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Table 1. GRs Values for the radicle elongation of susceptible (S) and resistant (R) biotypes of
Eleusine indica treated with ACCase-inhibiting herbicides”

GRs for radicle length (ppb)z)

Herbicide X . 3)
Resistant (R) Susceptible (S) R/S
Fluazifop-p-butyl 1172 168 7
Haloxyfop 273 72 4
Quizalofop-ethyl 742 151 5
Cycloxydim 2344 496 5
Sethoxydim 703 129 5

Y Seeds of Eleusine indica, selected on the basis of suspected resistance to fluazifop-p-butyl, were
collected from orchards of Kaohsiung in 2003. The susceptible biotype was collected from

vegetable fields of Changhua in 2003.

) GRso was the concentration of tested herbicide that reduced 50% radicle length.
3) R/S was the GRs ratio of resistant to susceptible biotypes.
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Table 2. Effects of ACCase-inhibiting herbicides applied at the 3-4 leaf stage on the growth of
fluazifop-resistant (R) and -susceptible (S) biotypes of Eleusine indica

Phytotoxicity (%)1) GRs for fresh weight (ppm)z)
Herbicide Resistant  Susceptible Resistant  Susceptible R/SY

R) S R) S)
Fluazifop-p-butyl 16+1 98+6 157 10 15.7
Haloxyfop 37+2 99+5 61 4 15.3
Quizalofop-ethyl 61+3 98+7 41 25 1.6
Cycloxydim 1943 5449 264 59 4.5
Sethoxydim 17+1 4749 251 70 3.6

D Herbicides were applied at 50 ppm to tested plants at 3-4 leaf stage, and evaluating time was 14
days after herbicide application.

% Evaluating time was 21 days after herbicide application, and GRsy was the concentration of tested
herbicide that reduced 50% fresh weight.

) R/S was the GRsratio of resistant to susceptible biotypes.

F<= ~ ACCase £l 10 VA 9-10 Birl fie ~ B FTERNE = <V 5y 3%
Table 3. Effect of ACCase-inhibiting herbicides applied at the 9-10 leaf stage on the growth of
fluazifop-resistant (R) and -susceptible (S) biotypes of Eleusine indica

Phytotoxicity (%)l) GRs for fresh weight (ppm)z)
Herbicide Resistant  Susceptible Resistant  Susceptible R/SY

R) S) R) S)
Fluazifop-p-butyl 6+1 96+6 859 27 31.8
Haloxyfop 14+2 98+8 357 16 22.3
Quizalofop-ethyl 46+3 9545 141 24 5.8
Cycloxydim 11+1 74+3 466 56 8.3
Sethoxydim 10+1 81+4 472 41 11.5

D Herbicides were applied at 100 ppm to tested plants at 9-10 leaf stage, and evaluating time was
14 days after herbicide application.

) Evaluating time was 21 days after herbicide application, and GRs¢ was the concentration of tested
herbicide that reduced 50% fresh weight.

%) R/S was the GRsratio of resistant to susceptible biotypes.
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Fig. 1. Changes of MDA in leaf discs of both susceptible (S) and resistant (R) biotypes of
Eleusine indica after aryloxyphenoxycarboxylic acids (APPs) herbicides treatment.
Vertical bars represent meanstSE (n=3).
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Fig. 2. Changes of MDA in leaf discs of both susceptible (S) and resistant (R) biotypes of
Eleusine indica after cyclohexanediones (CHDs) herbicides treatment. Vertical bars
represent meanstSE (n=3).
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Table 4. Iso values for inhibition of ACCase from susceptlble (S) and resistant (R) Eleusine indica

biotypes by tested ACCase-inhibiting herbicides

ACCase activity (Iso; pM)"

Herbicide Resistant (R) Susceptible (S) R/S?
Fluazifop-p-butyl 45.7 4.6 9.9
Haloxyfop 11.3 2.3 4.9
Quizalofop-ethyl 2.3 1.3 1.8
Cycloxydim 7.5 2.7 2.8
Sethoxydim 8.3 2.3 3.6

b Isp was the concentration of tested herbicide that reduced 50% ACCase activity.
P R/S was the Isg ratio of resistant to susceptible biotypes.

