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Table 1- Characteristic of Tested herbicides (Zand et al., 2010)

Mod of action Chemical Familiy common name Trade Name formulation Dose
Acetolactat Tribenuron methyl Granstar 75% DF 15-20 (g/ha™)

cetotactate Sulfosulfuron+Metsulfuron-Methyl Total 15%+75% WG 40-50 (g¢/ ha™)
synthase inhibitor Sulfonylurea Todosulf thyl sodium/ M I
(ALS) odosulfuron methyl sodiu esosulfuron Adlantis 2.1% OD 1.5 (L/ ha™)

Methyl/Mephen payer diethyl

oliilo,S g yluw g ()5 )5 bl aw 43 sk OUSYguwl 505 105U s WS Qle a4y Cuoglio d S'gin (i g I35 saodgi -Y Joua

Table 2- Wild mustard populations suspected to ALS inhibiting herbicides collected from Gorgan, Khuzestan and Kermanshah provinces

Population code Province Location
G1 Gorgan Ozanyeh
G2 Gorgan Ghale Mahmud
G3 Gorgan Bghli Marameh
G4 Gorgan Ghare Ghashli
G5 Gorgan Aghche Li
G6 Gorgan Ata Abad
G7 Gorgan Karim Abad
G8 Gorgan Agh Ghala
G9 Gorgan Mohammad Abad
Kh1l Khuzestan Shush
Kh2 Khuzestan Cham
Kh3 Khuzestan Taraz

Kh4 Khuzestan Lali

Kh5 Khuzestan Izeh

Khé6 Khuzestan Azadegan
Kh7 Khuzestan Andimeshk
Kr1 Kermanshah Sumar
Kr2 Kermanshah Sare pole Zahab
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Figure 1- Star and R plant ranking system on the detection of herbicides resistance

Sz 0,250 g dsles 51 .(Beckie er al., 2000) i S
SigmaPlot | 53la 5 Loy sy by osls 4 (V dsles)
Streibig, 1988; Sasanfar et al., ) LA o3ls u’:)lﬁ (Ver.11)
.(2009; Seefeldt et al., 1995
y=c+((d-c)/1+exp {b[log (x) - log (e)]}
Do Al 5l A3 g 4 &5 S O35y Of 3 oS
A= ol e pascde chle x (AScale Loellis
ekt i b Wy Sl de o SYLd g ST
Aoy 00 Cel a5 Ascile 5l (gulMde L EDsp lade
mr s e ald 4l dnlllae 55 el s L
@ plfu 635 EDsy ool 3l laod 55 o glie oLl L
L oals OLE RIS Sojs 40 S ol s ol 0355

.(Beckie et al., 2000)
=W

Slesl s el 55 Okl a3 23 8 el 5 Eom
o s Vs sk s poedd el ol SIS
B e 5 28 n O1E o 5 4 5 0l <.l
Cow 4.:‘\)‘ @\Jo )1 PR e 6)}T g L;"uﬂ'u SleM|

A el

eSS (gl cteslis Ol s jskaie 4 p o >
ale 51 G a s s s Jol e 5 oS s g
QL:'J g;»)qu osleil )40 6MJ5&.LLO )‘ ol W}J
L81a- Cose o3y a gl s e Sl Ju"uj osls
JS sl b LB s Oles Zose 4 s
Cenglie anglie ke 4.0 8 el 5SS Jlexr L ol
S 01 53 a8 Silesl 3 a0 Ol e 51 G o (gl laes 5
)::U o J“u U.NLW;- 03¢ “gi A edalie rju.o 03¢
cuia Jols Giolesl bl . S 513 s iales
Jolo Sleew LSV sl odilasl esl gl 5l iSdle ke
\-\j/\ &Y N /0 /Y0 ) sl o o )Jf‘f' NG
4 Ceslie pde a4 ar g b oS g (el 4o 35

