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Table 1- Field and history of thirteen acetyl-CoA inhibitor-resistant wild oat populations.

P(():];:;ll:l t(;gn Province Herbicides applied during 5 years before the seed gathering
SH1/86 Shush clodinafop propargyl+ tribenuron methyl
ANT7/85 Andimeshk clodinafop propargyl+ tribenuron methyl
DA1/85 Dasht azadegan clodinafop propargyl+ tribenuron methyl
AN4/85 Andimeshk clodinafop propargyl+ tribenuron methy
SH1/85 Shush clodinafop propargyl+ tribenuron methyl
ANG6/85 Andimeshk clodinafop propargyl+ tribenuron methyl
A1/85 Ahvaz clodinafop propargyl+ tribenuron methy
ANS8/84 Andimeshk clodinafop propargyl+ tribenuron methyl
D2/86 Dezful clodinafop propargyl+fenoxaprop, diclofop methyl
SH3/85 Shush clodinafop propargyl+ tribenuron methyl
D/85 Dezful clodinafop propargyl+ tribenuron methyl
AN14/84 Andimeshk clodinafop propargyl+ tribenuron methyl
SH3/86 Shush difenzoquat + flamprop-M-izopropyl+ clodinafop propargyl
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Figure 1- The Asterisk rating and R rating systems for designating different degree of resistance based on responses to single doses of
herbicides in resistance-screening assays.
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Table 2- Characteristics of the Studied Herbicides

Common name Trade name Mode of action Formulation Dose
(per hectare)
diclofop-methyl Tlloxan Acca(SFesg“b“"r 36% EC 2.5 1it
tralkoxydim Grasp ACCB‘(SS;IE})“M‘” 25% SC 2.5 lit + 5 cc/L Volk oil
setoxydim Nabu-S ACCase inhibitor 12.5% EC 31it
(Dim)
pinoxaden Axial Acca(slgég?lb‘“’r 10 % EC 0.45 lit + 5 cc/L Oil
. . 3 ACCase inhibitor o .
clodinafop-propargyl+pinoxaden Traxos (Fop+ Den) (22.5422.5)% EC 1.5 lit
sulfosulfuron+ metsulfuron Total ALS inhibitor (15475) % EC 45¢g
iodosulfuron methyl sodium+
mezosulfuron methyl+ mefen pyr Chevalier ALS inhibitor 6% W 350 g + 2 cc/L Cytogate
diethyl
iodosulfuron+ mezosulfuron+ mefen Atlantis ALS inhibitor 1.2% OD 1.5 it
diethyl
. Lipid synthesis .
difenzoquat Avenge inhibitor 25% SL 4 lit
flamprop-M-isopropyl Suffix B.W Unknown 10 % EC 4 lit
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Table 3- Mean comparison of studied traits in wild oat four weeks after spraying clodinafop-propargyl

. % Survival Fresh weight (% of Dry weight . .
Population plant control) (% of control) Visual rating
SH1/86 100 a 85.18 abc 71.50 be 5de
AN7/85 100 a 76.61 c 79.99 abc 15cd
DA1/85 100 a 89.39 abc 82.28 ab 5de
AN4/85 100 a 100 a 91.9 ab Oe
SH1/85 100 a 81.66 bc 65.51 be 20 ¢
ANG6/85 100 a 100 a 80.44 abc 12.5cd
A1/85 100 a 96.68 ab 85.87 ab 7.5 cde
ANS8/84 100 a 100 a 85.82 ab 12.5 cde
D2/86 100 a 100 a 99.06 a Oe
SH3/85 100 a 62.54d 58.35¢ 50b
D/85 100 a 100 a 100 a Oe
AN14/84 100 a 94.69 ab 79.38 abc 20 ¢
SH3/86 100 a 85.48 abc 86.22 ab 10 cde
S 0b 0d 0d 100 a

*In each column, means with same letter do not differ at 0.05 probability level according to Duncan multiple range tests
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Table 4- Comparing the effect of herbicide on fresh weight and dry matter

