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ABSTRACT

The spread of weed resistance to herbicides is expanding in Iran; therefore, monitoring of resistance to the
most commonly used herbicides and evaluation of cross-resistance to the herbicides were carried out on 38
canarygrass accessions collected from wheat fields in five provinces (Golestan, Fars, Khuzestan, Ardabil
and Tehran provinces) of Iran. The whole plant screening test was conducted with four replications in the
greenhouse of Iranian Research Institute of Plant Protection in 2019. Plants at the two- to -three leaves
stage were exposed to the recommended field dose of herbicides. Four weeks after spraying, the percentage
of fresh and dry weights and plants survival were measured. Of the 38 accessions, 13 (34%), eight (21%),
two (5%) and one (about 2.5%) accessions were classified to being high resistant and suspected resistant to
mesosulfuron+iodosulfuron+mefenpyr-diethyl (Atlantis), clodinafop-propargyl (Topik), pinoxaden
(Axial), and mesosulfuron+iodosulfuron+ditloficane+mefenpyr- diethyl (Othello), respectively. Overall,
mesosulfuront+iodosulfuron+diflufenicantmefenpyr- diethyl and pinoxaden showed higher efficiency on
the accessions than the other two herbicides. Cross-resistance to clodinafop-propargyl and pinoxaden
herbicides was observed in two accessions (GM1 from Golestan, PA1 from Ardabil). One accession (AL1)
from Golestan province showed resistance to mesosulfuront+iodosulfuron+mefenpyr-diethyl and
mesosulfuron+iod%sulfuron+diﬂufenican+mefenpyr— diethyl. Resistance to ACCase inhibitors in the
accessions collected from Khuzestan province and the cross-resistance in the accessions collected from
Golestan and Ardabil provinces showed the rapid development of herbicide resistance problem in Iran,
especially in the mentioned provinces. Therefore, it is necessary to pay more attention to the prevention,
delay and management of canarygrass herbicide-resistant accessions.
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Table 1. Characteristics of herbicides used in the experiment

Common Name Trade Mechanism of action ~ Formulation Field rate (g a.i. ha!) Company
Name Name

Clodinafop-propargyl Topik ACCase inhibitor EC 8% 80 Syngenta

Pinoxaden Axail ACCase inhibitor EC 5% s. Syngenta

Mesosulfuron-methyl+ Atlantis ALS inhibitor OD 1.2% YA Bayer

iodosulfuron-methyl

sodium+ mefenpyr-diethyl

Mesosulfuron- Othello ALS inhibitor and OD 6% 96 Bayer

methyl+iodosulfuron-methyl Carotenoid

sodium+ diflufenican+ biosynthesis

mefenpyr-diethyl inhibitors
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Table 2. Percentage of control (survival, fresh weight and dry weight reductions) and herbicide resistance classification of
canary grass populations to ACCase inhibitor herbicides (clodinafop - propargyl and pinoxaden) according to the resistance

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

Clodinafop - propargyl (Topik)

Pinoxaden (Axail)

