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Summary
Greenhouse studies were conducted to 
evaluate the efficacy of glyphosate alone 
or tank-mixed with sethoxydim or flu-
azifop-butyl on glyphosate resistant (R) 
and susceptible (S) biotypes of Eleusine 
indica (L.) Gaertn. at two growth stages. 
The R-biotype was more effectively con-
trolled when young (3–4 leaves) rather 
than when mature (3–4 tillers). Young 
plants of the R-biotype can be control-
led (>95% control) by glyphosate at high 
rates of 2.88 and 5.76 kg a.i. ha-1 four 
weeks after treatment (WAT). However, 
when mature, the R-biotype was not con-
trolled (<50%) by glyphosate even at 5.76 
kg a.i. ha-1. Sethoxydim at 0.60 kg a.i. ha-1, 
all tank-mix combinations of sethoxy-
dim or fluazifop-butyl and glyphosate 
provided good control (>95%) of young 
R-biotype plants. However, mature R-
biotype plants were only controlled by 
sethoxydim at 0.60 kg a.i. ha-1 (78%) or 
combinations of high sethoxydim and 
low glyphosate rates (82–92%) at 4 WAT. 
Although most of glyphosate combina-
tions with sethoxydim acted antagonis-
tically, the control of the R-biotype pro-
vided by the tank mixtures was greater 
than the control provided by glyphosate 
applied alone at the mature stage. 

The S-biotype was controlled (78–
99%) with glyphosate at 1.44 kg a.i. ha-1, 
sethoxydim at 0.60 kg a.i. ha-1 and all 
tank-mix combinations of sethoxydim 
or fluazifop-butyl and glyphosate at the 
young and mature stages 4 WAT.

Introduction
Herbicide mixtures have been discussed 
and modelled as a means of preventing 
or delaying the evolution of resistance in 
weeds (Maxwell et al. 1990). Two broad-
leaf weed groups (Chenopodium spp. and 
Amaranthus spp.) that have often evolved 
triazine resistance when triazines were 
used alone, have never been reported to 
evolve resistance where mixtures were 
used. For a mixture to be efficacious in 
preventing resistance, the less resistance-
prone component(s) should have the 
following traits compared to vulnerable 
herbicides: a) control the same spectra of 
weeds; b) have the same persistence; c) 
have a different target site; d) be degraded 
in a different manner; and e) preferably 
exert negative cross-resistance (Wrubel 
and Gressel 1994).

Three different responses, namely an-
tagonistic, synergistic and additive may 
be observed when two herbicides are 
combined to control weeds. Antagonism 
is a joint action of two herbicides such 
that the observed response of a weed to 
their combined application is less than the 
response expected. Synergism is the coop-
erative action of two herbicides such that 
the observed response of a weed to their 
combined application is greater than the 
response expected. An additive response 
occurs when two herbicides react so that 
the observed response of a weed to their 
joint application is equal to the response 
expected (Barrett 1993, Green and Bailey 
1988, Hatzios and Penner 1985).

Sethoxydim and fluazifop-butyl are 
two systemic gramicides, which act by 

inhibiting lipid synthesis in plants while 
glyphosate is a nonselective and systemic 
herbicide that acts by inhibiting aromatic 
amino acid synthesis in plants. Studies 
on control of Eleusine indica (L.) Gaertn. 
(goosegrass) with a single herbicide and a 
combination of two herbicides have been 
reported (Johnson 1975, 1980, 1994, 1996). 
Rhodes and Coble (1984) showed that by 
combining sethoxydim with bentazone it 
was possible to reduce sethoxydim uptake 
in E. indica. Field and greenhouse studies 
by Holshouser and Coble (1990) indicated 
that antagonism was observed with tank-
mixes of sethoxydim plus bentazone ap-
plied to goosegrass.

Nishimoto and Murdoch (1999) report-
ed that diclofop at 1.7 kg a.i. ha-1 provided 
19% control of mature goosegrass at seven 
weeks after treatment whereas metribuzin 
at 0.28 and 0.56 kg a.i. ha-1 gave 30 and 53% 
control respectively, in the field. However, 
when diclofop at 1.7 kg a.i. ha-1 was com-
bined with metribuzin at 0.28 or 0.56 kg 
a.i. ha-1, goosegrass control increased to 68 
and 90%, respectively. Starke and Oliver 
(1998) showed that tank-mix combinations 
of fomesafen at 0.21 or 0.42 kg a.i. ha-1 and 
glyphosate at 0.21 or 0.42 kg a.i. ha-1 were 
antagonistic for goosegrass at the 4-leaf 
stage. The addition of sulfentrazone at 0.07 
or 0.14 kg a.i. ha-1 to glyphosate at 0.42 kg 
a.i. ha-1 resulted in antagonistic responses. 

