3 S S
AR15 42 37.1 82.6 S S
Fars F5 8.3 454 81.7 S S
~L F6 8.3 46.6 81.1 S S
g g F7 8.3 36.8 85.2 S S
5% F8 12.5 39.2 81.4 S S
3 F9 16.7 42.4 815 S S
F10 16.7 38.0 85.5 S S
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Mazandaran M1

Ardabil AR1

Fars F5
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Mazandaran M1

M3

Ardabil AR1
AR14
AR15

12.5 43.3 85.9 S S
4.2 314 85.1 S S
12.5 32.0 86.9 S S
4.2 35.0 84.9 S S
8.3 44.3 85.2 S S
42 34.2 85.7 S S
8.3 33.8 86.3 S S
4.2 39.0 84.6 S S
12.5 27.4 90.0 S S
4.2 29.4 86.3 S S
8.3 33.7 85.5 S S
8.3 345 89.5 S S
0.0 23.0 89.1 S S
4.2 30.7 87.2 S S
4.2 33.7 85.1 S S
20.8 46.9 733 S R?
125 40.6 76.8 S R?
0.0 25.4 90.2 S S
0.0 323 86.7 S S
4.2 34.2 86.1 S S
8.3 47.9 82.0 S S
125 44.8 81.3 S S
8.3 48.0 81.9 S S
4.2 34.1 84.9 S S
8.3 36.6 81.4 S S
8.3 33.0 85.6 S S
12.5 47.4 815 S S
8.3 42.7 81.1 S S
8.3 32.9 86.8 S S
4.2 38.3 85.3 S S
8.3 32.2 85.3 S S
375 49.7 66.2 S RR
41.7 49.1 75.1 S R?
42 35.1 84.9 S S
8.3 38.0 85.9 S S
8.3 32.9 85.7 S S
42 43.6 83.4 S S
8.3 31.9 84.3 S S
4.2 39.5 85.7 S S
9.2 43.6 81.8 S S
5.0 43.9 82.7 S S
20.8 42.9 81.0 S S
8.3 27.1 83.9 S S
25.0 41.0 813 S S
20.8 28.1 72.7 S R?
42 40.3 83.5 S S
12.5 36.5 82.1 S S
8.3 44.0 815 S S
42 31.0 83.2 S S
16.7 36.4 81.4 S S
8.3 41.6 88.8 S S
12.57 36.0 85.7 S S

035 Y4 Slesg K aS 55 Syse pl (e o3 gl
55 55 e s el dlis sy
3 koS s S Sl 4 (R?) Caslis 4 S S
bl se w5 YA 5 23S 15 S IS
SScde g ol a5 Sel g Wl Gy g e Wl
350 sy o8 0 edlea Loy el
055 53 oo s ool e otlesl cnl s s
A sl e 4 R?) cuslie 4 S S0
S us ASeie pl 4 Caglis 5 45 Jlss ks S

2ol sV b3l 3y5e 035 YA o
Aoys YV sl 5 O3y el dss Ay, el
o3l gl 5l e O Sl iSCie 4 bk e
w bgje e an S Jl s sl Ol Caslie e 53
bl S Sle & L ol
slerg 31K a2 el Ol sl
Ohaisle Olial 5 asllas 5,50 wliwsy sV
Oeomed AL Al AScide ol 4 Cwslis Gy,
sl iscale @ dliny i 58V laes g Sy



40 ...\}15@1}‘@\)L;uuisua;fﬁ@;upgﬁ&)qjﬁduwu)w

55 Lol Jige 5,008 oy dow 3 Sl
e JRS e plplh st ol gl
s LS e e P s
S S S Gl s e sy
ol Sole, bl iScdle pnl a5l g o oluaslie
Ll Sacie Copte sty s Lol jes
sdalie Lpd 30 o 5 SO (o)) S SST
Caglin Candy 5 IS Uile G e w2u2S sla S
Ozl 5 ol ol s S oz gleers
o b piSils s 5,08 S das e 0l
Sl Sl 5L (LIB1 e ol 03 OLSG Joe
R R SR P W BT ] UGNV Iy WA GIV P
Lol ool wlin gl iScde G pae ezl
Sheslimad 5 plesd b Gla s, SIS 2 S0
S B o,S Ul s sy SSle slaes 5 S0
I 53 ey 2 sl 2l Caslie (gl o]
RIS W O PR AN P R\ ER T
b Bl e b ogsne slahy, Sl eslinal e
L iSde a4 pslis 5 alacile Oy e 5 J S Gl
Jelse Ay o Shaiay (Owen et al., 2016) L5 S slgiy
© GilS e p & (oladl sl Cilse
22 S 8 il e b B0 S e b gladan 50
S 3l D5 pliS B s olg e Sla e 3551
03 ke Dlged Y e slals bl (65,0
g e O3S il 5 o) LSJ:f(":""“-’ Sl
s laisaile G e dile 5 oS S e b
Ay o3 eilizes Gladlial 53 edd (sl ses gl 5
S Jlste Bae (LS £ e elies Ll 550 e
WJlo Olgsar 3)ls 352y Caslis 55, 5 SASCils
OSle pas elan 4 LIS 5 S Jige S
—oBls S 5 S s e i Sl
Rlo banlie 5o g xS Sl eaS 5o L5oks e
San 3l B8 AT pde 3l e sy aiSile

