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The widespread evolution of herbicide resistance in weeds represents a striking
example of rapid plant adaptation in response to human-imposed selection
pressure. In this study, 59 wild oat populations suspected of resistance to
acetyl-coenzyme A carboxylase (ACCase) inhibiting herbicides were
collected from wheat fields in four counties of Khuzestan province
(Andimeshk, Dezful, Shush, and Shushtar) in the spring of 2018. The
experiment was conducted in two parts: screening and dose-response, using
the recommended dose of pinoxaden + florasulam herbicide (75 g a.i. ha™!) and
doses of 0, 18.75, 37.5, 75, 150, 300, and 600 g a.i. ha"!, respectively.
Screening results showed that, based on the two Adkins and Moss ranking
indices, 9 and 41 populations showed definite resistance to
pinoxadentflorasulam, respectively. Based on the Adkins and Moss index, 7
and 41 populations (11.86% and 69.49% of total populations) were in the
resistant group (generally different R categories), 21 and 8 populations
(35.59% and 13.56% of total populations) were in the probably resistant (PR)
or suspected resistance (R?) group, and 31 and 10 populations (52.54% and
16.95% of total populations) were in the susceptible (S) group to pinoxaden +
flurasolam, respectively. The herbicide resistance index based on fresh weight
and survival percentage for the studied populations was estimated to be
between 2.18-5.90 and 1.53-4.05, respectively. The distribution map of
herbicide-resistant and herbicide-susceptible populations, based on the results
of the screening experiment, showed that the highest density of resistant
populations was in wheat fields in the two counties of Andimeshk and Shush.
Given the extensive spread of resistance among wild oat populations in wheat
fields, it is likely that identifying populations still susceptible to ACCase
inhibitors in Khuzestan province will become increasingly difficult in the near
future.
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Table 1. Results of a screening test of wild winter oat populations suspected of resistance to the recommended dose of pinoxaden + florasulam.

Population Y Weight i:”sz‘ﬁvz:ght (S‘;I;vival g}’&)’RS Category index” | ion vlv)ggh . i:lei’ﬁvz:’l‘ght s;rvival EWRS ~ Category index*
(% of control) ° ° AdKkins Moss (% of control) (o) (%) Adkins  Moss
1 49.65 59.71 61.11 50 S RR 29 27.28 84.76 27.78 83 S S
2 29.27 90.42 16.67 90 S S 30 45.99 69.18 44.44 63 S RR
3 94.37 28.36 100 13 R RRR 31 42.33 70.13 53.33 68 S RR
4 40.91 75.60 66.67 60 S R? 32 48.66 49.29 83.33 50 S RR
5 84.91 24.51 100 37 R RRR 33 73.86 38.78 88.89 30 PR RR
6 35.88 71.70 100 65 S RR 34 37.29 71.12 55.56 70 S RR
8 83.13 35.37 100 20 R RRR 35 61.65 52.25 51.11 53 PR RR
9 47.54 68.00 83.33 60 S RR 36 92.36 21.02 72.22 35 R RRR
10 65.76 54.47 48.89 57 PR RR 37 62.43 49.27 94.44 53 PR RR
11 67.18 42.62 77.78 42 PR RR 38 38.94 75.06 38.89 70 S R?
12 49.69 57.26 88.89 50 S RR 39 70.83 42.55 100 50 PR RR
13 56.57 57.50 94.44 50 PR RR 40 69.84 42.05 83.33 43 PR RR
14 45.98 66.12 77.78 47 S RR 41 30.99 82.25 33.33 77 S S
15 52.32 77.72 44.44 62 S R? 42 54.78 60.65 88.89 53 PR RR
16 75.32 41.99 50 53 PR RR 43 32.51 80.90 64.44 50 S R?
17 35.24 83.29 42.22 73 S S 44 51.32 68.08 53.33 63 S RR
18 34.53 85.76 50 67 S S 45 57.76 60.86 66.67 55 PR RR
19 46.23 77.44 66.67 63 S R? 46 64.32 44.55 82.22 48 PR RR
20 51.44 60.24 50 50 S RR 47 58.55 54.39 66.67 53 PR RR
21 36.55 74.97 53.33 60 S R? 48 15.81 96.15 0 100 S S
22 48.07 71.49 50 60 S RR 49 59.68 61.37 68.89 50 PR RR
23 45.98 65.13 50 58 S RR 50 22.44 89.45 22.22 77 S S
24 72.59 51.88 77.78 47 PR RR 51 64.60 48.71 83.33 47 PR RR
25 37.02 86.18 0 100 S S 52 67.25 46.33 86.67 38 PR RR
26 39.93 77.52 38.89 73 S R? 53 29.21 83.56 60 70 S S
27 66.60 42.29 100 50 PR RR 54 85.04 37.58 88.89 37 R RR
28 34.04 73.59 58.89 70 S S 55 73.99 45.03 83.33 38 PR RR
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Table 1. (continued)