Means of fresh weight (g

Population Type of treat % Dry matter

plant™)

SH1/86 Untreated 2.80 9.25
Treated 2.04 10.16

AN7/85 Untreated 2.63 8.61
Treated 0.99 12.17

DA1/85 Untreated 221 8.72
Treated 1.62 8.33

AN4/85 Untreated 2.82 9.35
Treated 1.58 9.32

SH1/85 Untreated 2.78 9.18
Treated 1.05 12.65

ANG6/85 Untreated 2.58 9.46
Treated 1.56 10.68

A1/85 Untreated 2.36 8.80
Treated 1.35 10.31

ANS/84 Untreated 2.61 9.06
Treated 1.64 12.57

D2/86 Untreated 3.07 8.96
Treated 1.62 9.50

SH3/85 Untreated 2.74 8.41
Treated 0.79 14.11

D/85 Untreated 2.76 9.52
Treated 2.39 9.67

AN14/84 Untreated 297 8.48
Treated 1.56 8.94

SH3/86 Untreated 245 9.02
Treated 0.76 14.63

s e oLyl s 58 (Moss et al., 2007) O )\Sen s w50 i St Aoy o M o b
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Table 5. Pearson correlation between reduction percentage in fresh weight, dry weight and survival plants

% Reduction in survival % Reduction in fresh % Reduction in dry
plants weight weight
% Reduction in foliage fresh
weight 0.48 #
% Reduction in
dry weight 0.60 ** 0.76 **
Visual rating 0.49 #* 0.94 sk 0.85 **

(% injury)

Correlation is significant at the 0.01 level =~ **



AJUJ\))L L;Lhu;gﬁdﬁ a L;sﬁ]c C»-ﬁju.é R

Ly, J.‘." LAAJ}S )‘.'.L"" EEEY) SH1/85 03¢5 L5l SH3/86 03¢5

Adls ANT/85, AN4/85 glaes o5 4sline ‘L;”-“’Li

5 SHI/B5S SHI/B6 slaes s 5 ol pl ax 5 LB a8
(Adkins et al., O,5Ken 5 5253l Jis, elal 45 SH3/8S
4 Loy ol il pslis Yzt glaes 5 Ol e 4 1997)
100 gl ol a5 35 ol 5 VEQ S YY/0Y VLY 5 L5
ol Cooslin axys Lo g esls Cews Sl 1y 55 5 03 3l
ol ol el s YAIYY 5 £0/YA XYYA LS 5w
Lol Cooslin a3 LS 5 o antlid gl SLIS 35 Laes 3
Lo Sy (VWadr) s S by ple a4 Cod
Jop oo b s e Gl SO O3y Sl el
Lol cdas oo aslyl o as 1y oo CLU 3L A= U caslis
S B3 Ll e 5 Ol 8 e 5 055 Ao Sl eslanal L

55 Sy a5 sl i

3 4 STy piale]
SSUile il clags ¢ bess STy 5l ol b
el ey dan oS ool LG LLs sl sls
Wos 55y oo glie a5 Ol e Lol LU e ¢)Lio SSele
L5 oS1 s bees s ol sl s (N J i) 550 oslins
polie slaes s 5l gsldad muly =53 la pove s v
VS S @Sl o 313 0L el led Ol g
Srae 53 ORIF L eslie Glaes g 3 3 e sdalie
f ot bess 5 03 dos RS (b Soile
VU Caslis w3 Sl gadpe cnl S Lib e (Shals
s Ad SE O S 4,k (Wdsdx) ol aes s
2 esg IS sk 5o slite oa b laes 5 e lie
3 YL Sl Cuglis wr o Lot g0 4 e o35

J'Z.'Sb .Uj) <-\dj.)¢-) .bj.& = V.SM.EJ yl.’ C,.Ajlfu 4= y>

. SH1/EE
o SH1ES
¥ A1/35
<! ANTIES
] AMS/ES
u] AM14i24
-*
100 -
90 -
80 -
£ 70
=]
S
S 60
=]
¥ 50 A
=
B 40
[
z
= 80-
wn
2
20 -
= \
10 N
- — ———
0 - . o . T T Tt T T T
0 64 128 192 256 320 384 448 512 576 640 704 768 832 896 960 1024 1088