To date, there is little published data on 
the effects of glyphosate plus sethoxydim 
or fluazifop-butyl on glyphosate resistant 
(R) and susceptible (S) biotypes of gooseg-
rass (Teng and Teo 1999). Therefore, this 
study was initiated to determine whether 
1) tank-mix combinations of glyphosate 
and sethoxydim or fluazifop-butyl could 
provide control of the R and S-biotypes 
and 2) the combination of sethoxydim or 
fluazifop-butyl with glyphosate results 
in synergistic, additive or antagonistic 
responses. This paper is part of a series 
of studies on various aspects of biology of 
the R and S-biotypes of goosegrass (Ismail 
et al. 2002, 2003).

Materials and methods
Seed source
Seed collection procedures of the R and S-
biotypes of E. indica seeds were carried out 
as reported previously (Ismail et al. 2003). 

Tests for the R and S-biotypes
Screening procedures for the R and S-
biotypes were carried out as described 
previously (Ismail et al. 2003). The R and 
S-biotype seeds collected from this first 
generation were used in the subsequent 
studies.

Herbicides
The herbicides used in the study were 
glyphosate isopropylamine (Transorb®) 
containing 480 g a.i. L-1 solution, sethoxy-
dim (Expand®) containing 125 g a.i. L-1 
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solution and fluazifop-butyl (Flusilade®) 
containing 260 g a.i. L-1 solution. 

Approximately 10 seeds of the R and 
S-biotypes were planted at soil surface 
in 12 cm diameter polybags containing 
commercial potting mix in the green-
house. After one week, they were thinned 
to four uniform plants per polybag. The 
plants were watered daily and fertilized 
with NPK fertilizer (15:15:15) weekly. The 
plants were treated with one herbicide or 
a combination of two herbicides after two 
weeks (3–4 leaves) and five weeks (2–4 
tillers) with a compression sprayer deliv-
ering 67 L ha-1 at 100 kPa. 

The experiment was a randomized 
complete block design with a factorial ar-
rangement of treatments. Each treatment 
had four replications. Glyphosate was 
applied at 0, 1.44, 2.88 or 5.76 kg a.i. ha-1. 
Sethoxydim was applied at 0, 0.60, 1.20 
and 2.40 kg a.i. ha-1 and fluazifop-butyl 
at 0, 0.27, 0.54 and 1.08 kg a.i. ha-1 both 
with and without glyphosate. Based on 
the herbicide labels, the recommended 
rates for glyphosate, sethoxydim and 
fluazifop-butyl are 1.44, 0.30 and 0.60 kg 
a.i. ha-1, respectively. Sethoxydim is only 
registered to control E. indica at the 3–4 leaf 
stage at a rate of 0.30 kg a.i. ha-1, and will 
not control the mature plants at this rate 
(K.C. Teo personal communication). 

Above ground fresh weight samples 
were measured one month after treatment. 
Fresh weight reduction was calculated as: 

 100-[(plant fresh weight/untreated 
plant fresh weight) × 100]

Fresh weight reduction figures were 
subjected to analysis of variance and the 
multiplicative survival model (Colby 
1967). The equation used for calculating 
the expected response was:

 E = 100-[((100-x) × (100-y))/100]

where E is the expected growth reduction 
as a percentage of the control, and x and y 
represent the growth reduction as a per-
centage of control from the two herbicides 
applied alone. Expected and observed 
fresh weight reduction was compared and 
treatment means were separated using the 
Tukey’s Honestly Significant Difference 
(HSD) test at the 5% level of significance. 

