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Abstract: Background: Goosegrass, one of the problematic weeds in the
world. Various herbicides have been widely employed for goosegrass control.
However, heavy reliance upon the herbicides has led to the evolution of
herbicide-resistant biotypes of goosegrass. Diversified approach is needed
for sustainable management of goosegrass.

Objective: Evaluate the phytotoxicity of selected preemergence herbicide-
treated oil palm residue powders on goosegrass emergence and growth.
Methods: A glasshouse experiment was arranged as complete randomized
design with five replications. The oil palm residue powders; leaflet (OPL),
rachis (OPR) or frond (OPE leaflet + rachis) were treated with pre-
emergence herbicides, viz S-metolachlor, oxyfluorfen or thiobencarb at

their respective ED50 rates (rate that gives 50% inhibition) and applied as

mulches. The analyzed variables were emergence and shoot fresh weight of
goosegrass seedlings.

Results: The ED97 value (rate that causes 97% inhibition) of S-metolachlor
for growth of goosegrass was reduced by more than 90% when being
mixed with the oil palm residue powders. Similarly, the ED97 value of
thiobencarb was reduced by 90% when goosegrass was treated with
thiobencarb-treated OPF powders. By contrast, the oxyfluorfen-treated
oil palm residue powders and thiobencarb-treated OPL or OPR powders
provided lower inhibitory effect on the goosegrass.

Conclusions: Oil palm residues of leaflets, rachis and fronds have potential to
reduce rate of preemergence herbicide to inhibit goosegrass seedling emergence
and growth depending on herbicide choice and parts of oil palm frond used.
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1. Introduction

Goosegrass (Eleusine indica) is one of the most troublesome weeds in the world
(Holm et al., 1997) and is commonly found in vegetable farms, orchards, immature
oil palm plantations (Chuah and Ismail, 2010) and aerobic rice fields (Chauhan,
2012). Additionally, goosegrassis documented as one of the most difficult turfgrass
weeds to be controlled in the tropical and subtropical regions because the
seedheads are typically present throughout the year (Wieclo, 2000). Goosegrass is
tolerant to a wide range of salt stress and pH (Chauhan and Johnson, 2008) and
water stress (Ismail et al., 2002, 2003). Goosegrass seed buried at 2, 10, and 20 cm
depths in soil showed 39, 33, and 79% viability, respectively after 2 years (Chuah
et al., 2004a). Goosegrass can be controlled by a wide range of preemergence and
postemergent herbicides including MSMA plus metribuzin (James et al., 2009),
sethoxydim plus fluazifop-butyl (Chuah et al., 2004b), ametryn plus glyphosate
or glufosinate (Chuah et al., 2008), prodiamine (Wieclo, 2000), oxadiazon and
sulfentrazone (Brecke et al., 2010), foramsulfuron (Philip, 2004), nicosulfuron
(McCullough et al., 2012) and indaziflam (Perry et al.,, 2011). However, the
synthetic herbicides alone cannot provide long term weed control because heavy
dependence on the herbicides has resulted in the evolution of goosegrass herbicide
resistance since 1973. Goosegrass is reported to be resistant to different groups
of herbicides such as glyphosate, paraquat, glufosinate, trifluralin, metribuzin,
imidazolinones, oxdiazon, aryloxyphenoxyproprionates and cyclohexane (Heap,
2020) This resistance problem limits herbicide option in controlling the goosegrass
infestation. Therefore, alternative weed management strategies should be employed
to overcome such resistance problems and effective control of goosegrass.

One of the alternative strategies might be through the application of organic
mulches. Organic mulches can help in reducing the weed germination and suppressing
weed growth through physical and chemical barriers. However, Skroch et al. (1992)
found that the mulch cover alone was not sufficient to provide commercially acceptable
level of weed control. Therefore, preemergence herbicides have been proposed to be
incorporated with organic mulches to increase weed control efficacy. According to Case
and Mathers (2003), mulches pretreated with preemergence herbicides may extend
the weed control over 300 days as compared with bare ground herbicide application,
where the control efficacy lasted only 45 days. However, previous research on the
interaction between the crop residues and herbicides showed mixed results, from no
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interaction to antagonism (Chauhan and Abugho, 2012) or
potential synergism (Teasdale et al., 2005), depending on
type and rate of herbicides and crop residues used.

Malaysia is the second largest producers of palm oil
(Elaeis guineensis Jacq.) in the world, with total planted
acreage of 5.04 million ha (MPOB, 2019). According to
Khalid et al. (1999), million tons of oil palm fronds were
produced during routine pruning and replanting season.
Oil palm fronds can be processed into animal feeds or
paper pulp, but the excessive are left as mulch between
oil palm trees for weed suppression and nutrient recycling
purpose (Elbersen et al., 2005). Nevertheless, the testing
of oil palm fronds for weed management still warrants
further investigation.

