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Summary
This study was conducted to determine 
the effi cacy of metsulfuron applied alone 
or tank-mixed with triclopyr or paraquat 
on woody borreria (Hedyotis verticillata 
Lam.) prior to the development of woody 
tissues (lignifi cation) under glasshouse 
and/or fi eld conditions. The glasshouse 
study indicated that of the 18 treatment 
combinations, 10 were antagonistic 
while seven were additive and one was 
synergistic, with plant fresh weight re-
duction ranging from 53–93%. The fi eld 
study demonstrated that metsulfuron 
plus paraquat at 0.1 + 140, 0.5 + 70 and 0.5 
+ 140 g a.i. ha−1 provided more than 95% 
control of H. verticillata while metsul-
furon plus triclopyr at 0.5 + 20, 0.5 + 40 
and 0.2 + 80 g a.i. ha−1 provided less than 
65% control of H. verticillata. 

Introduction
Hedyotis verticillata Lam., commonly 
known as woody borreria or harsh-leaved 
Hedyotis is a creeping perennial belonging 
to the Rubiaceae family (Barnes and Chan 
1990). It is a broadleaved weed that has 
become in recent years one of the prob-
lematic perennial weeds in Malaysian oil 
palm plantations. Control is more diffi cult 
at the later growth stages when woody 
borreria stems become lignifi ed (Ong and 
Teo 1990).

Application of two or more herbicides, 
simultaneously or sequentially, is a very 
common approach for weed manage-
ment. Tank mixtures are often preferred 
because the operation requires less time, 
costs less than applying each herbicide in-
dividually and usually results in increase 
of the spectrum of weed control (Ooi et 
al. 1999). Three types of response may be 
observed for herbicide mixtures, namely 
antagonistic, synergistic and additive. 
The joint action of herbicides in combina-
tion is described as antagonistic if actual 
control is less than the predicted control 
or as synergistic if actual control is higher 
than the predicted control. When weed 

control from a tank mixture is equivalent 
to the predicted control, the response is 
described as additive (Cobly 1967). 

Effective control of woody borreria 
with a single herbicide such as imazapyr 
or picloram and by a combination of two 
herbicides such as amitrole plus paraquat, 
metsulfuron plus paraquat or glyphosate 
have been reported (Yap and Ng 1986, 
Barnes and Chan 1990, Ong and Teo 1990, 
Ooi et al. 1999). However, these studies 
were conducted when the plant had de-
veloped woody stems and branches. As a 
result, high application rates were needed 
for effective control, and the cost of herbi-
cide inputs were high. 

Herbicides normally used to control 
woody borreria in oil palm plantations 
are metsulfuron, paraquat and triclopyr 
(Adnan personal communication). Met-
sulfuron is a systemic, post-emergence 
and selective sulfonylurea herbicide that 
acts by inhibiting cell division through the 
inhibition of acetolactate synthase (ALS 
inhibitors). Paraquat is a contact, post-
emergence and non-selective herbicide 
that inhibits the photosystem-I-electron 
diversion while triclopyr is a systemic, 
post-emergence and selective synthetic 
auxin herbicide that acts like indole acetic 
acid (Vencill 2002).

The present study was initiated to de-
termine whether 1) tank-mix combinations 
of metsulfuron with triclopyr or paraquat 
could provide control of woody borreria 
prior to lignifi cation of the stems and 2) 
the combination of paraquat or triclopyr 
with metsulfuron results in synergistic, 
additive or antagonistic joint action.

Materials and methods
Seed collection and germination
Woody borreria seeds were collected from 
an oil palm plantation of the Rubber Indus-
try Smallholder’s Development Authority 
(RISDA) in Durian Mas, Dungun, Tereng-
ganu. The seed coats were scarifi ed using 
sand paper and seeds were air-dried. 

Glasshouse experiments
The seeds were sown at soil surface in 55 
cm x 25 cm trays containing commercial 
potting mix (Florasca® 801, Turba earth 
and humus GmbH, Papenburg Castle, 
Germany). Two weeks after germination, 
250 uniform seedlings were transplanted 
into 6 cm diameter polybags containing 
silty clay loam soil (10.8% sand, 54.1% silt, 
and 35.1% clay) with a pH of 6.75. Plants 
were watered twice daily and fertilized 
as needed with a commercial organic 
fertilizer (Enrich®, Kenzo Marketing (M) 
Sdn. Bhd., Selangor, Malaysia) for optimal 
growth. Glasshouse environmental condi-
tions were 29 ± 6°C with light intensity 
ranging from 300 to 500 μEm−2 s−1.

