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ABSTRACT

In order to investigate the resistance of short spike canarygrass (Phalaris brachystachys) biotypes to acetyl
coenzyme A carboxylase inhibiting herbicides in wheat fields of Golestan province, 43 suspected resistance
were collected from different areas in 2018. The susceptible biotype was also collected from regions with
no chemical control record. The study was carried out in three steps including determination of
discriminating concentration for susceptible biotype, screening P. brachystachys biotypes with the
discriminating concentrations, and concentration-response experiment for suspected resistant biotypes at
Gorgan University of Agricultural Sciences and Natural Resources in 2018. According to the seed bioassay
test, the discriminating concentration of sensitive biotype for clodinafop propargyl, diclofop methyl,
haloxyfop-r-methyl, cycloxydim and pinoxaden were 0.02, 1.36, 0.03, 0.06 and 0.08 mg a.i.L-I,
respectively. In the screening test using the discriminating concentration, 36 (84%), 36 (84%), 19 (44%),
23 (53%) and 21 (48%) out of 43 biotypes were identified as suspected resistant to clodinafop propargyl,
diclofop methyl, haloxyfop-R-methyl, cycloxydim and pinoxaden, respectively. In general, the results
showed that the studied biotypes had different patterns in terms of resistance to different groups of ACCase-
inhibiting herbicides. The results of the concentration-response test also showed that among 43 suspected
resistant, 19 biotypes were resistant to all five herbicides.

Keywords: Concentration-response, discriminating concentration, screening test, seed bioassay, resistance
factor.
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Table 1. Characteristics of the studied herbicides

Manufacturer, Field dose (per

Common name Trade name Mode of action Formulation .
city, Country hectare)
Clodinafop-propargyl Topik ACCase inhibitor (Fop) 8% EC’ Kavosh, 0.8-1
Kerman, Iran
Diclofop- methyl Tloxan ACCase inhibitor (Fop) ~ 36% EC Kavosh, 2.5
Kerman, Iran
. Kavosh,
Haloxyfop-r-methyl Galant super ~ ACCase inhibitor (Fop) 10.8% EC Kerman, Iran 0.75
Syngenta,
Pinoxaden Axial ACCase inhibitor (Den) 4.5% EC Basel, 1.5
Switzerland
Cycloxydim Focus ACCa(sSilrr;l)nbltor 10% EC G]zﬁ::r;y 1-1.5

* Emulsifable concentration

BAS SUSW GRS pad (610 S Cale aaliiwld 90 sCBIS Y Jous

Table 2. The concentrations of the herbicide used to determine the discriminating concentration

Herbicides

Discriminating concentration (mg ai/L)

Clodinafop propargyl
Diclofop-methyl
Haloxyfop-r —methyl
Pinoxaden
Cycloxydim

0,0.02, 0.04,0.08, 0.16, 0.32, 0.64, 1.28, 5.12
0,0.001,0.1,0.25,0.5,1,2,4, 8
0,0.01, 0.02, 0.04, 0.08, 0.16, 0.32, 0.64, 5.12
0,0.01, 0.02, 0.04, 0.08, 0.16, 0.32, 0.64, 1.28
0,0.01, 0.02, 0.04, 0.08, 0.16, 0.32, 0.64, 1.28
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Figure 1. Changes in shoot length of susceptible P. brachystachys in response to different A) clodinafop-propargyl, B)
diclofop-methyl, C) haloxyfop-r-methyl, D) pinoxaden and E) cycloxydim concentrations.
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Table 3. Screening test results of suspected resistant of P. brachystachys accessions with studied herbicides discrimination

concentrations
. Shoot length (% of Control) according to discrimination concentration
Accessions .

