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Abstract: A study was conducted to determine the efficacy of a combination of ametryn plus glyphosate or
glufosinate in tank-mixtures on the control of goosegrass at the 3- to 4- tiller growth stage under glasshouse
and field conditions. In the glasshouse, seven of the nine herbicide combinations were additive, while two of
them were antagonistic when goosegrass was treated with combinations of ametryn plus glyphosate,
suggesting that ametryn is compatible with glyphosate. For combinations of ametryn plus glufosinate, additive
responses were observed in five combinations, while the other four herbicide combinations gave antagonistic
responses.  In the field, it was found that a combination of ametryn at 80 g a.i. ha  with either glyphosate at1

320 g a.i. ha  or glufosinate at 50 g a.i. ha  provided good control of goosegrass ranging from 80 to 100%.1 1
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INTRODUCTION membrane   of   the   chloroplasts   [6].  Glyphosate  is a

Goosegrass [Eleusine indica (L.) Gaertn.], belonging that controls a wide spectrum of annual and perennial
to the Poaceae family [1], is a common, noxious grassy weeds. Glufosinate ammonium is a non-selective, contact
weed infesting young oil palm and rubber plantations, and post-emergence herbicide that is used to control both
vegetable fields and orchards in Malaysia. It is considered annual and perennial grasses as well as broadleaf weeds
one of the serious annual grassy weeds of the world due [7]. Glyphosate and glufosinate act by inhibiting the
to its high fecundity and wide tolerance to various enzyme 5-enoylpyruvyl shikimiate - 3-phosphate synthase
environmental factors [2]. More than 60 countries have and glutamine synthetase, respectively [8]. 
reported that it is an important weed in 46 crops [2]. Studies on goosegrass control with an effective
Lately, goosegrass populations have also developed single herbicide or a combination of two herbicides at
resistance towards several herbicides such as glyphosate high application rates have been reported [9, 10]. Two
[3], paraquat [4] and fluazifop-butyl [5] as a result of applications of MSMA at 2.24 kg a.i. ha  in mixture with
repeated applications of the same herbicide for more than metribuzin at 0.14 kg a.i. ha  [9] or a high rate of
three consecutive years. metribuzin alone at 0.56 kg a.i. ha  [10] could control

Ametryn, glyphosate and glufosinate are common mature gooosegrass. Culpepper and York [11]
herbicides  for  controlling  goosegrass  in  different demonstrated that application of glufosinate at 0.29 or
crops.  Ametryn is applied as a selective and systemic 0.49 kg a.i. ha  provided approximately 60% control of
pre-emergence or post-emergence herbicide in corn, goosegrass at the 4-to 8-leaf stage under field conditions.
pineapple, sugarcane, banana, citrus, cassava, coffee, They added that goosegrass control was increased to
cocoa and oil palm plantations [6]. Ametryn controls weed 100% when 1.8 kg a.i. ha  ametryn was included in the
growth by inhibiting the photosystem II at the thylakoid treatment schedule after glufosinate application. 

non-selective, systemic and post-emergence herbicide
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With increasing concern on herbicide resistant containing   silty   clay   loam   soil   of   pH   6.8.  The
weeds, public health and production costs, it is important plants   were   watered   twice daily and fertilized as
to apply herbicides at an optimal rate while maintaining needed   with   a  commercial  organic  fertilizer  for
weed control at an acceptable level. One of the strategies optimal  growth  under  glasshouse  conditions of
that can be adopted is the use of a combination of 29±6°C,  a  12  hour  photoperiod and light intensity of
herbicides in tank-mixtures. Combinations of herbicides 800-1200 µEm s .
have been used for major agronomic crops because they The herbicides used in this study were ametryn
result in more effective control as compared to that when (Gesapax ) containing 500 g a.i. L  solution, glyphosate
each herbicide is applied individually. Mallory-Smith and (Roundup Transorb ) containing 410 g a.i. L  solution
Retzinger [12] reported that reliance on a single mode of and glufosinate (Basta 150 ) containing 135 g a.i. L .
action may hasten the development of resistance. Each experiment in the glasshouse was conducted
Therefore , the combination of two or more herbicides in twice and a completely randomized design with a factorial
tank-mixtures could reduce application cost, increase the arrangement of treatments was used. Each treatment had
spectrum of weed control [13] and delay the occurrence of eight plants. At the mature stage (6-week-old plants with
resistance to both herbicides applied in the combination 3-to   4-tillers),   ametryn   was   applied   at   0,  20,  40  and
[14]. 80 g a.i.ha . Glyphosate was applied at 0, 80, 160 and