Results and discussion
Efficacy of tank-mix combination of 
glyphosate and sethoxydim on control of 
goosegrass at 3–4-tiller stage
Based on fresh weight reduction, increas-
ing the sethoxydim rate from 0.60 to 2.40 kg 
a.i. ha-1 increased control of the R-biotype 
from 78 to 88% while glyphosate alone 
provided poor control that ranged from 
25 to 46%. However, when glyphosate 
was tank mixed with sethoxydim, con-
trol increased and ranged from 39 to 91%  

(Figure 1). Glyphosate at 1.44 kg a.i. ha-1 
alone reduced fresh weight of the R-bio-
types by 25%. The addition of sethoxydim 
at 2.40 kg a.i. ha-1 improved control to 
�90%. Tank mixing 1.44 or 2.88 kg a.i. ha-

1 glyphosate with 0.60 or 1.20 kg a.i. ha-1 
sethoxydim resulted in an antagonistic re-
sponse. By increasing the application rate 
of sethoxydim to 2.40 kg a.i. ha-1, antago-
nism was overcome (Figure 1). Holshous-
er and Coble (1990) demonstrated that a 
tank-mix combination of sethoxydim at 
0.11 kg a.i. ha-1 and bentazon at 0.84 kg 
a.i. ha-1 for control of E. indica also caused 
an antagonistic response. The antagonism 
was compensated when the sethoxydim 
rate was increased to 0.22 and 0.33 kg a.i. 
ha-1. However, the present studies showed 
that when glyphosate was applied at 
5.76 kg a.i. ha-1, increasing the rate of 
sethoxydim could not overcome antago-
nism. Although most of the glyphosate 
combinations with sethoxydim acted an-
tagonistically, the control of the R-biotype 
provided by the tank mixtures was greater 
than the control provided by glyphosate 
applied alone.

The results of this study showed that 
sethoxydim at 0.60 kg a.i. ha-1 can con-
trol the R-biotype at the 3–4 tiller stage. 
Glyphosate could not control the R-bio-
type at this stage even at rates up to 5.76 
kg a.i. ha-1, which is four times the recom-
mended dosage in the field. This result is 
in agreement with the on-site field trial 
reported by Teng and Teo (1999) which 
demonstrated that the mature R-biotype 
of E. indica was able to survive glyphosate 
at 5.76 kg a.i. ha-1. The addition of sethoxy-
dim at 2.40 kg a.i. ha-1 to glyphosate at the 
recommended rate (1.44 kg a.i. ha-1), how-
ever, reduced shoot fresh weight of the 
R-biotype by 91%.

Glyphosate applied alone gave from 
87 to 90% control of the S-biotype while 
sethoxydim also provided good control 
that ranged from 78 to 92% (Figure 1). Six 
of the nine tank mixtures applied to the 
S-biotype acted antagonistically. The level 
of control of the S-biotype provided by 
glyphosate was not decreased by the ad-
dition of sethoxydim at 0.6 and 1.2 kg a.i. 
ha-1. However, there was an antagonistic 
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Figure 1. Fresh weight reductions of 3–4 tiller glyphosate-resistant (R) and 
susceptible (S) biotypes of Eleusine indica in the greenhouse one month 
post treatment with tank-mix combination of glyphosate and sethoxydim. 
The white bars indicate an antagonistic response while the grey bars 
indicate additive response according to the multiplicative survival model. 
Treatment means of fresh weight reduction were compared using the 
Tukey’s Honestly Significant Difference (HSD) value.
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response when 2.40 kg a.i. ha-1 of sethoxy-
dim was added to 1.44 or 2.88 kg a.i. ha-1 
of glyphosate. The antagonistic response 
on the S-biotype could be overcome by 
increasing the glyphosate rate in the tank 
mixtures to 5.76 kg a.i. ha-1 (Figure 1). 
Previous studies showed that increased 
glyphosate rates in tank mixtures with 
imazaquin (Hydrick and Shaw 1994), di-
camba (O’Sullivan and O’Donovan 1980) 
and atrazine (Appleby and Somabhi 1978) 
overcome antagonistic responses. 

The percentage control on the S-biotype 
at the 3–4 tiller stage by glyphosate did not 
decrease with the addition of sethoxydim 
at 0.60 and 1.20 kg a.i. ha-1. Tank-mix com-
binations of glyphosate and sethoxydim at 
the above rates exhibited more than 80% 
control. However, addition of sethoxydim 
at 2.40 kg a.i. ha-1 to 1.44 or 2.88 kg a.i. 
ha-1 glyphosate did reduced control of 
the S-biotype antagonistically (Figure 1). 
The result of this study suggests that tank 
mixtures of sethoxydim at 0.60 kg a.i. ha-1 
and glyphosate at 1.44 kg a.i. ha-1 can be 
applied to control the S-biotype because 
sethoxydim and glyphosate at these rates 
exhibited good control on the S-biotype 
when applied alone or together. Both these 
herbicides pose different modes of action 
and have low persistence in the agrosys-
tem. These are the important characters in 
selecting two herbicides combination as 
suggested by Wrubel and Gressel (1994) 
to delay or preclude evolution of resist-
ance to the more vulnerable or at-risk 
herbicides. 