This study was carried out by treating oil palm residues
with selected pre-emergence herbicides (S-metolachlor,
oxyfluorfen, and thiobencarb), which are commonly used
in vegetable farms and rice fields for weed control. These
herbicides were selected because goosegrass has not evolved
resistance to the herbicides (Heap, 2020). Oil palm residues
were examined since the residues like oil palm fronds are
abundant during routine pruning and replanting season.
Herbicide-treated mulch could be an option for long-term
weed control that incorporates two weed control methods.
Combining physical (mulch) and chemical (herbicide)
control methods could reduce the herbicide usage, thus
slowing down the evolution of weed resistance to herbicide.
This study aimed to evaluate the effect of oil palm residues
incorporated with selected preemergence herbicides on
seedling emergence and growth of goosegrass.

2. Material and methods

2.1 Herbicides

The herbicides used were S-metolachlor (Dual Gold
960 EC, 87.3% w/w, Syngenta Crop Protection, Selangor,
Malaysia), oxyfluorfen (BOXY EC, 24.3% w/w, Zeenex
AgroScience, Kuala Lumpur, Malaysia), and thiobencarb
(SATURN 50 EC, 50% w/w, Agricultural Chemicals, Penang
Island, Malaysia).

2.2 Plant materials

Oil palm (Elaeis guineensis var. Tanera) fronds were
collected from an oil palm plantation in Setiu, Terengganu,
Malaysia. The fronds (OPF) were cleaned and dried under
full sunlight for a week and kept in an oven at 50 °C for
a week. Then, the fronds were divided into two groups;
one group was ground into powder form (< 2 mm) using
a mill grinder and stored in a chiller at 5 °C before use
while the other group was separated into leaflet (OPL) and
rachis (OPR) before being ground. The goosegrass seeds
were collected around roadsides of Gong Badak, Kuala
Terengganu, Malaysia. Seed viability of goosegrass was
examined to ensure the seeds had germination percentage
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higher than 90%. Seed coats of the goosegrass seeds were
removed by using sand papers.

2.3 Growth medium

Silt loam soil (sand: silt: clay- 70.2: 26.8: 3.0%; organic
carbon 3.5%; pH 5.5) used in this study was sampled
from a coconut plantation at Agricultural Research and
Development Institute of Malaysia (MARDI), Hilir Perak
Station, Teluk Intan, Malaysia. The soil was sun-dried and
sieved to pass through a 2-mm screen. Fifty grams of soil
was filled in each cup (4-cm diameter, 5-cm height) with
five holes at the bottom.

2.4 Experiment 1: Application of pre-emergence herbicides or
oil palm frond powders

A total of 20 goosegrass seeds were sown evenly on
the surface of soil in each cup and irrigated daily under
glasshouse conditions with relative humidity of 85%, a
temperature of 39 °C, and 12 h photoperiod at a light
intensity of 800-1,000 pmolm™? s*. Three pre-emergence
herbicides were applied at different rates one day after
the seeds were sown: S-metolachlor at 0, 12.5, 25.0, 50.0,
100.0, and 200.0 gai ha™; oxyfluorfen at 0, 1.2, 46.9, 18.8,
and 75.0 g ai ha'and thiobencarb at 15.63, 62.5, 250.0 and
1,000 g ai ha™.With the same technique, oil palm leaflet,
rachis and frond powders were distributed evenly on the
soil surface at rates of 0, 0.75, 1.50, 3.00 and 6.00 t ha™.
Number of seedling emergence was counted while shoot
fresh weight of goosegrass seedling was measured 30 days
after treatment (DAT). Each treatment was replicated five
times in a completely randomized design. Seedlings were
considered emerged when the shoot lengths were >2 mm.
The data were expressed as percentages of their respective
controls as follows:

y = (xT/xC) x 100 [1]

Where, y is shoot emergence rate or shoots fresh weight,
xT is number of seeds with emerged shoots or shoot fresh
weight in treatment, and xC is number of seeds with
emerged shoots or shoots fresh weight in control.