A7 g BT TEIRERD ¢ R

Table 5. Plant characteristics of susceptible (S) and resistant (R) Eleusine indica biotypes to

ACCase-inhibiting herbicides

. Plgnt Tiller number Fresh weight Leafarea Seed number Sterility
Biotype height 1 B 2 0 . o
(cm) (no. plant™) (gplant ') (cm” plant’) (no. panicle”) (%)
Susceptible(S) 93+0.2 26+1 165+18 1185+117 1998+184 49+11
Resistant(R) 74+2.7 2244 142+16 965+193 17814322 48+17

D Observed 60 days after seeding.
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Fig. 3. Comparison of germination rate between susceptible (S) and resistant (R) biotypes of
Eleusine indica. Vertical bars represent means £ SE (n=3).
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ABSTRACT

Chiang, Y. J.'* Hou, P. F. 2, Wang, C. P. ! and Chiang M. Y.! 2007. Resistance to
acetyl-CoA carboxylase inhibitors in goosegrass (Eleusine indica) in Taiwan. Plant
Prot. Bull. 49: 311-324. (lTaiwan Agricultural Chemicals and Toxic Substances Research
Institute, Wufeng, Taichung 41358, Taiwan; ’Kinmen Inspection Station, Kaohsiung
Branch, Bureau of Animal and Plant Health Inspection and Quarantine, Council of
Agriculture, Kinmen 89346, Taiwan (ROC))

Acetyl-CoA carboxylase (ACCase) inhibitors, including aryloxyphenoxypropionates
(APPs) and cyclohexanediones (CHDs), are used widely to control grass weeds in
broadleaf crops. A putative resistance of goosegrass (Eleusine indica) biotype to
fluazifop-p-butyl was found in orchard of Kaohsiung. Two goosegrass populations
collected from fruit and vegetable fields in 2003 were tested for the resistance to
fluazifop-p-butyl, haloxyfop and quizalofop-ethyl (APPs) and cycloxydim and
sethoxydim (CHDs), in both seed and whole-plant responses. GRsy ratios (R/S)
(herbicide dosage required to inhibit 50% radicle elongation) of resistant to susceptible
biotypes ranged from 4 to 7. Under greenhouse condition, based on plant fresh weight
evaluated at 21 days after herbicide application, R/S ratios of the GRso values of
resistant to susceptible plants were 15.7-31.8 (fluazifop-p-butyl), 15.3-22.3 (haloxyfop),
1.6-5.8 (quizalofop-ethyl), 4.5-8.3 (cycloxydim), and 3.6-11.5 (sethoxydim) at the 3-4
and 9-10 leaf stages. malondialdehyde, an indicator of lipid peroxidation, increased
significantly by herbicides except quizalofop-ethyl which caused the increase only in S
biotype. Graminicide concentrations required to inhibit 50% ACCase activity were
determined for resistant and susceptible biotypes. ACCase from S biotype was sensitive
to treated herbicides, with I5o values ranging from 1.3 to 4.6 uM. In contrast, ACCase
from the R biotype was much less sensitive to fluazifop-p-butyl, haloxyfop, cycloxydim
and sethoxydim, with Isy values of 45.7, 11.3, 7.5 and 8.3 puM, respectively. ACCase
from the R biotype showed only a low level of resistance to quizalofop-ethyl, with an Is
of 2.3 uM. The S biotype appeared to have better growth rate and seed vigor than the R
biotype. Results suggest that the biotype of Eleusine indica resistant to fluazifop-p-butyl
has occurred in the fields of Taiwan, and showed different levels of cross-resistance to
other ACCase inhibiting-herbicides.

(Key words: Eleusine indica, herbicide resistance, ACCase inhibitors, cross resistance)

*Corresponding author. E-mail: cyj@tactri.gov.tw
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