It may not be helpful, if at the rate used, 
the mixing partner kills 50% of the S-bio-
type and the vulnerable herbicide kills 
100% because resistance could quickly 
evolve in the remaining 50% of the S-bio-
type. Furthermore, since both glyphosate 
and sethoxydim pose different modes of 
action, if the S-biotype is resistant to the 
vulnerable herbicide, the mixing partner 
will destroy it. It is important that both of 
these herbicides exhibit low persistence in 
the field because if the vulnerable herbi-
cide has a longer period of activity than 
the mixing partner does, then the vulnera-
ble herbicide will select individuals resist-
ant only to it after the mixing partner has 
dissipated (Wrubel and Gressel 1994). 

Efficacy of tank-mix combinations of 
fluazifop-butyl and glyphosate on the 
control of goosegrass at the 3–4 tiller 
stage
Both glyphosate and fluazifop-butyl 
alone provided less than 50% control on 
the R-biotype. Adding fluazifop-butyl to 
glyphosate at 1.44 kg a.i. ha-1 decreased the 
control of the R-biotype antagonistically. 
However, tank mixtures of 2.88 kg a.i. ha-1 
glyphosate plus 0.27 or 0.54 kg a.i. ha-1 
fluazifop-butyl synergistically enhanced 
control, but control did not exceed 50% 
for any treatment. Although the addition 

of fluazifop-butyl to glyphosate at 5.76 kg 
a.i. ha-1 caused antagonism, the control of 
the R-biotype provided by the tank mix-
tures did not reduce the control provided 
by glyphosate applied alone (Figure 2).

Glyphosate applied alone to the S-bio-
type gave from 87 to 90% control while flu-
azifop-butyl alone provided poor control 
that ranged from 13 to 27%. The addition 
of fluazifop-butyl to glyphosate did not 
enhance or reduce the control of the S-bio-
type by glyphosate alone. Maintenance of 
the high level of control from glyphosate 
made it difficult to measure interactions 
between glyphosate and fluazifop-butyl. 
All tank mixtures of glyphosate plus flu-
azifop-butyl were additive in the control 
of the S-biotype (Figure 2).

These results indicate that either fluazi-
fop-butyl or tank mixtures of fluazifop-
butyl plus glyphosate were not effective 
in controlling the R-biotype at the 3–4 tiller 
stage. Fluazifop-butyl also exhibited poor 
control on the S-biotype. However, the 
addition of glyphosate to fluazifop-butyl 
provided good control on the S-biotype as 

shown by the application of glyphosate 
alone.

Efficacy of tank-mix combinations 
of sethoxydim or fluazifop-butyl and 
glyphosate on the control of goosegrass at 
the 3–4 leaf stage
Both glyphosate at 1.44 kg a.i. ha-1 and 
sethoxydim at 0.60 kg a.i. ha-1 applied 
alone controlled the R and S-biotype ef-
fectively (>95%). Control on both biotypes 
with any tank mixtures of glyphosate and 
sethoxydim was more than 95% (data not 
shown). Although the result of this study 
showed that glyphosate at 1.44 kg a.i. ha-1 
reduced fresh weight of the R-biotype 
by 99% compared to the control, shoot 
regrowth was observed in the R-biotype. 
This result suggests that glyphosate can-
not effectively control the R-biotype at the 
3–4 leaf stage. In contrast, glyphosate at 
1.44 kg a.i. ha-1 can control the S-biotype 
effectively. Sethoxydim at 0.60 kg a.i. ha-1 
provided good control (99%) on both 
biotypes. This result is expected because 
the rate is approximately two times that 

Figure 2. Fresh weight reductions of 3–4 tiller glyphosate-resistant (R) 
and susceptible (S) biotypes of Eleusine indica in the greenhouse one 
month post treatment with tank-mix combination of glyphosate and 
fluazifop-butyl. The white bars indicate an antagonistic response, the grey 
bars indicate additive response and the black bars indicate a synergistic 
response according to the multiplicative survival model. Treatment means 
of fresh weight reduction were compared using the HSD value. 
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of the recommended dosage in the field. 
Further studies by Chuah (2004) showed 
that sethoxydim at 0.30 kg a.i. ha-1 (recom-
mended rate) also provided good control 
(99%) on both biotypes at the 3–4 leaf 
stage.