2.5 Experiment 2: Application of preemergence herbi-
cide-treated oil palm residue powders

The rates of oil palm residues or pre-emergent
herbicides which provided 50% inhibition (ED50) of
goosegrass emergence and growth obtained from the
first experiment were selected in this experiment. Oil
palm residue leaflet, rachis and frond powders at their
respective ED50 rate were treated with ED50 rate of
oxyfluorfen, S-metolachlor or thiobencarb, respectively.
Applications were made using a compression sprayer
(Matabi Style 7; Goizper, Bergara, Spain) equipped
with flat-fan nozzles calibrated to deliver a volume
of 450 L ha™ for S-metolachlor and oxyfluorfen while
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300 L ha' for thiobencarb at 200 kPa. The residues
were dried for 24 hours under glasshouse conditions.
Each type of herbicide-treated oil palm residue powder
was applied evenly on soil surface one day after 20
goosegrass seeds were sown in cups and irrigated daily.
Number of seedling emergence was counted while shoot
fresh weight was measured at 30 DAT. The treatments
were replicated five times in a completely randomized
design. Seedlings were considered emerged when the
shoot lengths were > 2 mm. The data were expressed
as percentages of their respective controls as described
above. All the above experiments were repeated for two
experimental runs. There was no significant interaction
between runs, therefore data were combined over runs.

2.6 Statistical analysis

To obtain application rate that gave 50% inhibition, the
data from Experiment 1 were fitted to a logistic regression
model, as follows (Kuk et al., 2002):

Y=d @@+ [x/x0]") [2]

Where, Y is the shoot fresh weight or shoot emergence of
the harvested plants, d is the coefficients corresponding to
the upper asymptotes, b is the slope of the line, %0 is the
herbicide or oil palm residue powder rate required to reduce
the shoot fresh weight or shoot emergence by 50%, and x
is the herbicide or oil palm residue powder rate. Regression
analyses were conducted to calculate the herbicide or oil
palm residue powder rates required to reduce the shoot
fresh weight or shoot emergence by 50%.

The data of Experiment 2 were tested for the
normality and homogeneity of variance before being
subjected to one-way analysis of variance (ANOVA),
followed by Tukey’s test to compare treatments means at
5% level of significance.

3. Results and discussion

At a rate of 0.75 t ha?, oil palm leaflet (OPL), oil
palm rachis (OPR) and oil palm frond (OPF) powders
had negligible effect on goosegrass seedling emergence.
However, when the rate of oil palm residue powder was
increased from 1.5 to 3.0 t ha?, the seedling emergence
was inhibited by 60-70%. The rates required for 50%
reduction (ED 50) of the seedling emergence ranged
from 2.4 to 2.6 t ha' for OPL (Figure 1A), OPR (Figure
1B) and OPF powders (Figure 1C). In a previous study, a
combination of rice leaf and straw residue at a rate of 3 t
ha™ has been reported to inhibit the goosegrass seedling
emergence by 46% (Chauhan and Abugho, 2013). In the
present study, goosegrass shoot fresh weight was reduced
by 60-80% when the highest application rate, 3 t ha™ of
oil palm residue powder was applied. This finding implies
that OPL, OPR and OPF are more phytotoxic to goosegrass
than leaf and straw residue of rice plants
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A total of 2.1 to 2.5 t ha'OPL (Figure 2A), OPR
(Figure 2B) and OPF (Figure 2C) powders were needed
to provide 50% inhibition of goosegrass shoot weight
(Figure 2). Uwah and Iwo (2011) have demonstrated
that 4 t ha™ Ganba grass (Andropogom gayanus Kunth var.
gayanus) mulch reduced 65% of weed infestation in maize
fields. In the present study, the suppressive effect of the
oil palm residue powders on goosegrass emergence and
growth was rate-dependent (Figures 1 & 2), suggesting
that the incident was due to the release of phytotoxic
allelochemicals from the palm residues.

On the other hand, both goosegrass seedling emergence
(Figure 3) and shoot fresh weight (Figure 4) declined as
the application rate of oxyfluorfen, S-metolachlor, and
thiobencarb increased. In order to reduce 50% emergence
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Figure 1 - Preemergence applications of oil palm leaflet (A),
rachis (B), and frond (C) powder on the seedling emergence

of goosegrass one month after treatment.
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of goosegrass, oxyfluorfen is required at 3.2 g ai ha,
S-metolachlorat30.4 gaiha™, and thiobencarbat 127 gaiha-
. Meanwhile, oxyfluorfen, S-metoloachlor, thiobencarb are
required to apply at 1.6, 9.5, and 106.5 g ai ha™, respectively,
to achieve 50% growth reduction in goosegrass. These
results suggest that goosegrass is more susceptible to
oxyfluorfen than the other preemergence herbicides.
Figure 5 shows the phytotoxicity of oil palm residue
powders at their respective ED50 rates in combination
with ED50 rates of preemergence herbicides on goosegrass
seedling growth and emergence. Both goosegrass seedling
emergence and growth were reduced more than 95%
with S-metolachlor-treated oil palm residues. Single
application of S-metolachlor at 134 g ai ha'is required
to inhibit goosegrass growth by 97% (ED97). This ED97

Chuah TS, Lim WK

value can be reduced by 14 folds when S-metolachlor
was combined with the oil palm residues. This result is
in agreement with the finding of Teasdale et al. (2005),
where the incorporation of S-metolachlor at 10 g ha™ and
hairy vetch (Vicia villosa Roth) residue at 5 t ha™ exhibited
synergistic interaction by reducing 86% of smooth pigweed
(Amaranthus hybridus L.) emergence as compared to single
application of S-metolachlor which needed approximately
1000g ai ha™ to achieve the same inhibitory effect.