At incipient fl owering (six weeks, 0.4–
0.6 m tall), metsulfuron (at 0.2 g a.i. g−1 
Ally®20DF), was applied at 0.1, 0.5 or 3.0 g 
a.i. ha−1. Paraquat dichloride (250 g a.i. L−1 
Venger®), was applied at 35, 70 or 140 g a.i. 
ha−1 while triclopyr ester (321 g a.i. L−1 Gar-
lon 250®) was applied at 20, 40 or 80 g a.e. 
ha−1, both with and without metsulfuron. 
Based on the herbicide labels, the recom-
mended rates for metsulfuron, paraquat 
and triclopyr are 15, 750 and 480 g a.i. ha−1, 
respectively. All treatments were applied 
using a compression sprayer (Matabi Style 
7, Goizper S. Coop, Spain) with a Teejet 
fl at-fan nozzle that delivered 450 L ha−1 at 
spray pressure of 200 kPa. All treatments 
with metsulfuron included a non-ionic 
surfactant (Du Pont (M) Sdn. Bhd., Selan-
gor, Malaysia) 0.25% by volume (v/v). For 
the above-ground fresh weight records, 
plants were collected three weeks after 
treatment. 

Field experiments
Seeds were germinated at soil surface in 
trays containing commercial potting mix. 
After three weeks, uniform sized seed-
lings were transplanted into 1 × 1 m2 ex-
perimental plots in the fi eld of University 
Malaysia Terengganu, at a density of 20 
plants m−2 in April 2008. The soil type was 
clay (10.7% sand, 12.8% silt, and 76.5% 
clay) with pH 4.5. Three weeks after trans-
planting, the plants were sprayed with a 
combination of metsulfuron plus paraquat 
at 0.1 + 140, 0.5 + 70, 0.5 + 140 g a.i. ha−1 or 
metsulfuron plus triclopyr at 0.5 + 20, 0.5 + 
40, 0.5 + 80 g a.e. ha−1. Control plants were 
not treated with any herbicide. Visual as-
sessment of plant injuries was carried out 
at four, six, and eight weeks after herbi-
cide treatment, on a scale of 0 (no effect on 
plant growth) to 100% (plant death). The 
light intensity ranged from 1000 to 2000 
μEm−2 s−1 while the rainfall ranged from 0 
to 90 mm starting from one month before 
herbicidal treatment and two months after 
herbicidal treatment. 

Statistical analyses
Each glasshouse experiment constituted 
a completely randomized design with a 
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factorial arrangement of treatments. Each 
treatment had four replications. Fresh 
weight reduction was calculated as fol-
lows:

100 − [(plant fresh weight / untreated 
plant fresh weight) × 100] (1)

Arcsine square root transformation was 
performed on fresh weight reduction data 
before analysis. Non-transformed data 
were presented with statistical interpreta-
tion based on the Statistical Analysis Sys-
tem (SAS) software. Transformed fresh 
weight reduction data were subjected to 
analysis of variance (ANOVA) and the 
multiplicative survival model (Colby 
1967). The equation used for calculating 
the expected response was:

E = 100 − [(100 − x) × (100 − y) / 100] (2)

Where, E = expected growth reduction as 
a percentage of the control and x = growth 
reduction as a percentage of control from 
metsulfuron. y = growth reduction as a 
percentage of control from paraquat or 
triclopyr. Expected and observed fresh 
weight reduction was compared accord-
ing to that of Hamill and Penner (1973) 
and treatment means were separated us-
ing the Tukey’s Honesty Signifi cant Dif-
ference (HSD) test at the 5% level of sig-
nifi cance. 

In the field experiments, the plants 
were arranged in complete randomized 
block designs with four replications. All 
the data on percentage weed control by 
visual assessment were transformed to the 
arsine square root before being subjected 
to ANOVA and means were compared by 
the Tukey test at the 5% level of signifi -
cance.

