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ABSTRACT
A study on the allelopathic effects of Fimbristylis miliacea on four rice varieties namely MR211, MRQ74,
MR220 and MR84 was carried out under laboratory and greenhouse conditions. Three concentrations of the
aqueous extract of the weed (12.5, 25 and 50 g/ l) and debris (5, 10 and 20 g dry debris / kg soil) were used to
test the allelopathic effect of F, miliacea on the growth of the four rice varieties. The weed stem extract showed
comparatively higher growth inhibitory effects than that from the leaf. The weed extract caused greater
reduction on the root length of the rice plant than on the shoot length. Of the 4 rice varieties tested, MRQ74 was
found to be the most susceptible to the weed inhibitory effects. At full strength the F.miliacea extract caused
root and shoot reduction of MRQ74 by 82.01 and 53.61% of the control, respectively. Plant height and seedling
fresh weight of all the four varieties were reduced by the debris of F. miliacea. At the highest concentration
MRQ74 showed a greater reduction in plant height and dry weight (57.1 and 51.3% respectively) compared to
the other varieties tested. The weed root exudate caused significant reduction in plant height and dry weight of
MRQ74 followed by MR220. The allelopathic effect of the weed root exudate was observed to be lower than the
effect of the weed extracts and debris. The inhibitory effects of the extracts and debris of F. miliacea on rice
growth parameters were found to be concentration dependent.
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Introduction
Weeds are the cause of serious yield reduction
problems in rice cultivation worldwide. Zhang [24]
reported that, 10 million tons of rice are lost annually
due to weed competition; this quantity of rice is
sufficient to feed at least 56 million people for 1
year. Infestation by weeds is the major biotic stress
in rice production and accounts for 30 to 40 percent
of yield losses [1]. Weed management in rice will be
improved if farmers take into consideration the
ecology of major weeds and their interaction with the
rice crop.
F. miliacea, a sedge is a dominant weed in rice
fields, especially in South-East Asia [15]. In
Malaysia, it is ranked as the fifth and third most
serious weed in the rice growing areas of Muda and
Besut respectively [11]. F. miliacea is also reported
as a dominant weed species in rice fields [2,4] with
emergence density of 54 - 3074 plants m-2 [22].
Weeds compete with cultivated species for
space, light, water, nutrients and other growth
requirements and are certainly the major source
accounting for the adverse effects on crop growth
and yield [18]. Some weeds interfere with crop plants
through allelochemicals which inhibit crop growth

and development [21,5,3]. Some weeds have been
reported to have growth inhibitory effects on the rice
plant [13,23,17]. Identification of allelochemicals in
weeds will help to enhance the understanding of
crop-weed competition and thereby necessitate
appropriate measures for weed management [13]. In
the context of research findings on other aspects,
only limited information is available on the growth
inhibitory effects of F. miliacea on the rice plants.
Like certain other weeds, along with competition for
nutrients, F. miliacea may exert allelopathic effects
on the rice plants. Considering this possibility the
present research work was undertaken. The objective
of the study was to investigate the allelopathic effects
of F. miliacea on four Malaysian rice varieties.
Materials and Methods
F. miliacea plants and seeds were collected
from the Tanjung Karang rice growing area in
Selangor, Malaysia. Weed plants were washed,
separated into leaf, stem and root, air dried, ground
by a commercial blender and stored until time of use.
Rice seed of four varieties namely, MR211, MRQ74,
MR220 and MR84 were obtained from the MARDI
Research Station at Seberang Perai, Malaysia.
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Effect of aqueous extracts of the leaves, stems and
roots of the weed species on rice seedlings:
Ten gms each of different ground plant parts of
the weed (leaf, stem and root) were placed in
separate flasks each containing 200 ml of distilled
water and shaken for 48 hours at room temperature
(27±3°C) by an orbital shaker (160 rpm). The
extracts was strained through 4 layers of cheese cloth
and then through two layers of Whatman # 2 filter
paper to remove solid material. The filtrate was
centrifuged at 4000 rpm for 15 min. The supernatant
was collected and filtered through a 0.22 µm
membrane filter paper. The extract was made up to
1000 ml, to become the stock solution and stored in a
refrigerator at 4°C until further use. Three of
concentration levels of the aqueous extracts were
used in the experiment, i.e. full strength (50 g/l), half
strength (25g/l), and quarter strength (12.5g/l).
Dilutions were made with distilled water prior to use.
Rice seeds were surface sterilized (15% sodium
hypochlorite for 15 min), ten seeds of each variety
namely MR220, MRQ74, MR211 and MR84 were
placed in separate Petri dishes lined with 9 cm
Whatman # 2 filter paper. Five ml of either the weed
extract or distilled water (for control) were used to
wet each filter paper. Four replicates were done for
each concentration. The covered Petri dishes were
incubated at 300C and checked daily. The dishes
were kept moist by addition of the respective extract
or distilled water (for the control) when necessary.
The root and shoot length of the seedlings were
recorded after 7 days. Root length and shoot length
of the seedlings were measured and expressed as
percentage of the control.