The efficacy of weed control from a tank-mix 320g a.i.ha   while glufosinate was applied at 0, 12.5, 25
combination may be predicted by comparing it with the and 50 g a.i.ha , both with and without ametryn. Based
control achieved when each herbicide is applied alone. on the herbicide labels, the recommended rates for
Tank mixing of herbicides can result in three forms of joint ametryn, glyphosate and glufosinate were 1300, 1200 and
action, namely additive, antagonistic or synergistic [15]. 450 g a.i.ha , respectively. All the treatments were carried
The joint action of a combination of two herbicides is out using a compression sprayer (Matabi Style 7) with a
described as antagonistic if actual control is less than the flat-fan nozzle, delivering 450 L ha  at 200 kPa. At 4 WAT
predicted control. Synergism occurs if actual control is (weeks after treatment), the plants selected for fresh shoot
greater than the predicted control. When weed control weight were harvested and weighed. 
from the tank mixture is equivalent to the predicted For the field experiment, each experiment was
control, the response is considered additive  [16]. conducted twice and a completely randomized block

To date, limited research has been conducted using design with four replications were used. The seeds were
tank mixtures of ametryn and glyphosate or glufosinate germinated in trays containing commercial potting mix
for control of goosegrass at the mature stage [17]. This soil. After three weeks, uniform seedlings were
study was carried out to determine whether 1) the transplanted into 1 x 1 m  plots in the field at a density of
combination of glyphosate or glufosinate with ametryn 20 plants m . The soil type was clay loam, pH 6.5. Based
results in synergistic, additive or antagonistic joint action on glasshouse results, the plants were sprayed at three
on goosegrass under controlled conditions and 2) tank- weeks after transplanting with a combination of ametryn
mix combinations of ametryn with either glyphosate or plus glufosinate at 80 + 50 g a.i.ha  or ametryn plus
glufosinate could provide control of goosegrass under glyphosate at 80 + 320 g a.i. ha . The control plants were
field conditions. not treated with any herbicide. Plant injury was assessed

MATERIALS AND METHODS on plants) to 100% (complete plant death). Daily rainfall

Goosegrass seeds were collected from an oil palm located near the experimental field.
plantation of the Rubber Industry Smallholders’ Fresh weight reduction was calculated as:
Development Authority (RISDA) at Setiu, Terengganu,
Malaysia. The seeds were cleaned and the seed coats
were scarified using sand paper to accelerate germination.

The seeds were air-dried and sown at soil surface in
55 cm x 25 cm trays containing commercial potting mix
(Vriezenven). Two weeks after germination, uniform
seedlings were transplanted into 12 cm diameter polybags

2 1

® 1

® 1

® 1

1

1

1

1

1

2

2

1

1

at 4, 6 and 8 WAT, based on a scale of 0 (no visual injury

records were obtained from a meteorological station

100 – [(treated plant fresh weight / untreated plant fresh weight) x 100]

The arcsine square root transformation was
performed on fresh weight reduction data before analysis.
Transformed fresh weight reduction data were subjected
to  analysis  of variance (ANOVA) and the multiplicative
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survival model [18].The equation used [19] for calculating
the expected response was:

E = 100 – [(100-x) X (100-y) / 100]

Where, E = expected growth reduction as a percentage of
the control, x = growth reduction as a percentage of
control from ametryn. y = growth reduction as a
percentage of control from glyphosate or glufosinate.
Expected and observed fresh weight reduction for each
treatment was compared and the treatment means were
then separated using the Tukey’s Honesty Significance
Difference (HSD) test at the 5% level of significance. The
arsine square root transformation was performed on data
obtained by visual assessment before being subjected to
ANOVA and means were compared using the Tukey’s
Honesty Significance Difference test at the 5% level of
significance. The original percentage scale is used in the
tables.