aile W w Jolaze sla fy 4 conle cuslin sl

(RR) u»l.a QLJ) J“L'“‘ 2 J;,;-jg_e\!ﬁ (F13) onJ
e aple 5o ol el e n A AU
@ajjzﬁyﬁalsgmu)fw\)sbuisqb
&:A.SU)J'A w\ DL \J,Lg L;C«b) DL; de )L@;; L cA.jLn
é\fﬁh}ﬂf&j;ﬂ&)‘@ﬁ)bﬁdgbfou
aS (\ J_}J@-) >4 ol ealaal Lagfjggub L. o)')t.:.a
Caslie gl bzl SLE 515 4 e Ll
ol u;s;.d.c« U'i‘ LY AJL”..MA) u.;;-)g_ﬂﬁ )J.m._dﬁ

s

5 (5 5 ds

Oilesl ol s eslizal syse slaiScile S ba
s s e S Sadde o
IS 5 2Ll dly e b amlie 55 &l
2l G isile (Kos (g il e
S PSS s (S IS
Fls sasbcdle 6o, d RS paS B iy
e om or el Ol A e s Jsane
o by i s Y 5 J S slee B rae Sl
PRSI S (S S (S
S b RS Gioel b e s
S S &S sbOla il gl i 58V
Py st sadile Sowlbe d xS s ol
walisal 3550 SlaESCils b ey oo b avglis 53
oz Soadle 5 Caslie S5 e bS5l 0L
5 (Gl o5 555 o Wy e Waa Wl
Slaes 5 w53 Cuslis ba P Sl ) S5 kel
Srore Bl bawlie 53 5 acile il (655 0
ol

spaglacile 53 oSl iscde w aslie S
5 e Okl Gl LS e same B
Sl Sile 4 bl i s gl
Sl e S5 sl 5 Ok (ol slaskeal )

Oz (GOl ke 8 WAL e Gble pl (g5 sliS



(MY aclacale ls das /(080 0) O 5 alule

a1

S ol edydy Sy e cplple Lpd B ome 4
Gl glain oSl U et Sl
S a8 e Caslis JS Canss S) ke L
5 A e Wl sV S aslacile
oI35l slaisile Sl Fp a Jseme Sl
) gladsdr 53 Shasn ool s Sibesl 5,56 ACCase

.Wlav\.:ab)j](\' 9

Olulis ;) dows v yol Sladis 55 axsdS 51 O s
s gle O35 rres 53 pde (Olages & L
S Al e Jalse e S esslanl wge 558U L
e Gas L5 oS Cbssl s Wiy
oS Aslie OsliS Ly s, claiScile
Ll Gope 53 pte wby Sl A3k
23 L e 5 258 51y lalge pl 50 S 55l 3 e
2 sl CAB L plaw g (Julse ol (85 K

LS & Connd )7 y39 idlS bl 9 ACCase 005,135 (g WS e ay S Sy, 5 cbdle Cuglie J5 Curdg - Jouo
Table 9. General status of narrow-leaved weeds resistance to ACCase inhibitor herbicides, based on fresh-weight loss compared to

control
Species Province Numb Herbicides
name er Haloxyfop-R-methyl Clethodim Sethoxydim Cycloxydim
RR R R S RR R R S RR R R S RR R R S
R R ? R R ? R R ? R R ?
Lolium Fars 11 11 0 0 0 0 0 1 2 5 1 3 0 6
rigidum 1 0 2 3
Mazandar 3 1 0 2 0 0 0 3 3 0 0 0 1 2
an 0 0 0
Ardabil 1 0 1 0 0 0 0 0 1 0 0 0 1 0 0 1 0
Phalaris min Mazandar 5 0 0 0 5 0 0 5 0 0 0
0 5 0
or an 0 0 5
Avrdabil 3 0 2 1 0 0 0 o 3 0 0 1 2 0 0 0 3
Avena Fars 23 2 4 0 1 0 1 2 0 0 1 2 0 0 2
ludoviciana 7 2 0 2 2 1
Mazandar 3 0 0 0 3 0 0 5 0 0 0 3 0 0
an 0 0 3
Ardabil 3 3 0 0 0 0 0 0o 3 0 0 3 0 0 0 3
Total 52 17 7 3 2 0 1 5 5 5 3 3 1 8 3
5 1 0 9 5 8

A Cound SUiS (59 oadlS wlaw! 9 ACCase 005,135L s WSS Gle 4y S Sy, ;0 sbdile Cuglio 5 Cordg—Y e Joua

bl
Table 10. . General status of narrow-leaved weeds resistance to ACCase inhibitor herbicides, based on dry-weight loss compared to
contro
Species name Province Herbicides
HaI;)(e)tn;(;rl)—R— Clethodim Sethoxydim Cycloxydim
R R? S RR R? S R R? S R R? S
Lolium rigidum Fars 11 10 1 0 0 0 11 3 3 5 1 2 8
Mazandaran 3 1 0 2 0 0 3 3 0 0 1 2 0
Ardabil 1 0 0 1 0 0 1 0 0 1 0 0 1
Phalaris minor Mazandaran 5 0 0 5 0 0 5 0 0 5 0 0 5
Ardabil 3 0 2 1 0 0 3 0 0 1 0 0 3
Avena ludoviciana Fars 23 3 3 17 0 0 23 0 0 23 0 0 23
Mazandaran 3 0 0 3 0 0 5 0 0 5 0 0 5
Ardabil 3 3 0 0 0 0 3 0 0 3 0 0 3
Total 52 17 6 29 0 0 52 6 3 43 0 4 48
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