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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
pinoxaden-+florasulam, 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 DY Weight iﬁl‘n‘(ﬁ z‘ght (s;l;vival E;R;RS Category index’ = ion VIv)ei‘"ygh . i:lei’t:)’ ﬁ'ght (s;l;vival gxks Category index*
(% of control) ’ ° AdKkins Moss (% of control) ° ° 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)

. Dry weight Fresh .welght Survival EWRS Category index*

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

56 79.98 44 .31 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

5K s dopa A Pl Lo b 5 54 (S) el 5 (PR) 5lis Yozt (R) plis slacnex (Adkins et al., 1997) OLen 5 5SSl sy el ”
200 5 S 05 S b oy B0 sad 03 s 5 cdald 4 S Sleo) 5 ESUis (55 o pn Ar JIO0 s Lids (Aald 4 G Gleoki; dasy3 O
5055 a5l o ys cdali b awglin 55 oS ez «(Moss ef al., 2007) 01)Kan 5 ole gy olol s 6d Aial g5t sl ol a4 Cd Sleodi) o)
Cad 5 05 SdlS Az yn VY \;Y‘?_ﬁSsyw,s,m&_,:.n\fl)_,:f;a.k;d_l)lf.s\ijJL.:,-\4{,(RRR)C‘,&AL‘LEL,\A.&;;;LMJ(MJ;WU,s.;w)
2o Slad ol Glaalas (s 4 Sl Ao s AV BVY o 5 05 u.‘..hlfl.:s;.:a.‘.,.-é.x.a.sd Sy S ke ;ﬂ&‘)}k}l}(RR)cj\iﬂLghé Syl dald o

Al n (8) [2S e a4y Luleom 3515 dald 4 Cod Aoy Vot BAY s (65 055 2l &7 maz 5 4(R?) 5515 Cnglie anw 55 Jlo|
*According to the method of Adkins ef 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).

.ms;}Tc{-&’jdyx5.5):‘&}J}ﬁQ“)PL;JV,!T‘}‘J.S‘\{LVBJM”)}A))*
**In field number 7, the field was infested with wild mustard; therefore, the wild oat population was not collected.
‘5))-\—@5-&}.2;)&“_)4,2)‘9’ Ly 3&@&\0@%}‘*\ UYF Ld)éji ;)L:.»t_).g—:d)‘ \YGoO sﬁﬁub)@)‘ “‘}f Gy OJLA.-: 6“‘:‘:"“’ EJ}-’\?Q{lJJ
IR
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 (£0.09)  224.08 (£6637)  5.90 (+1.99)"
5 0.76 (£0.11) 197 (£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 (20.11)  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)"S
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 s YL o ol Lo 0 oS 3wl 35 EDso el (e YL u> «d ¢EDsg abois s Fl 3o goe b g ylazs rb“*
Flp JoHs e 5 Sote @3N dslos ol ooz EDsp 4 pylie Comazr EDso o 51 457 Gt glie a3 b sl (RI ¢ i
Ll e skl glast eiasOlis

A Al (A Cale (las alad 53 b gy Ao pn Ve L s Y o)led Coman 6l Slooki s dm s o sl

Bl /Y g /e /0 Sl e 53 el 035 1l mn UV (5115 5 5l dmn U Dy sdims DL o a0 5T

*Abbreviation: b, Slope of the dose-response curve for populations at the EDs, point; d, Upper limit of the dose-response
curve; EDsg, 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.

"o¥ 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.
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