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Extended Abstract
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ana) Resistance Trend to Acetyl coAcarboxylase Inhibitor Herbicides in Fars Province’s Wheat Fields
Applied Research in Field Crops Vol 34, No. 1, 2021 7-9: 29-54(in Persian)

Introduction:

Winter wild oat (Avena ludoviciana Durieu.) is one of the most important weeds
in wheat fields. The wheat farming relies on chemical control. Most of the registered
herbicides for these fields are in group of Acetyl CoA carboxylase (ACCase). These
group of herbicides are the most effective ones to control weeds with low active
ingredients and low toxicity for mammalians, making their application extensive
all over the world. To date, 49weed species have been identified as resistance to
ACCase inhibitor herbicides. (Heap, 2021). Resistance to herbicides in Avena
spp. have been frequently reported in wheat fields of Iran. The first instance of
resistance to ACCase inhibitors was reported in 2006. This study was conducted on
some Avena ludoviciana Durieu. populations collected in 2014 from wheat fields
(in Fars province) which their weed herbicide resistance had been studied in 2009

(Sasanfar, 2017). The aim of this study was to investigate the effect of chemical
management on the control of resistant winter wild oats and the trend of resistance

evaluation.
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Materials and Methods:

In order to monitor the trend of resistance, the seeds of 11 Avena ludoviciana
Durieu. populations, which were suspected to be resistant, were collected from
Marvdasht, Estahban,Sepidan and were screened along with a sensitive population
using 8 herbicides of Acetyl CoA carboxylase group. Also the resistance index for
the resistant population to the herbicide clodinafop propargyl was measured in a
dose-response test using 9 doses.The greenhouse studies (resistance screening and
dose-response tests) were conducted with five replications. Fresh weight reduction
in single stand/plant related to untreated control and survival percentages was
evaluated 28 days after herbicide applications. Based on screening data, resistant
populations were classified with R classification system (Moss et al., 2007)
and three-parameter log-logistic model was fitted to dose-response data. Some
molecular markerswere used to detect mutationsconferring herbicide resistance
in ACCase enzyme gene.Ultimately, the results of assays were compared with the
same ones reported in the past resistance survey of these fields to understand the

trends ofresistance.
Results and Discussion:

All populations were resistant to three fop herbicides used in this study:
clodinafop propargyl, fenoxaprop-p-ethyl and diclofop methyl. Cross-resistance
of three populations of Marvdasht (M1, M2 and M4) was confirmed where M1
and M2 populations were cross resistant to pinoxaden. The results of applying
sulfonylureas herbicides indicated that multiple herbicide resistance occurred in
ES2, ES4 and M4 populations .

Results of dose-response tests showed that,despite ED, being 22.37 g ai/ha
for the susceptible population, the range of the measured ED,  in the resistant
populations were between 81.2 to 270.9 g a. i/ha; Therefore, the RI values for the
most resistant population, ES4, to clodinafop propargyl herbicide based on fresh
weight as percentage of untreated control is more than 12 and for the least resistant
population, S2, was 3.8. Resistance in some populations could not be measured
because it was not possible to reduce their fresh weight below 50% even with the
application of herbicide doses, which were 32 times more than the recommended
dose. According to the survival percentage data, the most resistant population was
M3 from Marvdasht but the evaluated ED_, values of S2, ES2, ES3 and ES4 were
less than the values evaluated on the basis of fresh weight. It seems that the seeds

of these populations are not uniform but their resistant plant individuals exhibit
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good growth rate and could be crop competitive in fields.

The resistance report on the seeds collected in 2009 showed no resistance to
dims and den herbicides in any population; except M4 which was resistant to
sethoxydim. In our survey (on the seeds collected in 2014), Marvdasht populations
were resistant to all three fop herbicides and cross-resistance to sethoxydim,
cycloxydim and pinoxaden. The molecular studies confirmed three Ile-1781,
[le-2041 and Trp-2027mutations in the resistant individual plants of wild oat
(4. Iudoviciana) populations.The comparison of the results of these two studies
showed,although, the resistance-endowing A CC gene mutations in two populations
M2 and S1 collected in 2009 and 2014 were the same; but there were changes in
other populations in these two years. The 1781 and 2027 mutations were observed
in Estahban and Marvdasht populations collected in 2014 for the first time,

respectively.
Conclusion:

Resistance trend survey confirmed the expansion of cross resistance spectrum
to three herbicide families (fops, dims and den) and enhanced resistance indices,
suggesting longtime integrated management instead of chemical control is needed.
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Estahban-Kheyr® Clodinafop propargyl (3 years)- Mesosulfuron+idosulfuron+ mefenpyr diethyl (2 years)

Estahban-Kheyr® Clodinafop propargyl (3 years)- Mesosulfurontidosulfuron+ mefenpyr diethyl

Mesosulfuron+idosulfuron+ mefenpyr diethyl / Clodinafop propargyl

Estahban-Kheyr 40n ESI-
2006 field)

Clodinafop propargyl - Mesosulfuron+idosulfuron+ mefenpyr diethyl (3 years)-
Mesosulfuron+idosulfuron+ mefenpyr diethyl / Benzoylprop-ethyl

Sepidan No herbicide application

2The slashes separate the herbicides used in each year.
"Years with no mention of herbicide application were in fallow.

°The fields surveyed in this studywere in the proximity of the fields studied in 2006 (200 m away) (Sasanfar ,2017), in which,
due to the fallow or change in crop type,no resistance to oat was reported.

4The populations collected from the fields studied in 2006.

e The populations were named using a number & the first letter of the city name from which they had been collected; Estahban
(ES), Sepidan (S) and Marvdasht (M).
S o o 1y o & 3 (B e gl S il oS L

s i Todis S50l &S Cale oS oladleb

OV Caslin e (SIS T 53 0s bl (oly50l8 i b T s 415 Llos s WAD o gyl50 4 (e Yoo ) 055 ks (o aalllan (] 53 48 (o le €

REHEY ouuWL. oS
AYAD (:st SRV B BE ] mb_\p b_ otrurmbb._lnf.v.. Fmrsr..lc..c(f.v-h—

szr”\tvuu\pbAmv C_LﬂﬂihAmmvC{z_r(((r.vrmu_(,w.urourf.vﬁﬂwb(r_otrmuw._tmﬁv.C._tu_»wrm&&\vﬁrr_uﬂfh&vpnrar.“\ncﬁf.vo

> 02

la S Cale 5 (glosl gl 4 Cunslie

s

A
|51

el

o=

\GM‘JU Jﬁj 49)}& BL

b S Cale pl O pae atslo Lol 555 o
Jom DL
gl b adls 39 as 550 55 (

5 e J
L Coda

(P9
e Ol

¥ oy
5l

orile Lo

T
‘).3

Jop Cwo ok

ol oL s sl eus Jaze O ol a

@‘}‘ 03 &S he OV

AL

\id



. Q}Lia.u})&libl

(Zand et al., 2017) ALS 3 ACCase slaoiylsjbos S 53 5l andllan ol 53 o3lizul 5,540 sla 28 Cale Soluasetn Y Jgdor

Table 2.Detailsof the applied herbicides from two groups of ACCase and ALS inhibitors (Zand et al., 2017)
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of action name (Active ingredient H of
percentage per dose (L. ha™) producing
hectare) company
ACCase Diclofop-methyl Illoxan 36% EC 2.5 Aryiashimi
inhibitors
Clodinafop propargyl Topik 8% EC 1 Syngenta
Fenoxaprop-p-ethyl+mefenpyr- Puma- 7.5% EW 1 GOLSAM
diethyl super
Haloxyfop-R-methyl Gallant 10.8% EC 1 Ariashimi
super
Sethoxydim Nabu-S 12.5% EC 3 Gyah crop
Clethodim Select 12% EC 1 Arysta life
super science
Cycloxydim Focus 10% EC 2 BASF
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b =besT ,sR(Moss et al., 2007) giuas, et old ALS 5 ACCase o)ls5b sla i8S Cale 4 Cunslin i 51 andllas 3 0 aibn) i s O3V s bbluner uad) ¥ Jodr

Table 3. Wild oat populations classification in terms of resistance to ACCase and ALS inhibitor herbicidesaccording to R classification* system (Moss et al.,
2007) in screening test