Results and discussion
Glasshouse study
Table 1 shows the effect of the tank-mix 
combination of metsulfuron and triclopyr 
on the control of H. verticillata. Based on 
fresh weight reduction, metsulfuron at 0.1 
g a.i. ha−1 alone provided 43% fresh weight 
reduction of H. verticillata while 0.5 and 3 
g a.i. ha−1 metsulfuron alone were able to 
reduce plant fresh weight by 78 and 87%, 
respectively. Triclopyr alone provided 
poor control of H. verticillata ranging from 
45% to 66%. 

However, when triclopyr was tank 
mixed with metsulfuron, fresh weight 
reduction increased and ranged from 53 
to 93%. Triclopyr at 80 g a.e. ha−1 alone 
reduced plant fresh weight by 66% while 
the addition of 0.1 g a.i. ha−1 metsulfuron 
synergistically enhanced fresh weight re-
duction to more than 90%. Likewise, add-
ing 0.5 g a.i. ha−1 metsulfuron to triclopyr 
also improved fresh weight reduction to 
more than 90% regardless of the triclopyr 
rate. Tank mixing 20 g a.e. ha−1 or 40 g a.e. 

ha−1 triclopyr with 0.1 or 3 g a.i. ha−1 met-
sulfuron, however, acted antagonistically. 
By increasing the application rate of tri-
clopyr to 80 g a.e. ha−1, antagonism was 
overcome.

Joint action studies of sulfonylurea 
herbicides with synthetic auxin herbi-
cides on Veronica persica Poir., Sinapis alba 
L., Brassica napus L., Stellaria media L. and 
Lamium purpureum L. have shown the ef-
fects to be additive, synergistic or antago-
nistic depending on the formulation of the 
synthetic auxin herbicides, response level 
and mixture ratio (Mathiassen and Kudsk 
1993, Kudsk and Mathiassen 1995, Hol-
laway et al. 1996, Streibig et al. 1998). The 
mixture of metsulfuron with a synthetic 
auxin herbicide such as MCPA ester on B. 
napus demonstrated increased synergism 
as the response level increased from 50 to 
90% (Kudsk and Mathiassen 1995). Joint 
action between metsulfuron and triclopyr 
in the present study was found to be de-
pendent on the respective herbicide rates.

The effect of the tank-mix combina-
tions of metsulfuron and paraquat on 
fresh weight reduction of H. verticillata 
is presented in Table 2. Paraquat applied 
alone reduced plant fresh weight from 
56 to 88%. Metsulfuron at 0.1 g a.i. ha−1 
alone reduced plant fresh weight by 43%. 
The addition of paraquat at 70 or 140 g a.i. 
ha−1 to metsulfuron enhanced control to 

more than 90% but the results were not 
signifi cantly different to the application of 
paraquat alone respectively. A tank mix-
ture of paraquat at 35 g a.i. ha−1 plus met-
sulfuron at 0.1 g a.i. ha−1 provided greater 
control than the control obtained from ei-
ther 35 g a.i. ha−1 paraquat or 0.1 g a.i. ha−1 
metsulfuron alone. However, increasing 
the rate of metsulfuron to 0.5 or 3.0 g a.i. 
ha−1 would not enhance fresh weight re-
duction as compared to that given by the 
tank mixture of paraquat at 35 g a.i. ha−1 
plus metsulfuron at 0.1 g a.i. ha−1. 

Metsulfuron at 0.5 g a.i. ha−1 alone re-
duced fresh weight of H. verticillata by 
78%. However, when 0.5 g a.i. ha−1 met-
sulfuron was tank mixed with 70 or 140 g 
a.i. ha−1 paraquat, control was increased to 
approximately 90%. All tank mixtures of 
paraquat with metsulfuron at 0.5 or 3 g a.i. 
ha−1 resulted in antagonistic joint actions. 
By decreasing the application rate of met-
sulfuron to 0.1 g a.i. ha−1, antagonism was 
overcome. This study revealed that mix-
tures of metsulfuron and paraquat at the 
ratio varying from 1:12 to 1:280 exhibited 
antagonism, thereby reducing herbicide 
effi cacy. Paraquat is a fast-acting, contact 
herbicide whereas metsulfuron methyl is a 
slow-acting, systemic herbicide. Paraquat 
may have destroyed the leaf tissue before 
metsulfuron was translocated to others 
parts of the plant such as the roots and 

Table 1. Fresh weight reduction (mean ± SD) of Hedyotis verticillata 
when sprayed with metsulfuron or triclopyr alone or in a combination of 
metsulfuron plus triclopyr at three weeks after treatment under glasshouse 
conditions.
Herbicide 
combination