code C‘;@lr(;il:ragfslp Diclofop methyl Haloxyfop-r-methyl Pinoxaden Cycloxydim
ALO1 84.23a R" 73.56b R 42d S 29.44b S 31.12b S
AL02 88.64a R 7798 R 37d S 37.43b S 34.34b S
ALO03 90.34a R 70.34b R 71b R 57.23a R 60.34a R
ALO4 88.34a R 83972 R 58cd R 60.32a R 63.87a R
ALOS 82.78a R 71.09 R 62c R 58.12a R 60.98a R
ALO06 80.65a R 77.45b R 82a R 67.34a R 56.36a R
ALO7 61.45b R 89.56a R 72b R 54.9a R 59.87a R
ALO8 58.45b R 85.67a R 76b R 56.09a R 62.97a R
AL09 60.76b R 87.65a R 41d S 30.65b S 31.01b S
AL10 61.45b R 7198 R 41d S 29.87b S 57.98a R
AL12 83.56ba R 69.87b R 43d S 27.98b S 29.68b S
AL13 84.87a R 5898 R 40d S 37.76b S 60.7a R
AL14 91.87a R 90.99a R 64c R 63.87a R 63.98a R
ALI1S 60.35b R 75976 R S6cd R 60.98a R 56.98a R
ALL6 83.98a R 5998¢ R 44d S 28.46b S 31.11b S
AL17 60.56b R 5778 R 38d S 31.67b S 30.05b S
AL18 57.98b R 7198 R 46d S 33.34b S 29.04b S
AL19 57.87b R 5434c R 35d S 30.65b S 28.03b S
AL20 60.45b R 5698 R 37c S 29.45b S 27.8b S
AL21 82.87a R 90.45a R 69bc R 60.35a R 67.34a R
AL22 83.98a R 73.23b R 36¢c S 30.45b S 36.05b S
AL23 89.87a R 75.04b R 65¢ R 55.98a R 54.9a R
AL24 62.76b R 6898 R 70b R 54.22a R 56.09a R
AL26 27.30c S 21.01d S 32 S 29.50b S 31.22b S
AL28 59.45b R 5887c R 37c S 28.45b S 34.31b S
AL30 27.56¢ S 20.90d S 27 S 30.45b S 30.04b S
AL31 83.98a R 71.46b R 33c S 59.56a R 67.97a R
AL32 80.76a R 5398 R 42c S 31.56b S 29.23b S
AL33 90.76a R 6530c R 85a R 54.9a R 55.98a R
AL34 61.87b R 76.20b R 68c R 56.09a R 54.22a R
GO1 29.20c S 21.23d S 31 S 28.67b S 36.04b S
G02 25.06¢ S 22.76d S 36 S 31.45b S 34.76b S
G03 27.04c S 21.03d S 30 S 29.56b S 33.18b S
G04 59.89b R 6198 R 73b R 60.34a R 55.32a R
BO1 26.98¢c S 21.34d S 31f S 29.34b S 32.1b S
B02 87.98a R 6197¢ R 47d S 60.34a R 66.12a R
B03 91.76a R 71.87b R 71b R 58.56a R 65.98a R
Rml16 27.42¢ S 20.31d S 38 S 29.87b S 31.60b S
Rm17 58.98b R 6498 R 65¢ R 60.98a R 57.23a R
Rm18 60.34b R 68.65c R 66¢ R 56.36a R 60.32a R
Kr14 87.20a R 76.87b R 74b R 59.87a R 58.12a R
Krl5 91.56a R 8533a R 8la R 64.86a R 67.34a R
Krl6 88.45a R 77.80b R 36d S 31.56b S 27.60b S
S 21.23¢ - 19.98d - 19f S 23.12b S 26.78b S

R= Resistant “S= Susceptible
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Table 4. Estimated parameters of fitting three parameters log logistic function for P. brachystachys accessions in response to Clodinafop-propargyl and diclofoop-methyl, haloxyfop-R-methyl,
cycloxydim and pinoxaden concentration response experiments