9 _5 % of control Rating system * % of control Rating system *
£ 3 Survival Dry Fresh weight Adknis  Mos Survival Dry Fresh Adknis  Moss
> 5 . . . .
° a weight reduction s weight weight
A o .
~ reduction
HO3 6.2 13.07 93.06 S S 0.00 23.96 94.47 S S
SH2 6.2 15.71 90.41 S S 0.00 17.92 93.94 S S
HO1 6.2 13.78 92.83 S S 0.00 20.58 95.93 S S
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2 KAl 31.2 17.38 92.00 S S 0.00 21.08 95.35 S S
) RS1 25.0 24.29 90.77 S S 0.00 22.32 96.39 S S
é RS2 12.5 23.87 94.14 S S 0.00 28.14 95.11 S S
SH1 18.7 18.00 92.96 S S 3.13 16.44 95.74 S S
AH2 25.0 19.25 95.73 S S 0.00 44.69 96.01 S S
AH1 15.6 24.03 90.86 S S 3.13 25.71 93.35 S S
AH3 18.7 18.39 93.43 S S 3.13 15.32 97.17 S S
171 0.0 14.19 94.97 S S 0.00 41.86 93.94 S S
DAl 12.5 14.74 96.40 S S 0.00 19.87 95.43 S S
TR3 96.8 89.09 35.20 R RRR 12.50 59.59 83.34 S S
TRS5 84.3 81.76 54.41 R RR 0.00 48.67 92.88 S S
TR1 3.1 28.77 88.08 S S 15.63 24.33 82.00 S S
KR3 21.8 24.03 81.68 S S 9.38 43.23 88.12 S S
TR4 20.2 43.95 82.32 S S 0.00 24.59 89.00 S S
g TR2 25.0 48.38 72.22 S R? 9.38 43.75 87.05 S S
E KR4 15.6 29.37 80.23 S R? 6.25 45.92 82.53 S S
oS AL2 6.2 23.08 93.76 S S 0.00 38.14 91.77 S S
© oMl 71.8 85.56 44.93 R RR 62.50 100 35.43 R RRR
KR6 0.0 30.48 90.31 S S 0.00 47.95 91.31 S S
GM2 87.5 99.29 32.67 R RRR 6.25 44.37 83.54 S S
KR2 3.1 36.51 87.74 S S 3.13 38.24 91.90 S S
KR1 37.5 37.50 81.20 S S 6.25 49.80 87.96 S S
ALl 0.0 23.64 92.30 S S 3.13 45.87 91.80 S S
» RO2 37.1 2.51 86.67 S S 0.00 1.02 85.07 S S
E RO1 30.6 46.33 72.04 S R? 0.00 19.48 96.32 S S
KA1 71.8 100.00 0.00 R RRR 0.00 38.860 86.82 S S
g R3 0.0 26.51 90.83 S S 0.00 28.43 94.60 S S
% R2 3.1 3241 85.51 S S 0.00 32.51 93.48 S S
= Pl 3.1 41.59 83.96 S S 0.00 26.57 96.19 S S
N PAl 70/7 83.49 62.84 R RR 53.13 66.56 66.46 R? RR
%‘
:):2 PA2 53.1 85.68 42.71 R RR 0.00 37.07 81.45 S S

+ O + Osslsusie 5 JSlss pbke
v S o5 S 0 sl pbote +OIK e
plmil s X Js) S6 S gl (R?) o slin

3ol Soas bl e Ol SIKAT o355 4l

4 o e (S he,d VYAY 5 VAAY 5055 el L

+ 0,8 g 5y



A4 w3V F e Pl s acile Glaes g gl Coxs s AL

ALL 0254555 0Ly Ol 0 5% Dlomnd 0 4 5
Canslis Jiolosl 5,50 ALS o la3b LiScile 55 4
ol Sl g Jleal bl cpl 5l Lo 0e
a3l 5 3,05 3525 ALS glakiplazh s 4 03
@ sl Cooslie S Sl S3psY el )
Selislasl Gmes el e isdle
o s ses s 55 ALS (o )ls3L 5 ACCase
O N W o 5§ SN VS PV S |
(Chhokar & Sharma, 2008)

55 Ulesl sy5e Els S 035 VN Caeslie e
SH2 laes 55 Ylazm| a8 3ls LS Oy Ol
SiScile 4 1S3l 5, elul sRST 5KAL AH3
psle Lsl6o nliopte +0 5,58 s sy + O35 58 5on s 50
05,5 53 wle s bl g e s cpl tlies
Slaes g pzeen as S 513 (RR) pslis L glaes 5
L35 ol S3l i, oelul s SHI 5 RS2
O ssim SSle o ple gy bl s
(RR) pslae Jlso nliopte + Ooosdl sty +
G 3> Seale s 4 WS e A3l Ll e
T less o b ghuad) gt oS il
wd dw a4 Sl Gy Js S e e i
LS o s