Herbicide dose (g ai )

2o eIl 3 (359 203 a3 51 o slg  —galadgls LS Ule Cilisee slajs 4 pglie (Sodg I By g wlues (SlaodgH (ESTg— ¥ Sl
il oo (2Blg (godld s i BCwle g ol 0315 (15l bt aaiad (yLid bahd Lol 4y Cuwd 03 oLS

Figure 2- Effect of different concentrations of clodinafop- propargil herbicide on fresh weight of susceptible and some resistant populations,
as a percentage of untreated controls. Symbols and lines represent actual and estimated response of resistant and susceptible populations,
respectively.
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Table 6- Parameter estimates of the fresh foliage weight of the wild oat population as a percentage of untreated control+SE

Population @ (b) (e= GRs) R/S R?
SH1/86 100.79 £7.88 1.31£ 041 475.19 32.28 0.92
AN7/85 99.68 +3.27 1.02+0.18 > 1024 > 69.56 0.97
DA1/85 100.27 +5.99 0.67+0.38 > 1024 > 69.56 0.85
AN4/85 98.61 +6.08 2.45+0.29 > 1024 > 69.56 0.75
SH1/85 99.85+ 5.65 1.35£0.33 666.5 45.28 0.95
ANG6/85 102.65+ 6.80 1.67+0.75 > 1024 > 69.56 0.86

A1/85 102.90+ 7.85 1.85+0.65 916.30 62.25 0.90
ANBS/84 96.42 +2.90 7.28+3.83 > 1024 > 69.56 091
D2/86 101.44+ 6.48 1.18+0.58 > 1024 > 69.56 0.83
SH3/85 99.94+7.77 0.55+£0.33 41541 28.22 0.92
D/85 100.02+ 0.88 1.53+£0.77 > 1024 > 69.56 0.86
AN14/84 100.44+5.13 1.27£043 > 1024 > 69.56 091
SH3/86 101.59+ 10.21 1.21+£0.54 661.01 4491 0.86
S 98.20+ 19.67 2.19+ 148 1472 0.85

Y: dependent variable, x: the herbicide dose, e: GRso= Herbicide application rates required to inhibit growth by 50%, , d: the Upper asymptote, b the shape of the curve.

R/S: Dividing IDs of the resistant populations by the susceptible population.

5 eSS B (B S IS
G Caslie Ao 50 Sl el sl
5 osle A edyd w3550 ACCase J-<i° sla pscile
Ll 4 gie Jimss SO 3 3 (Sattin er al, 2001 1, Son
Lol @ pslie iy Y res s 5l S &S
A3 oo aglin 3 et S SIS

ANT/85 slaes g5 oo 0 s slie slias OLLS @Lu pimet
4 AN14/84 4 D2/86 (ANS8/84 (AN6/85 (AN4/85 (DA1/85
ey ple S o Wil e mdS e S ds
(VI 5r) il OLES Canslie ESCils ol 4 g 5lis

|, SH3/85, SH3/86 SH1/86,sla 0555 OsleS sy S il
slalis bex g ple o bl oS J 28 e oy Al
FSdde boakaly 5oV Jsds) ol s Sl Cglis
(SHBS, o35 § sy 35 O3S st B 5oks o lizssls
L3 g ol iSCile ol 4 45 SHI/SS, DI85, AN6/35)
Vdgds) ol ol Dl Cueslie glaailis laes g5 sl s