Biotypes code Diclofop methyl Clodinafop propargyl Haloxyfop-R-methyl Cycloxydim Pinoxaden
ECso (SE) RF ECs0 (SE) RF ECs0 (SE) RF ECs (SE) RF ECs (SE) RF
ALO1 3.08 (0.47) 2.26 (0.38) 0.17 (0.02) 6.07 (1.44) - - - - - -
ALO02 2.44 (0.29) 1.79 (0.24) 0.18 (0.03) 6.40 (1.56) - - - - - -
ALO03 2.36 (0.32) 1.73 (0.26) 0.26 (0.04) 9.19 (2.22) 0.06 (0.008) 2.01(0.34) 0.21 (0.04) 3.26 (0.80) 0.21 (0.02) 2.48 (0.44)
AL04 6.30 (0.85) 4.62 (0.70) 0.18 (0.03) 6.53 (1.74) 0.05 (0.009) 1.70 (0.4) 0.14 (0.02) 2.09 (0.51) 0.16 (0.02) 2.00 (0.35)
ALO05 2.23 (0.47) 2.37(0.38) 0.21 (0.03) 7.41 (1.87) 0.06 (0.001) 1.91 (0.49) 0.18 (0.03) 2.73 (0.70) 0.21 (0.02) 2.55(0.45)
AL06 3.09 (0.43) 2.26 (0.35) 0.19 (0.03) 6.82 (1.71) 0.07 (0.001) 2.23(0.58) 0.23 (0.04) 3.43(0.92) 0.21 (0.03) 2.52 (0.48)
AL07 2.23 (0.59) 3.10 (0.48) 0.08 (0.01) 3.03 (0.80) 0.07 (0.001) 2.33(0.54) 0.13 (0.02) 2.03 (0.56) 0.17 (0.02) 2.09 (0.39)
ALO08 3.25(0.48) 2.38(0.38) 0.11 (0.02) 3.89(0.98) 0.06 (0.001) 2.17 (0.56) 0.17 (0.03) 2.64 (0.74) 0.16 (0.02) 1.95 (0.35)
AL09 4.09 (0.53) 3.00 (0.44) 0.14 (0.02) 4.95 (1.20) - - - - - -
AL10 3.07 (0.44) 2.25(0.35) 0.13(0.02) 4.53 (1.28) - - 0.11 (0.02) 1.75 (0.45) - -
AL12 3.41(0.47) 2.49 (0.38) 0.16 (0.02) 5.63 (1.37) - - - - - -
AL13 1.86 (0.19) 1.37 (0.17) 0.16 (0.03) 5.79 (1.56) - - 0.14 (0.02) 2.10 (0.56) - -
AL14 5.92 (0.88) 4.34 (0.71) 0.23 (0.05) 8.33(2.32) 0.06 (0.013) 2.12(0.48) (0.03) 0.16 2.50 (0.65) 0.30 (0.04) 3.58 (0.66)
AL15 3.53(0.50) 2.58 (0.41) 0.13 (0.02) 4.55(1.19) 0.05 (0.001) 1.79 (0.43) 0.11 (0.02) 1.70 (0.47) 0.23 (0.02) 2.71 (0.48)
AL16 2.31(0.29) 1.69 (0.24) 0.21 (0.05) 7.42 (2.27) - - - - - -
AL17 2.62 (0.42) 1.92 (0.33) 0.15(0.03) 5.39 (1.40) - - - - - -
AL18 3.66 (0.38) 2.68(0.33) 0.12 (0.02) 4.30 (1.06) - - - - - -
AL19 2.44 (0.36) 1.78 (0.29) 0.10 (0.01) 3.67 (0.88) - - - - - -
AL20 1.93 (0.28) 1.42 (0.23) 0.12 (0.02) 4.38 (1.21) - - - - - -
AL21 6.07 (0.86) 4.44 (0.70) 0.17 (0.02) 6.12 (1.45) 0.06 (0.001) 2.14 (0.59) 0.17 (0.04) 2.63 (0.76) 0.16 (0.01) 2.10 (0.31)