S 033 s sledy Sel s e b
22 OLLS 5055 cele oy 5o Ll gl g0 drloes
S s o ok 4 e LB L)
SSde K oy S s Caglin Laskid Jlaxs|
ole s L e el S e (25 b aslie o
L s ) Ceslie et S5 S (oS b
sl iscle 4 lbesg ad ayle s o
3 Jeleo nbirte #0558 sy + 0558 s e
HO e+ Ol + 0 Ol s
(1 dsder) sy plo Jlso 2l ke

J:J‘jgf'j}- 03¢5 OoGey ekd H;u‘ U':".’.L‘)I @Lﬁ.’

Ssv(Zand et al., 2010) Ol San 5 L3 v & 0l
Sile 53 48 ol DL 55 )l Okl glaes s
+ Ososleesr (Q—"’Kﬂ) Oy sd) g s IS
A o by Bl g 5 mile (4l ph) O 58] s s
ool oz ol oS S o J 1S g b sl
sils Ciilhe 0L 5 Jussl ol okl s
Sl sbes o et el bl
3,08 48 sls Ol 5 s Sl 3l el L;)j@},
3 0SS (hiob o slusls gla isile
S s o S O 5 sy + 055 5] e g 50
sl QLS a8 U Lp ;5 00 5 Y0 TV Ol 4 Laes g
Sl sddle 4 plge Glaes
sliScile @ Cos b3k slessls
O s Sy Ll Sad
0058 5y

(Kaur et al., 2016)

ol 31 el L;)j@? 035Vt Coslie s
55 s el ) gl e anlie 5 OIS
S iScils & (ALL 035) 535 5 oS sl 0L
5 Il pbipts #0558 5w ly + 0558 s 50
FOSGs + Ooosdlsmads + Osyslsese
KR2 AL2 TR4) o35 Slgx pslie Jlss ol ook
Sl 038 55 b Liss bl (KRG
035 & o ez a5 (R?) Conslie 4 S 480k
4 ALl o35 Ly Wl O3 la fSCile o
+ o Oapslsesdks + 0 Ospslsese aScile
+ Ol 4 Cend Sl plde
S slie 163 plipe + O shans = 05 54 sk
s bl a8 el 83 0LLE ks 0L (6 i
ol el sy 50 slaes 35 51 S e ole (shuas
Ssi s 30 S ile 4 i KRG 5 AL2 (TR4
Slossi 05,5 53 Jlso nlippte +05 58 sk +
L(F Jodr) a8 slr (R?) e 4 S 5800



MY saclacale il doms /(0800 ) 0L 5 5 KES

AA

SSde 4 by 5l S & JEERIERIEg
Joleonbide 0058 s +
(Smit & Cairns, 2000) JLsl5 0L e 5lie

O3 o 5 3

e o 3l OLES 13 G 31 oy 3l el (5ol s
5 Ll oslesds b iscidle 4 oy
eslis (LACCase odjlo3lL)  Juze — PRIt

099899 30) ALS 25,1535k (S iS5 hle 4 Cuoglilo (gaudimwd g (SS9 15059 LB g (Slosai;) J S wo yd - Jgan

((5151) J1is3 2 oo + o) Kedghins + (s s98 g + 0998 gmig30 9 (W) Jdliss plycrbo + sgs98 gt +
(Moss et al., 2007) ol)5en 4 wlo 5 (Adkins et al., 1997) )|, Kan 383l (g, (whw! 3 (ily dod (BCures 4>

Table 3. Percentage of control (survival, fresh and dry weight reductions) and herbicide resistance classification of
and canarygrass populations to ALS inhibitor herbicides (mesosulfuron + iodosulfuron+ mefenpyr- diethyl (Atlantis)
mesosulfuron + iodosulfuron + diflufenican + mefenpyr- diethyl (Othello)) according to the resistance rating systems