Fluazifop-butyl alone provided less 
than 51% control on the R-biotype and 
increasing rate from 0.27 to 1.08 kg a.i. 
ha-1 increase fresh weight reduction of the 
R-biotype from 27 to 50%. Control on the 
R-biotype with any tank-mix combina-
tions of glyphosate and fluazifop-butyl 
was more than 95%. 

Both glyphosate and sethoxydim ap-
plied alone provided 99% control on the 
S-biotype and control with any tank mix-
tures of glyphosate plus sethoxydim was 
more than 95%. Fluazifop-butyl, however, 
at rates from 0.27 kg a.i. ha-1 to 1.08 kg a.i. 
ha-1 only gave 14 to 20% control of the S-
biotype while control with all tank-mix 
combinations of glyphosate and fluazifop-
butyl was more than 95% (Table 1). 

The results of this study showed that 
fluazifop-butyl alone failed to control 
the R and S-biotypes at the 3–4 leaf stage. 
However, both biotypes can be controlled 
by all tank-mix combinations of fluazifop-
butyl and glyphosate. This result suggests 
that both biotypes may have developed re-
sistance towards fluazifop-butyl because 
this herbicide provided 10–50% control 
on the R and S-biotypes at the 3–4 leaf 
and the 3–4 tiller stages although the flu-
azifop-butyl rate was increased to 1.08 kg 
a.i. ha-1, which is approximately twice the 
recommended commercial dosage. Nev-
ertheless, fluazifop-butyl provided better 
control on the R-biotype compared to the 
S-biotype at 3–4 leaf stage, implying that 
some negative cross-resistance may have 
occurred. Leach et al. (1993) have reported 
fluazifop resistant goosegrass at vegetable 
farms in Malaysia. Further studies by 
Marshall et al. (1993) demonstrated that 
goosegrass from Malaysia not only exhib-
ited resistance to aryloxphenoxypropion-
ate gramicides such as diclofop-methyl, 
fenoxaprop-ethyl and fluazifop-butyl but 
also to cyclothexanedione gramicides like 
clethodim, sethoxydim and tralkoxydim.

Although sethoxydim and fluazifop-
butyl have the same mode of action, both 
biotypes in our study did not show resist-
ance to sethoxydim. This result suggests 
that an altered site of action may not be 
the mechanism that confers fluazifop-
butyl resistance. Other mechanisms such 
as limited uptake and translocation, 
increased metabolism of the herbicide or 
increased acetyl-coenzyme A carboxylase 
activity in both biotypes, may contribute 
towards fluazifiop-butyl resistance.

In conclusion, the R-biotype could be 
more effectively controlled at the young 
stage (3–4 leaf) as compared to the ma-
ture stage (3–4 tiller). At the young stage, 
the R-biotype can be controlled by high  

Table 1. Fresh weight reduction of 3–4 leaf glyphosate resistant (R) and 
susceptible (S) biotypes of Eleusine indica in the greenhouse one month 
after postemergence herbicide application.

Treatment combination  
(kg a.i. ha-1) 

Fresh weight reduction  
(%)

Glyphosate Fluazifop-butyl R  S
0 0.27 27 14

0 0.54 38 16

0 1.08 50 20

1.44 0 99 99

2.88 0 99 99

5.76 0 99 99

1.44 0.27 99 99

2.88 0.54 99 99

5.76 1.08 99 99

5.76 0.27 99 99

5.76 0.54 99 99

2.88 0.27 99 99

2.88 1.08 99 99

1.44 0.54 99 99

1.44 1.08 99 99

HSD 0.05 2

glyphosate rates of 2.88 and 5.76 kg a.i. 
ha-1. However, at the mature stage, the R-
biotype failed to be controlled by glypho-
sate even at 5.76 kg a.i. ha-1. Sethoxydim 
at the rate of 0.60 kg a.i. ha-1, all tank-mix 
combinations of sethoxydim or fluazifop-
butyl and glyphosate provided good con-
trol on the R-biotype at the young stage, 
whereas mature R-biotype plants can only 
be controlled by sethoxydim at 0.60 kg a.i. 
ha-1 or by combinations of high sethoxy-
dim rate and low glyphosate rates. The S-
biotype was controlled at both the young 
and mature stages by glyphosate at 1.44 kg 
a.i. ha-1, sethoxydim at 0.60 kg a.i. ha-1 and 
all tank-mix combinations of sethoxydim 
or fluazifop-butyl with glyphosate.
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