i Dry weight Fresh weight o Vival EWRS Category index”

Population reduction (%) (%)
(% of control) ’ ’ Adkins Moss

56 79.98 4431 93.33 39 R RR
57 32.82 73.75 68.89 37 S R?
58 56.07 49.14 100 47 PR RR
59 81.10 30.66 100 57 R RRR
60 53.96 57.59 80 63 PR RR
S 16.42 96.49 0 100 S S
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*According to the method of Adkins et al. (1997), resistant (R), probably resistant (PR), and susceptible (S) populations are identified by
maintaining at least 80% dry weight and 50% viability compared to the control, maintaining 50-80% dry weight and viability compared to
the control, and maintaining about 50% dry weight and > 50% viability compared to the control, respectively. According to the method of
Moss et al. (2007), a population that shows a percentage of fresh weight loss between 0 and 36% compared to the control is definitely
resistant (RRR) and most likely reduces the efficacy of the herbicide; a population with 36-72% fresh weight loss compared to the control
is definitely resistant (RR) and probably reduces the efficacy of the herbicide; a population with 72-81% fresh weight loss compared to

the control shows early signs of possible resistance (R?); and a population with 81-100% weight loss compared to the control is susceptible
to the herbicide (S).
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**In field number 7, the field was infested with wild mustard; therefore, the wild oat population was not collected.
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According to this table, populations 1-4 and 13 originated from Shushtar, populations 5-12 from Dezful, populations 14-31 from
Andimeshk, and populations 32—60 from Shush.
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Figure 1. Distribution map of winter wild oat populations resistant or susceptible to
pinoxaden+florasulam in Khuzestan province.
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Figure 2. Fitting a log-logistic dose-response equation to fresh weight
data of winter wild oat versus the dose of pinoxaden+florasulam.
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Figure 3. Fitting a log-logistic dose-response equation to the survival
percentage of winter wild oat versus the dose of pinoxaden+florasulam.
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Table 2. Parameters estimated by fitting a three-parameter log-logistic equation to fresh weight and survival
percentage data of winter wild oat populations.

Fresh weight (g Plant™)

Population b” d EDso (g a.i. ha')  RI

3 0.93 (£0.24) 120 (z0.09)  224.08 (£6637) _ 5.90 (£1.99)"
5 0.76 (£0.11) 1.97 (0.10)  128.54 (£27.14)  3.38 (+0.90)**
8 0.81 (£0.17) 136 (£0.10)  96.08 (+27.54) 2.53 (£0.83)\S
36 0.44 (+0.09) 1.80 (£0.11)  82.93 (+31.41) 2.18 (£0.90)NS
59 0.82 (+0.18) 128 (£0.10)  136.90 (£42.08)  3.60 (+1.25)"
S 1.40 (£0.35) 1.58 (£0.10)  37.97 (£6.21) ]

Survival (%)

5 0.89 (£0.18) 105.10 (£5.00) 469.13 (£108.68) 2.92 (0.83)"

8 0.96 (+0.19) 105.00 (+4.94)  400.56 (£82.73)  2.49 (0.66)"
36 1.27 (+0.24) 102.35 (+5.03)  246.19 (+38.73)  1.53 (0.35)"
59 2.73 (£1.03) 100.34 (+3.12)  648.33 (£70.05)  4.05 (0.80)""
S 1.29 (+0.22) 101.32 (+5.45)  160.26 (£26.62) -

omb oYL e Fel Aoy 0 oS slow) 35 (EDsg e s YU u> d EDsg abe s FlSe e oot b rg bz V:)‘\.o"
Fn g e 5 Cta @M b dlms plo Conar EDso 4 pslie Comar EDso s 51 45 Cnglin a3 b et ls RI ¢ owis
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*Abbreviation: b, Slope of the dose-response curve for populations at the EDsj point; d, Upper limit of the dose-response
curve; EDsy, Dose required to produce 50% of the maximum response between the upper and lower limits of the curve; RI,
the index or degree of resistance was calculated by dividing the EDs, of the resistant population by the EDs, of the
susceptible population. " The positive and negative signs in parentheses indicate the standard error.