(

0ud,155L sy iScle 4y bodgi oo 4 Cuoglio
ACCase

s Moss et al., 1999) O\San 5 oge o9y ulal
sl el 505y el dens Bl e s ST
SbiSaile Jlsl 1 s iSile Oad dald 4 e
Cunslin 5 oogdle Laes g aen oS 5l Ol Calises glaos S
oo Saslae bl L3k —oloasls sl
Camd 5 035 el Aoys) il e fe — o ISGs w
SScde Loaaly 5 (Vdsds) (IAY 51 G dals
5 AN4/SS DAL/SS (slaes 55 b8 Suaglin sk 515
ANI4/84 5 ANT/SS (slaes s (Sl 5 ol pls ANS/SA
o glan Consl K 5 Sl 0t iy Coglie slaalis
Rl gals gscdle oLl 5 ab xS
NV sd=) L 5 ool U;SULL:« b4 e ey

o > (De Perado et al, 2004) Ol,Kes 5 g5l
35 4 Setaria viridis 3\ e s\is o35 K p2,8 Sl
L5 S edalie ACCase il gla iSCile ol wn g

LgLau;S;LLG o L;pf @jl.é.a Y U’l‘ 3 aS



AJUJ\))L L;Lhu;gﬁdﬁ a L;sﬁ]c C»-ﬁju.é R

L35 edalie 35 (Chhokar & Sharma, 2008) L L 5 IS s>
CRlalS 4 oby el b VB glees s &S
DSy SSile @ (W5 2 oSS s Riobsn
35 ol oS el OF s diols Ol WS o e e slia
o Lol dien Soslize sl (slaes S a4 Glaze ISCile
e Caglie ol LiScile ol 0L s

]

5 gy 58 Caslie o L (Sasanfar, 2008) &Ll
o b Okl eal a.é)ﬂ@-?' s Yy
4 by e s ob,e Cowlis ACCase olils3h sla ASCile
Aol S i 5 b5oksn —oBlus S sla S ile
—olea S AScde 4w a wen gl 93 Ole opl 5 L S
Ol po,e Caslis mdeS i 5 O5LS gy ¢ L3k
835 5l GaleS ey Scile ol s g gs s Lo



M aglacile [l s /OYAL) OLGa 5 SLaSL

ARl w03 (olwl 2 Jojlm Juid 9 (921 S Rl (Olgng p (owS 938 (ouSoh )l SISl & (i g SV g2 (S0d5T (o255 Canglie- Vi gir
Wl & Comnd (339

Table 7- Cross resistance of wild oat populations to Aryloxypenoxy propionate, Cyclohexanedion and phenylpyrazole herbicides based on percentage of reduction in foliage weight relative to untreated

Reduction in fresh weight (% of Control) and Resisitance rating according to asterrisk rating

Population clodinafop-propargyl diclofop-methyl sethoxydim tralkoxydim pinoxaden clodinafop- propargyl+ pinoxaden
SH1/86 14.8 RRR 5.8 RRR 100 S 89.9 S 81.3 S 75.1 R?
ANT7/85 33.6 RRR 23.9 RRR 41.4 RR 78.7 R? 77.6 R? 75.9 R?
DA1/85 10.6 RRR 0 RRR 46.4 RR 68 RR 76.6 R? 74.9 R?
AN4/85 0 RRR 7.8 RRR 9.5 RRR 70.8 RR 72.5 R? 76.5 R?
SH1/85 18.3 RRR 12.6 RRR 86.9 S 84.8 S 76.6 R? 80.9 R?
ANG6/85 0 RRR 36 RRR 42.4 RR 81.2 S 73.2 R? 79 R?

A1/85 3.4 RRR 5.6 RRR 80.7 S 87.1 S 73.2 R? 78.6 R?
ANS/84 0 RRR 1.3 RRR 39 RRR 67.5 RR 734 R? 73.2 R?
D2/86 0.0 RRR 8.7 RRR 23.6 RRR 83.6 S 73.8 R? 74.8 R?
SH3/85 375 RR 8.6 RRR 96.3 S 82.8 S 91 S 83.5 S
D/85 0.0 RRR 5.7 RRR 82.0 S 80.7 S 78.1 R? 81.2 S
AN14/84 53 RRR 14.5 RRR 17.6 RRR 73.8 R? 75.6 R? 78.6 R?
SH3/86 14.5 RRR 19.0 RRR 83.5 S 92.2 S 88 S 74.8 R?
S 100.0 S 81.0 S 100 S 100 S 100 S 81.3 S