Jls byt (200 55 58 oo s ot o s L2005 5 58] 3o 5
93 340 cwl_i—): J:..ZLAJT I 4.L>-JA BE ‘rJJ A.L:-JA BE
RESTLTSICV I e SF o Al
sysm S iSils B A el O3 58 e s gt Jite

RE T S PR P Y]

09,54

oy 5 Olo) wmmen Cuily 5 B e 5 Jxle S
win ler g sk s e Ll Ascale Al
Lol Sleg o355 o @55 G S 035 siboams 31 e
Colg 5ol awbe o35 Olas dald 4 Cod (iScile

el U Cu e A5l Geob Sl melm s S S

Twbi— 35 ol 53 o0l 03l (39,98 guw g8 gawt ko (39 gl guitian 9 Jaioyg ygha 5 LS ile 93 (sla5d Y Joua

Table 3- The dosages of Tribenuron methyl and Sulfosulfuron+Metsulfuron-Methyl herbicides in dose-response test

Herbicide (Trade name)

Tribenuron methyl 0
Sulfosulfuron+Metsulfuron-Methyl 0

Dose (g/ha)
5 10 20 40 80 160 320
12.5 25 50 100 200 400 800
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Table 4- The applied herbicides in wheat fields suspected to herbicide resistance of Golestan, Khuzestan and Kermanshah provinces in 2012

Applied herbicides

%

Common name

Trade Name

Golestan provinces

7.1

Clodinafop-propargyl + Bromoxynil /MCPA

Topic + Bromacid

7.1 Tribenuron methyl Granstar

85.8 Clodinafop-propargyl + Tribenuron methyl Topic + Granstar
Khuzestan provinces

25 Iodosulfuron methyl sodium/ Mesosulfuron Methyl/Mephen payer diethyl Atlantis

8 Iodosulfuron methyl sodium/ Mesosulfuron Methyl/Mephen payer diethyl + U46 Combi-FLUID Atlantis + 2,4,D+MCPA
17 Iodosulfuron methyl sodium/ Mesosulfuron Methyl/Mephen payer diethyl + Tribenuron methyl Atlantis + Grnestar
42 Tribenuron methyl+ Clodinafop-propargyl Granstar+ Topic

8 sulfosulfuron/metsulfuron-methyl Total
Kermanshah provinces

40 U46 Combi-FLUID 2,4.D+MCPA

20 Tribenuron methyl Granstar

20 Iodosulfuron methyl sodium/ Mesosulfuron Methyl/Mephen payer diethyl Atlantis

20 Clodinafop-propargyl +U46 Combi-FLUID Topic + 2,4.D+MCPA

IPAY Jlw jd aliile S g yliwjos c oy bndS Ll > andllan 3590 & 150 43 (1,5 Cgld Curdg -0 Jou>

Table 5- The situation of crop rotation in Studied fields of Golestan, Khuzestan and Kermanshah province ins 2012

Number of crop in rotation Khuzestan Kermanshah
Without rotation 50.0 40
2 crop 8.3 20
3 crop 41.7 40
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Table 6- Comparison of wild mustard populations suspected to resistance to ALS inhibiting herbicides by Tribenuron methyl (Granstar),

Sulfosulfuron+Metsulfuron-Methyl (Total) and Iodosulfuron methyl sodium/ Mesosulfuron Methyl/Mephen payer diethyl (Atlantis), according
to the Adkins and Moss methods

% of control

Iodosulfuron methyl sodium/

Mesosulfuron Methyl/Mephen Sulfosulfuron+Metsulfuron-

Tribenuron methyl

Code payer diethyl Methyl
Fresh Dry Survival Fresh Dry Survival Fresh Dry Survival plant
weight matter plant weight matter plant weight** matter*