Survival percentage parameters were not calculated for population number 3 due to 100% plant survival at all herbicide
doses.

",k R and *** indicate no significant difference and significant differences from the sensitive population at the
probability levels of 0.05, 0.01, and 0.001, respectively.



\Y e +05LS gy S ile & (Avena sterilis subsp. ludoviciana) > 3 3Y g b ]

3 S0l pastls b g edsT st s a5

FA/FA 5 VV/AP) Camax FY 5 Citn s ja b
o el 3550 55 4) o5lis 05,5 53 (doys
05,5 5> ez ¥ sRRR 05 8 )3 Comer 1
9 YO/BY) Come Coia o YV (35,15 RR
L (PR) pslie Yiiml 05,8 5 Aoy VW/OF
Comax Vs ¥V 5 R?) Cajline 4 oS S
4 (S) ol 03,8 55 (Lo y319/40 5 OY/OF)
Sl bl w3 8 15 oY sl glir 05LS gy
oY sulysh + O2lS sy S Cale oS 5 0T
~OY g Sl STl 5o 0¥ LIS W86
Sbwj dlad paS pol5 3 wlee) iy
ol 3 eV Ao s Cuslae Jlat s gl .l
Olyea) 03LS sy Sy (poped 5 Blonex
wam gl 5 (S e ol ool Gl 51 (S
Sseosle ol Conglie S 3l sdaze sla sl 8
Ol & el S aclaiale llmar s
B e R S LA TN
Aol $SUs 5 el s S Cde ol duy oo
ol bt J 875 ol 4y 8 0l e ol
A Sl Ol 5 e oS 5150 55 5 acile
oS 55l (S i S Cnl Jl= 5 cpleles
ol OT (s 1, ‘5\53,:,5@\;51;“,\;5@;,:)
L gla A8 e (B ae s or i s oo
Dl o) oS 3 5y A3 (011 (51 2
3 Jeem 09,58 s 50 b gl
ods il S L s oS L-0g3L S s,

! Pyribenzoxim

Sousa-Ortega ef al. 5> 4 fuly sl
Comex 33 & sl ol (2023)
©ols Ll O g 51 A. sterilis subsp. sterilis
— LS N O e Sl o
2355 05l 5 Bl olex 1 e s B 50bs
5 JeemOpsdsmgse bl LSl (e
B xS NA) B-0g5b,8 S s
B N A I Y 2 blamen
O3S g 55 Silpl 45T Whesls OLis b hags
RS ot s (B39 sl Lol s
I R T - T awses
oy o) L a «(Ghafouri er al., 2023)
g dal g 5 ge Ddeoli S 53 L Ylezs|

W 5 K5 b Ry s
&S das s Olis (Sabet Zangeneh er al., 2018)
S S Cale 015,558 S sladle s 4 S
oyl sl xS Cale L1y ACCase o yls 30
(r Jole 53 apem L Lol e S o Sl ALS
ol 4 A8 ks bl slacaglie s, Jlaz|
Sl enT sladle s 1S e 058 9o
S jpclacils (Cads il el
“L&A ALS  (glaediylsil 4 Cud Coua
Ol = Ol C)\}n e D 09> 3 CL gl o
G S sl 53 SloiS s 28 &S el wosls
Coley oyl LS Cale 4 Cuglia i 28
3 s 50

PG C N



MDY Ol 5 alacale (il aoee /(VE08) O L;JKM&M V¢

S e o5 sl e plaky B ki
Wil e O505LST 4 a5 6l 0T la
Slcslo,y) sy pibee ol Gl s I
G ol 3 SN 857 AL o golal 5 olaz
4 gy GBIl HLAS L das e e § 5558
29T Casa 1y 35 s, se Jsames (s e
ol Opglin & aie Wiy o) aelsl 005l
Wl ok gl 53 S pedtS el
ol Comar (555 0T )3 4S5 sbas s
033 90 Glalimas > 9 Sl il g3 5 5o

b Lal g pslae gl e (B

S ol
mpor Obej 53 & S505eST ale Sl akmy
Sy 2 5 03 503 (680 ¢ 15 3l Lo sal (5557
5 S5 JLST (sl Lo sl s 1) 5 5 e