Rate 
(g a.i. ha−1)

Fresh weight reduction 
(%)

Metsulfuron 0.1 43 ± 6 h

Metsulfuron 0.5 78 ± 2 d

Metsulfuron 3.0 87 ± 3 bc

Triclopyr 20.0 45 ± 5 gh

Triclopyr 40.0 50 ± 6 gh

Triclopyr 80.0 66 ± 6 e

Metsulfuron + triclopyr 0.1 + 20.0 53 ± 2 (69) fg −

Metsulfuron + triclopyr 0.1 + 40.0 62 ± 4 (72) ef −

Metsulfuron + triclopyr 0.1 + 80.0 91 ± 3 (85) ab +

Metsulfuron + triclopyr 0.5 + 20.0 90 ± 3 (88) ab

Metsulfuron + triclopyr 0.5 + 40.0 91 ± 1 (89) ab

Metsulfuron + triclopyr 0.5 + 80.0 93 ± 1 (92) a

Metsulfuron + triclopyr 3.0 + 20.0 79 ± 2 (93) d −

Metsulfuron + triclopyr 3.0 + 40.0 83 ± 1 (94) cd −

Metsulfuron + triclopyr 3.0 + 80.0 92 ± 2 (96) ab

Means within columns having the same letter are not signifi cantly different at P = 0.05 
using Tukey’s Honesty Signifi cant Difference (HSD) test.
Values in parentheses are the expected values as calculated by Colby’s method.
+ denotes synergism, − denotes antagonism and the absence of a sign denotes additive 
joint action.
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stem. Antagonism has been observed on 
several weed species when a contact her-
bicide is tank mixed with a systemic her-
bicide (Lich et al. 1997). Further research is 
needed to examine absorption and trans-
location of tank mixtures of metsulfuron 
plus paraquat in H. verticillata. 

Previous research by Ong and Teo 
(1990) demonstrated that metsulfuron at 
75 g a.i. ha−1 plus paraquat at 375 g a.i. ha−1 
was effective in the control of H. verticillata 
(Ong and Teo 1990). However, some of 
the low rates of metsulfuron tank-mixed 
with the medium rates of paraquat yield-
ed excellent control in the present study 

(Table 2). This is expected as plants were of 
0.8–1.1 m high and already woody in Ong 
and Teo’s study (1990) while the plants in 
the present study were only 0.4–0.6 m tall 
and were not yet woody. 

Field study
Several herbicide combinations were ap-
plied in the fi eld study to verify the re-
sults observed in the glasshouse study. 
Metsulfuron plus paraquat at 0.1 + 140, 
0.5 + 70, 0.5 + 140 g a.i. ha−1 provided 
good control (>90%) of H. verticillata at 
six and even eight weeks after treatment. 
These findings are in agreement with 

results observed in the glasshouse experi-
ment. However, tank-mix combinations 
of metsulfuron plus triclopyr at 0.5 + 20, 
0.5 + 40, 0.5 + 80 g a.i. ha−1 provided less 
effective control (<65%) of H. verticillata 
when applied in the fi eld as compared 
to application in the glasshouse where 
these combinations exhibited additive re-
sponses (Table 1 and Table 3). Triclopyr 
tends to degrade rapidly when exposed 
to high light intensity through photolysis 
(Johnson et al. 1995) and microbial activity 
(Vencill 2002). Light intensity in the fi eld 
was much higher than that observed in the 
glasshouse. Consequently, this may have 
contributed to the poorer control of H. ver-
ticillata in the fi eld. 