RESULTS AND DISCUSSION

Table 1 shows the effect of tank-mix combinations of
glyphosate and ametryn on shoot fresh weight reduction
of goosegrass. It was observed that the the highest rate
of glyphosate and ametryn applied alone provided poor
control of goosegrass, not exceeding 69% and 61%,
respectively (Table 1). Similar findings were reported by
Burke et al. [20]. However, tank mixtures of glyphosate at
320 g ha  with ametryn at 20 or 40 g ha reduced1 1

goosegrass shoot fresh weight by more than 80%. A total
of nine different binary mixtures of glyphosate and
ametryn were examined (Table 1). Seven combinations of
glyphosate plus ametryn at 320 + 80, 320 + 40, 320 + 20,
160 + 80, 160 + 40, 160 + 20 and 80 + 80 g ha provided1

additive effects on the control of goosegrass, while only
two of nine mixtures were antagonistic. Tank mixing
glyphosate at 80 g ha  with ametryn at 20 or 40 g ha ,1 1

resulted in antagonistic joint action. By increasing the
application rate of ametryn to 80 g ha , the antagonism1

was overcome.
The effect of tank-mix combinations of glufosinate

and ametryn on shoot fresh weight reduction of
goosegrass is presented in Table 2. Glufosinate alone
provided poor control of goosegrass that ranged from
32%  to  59%.  When  glufosinate  was applied  alone  at
50 g ha , it provided only 59% control of goosegrass.1

Control of goosegrass was, however, increased to 90%
when mixed with ametryn at 80 g. ha . The combination1

of glufosinate at 50 g ha  and ametryn at 40 g ha  also1 1

provided good (84%) control of goosegrass. Glufosinate

Table 1: Goosegrass shoot weight reduction in the glasshouse four weeks
after treatment with combinations of glyphosate and ametryn

Herbicide combination treatments
(g ai ha )1

------------------------------------------------------- Fresh weightc

Glyphosate + Ametryn reduction ( % )
320 + 0 69±3 a-c
160 + 0 52±3 c-f
80 + 0 49±6 d-f
0 + 80 61±10 cd
0 + 40 54±1 c-e
0 + 20 35±16 f
320 + 80 83±6 a (88) a

320 + 40 81±4 ab (85)
320 + 20 61±7 cd (80)
160 + 80 62±7 cd (81)
160 + 40 68±5 b-d (78)
160 + 20 53±3 c-e (69)
80 + 80 65±7 b-d (67)
80 + 40 40±6 ef (77) - b

80 + 20 54±7 c-e (80) -
Values in parentheses are the expected value as calculated by Colby’sa

(1967) method.
A negative sign following the expected value indicates an antagonistic jointb

action while no sign indicates additive effect.
Means followed by the same letter are not significantly different accordingc

the Tukey’s Honesty Significant Difference (HSD)

Table 2: Goosegrass shoot fresh weight reduction in the glasshouse four
weeks after treatment with combinations of glufosinate and ametryn

Herbicide combination treatments
(g ai ha )1

------------------------------------------------------- Shoot fresh c

Glyphosate + Ametryn weight reduction ( % )
50 + 0 59±6 c-e
25 + 0 59±2 c-e
12.5 + 0 32±11 fg
0 + 80 61±10 cd
0 + 40 54±1 d-f
0 + 20 35±16 e-g
50 + 80 90±1 a (84) a