..5)\.5 ‘) Ls;‘b)v\.;

b 5 Caglie g r il s bay s Ll e (ol
N S SUCBER LI T g U
035 3,05 &)y 2l 55 @l ¢ pmmman AL
~4) &5 e ka3 b sl O pramea L
A5 & gble jo L5 e (Ol 55 055
Slin ho s Y g 4 5L 5 (ST s 4 puS
RS )y Ak B L 5,13 ol > Shes 0
S15 oS ol DLy syse Slorar
bﬁj,:zﬁai@,u\)ww“w‘;uw
onl pS g0l 5m 3l 55 50ls peipes o i S |z
630518 b OBl Olge 4 Ol g 5
Consli ;556 astLs . plosil Ol 5 Ol
35 0 el bl e (Cujslis 4 o)
Cuglie a5 oS sl Olis gleeds) deoys
3 i e a Sl s Ao s LB s ares
WWis Sl 0 e Blumr Sl 255 5 055
L 4 53608 5| 3 S Ll (5 me 3 51
-Cake YL s j3 ey Sl ja s - e s
AS Cale 4 e glie o5 51> Ol s Lin g 28
Obel 53wl sV clame> )
T PSRIIP. JERPHRT
L S50 A5 53 g 50 b 1S e i L
Gl S b s LMl b o 4) 2S5 ke

el et J..,a.u Qi‘ ey O‘}:n_s" («51‘5

&b

Adkins, S.W., Wills, D., Boersma, M., Walker, S.R., Robinson, G., McLeod, R.J. and Einam, J.P. 1997. Weeds
resistant to chlorsulfuron and atrazine from the North East grain region of Australia. Weed Res. 37(5): 343-

349.

Aghajani, Z.Z and, E. Baghestani, M.A. and Mirhadi., M.J. 2010. Resistance of wild oat (Avena ludoviciana)
population to iodosulfuron+mezosulfuron herbicide. Iran. J. Weed Sci. 6(1): 79-95. (In Persian).



Vo e +05LS gy S ile & (Avena sterilis subsp. ludoviciana) > 3 3Y g b ]

Anonymous. 2024. Agricultural statistics- The first volume: Crops 2022-2023. Ministry of Agriculture Jihad.
Deputy Director of Economic Planning, Center for Statistics, Information and Communication Technology.
https://get.agrodl.ir/statistics/field-crops/401-402.pdf. Accessed August 31, 2025. (In Persian).

Chhokar, R.S. and Malik, R.K. 2002. Isoproturon-resistant littleseed canarygrass (Phalaris minor) and its response
to alternate herbicides. Weed Tech. 16(1): 116-123.

Chhokar R.S. and Sharma R.K. 2008. Multiple herbicide resistance in littleseed canarygrass (Phalaris minor): A
threat to wheat production in India. Weed Biol. Manag. 8(2): 112-123.

Dear, B.S., Sandral, G.A., Spencer, D., Khan, M.R.l. and Higgins, T.J.V. 2003. The tolerance of three transgenic
subterranean clover (Trifolium subterraneum L.) lines with the bxn gene to herbicides containing bromoxynil.
Aust. J. Agric. Res. 54: 203-210.

Elahifard, E., Derakhshan, A. and Zarrinjoob, H. 2017. Tracing resistance of weeds to aryloxyphenoxypropionate
(ACCase), acetolactate synthase (ALS) and synthetic auxcins herbicides in Shoushtar wheat fields. J. Plant
Prot. 31(2): 284-295. (In Persian).

Ghafouri, A., Alimoradi, L., Baghestani Meibodi, M.A., Zand, E. and Rashed Mohassel, M.H. 2023. The role of
adjuvants in increasing the effectiveness of pinoxaden herbicide in controlling susceptible and resistant
populations of two important narrow-leaves in wheat fields. Iran. J. Weed Sci. 19(1): 41-45. (In Persian).