The results of this study demonstrated 
that metsulfuron plus paraquat at 0.5 + 70, 
0.5 + 140 and 0.1 + 140 g a.i. ha−1 provided 
good control of H. verticillata. However, 
comparison of the costs showed that the 
tank-mix combination of metsulfuron at 
0.5 g a.i. ha−1 plus paraquat at 70 g a.i. 
ha−1 is the most cost-effective combination 
compared to the other tank mixtures (data 
not shown). Although application of either 
3 g a.i. ha−1 metsulfuron or 70 g a.i. ha−1 
paraquat alone could reduce fresh weight 
of H. verticillata by more than 85%, this is 
not a recommended approach for H. ver-
ticillata control. Single herbicide applica-
tion may be effective for short-term weed 
control; however the weed species may 
develop resistance towards that particular 
herbicide after several years of repeated 
application. There have been cases where 
herbicide resistance occurred due to re-
peated application of a single herbicide 
for three consecutive years. For example, 
goosegrass populations at a guava farm in 
Teluk Intan, Perak, Malaysia were found 
to be resistant to glyphosate (Lee and 
Ngim 2000). This resistance evolved after 
about three years of intensive glyphosate 
use with 6–7 applications per year at in-
creasing rates. Furthermore, rotating sin-
gle application treatment of paraquat or 
metsulfuron would not be a good practice 
because oil palm plantations are common-
ly infested with a combination of various 
grassy and broadleaved weeds. In con-
trast, tank mixtures are benefi cial as they 
increase the spectrum of weed control as 
well as delay the occurrence of resistance 
(Gressel and Segel 1990, Powles 1997). 

Conclusion
In conclusion, a tank mixture of metsul-
furon at 0.5 g a.i. ha−1 plus paraquat at 70 
g a.i. ha−1 is effective for control of H. ver-
ticillata at incipient fl owering. Herbicide 
rates of metsulfuron plus paraquat used 
in the control of H. verticillata have been 
reduced 10 to 30 times, the current recom-
mended rates for single herbicide applica-
tions. This will be economically advanta-
geous to managers of oil palm plantations 
in Malaysia. 

Table 2. Fresh weight reduction of Hedyotis verticillata when sprayed with 
metsulfuron or paraquat alone or in a combination of metsulfuron plus 
paraquat at three weeks after treatment under glasshouse conditions.
Herbicide 
combination

Rate 
(g a.i. ha−1)

Fresh weight reduction 
(%)

Metsulfuron 0.1 43 ± 6 e

Metsulfuron 0.5 78 ± 2 cd

Metsulfuron 3.0 87 ± 3 abc

Paraquat 35.0 56 ± 9 e

Paraquat 70.0 86 ± 2 bcd

Paraquat 140.0 88 ± 2 abc

Metsulfuron + paraquat 0.1 + 35.0 75 ± 13 (75) d

Metsulfuron + paraquat 0.1 + 70.0 91 ± 1 (92) ab

Metsulfuron + paraquat 0.1 + 140.0 92 ± 1 (93) ab

Metsulfuron + paraquat 0.5 + 35.0 82 ± 2 (90) cd −

Metsulfuron + paraquat 0.5 + 70.0 88 ± 4 (97) ab −

Metsulfuron + paraquat 0.5 + 140.0 91 ± 1 (97) ab −

Metsulfuron + paraquat 3.0 + 35.0 81 ± 1 (94) cd −

Metsulfuron + paraquat 3.0 + 70.0 87 ± 3 (98) abc −

Metsulfuron + paraquat 3.0 + 140.0 93 ± 1 (99) a −

Means within columns having the same letter are not signifi cantly different at P = 0.05 
using Tukey’s Honesty Signifi cant Difference (HSD) test.
Values in parentheses are the expected values as calculated by Colby’s method.
− denotes antagonism and the absence of a sign denotes additive joint action.

Table 3. Visual assessment on the control of Hedyotis verticillata plants 
when sprayed with a combination of metsulfuron plus paraquat or triclopyr 
at 4, 6 and 8 weeks after treatment (WAT) under fi eld conditions.

Herbicide 
combination 

Rate
(g a.i. ha−1)

Visual assessment (%)

4 WAT 6 WAT 8 WAT

Metsulfuron + paraquat 0.1 + 140.0 83 ± 3 a 98 ± 4 a 98 ± 3 a

Metsulfuron + paraquat 0.5 + 70.0 84 ± 5 a 93 ± 4 a 98 ± 3 a

Metsulfuron + paraquat 0.5 + 140.0 95 ± 3 a 98 ± 4 a 98 ± 3 a

Metsulfuron + triclopyr 0.5 + 20.0 52 ± 9 b 60 ± 7 b 50 ± 14 b

Metsulfuron + triclopyr 0.5 + 40.0 52 ± 8 b 58 ± 4 b 58 ± 11 b

Metsulfuron + triclopyr 0.5 + 80.0 59 ± 6 b 63 ± 4 b 58 ± 7 b

Means within the same column having the same letter are not signifi cantly different at 
P = 0.05 using Tukey’s Honesty Signifi cant Difference (HSD) test.
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