50 + 40 84±8 ab (81)
50 + 20 63±15 b-d (73)
25 + 80 63±10 b-d (84)
25 + 40 58±7 c-e (81) -b

25 + 20 50±7 d-g (68) -
12.5 + 80 80±10 a-c (73)
12.5 + 40 40±12 d-g (73) -
12.5 + 20 27±7 g (56) -
Values in parentheses are the expected value as calculated by Colby’sa

(1967) method. 
A negative sign following the expected value indicates an antagonistic jointb

action while no sign indicates additive effect.
Means followed by the same letter are not significantly different accordingc

the Tukey’s Honesty Significant Difference (HSD)

applied   alone   at   12.5   g   ha    provided   poor   (32%)1

control  of goosegrass . The addition of glufosinate at
12.5 g a.i. ha  to ametryn at 80 g a.i. ha  reduced fresh1 1

weight of goosegrass by 80%, compared to the untreated
plants. Five of the nine tank mixtures of glufosinate and
ametryn were additive while four were antagonistic.
Adding 12.5 or 25 g ha  glufosinate to 20 or 40 g ha1 1

ametryn    exhibited   antagonistic   response.  However,
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Table 3: Visual assessment on the growth of goosegrass in the field at 4, 6, and 8 weeks after treatment (WAT) with tank mixtures

Visual assessment (%)a

-----------------------------------------------------------------------------------------

Tank mixtures 4 WAT 6WAT 8WAT

Glyphosate (320 g a. i. ha ) + ametryn (80 g a. i. ha ) 71±2 b 75±5 b 82±8 b1 1

Glufosinate (50 g a. i. ha ) + ametryn (80 g a. i. ha ) 96±5 a 97±6 a 98±3 a1 1

Means followed by the same letter within the same column are not significantly different according the Tukey Honesty Significant Difference (HSD)a

increasing the ametryn rate to 80 g a.i. ha  overcame the ACKNOWLEDGMENT1

antagonism. It has been reported that antagonism also
occurred when glufosinate was combined with atrazine in
rye (Secale cereale L.) crops for horseweed (Conyza
canadensis) control [21]. 

The results of this study revealed that the majority of
tank-mixtures of ametryn plus glyphosate or glufosinate
were compatible. An additive response gives benefits
because it allows the substitution of another herbicide to
attain the same level of weed control and it reduces cost
per hectare. In addition, combining glyphosate or
glufosinate with a herbicide with residual soil activity like
ametryn may provide protection from later-germinating
goosegrass. All herbicides examined in this study have
discrete modes of action and pose low to moderate
persistence in the agro-ecosystem [7]. These are
important characteristics in selecting combination of two
herbicide as suggested by Wrubel and Gressel [22] to
delay or preclude evolution of herbicide resistance. resistance in Crassocephalum crepidioides,

Table 3 shows visual assessment of goosegrass
control when treated with herbicide combinations under
field conditions. Two potential herbicide combinations
from the glasshouse study were applied in the field to
verify the results observed in the glasshouse. The
combination of 50 g ha  glufosinate with 80 g ha1 1

ametryn and 320 g ha  glyphosate plus 80 g ha1 1

ametryn provided good control (>80%) of goosegrass.
These findings are in agreement with the results obtained
in the glasshouse experiments. However, tank mix-
combination of glufosinate plus ametryn at 50 + 80 g ha 1

exhibited better control compared to glyphosate plus
ametryn at 320 + 80 g ha .1

In general, glyphosate is complimentary in tank-
mixtures with ametryn. Glasshouse and field studies have
demonstrated that tank mixtures of ametryn at 80 g ha 1

plus glyphosate at 320 g ha  or glufosinate at 50 g ha1 1

provided cost-effective control of goosegrass ranging
from 80 to 100 %. The herbicide rates used in these
combinations could be reduced from 4 to 16 times lower
than the currently recommended rate for single herbicide
application. This will be beneficial to the environment and
economical to managers of oil palm plantations. 
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