AL22 3.13 (0.49) 2.29 (0.39) 0.14 (0.03) 5.11(1.43) - - - - - -
AL23 4.25(0.52) 3.11(0.44) 0.20 (0.03) 7.12 (1.63) 0.04 (0.008) 1.30 (0.29) 0.12 (0.02) 1.81(0.53) 0.31 (0.03) 3.95(0.59)
AL24 3.65(0.41) 2.67 (0.35) 0.12 (0.02) 4.32 (1.12) 0.09 (0.002) 2.97 (0.79) 0.13 (0.02) 2.01(0.48) 0.19 (0.20) 2.39 (0.38)
AL28 3.99 (0.55) 2.92 (0.45) 0.08 (0.01) 3.05(0.75) - - - - - -
AL31 2.92 (0.41) 2.14(0.33) 0.19 (0.04) 6.82 (1.81) - - 0.13 (0.02) 1.99 (0.44) 0.16 (0.02) 2.09 (0.33)
AL32 1.82(0.28) 1.33(0.22) 0.15 (0.02) 5.28 (1.26) - - - - - -
AL33 4.03 (0.61) 2.95(0.49) 0.25 (0.05) 8.84(2.37) 0.07 (0.001) 2.22(0.53) 0.19 (0.03) 2.93 (0.70) 0.17 (0.02) 2.23 (0.38)
AL34 5.21 (0.69) 3.82(0.56) 0.13 (0.02) 4.54 (1.07) 0.06 (0.001) 1.98 (0.45) 0.12 (0.02) 1.85(0.41) 0.20 (0.02) 2.63 (0.41)
B02 2.30 (0.36) 1.68 (0.28) 0.15(0.03) 5.38 (1.45) - - 0.17 (0.03) 2.66 (0.63) 0.16 (0.02) 2.10 (0.37)
B03 3.77 (0.56) 2.78 (0.45) 0.23 (0.05) 8.23(2.27) 0.07 (0.016) 2.34(0.62) 0.21 (0.04) 3.26 (0.80) 0.21 (0.03) 2.84 (0.53)
Kri4 2.49 (0.34) 1.83 (0.27) 0.25 (0.05) 8.73 (2.31) 0.06 (0.001) 2.11(0.34) 0.16 (0.03) 2.38(0.77) 0.17 (0.02) 2.35(0.40)
Kr15 4.33 (0.62) 3.17 (0.50) 0.29 (0.06) 10.27 (2.78) 0.09 (0.002) 3.10 (0.83) 0.33(0.09) 4.98 (0.98) 0.22 (0.03) 3.00 (0.55)
Kr16 3.15(0.36) 2.31(0.37) 0.17 (0.03) 5.96 (1.53) - - - - - -
G04 2.39(0.32) 1.75 (0.26) 0.07 (0.01) 2.77 (0.71) 0.05 (0.008) 1.84 (0.35) 0.18 (0.03) 2.82 (0.64) 0.28 (0.03) 3.52(0.57)
Rm17 1.92 (0.23) 1.41 (0.19) 0.15 (0.01) 5.29 (1.12) 0.05 (0.001) 1.71 (0.38) 0.18 (0.03) 2.74(0.64) 0.16 (0.02) 2.58 (0.47)
Rm18 2.45(0.34) 1.79 (0.28) 0.12 (0.02) 4.36 (1.13) 0.06 (0.003) 1.85(0.45) 0.14 (0.03) 2.19 (0.74) 0.17 (0.02) 2.27 (0.41)
S 1.36 (0.09) - 0.02 (0.004) - 0.03 (0.005) - 0.06 (0.001) - 0.08 (0.01)

A3l e 351l (sl oiasOLE 351 13 slel Coaglin 53 RE (T d 5365 e e3la p 8 s FBCS0

ECso: mg a.i/L, RF: resistance factor. Numbers in parentheses indicate the standard error.
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