Gherekhloo, J., Oveisi, M., Zand, E. and De Prado, R. 2016. A review of herbicide resistance in Iran. Weed Sci.
64(4): 551-561.

Heap, I.M. 2025. International survey of herbicide resistant weeds. Available at: http://www.weedscience.org
[Accessed July 10, 2025].

Joumi, A., Keshtkar, E., Zand, E. and Sasanfar, H. 2022. Evaluation of resistance to mesosulfuron methyl+
idosulfuron methyl and mesosulfuron methyl+ idosulfuron methyl+ diflofenican herbicides in winter wild oat
(Avena sterilis subsp. ludoviciana) populations collected from wheat fields of Khuzestan province and
preparing distribution map of populations. Iran. J. Weed Sci. 18(1): 115-127. (In Persian).

Malik, R.K. and Singh, S. 1995. Littleseed canarygrass (Phalaris minor) resistance to isoproturon in India. Weed
Tech. 9(3): 419-425.

Moss, S.R., Perryman, S.A.M. and Tatnell, L.V. 2007. Managing herbicide resistant black grass (Alopecurus
myosuroides): Theory and practice. Weed Tech. 21(2): 300-309.

Park, K.W. and Mallory-Smith, C.A. 2005. Multiple herbicide resistance in downy brome (Bromus tectorum) and
its impact on fitness. Weed Sci. 53(6): 780-786.

Peterson, M.A., Collavo, A., Ovejero, R., Shivrain, V. and Walsh, M.J. 2018. The challenge of herbicide resistance
around the world: A current summary. Pest Manag. Sci. 74(10): 2246-2259.

Ritz, C. and Streibig, J.C. 2005. Bioassay analysis using R. J. Stat. Softw. 12(5): 1-22.

Sabet Zangeneh, H.,, Mohammaddust Chamanabad, H.R., Zand, E., Asgari, A., Alamisaeid, K.,Travlos, I.S. and
Alebrahim, M.T. 2018. Cross and multiple herbicide resistant Lolium rigidum Gaud. (Rigid ryegrass) biotypes
in Iran. JAST. 20(6): 1187-1200.

Sasanfar, H., Keshtkar, E., Zand, E., Zamani, M.H. and Khalil Tahmasbei, B. 2024. Herbicide resistance
development in winter wild oat (Avena sterilis subsp. ludoviciana) populations: Field margins vs. within fields.
Adv. Weed Sci. 42: e020240061.

Sousa-Ortega, C., Fernandez, J.L. and Sportelli, M. 2023. Case report of Avena sterilis subsp. sterilis ACCase
herbicide resistance in Southern Spain. Agriculture. 13(1): 85.

Yazdanipour, S., Alizadeh, H., Sasanfar, H. and Alizadeh, H. 2024. Clodinafop-propargyl herbicide resistance
development in winter wild oat (Avena sterilis subsp. ludoviciana (Durieu) Nyman) influenced by
monoculture cropping and management systems in wheat fields of Iran. Iran. J. Weed Sci. 20(1): 53-75. (In
Persian).

Zand, E., Baghestani, M.A., BenaKashani, F. and Nezamabadi, N. 2013a. Weed survey of acetolactate inhibitors
and acetyl coenzyme A carboxylase suspected resistant weeds of wheat (Triticum aestivum) fields in
Khuzestan and Kermanshah provinces. Iran. J. Weed Sci. 9(1): 39-53.

Zand, E., Nezamabadi, N., Baghestani, M.A. and Mousavi, S.K. 2019. A guide to chemical control of weeds in Iran.

Jihad Daneshgahi of Mashad Press. 216 p. (In Persian).

Zand, E., Razmi, A., Benakashani, F., Nezam Abadi, N., Gherekhloo, J. and Sasanfar, H. 2013b. Using CAPS and
dCAPS methods to detect some mutations that cause resistance to acetyl coenzyme A carboxylase inhibiting
herbicides in wild oat (Avena ludoviciana). Iran. J. Weed Sci. 9: 79-91. (In Persian).


https://get.agrodl.ir/statistics/field-crops/401-402.pdf
https://ijws.areeo.ac.ir/article_4099.html?lang=en
https://ijws.areeo.ac.ir/article_4099.html?lang=en
https://ijws.areeo.ac.ir/article_4099.html?lang=en