It has been documented that plant lignin can act as
matrix to control the release of herbicides such as diuron
and 2,4 D (Oliveira et al., 2000). Lignin contents of OPL,
OPR and OPF are high, ranging from 20-30% (Khalid et al.,
2000). This property possibly makes oil palm residue of
OPL, OPR or OPF powder a good candidate as slow release
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carrier for S-metolachlor with water solubility of 530 mg
L'and low Kvalue of 200 mL g* (Rivard, 2003), thereby
free S-metolachlor molecules are more available in soil for
goosegrass seedling uptake. Furthermore, Tharayil et al.
(2006) claimed that competition for sorption sites arises
if the same sites can be occupied by more than one non-
identical molecule. Allelochemicals released by the oil palm
residue powders and metolachlor may be competing for the
same sorption sitesin the soil. As aresult, free S-metolachlor
molecules are available for uptake by goosegrass seedlings
(Dilipkumar et al., 2012).

On the other hand, thiobencarb in combination with OPL
or OPR powders at their respective ED50 rates resulted in 70-
80% goosegrass growth and emergence reduction. Likewise,
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Figure 4 - Preemergence application of oxyfluorfen (A),
metolachlor (B), and thiobencarb (C) herbicide on seedling

growth of goosegrass one month after treatment.

Herbicide-treated oil palm residues

oxyfluorfen-treated oil palm residue powders at ED50 rates
only reduced 55 — 85% of goosegrass growth and emergence
(Figure 5). Itis suggested that physical properties of herbicides
may contribute to lower efficacy given by oxyfluorfen or
thiobencarb-treated oil palm residue powders as compared
to those provided by S-metalachlor-treated oil palm residue
powders. Water solubility and K value of thiobencarb are 30
mg L' and 1,380 mL g?, respectively (Ceesay, 2002) while
oxyfluorfen has water solubility as low as 0.1 mg L™ with
Kvalue as high as 100000 mL g (Wauchope et al., 1992).
The lower water solubility of both herbicides is likely to
reduce their availability for uptake by goosegrass seedlings.
Furthermore, the higher K values enable these herbicides to
have a greater adsorption potential to bind with soil organic
matter and soil colloid after they have been slow-released
from the oil palm residue powders, thus resulting in less
free herbicide molecules for goosegrass uptake. Surprisingly,
more than 95% of goosegrass emergence and growth were
suppressed when being subjected to thiobencarb-treated
OPF powders at ED50 rates (Figure 5). The OPF powder may
contain a blend of allelochemicals derived from the rachis
and leaflet of oil palm residue powders. These allelochemicals
may act with thiobencarb synergistically by suppressing the
seedling emergence and growth of goosegrass. In contrast,
Chauhan and Abugho (2012) found that 0.5 kg ha™ of
oxadiazon application reduced 90% of barnyard grass
(Echinochloa crus-galli (L.) Beauv.) seedling emergence but
the application of the same rate of oxadiazon with the
addition of 3 t ha™ rice residue only gave 65% suppression.
Furthermore, application of 1 kg ha™ of pendimethalin in the
presence of 3 tha™ rice residue resulted in lower rice flat sedge
(Cyperus iria L.) control than zero residues. This antagonistic
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Figure 5 - Phytotoxic effect of oxyfluorfen (OXY),
S-metolachlor (METQO) and thiobencarb (THIQ) -treated oil
palm residue of leaflet, rachis and frond powderon seedling
emergence (A) and shoot growth (B) of goosegrass one
month after preemergence application.
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action may be due to the variable distribution of rice residue
on the soil surface, thereby causing some weeds escape from
the treatments (Chauhan and Abugho, 2012).

In conclusion, this study has revealed that the oil
palm leaflet, rachis and frond residue powders alone can
inhibit emergence and growth of goosegrass by 50% when
applied at 2.0 to 2.6 t ha. Great or moderate inhibition
of goosegrass exhibited by the oil palm residues treated
with preemergence herbicide is dependent on the choice
of herbicide and parts of oil palm frond used. However,
glasshouse results cannot be directly extrapolated to field
conditions as efficacy of the herbicide-treated oil palm
frond residue powders is likely influenced by environmental
factors. Further studies have to be undertaken in aerobic
rice fields and vegetable farms to verify potential of oil
palm frond residue mulch in reducing the thiobencarb or
S-metolachlor rate on control of goosegrass, respectively.
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