G1 76.7%% 74.6 55.6 91.1° 82.2 91.8 67.7%R 76.8 65.6
G2 95.5% 84.9 99.3 94.1% 80.6 77.5 83.6° 79.9 76.3
G3 63.3%% 54.9 50.0 72.5% 68.1 29.4 3.6RRR 0.0 3.1
G4 51.1%% 522 41.4 36.0%% 36.6 433 40.3%% 45.7 0.0
G5 87.8% 54.0 99.0 86.3% 67.0 81.2 30.8RRR 26.7 25.0
G6 93.5° 78.1 70.0 97.7 85.3 95.6 96.9% 86.5 89.6
G7 86.2° 90.8 99.1 88.6° 72.8 100 78.3% 65.8 100
G8 73.6% 74.1 67.1 93.8% 92.2 100 59.0%% 64.0 12.5
G9 89.6° 75.7 99.0 92.0° 82.9 100 90.3% 83.1 100
Khl 62.2R% 53.4 24.4 67.8%% 55.5 43.4 0.0RRR 0 0.0
Kh2 91.4% 83.0 99.0 93.4% 85.1 100 89.8% 86.2 90.0
Kh3 94.45 90.0 100 96.4 90.0 100 88.3° 75.6 100
Kh4 96.8° 77.4 93.8 98.1° 89.2 100 93.3% 83.4 75.0
Kh5 63.0%% 55.1 16.7 45 4R 20.1 10.7 13.4R%RR 0.0 0.0
Kh6 92.45 96.8 100.0 91.28 63.2 100 74.5% 81.4 77.8
Kh7 78.8% 76.6 15.0 0.0 R 19.1 0.0 48 48R 27.4 0.0
Krl 94.8% 75.7 100.0 96.1° 83.1 100 93.8% 78.9 100
Kr2 90.8° 83.5 38.1 70.4% 74.8 87.5 0.0RRR 9.1 11.1

*. Populations with dark and light gray cells means suspected to resistance and possibly resistance respectively and population with white cells means susceptible, according
Adkins method

*# RRR = resistance confirmed (highly likely to reduce herbicide performance); RR =resistance confirmed (probably reducing herbicide performance); R?= early indications
that resistance may be developing (possibly reducing herbicide performance); and S =susceptible according Moss method.

G1-G9 populations are from Gorgan province, Kh1-Kh7: populations are from Khuzestan province and Kr1-Kr2 populations from Kermanshah province.
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Figure 1- Effect of Sulfosulfuron+Metsulfuron-Methyl dosages
on shoot dry weight of resistance and susceptible populations of

wild mustard collected from wheat field of Gorgan (A) and
Khuzestan (B) provinces
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Figure 2— Effect of Tribenuron methyl dosages on shoot dry

weight of resistance (G3, G4, G5, Kh1, Kh5, Kh7 and Ker2) and
susceptible (G9, populations of wild mustard collected from wheat
field of Gorgan (A), Khuzestan (B) and Kermanshah (C) provinces
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Table 7- Parameter estimates of logistic functions fitted to shoot dry weight response (% of control) of wild mustard populations to
Tribenuron methyl and Sulfosulfuron+Metsulfuron-Methy herbicides