Gl foe ol pbation S
A
Herbicide site Chemical
of action group
2
2 g fops
3 2
-
1z
£
3, o
= 8
M, O
i O
u, <
2 dims
den

Avena ludoviciana Durieu. glac e

Avena ludoviciana Durieu. populations

M1* M2 M4 M5 S4 S1 ES2 Es4 M3  ES3 S2 S3

*
Diclofop methyl RRR RRR RR RRR RRR RRR RRR RRR RRR RRR RR S
Fenoxaprop-P-ethyl RRR RRR RRR RRR RRR RR RRR RR RRR RR RR S
Clodinafop-propargyl RRR RRR RRR RRR RRR RRR RRR RRR RRR RR RR S
Haloxyfop-R-methyl RRR RRR R? RRR RR S S S S S S S
Sethoxydim RRR RRR RR R? S S R? S S S S S
Cycloxydim RR RR RR S R? R? S S S S S S
Clethodim S S S S S S R? S S S S S
Pinoxaden RR  RRR S R? S S S S S S S S

*The populations were named using a number & the first letter of the city name from which they had been collected; Estahban (ES), Sepidan (S)

and Marvdasht (M).

** The R classification system has four classes: RRR (high resistant); RR (resistant); R? (likely resistant); S (sensitive).
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Table 4. The EDs estimation and resistant index for resistant and sensitive wild oat populations in dose-response
tests (to Clodinafop propargyl) according to fresh weight and survival percentage.

5055 bl p s s

Estimation according to fresh weight

@L&a.ﬁ)‘ Loy oJ‘L"‘ 2 a e

Estimation according to survival percentage

\:»:—'a—?(u (Jt{.ﬁ))ﬂ;yﬂébrﬁ)EDSO C,.A_’Uuua}u

C,._:u.?rlj ):a;}fm:bp?)EDso

(6 Cslan e ls
Population EDso(gram active Resistance Population EDso(gram active Resistance
name ingredient per hectare) index (RI) name ingredient per index (RI)
hectare)
M3#x* 94.747(24.508)° 4.042(1.206) M3 432.534(65.360)" 16.792(3.025)
S2 81.233(13.023)° 3.801(0.809) S2 51.124(5.517)¢ 1.926(0.273)
ES2 226.328(41.775) 10.081(2.389) ES2 128.096(25.798)° 4.759(1.093)
ES3 83.437(21.987) 4.2477(1.216) ES3 106.460(15.467)¢ 2.933(0.718)
ES4 270.882(39.305)* 12.838(2.603) ES4 70.566(16.948)¢ 3.834(0.733)
S1 >2048** >12.8 S1 >2048** >16.8%*
S4 >2048** >12.8 S4 >2048** >16.8%*
M5 >2048** >12.8 M5 >2048** >16.8%*
M4 >2048** >12.8 M4 >2048** >16.8%*
M2 >2048** >12.8 M2 >2048** >16.8%*
Ml >2048%** >12.8 M1 >2048** >16.8%*
S3 22.375(3.341)° - S3 26.778(2.661)°

* Standard Error is inserted in the parentheses.

** Measurement of EDsy values was not possiblesince reduction in the fresh weight of the populations in the range of
the applied doses were less than 50%. Therefore, EDso valueswere expressed as greater than the applied active
ingredient (2048 gram-active ingredient per hectare).

“"The populations were named using a number & the first letter of the city name from which they had been
collected; Estahban (ES), Sepidan (S) and Marvdasht (M).
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Figure 1. The effect of clodinafop propargyl doses on the fresh weight and survival percentage of resistant and susceptibledvena
ludovicianaDurieu.populations; in Estahban (E & F), Marvdasht (C & D) and Sepidan (A & B) in 2014.
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Figure 2. Molecular assay results of mutant acetyl-coenzyme A carboxylase (ACCase) alleles in Avena
ludoviciana plants (2014 populations).Plants are heterozygous mutants at codon 1781(M1,M4,S1,S4),

2027(ES4, S1,S4), and 2041(M2). DNA ladder (Fermentaze; 50 bp); U, undigested amplicon; H, H20
PCR control (no DNA).
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Table 5. Results of resistance evaluation forA. ludovociana populations collected in 2006 (Sasanfar, 2017)
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