S= Percentage of reduction in foliage weight relative to untreated>81%
R?=72-81% , RR=36-72%, RRR=0-36%
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Table 8- Effect of different herbicides on percentage reduction of foliage weight of resistant and susceptible populations

Population
Mode of Chemical Common name (Trade name)
action group g 2 2 2 g8 2 9w T g 8 o 2T 38
n 4 a 2 @w 2 =< Z =& 7 Z @
clodinafop- propargyl (Topik) - - - - - - - - - 1* - - - 4%
diclofop-methyl (Illoxan)
FOP P v - - - - - - - - _ _ _ - _ 3k
sethoxydim (Nabu-S) 4 1 1 - 4% 1* 4% - - 4% 3* - 3% 4%
ACCase DIM tralkoxydim (Grasp) 4% 3% 1* 3% 4% 4% 4% 2% 4% 4% 4% 3% 4% 4%
DEN pinoxaden (Axial) 4% 3% 3% 3% 3% 3% 3% 3% 3% 4% 3% 3% 4% 4%
clodinafop-propargyl+ pinoxaden 3% 3% 3% 3% 4% 4% 3% 3k 3k 4% 4% 3k 3% 4%
FOP+DEN (Traxos)

iodofulforon+mezosulforon+mefen Pier « * * * " " « « « « « " " s

diethyl (Chevalier) 3 3 3 3 4 3 3 3 3 3 3 4 2 3

ALS Sulfonylorea sulfosulforon+ metsulforon (Total) 4 3 3 3 3 3 3 3 3 4 4 4 3 4
iodofulforon+mezosulforon+mefen diethyl 4% 4% 3% 4% 4% 4% 4% 3* 3* 4% 4% 4% 4% 4%

(Atlantis)
Lipid synthesis . « « « . . . .
AR difenzoquat (Avenge) 2% 3% 2% 2% 2% 3% 2% 2% 2% 2% 3% 2% 3% 3%
Other inhibitor

flam prop-M-izopropyl * % % # % % * * * * * * % %

Unknown (Suffix B.W) 2 3 1 2 2 2 2 2 2 3 2 2 2 3

A%*_ percentage of reduction in foliage weight relative to untreated> 80%, 3 ¥=70-80%, 2%=50-70%, 1 ¥=30-50% , - =< 30% (Zand et al., 2009)
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Abstract

Cross resistance of thirteen wild oat (Avena ludoviciana Durieu.) populations collected from Khuzestan province, to
Acetyl-CoA carboxylase (ACCase) inhibitors were investigated using by different methods. Also, another experiment
was conducted to determination the alternative herbicides for control resistant populations. Experiments were include of
populations screening, dose response of populations to clodinafop-propargyl, response of populations to chemical
groups of ACCase inhibitors and effect of different herbicides on resistant populations. Investigation of different
methods showed that percentage reduction of fresh weight and visual rating are the best trait to resistant determination.
The levels of resistance of most populations were very high. Cross resistance to different groups of ACCase inhibitors
pattern varied among populations. Result of different herbicides effect showed that Acetolactat syntase (ALS) inhibitors
that were studied (Iodofulforon+Mezosulforon+Mefen Pier diethyl, Sulfosulforon+ Metsulforon and
Iodofulforon+Mezosulforon+Mefen diethyl) could control resistant populations. The best treatment for control of
populations was Iodofulforon+Mezosulforon+Mefen diethyl that controlled eighty and twenty percent of populations
excellently and well, respectively. Pinoxaden and clodinafop-propargyl+pinoxaden could control resistant populations
well. Because of early indications that resistance may be developing in most of populations and possibly reducing
herbicide performance, it is important how to use of them.

Key words: Acetolactat syntase (ALS) inhibitors, Alternative herbicide, Iodofulforon+Mezosulforon+Mefen diethyl,
Pinoxaden, Sulfosulforon+ Metsulforon.