Herbicide Population Code Min (¢)* Max (d) Hillslope (b) GRs * R? R/S" RI*
G3 65.26 (0.84) 100.28 (1.24) 424 (0.71) 13.37 0.99 2.66
G4 42.88 (2.16) 98.97 (3.22) 1.72 (0.35) 10.28 0.99 2.05 L
_ G5 60.00 (1.78) 101.41 (2.78) 2.03 (1.63) 11.42 0.99 2.27 L
%’ G9 22.09 (0.68) 100.03 (1.21) 1.82(0.14) 5.02 1.00 - -
E Khl 57.44 (1.43) 98.61 (1.00) 5.7408 (1.79) 47.85 0.99 22.26 H
é Kh5 75.54 (1.28) 99.72 (0.69) 4.27 (1.59) 79.37 0.99 36.92 H
% Kh7 41,90 (1.51) 101.07 (2.40) 2.31(0.96) 12.05 0.99 5.60 M
a Kh3 29.42 (2.00) 100.01 (2.85) 1.240.52) 2.15 0.99 - -
Ker2 39.92 (8.47) 100.42 (5.27) 1.28 (0.49) 32.81 1.00 8.29 H
_ Kerl 31.32 (1.26) 100.05 (2.14) 1.66 (0.32) 3.96 1.00 - S
% _ Kh5 46.97 (2.53) 101.14 (1.77) 2.72 (0.59) 113.96 0.99 13.95 H
% % Kh7 51.51(7.08) 99.28 (4.50) 1.12 (0.44) 63.78 0.96 7.81 M
;;: é Kh3 28.43 (6.69) 99.99 (5.33) 0.82 (0.47) 8.17 0.97 - -
g 8 G3 36.71 (13.59) 100.47 (4.26) 0.69 (0.28) 55.61 0.97 2.73 L
2 GY 11.05 (0.44) 99.88 (0.96) 4.62 (0.24) 20.39 1.00 - -

* GR50 value is the Tribenuron methyl and Sulfosulfuron+Metsulfuron-Methyl concentration that reduced survival by 50%. The recommended use rate is 20 g ai ha-1

P R/S ratios were calculated based on GR50 values of populations relative to the susceptible population

¢ Values in parenthesis are standard error.

dResistance index, defined as effective herbicide dose reducing growth or survival by 50% compared with the nontreated control (ED50) of the resistant compared with the

susceptible population: L (low), 2e5; M (moderate), 6e10; H (high), >10.
* Numbers in pranthesis is Standard Erorr (SE).
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Abstract

To study the resistance of wild musturd populations to acetolactate synthase inhibitors, 31 suspicious wheat fields to
resistance (included of 14, 12 & 5 fields located in Golestan, Khoozestan & Keramanshah, respectively) were
studied during 2012. Some important management information was analyzed in the first part of experiment. In the
second part, the effect of three acetolactate synthase inhibitor herbicides (ALS) including of Tribenuron methyl
(Granstar), sulfosulfuron + metsulfuron-methyl (Total) and Iodosulfuron methyl sodium+Mesosulfuron
Methyl+Mephen payer (Atlantis) on the growth of suspicious populations was examined on the base of complete
randomized block design. To study dose-response reactions, different doses of mentioned herbicides were sprayed
on resistant populations (G3, G4 & G5 of Gorgan, Khl, Kh5 & Kh7 of Khoozestan and Kerl of Kermanshah) and
three sensitive populations (G9, Kh3 & Kerl of mentioned province) in the third part of this experiment. According
to the results of the first part, the only crop sequence of herbicides was not observed in more than 80% of the fields
and wheat was cropped as in 39% of these fields. In addition, Khoozestan had the weakest crop rotation with 50%
single cropping. The results of second part showed that 20% and 10% of populations were resistant to Tribenuron
methyl and sulfosulfuron + metsulfuron-methyl respectively, but, high resistance to Iodosulfuron methyl
sodium+Mesosulfuron Methyl+Mephen payer. Also, 10% of populations were resistant to Tribenuron methyl and
sulfosulfuron+metsulfuron-methyl. According to the results of dose-response experiment, G3, G4, G5 (Golestan)
and Kh7 (Khoozestan) populations had low, Ker2 (Kermanshah) had medium and two populations of Khl and Kh5
(Khoozestan) had high resistance to Tribenuron methyl. In addition, Kh5, Kh7 (Khoozestan) and G3 (Golestan) had
low, medium and high resistance to sulfosulfuron+ metsulfuron-methyl, respectively.

Key words: Dose-response, lodosulfuron methyl sodium+ Mesosulfuron Methyl+Mephen payer, Metsulfuron-
methyl+ Sulfosulfuron and Tribenuron methyl