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

Mesosulfuron + iodosulfurontmefenpyr- diethyl (Atlantis)

Mesosulfuron + iodosulfuron + diflufenican + mefenpyr-

diethyl (Othello)

,é é % of control Rating system * % of control Rating system *
e 2
& £ Survival Dry Fresh Adknis  Moss  Surviva Dry Fresh Adknis Moss
weight weight 1 weight weight
reduction reduction
HO3 19.6 36.70 81.19 S S 6.25 11.85 90.75 S S
SH2 68.7 57.32 54.66 R? RR 12.50 16.10 89.35 S S
HO1 354 29.12 81.24 S S 12.50 19.27 85.83 S S
BAGI 4.1 16.39 91.82 S S 12.50 16.36 91.15 S S
RM2 31.2 32.26 79.54 S R? 25.00 20.44 89.28 S S
RM1 40.6 37.68 81.65 S S 18.75 17.62 90.24 S S
g HO2 31.2 27.69 83.30 S S 18.75 2231 85.10 S S
2 KA1 54.1 50.36 71.98 R? RR 18.75 15.15 91.73 S S
S RS1 73.9 59.17 54.31 R? RR 18.75 15.56 90.46 S S
2 RS2 37.5 40.92 68.70 S RR 18.75 18.09 89.36 S S
SH1 433 39.78 66.45 S RR 15.63 16.03 87.06 S S
AH2 4.1 19.90 93.56 S S 5.00 26.74 91.43 S S
AH1 17.5 42.24 81.33 S S 15.63 35.88 84.52 S S
AH3 53.1 50.39 68.30 R? RR 46.88 16.48 92.43 S S
121 6.2 27.95 87.44 S S 6.25 14.85 92.33 S S
DAl 12.5 22.11 88.11 S S 15.63 12.36 93.83 S S
TR3 21.8 46.61 81.11 S S 0.00 17.27 92.10 S S
TRS 15.6 43.20 81.18 S S 3.13 28.67 85.51 S S
TR1 12.5 38.94 81.76 S S 3.13 19.76 89.73 S S
KR3 3.1 30.12 89.65 S S 3.13 25.36 89.84 S S
TR4 15.6 47.86 74.98 S R? 3.13 44.64 84.79 S S
c TR2 0.0 43.92 81.07 S S 0.00 16.57 89.59 S S
£ KR4 6.2 30.36 81.08 S S 9.38 15.82 85.20 S S
= AL2 15.6 48.89 72.65 S R? 0.00 18.46 91.96 S S
© GM1 18.7 48.22 81.17 S S 0.00 20.99 91.15 S S
KR6 12.5 47.65 73.39 S R? 0.00 26.33 89.39 S S
GM2 15.6 41.27 81.03 S S 0.00 20.17 89.73 S S
KR2 15.6 38.59 80.35 S R? 3.13 24.28 88.79 S S
KR1 12.5 33.36 82.79 S S 0.00 29.79 92.34 S S
ALl 93.7 100 14.11 R RRR 87.50 81.15 36.94 R RRR
" RO2 0.0 0.59 94.25 S S 0.00 1.52 86.06 S S
E RO1 0.0 21.74 92.64 S S 0.00 37.13 86.03 S S
KA1 9.3 38.13 78.72 S R? 12.50 64.84 72.82 S R?
g R3 0.0 19.94 93.11 S S 0.00 36.18 84.72 S S
% R2 0.0 23.62 93.20 S S 0.00 36.45 84.49 S S
= Pl 0.0 26.57 94.55 S S 0.00 27.31 87.94 S S
2 PA1 0.0 31.72 82.02 S S 0.00 36.92 87.20 S S
£
:S PA2 0.0 35.89 81.25 S S 0.00 32.47 81.17 S s
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