small sized pots had a hole at the bottom but there
was no hole at the bottom of the larger pots. It should
be noted that, the pots were filled with soil without
any organic manure. The soil of the small pots was
mixed with sand in the ratio of 2:3 to ensure the
allelochemicals leached from the weed root and
accumulated in the bigger pots. Weed plants were
grown in the small pots. One month after emergence
the small pots with the weed plants were placed on
the top of the bigger pots. Twenty rice seeds each of
the 4 varieties were sown in the bigger pots around
the base of the small pots. The small pots were
watered daily with 100 ml of tap water and the weed
density was maintained at 50-60 plants per pot. After
7 days the rice seedlings were thinned to ten per pot.
The rice seedlings were harvested 2 weeks after
sowing. Data on plant height and seedling dry weight
was recorded and expressed as percentage of the
control.
Statistical analysis:
All experiments were conducted using the
completely randomized design with 4 replications.
The experimental data was subjected to the analysis
of variance and means were compared using the
Duncan Multiple range Test and the LSD test (for
root exudate) at the 5% level of significance. The
statistical analyses were done using the SPSS/PC
version 11.5 software
Results:
Aqueous extracts:
Root growth:

Bioassay of weed debris:
To determine the effect of weed debris, whole
dried weed plants (leaf, stem, and root) were cut into
pieces and ground by a commercial blender and
stored at 40C until time of use. Debris of four
concentrations (0, 5, 10 and 20 gm dry debris) were
mixed separately with 1 kg soil and placed in plastic
bags (height 12 cm X diameter 10 cm). For the
control, similar bags were filled with soil without the
addition of weed debris. Twenty seeds of each rice
variety were sown in separate bags and watered
regularly. After 7 days the seedlings were thinned to
ten per bag. The plants were harvested 2 weeks after
sowing. Data was recorded on plant height and dry
weight of the seedlings and expressed as percentage
of the control.
Effect of the root exudate:
The double-pot technique [16] was used to
evaluate the effect of the weed root exudate on the
growth of the rice plants. For this technique, two pot
sizes 20 cm and 14 cm in diameter were used. The

The weed leaf aqueous extract at full strength
showed inhibitory effects on the seedling root growth
for all the four rice varieties tested. It caused
significant root reduction in MRQ74, MR220, and
MR84 by 46, 40 and 31% of the control respectively
(Table 1). The stem extracts reduced the root growth
of the rice plants significantly with increase in the
concentration levels. The stem extract drastically
inhibited the root growth of MRQ74 by 82%
compared to the control, followed by the other
varieties, at full strength. The root length of MRQ74
decreased with increasing concentrations of the root
extract of the weed. It caused 38% root reduction in
MRQ74 compared to the control, followed by other
rice varieties with the exception of MR211. The root
extract of F. miliacea caused a significant reduction
in the root length of the rice varieties tested. There
was significant reduction in the root length of
MRQ74 but this was less than that caused by the
stem extract. The results showed that the root growth
of MRQ74 was greatly reduced by the leaf, stem and
root extracts of the F. miliacea.
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Table 1: Effect of F. miliacea extracts (leaf, stem and root) on the seedling root length (% of the control) of four Malaysian rice varieties.
Rice varieties
Extract concentrations
Control
Quarter
Half
Full
Leaf extract
MR211
100.0bc
134.1a
108.1b
89.4c
MRQ74
100.0a
92.4b
89.0c
54.2d
MR220
100.0a
89.8ab
80.1b
59.9c
MR84
100.0a
84.8b
74.1c
69.3c
Stem extract
MR211
100.0a
83.7b
65.1c
55.7d
MRQ74
100.0a
85.4b
49.7c
18.0d
MR220
100.0a
96.3a
86.7b
37.5c
MR84
100.0a
109.5a
81.5b
64.9c
Root extract
MR211
100.0a
98.3a
89.7b
91.1b
MRQ74
100.0a
86.1b
75.1b
61.6c
MR220
100.0a
97.5a
91.3a
67.4b
MR84
100.0a
92.1b
88.6c
80.0d
Means within rows followed by same letter are not significantly different (p>0.05, LSD0.05)

Shoot growth:
Aqueous leaf, stem and root extracts of the weed
showed inhibitory effects on the seedling shoot
growth for all the rice varieties tested, at full
strength. At full strength the leaf extract caused
significant shoot reduction of MR211, MRQ74,
MR220 and MR84 by 15, 28, 25, and 16%
respectively (compared to the control) (Table 2). The
decrease in shoot length of MRQ74 was the highest
(54% reduction). At full strength the stem extract

showed a pattern of inhibition of MRQ74 similar to
that of the leaf extract. The shoot growth of most of
the rice varieties tested was unaffected at quarter and
half strength of the root extract, rather it showed a
stimulation effect. The root extract of F. miliacea
caused significant reduction on shoot length of all the
rice varieties tested with MRQ74 showing the
greatest reduction compared to the others. The results
showed that the stem extract of F. miliacea had
greater effect on the rice seedling growth than the
leaf and root extract of the weed.

Table 2: Effect of F. miliacea extracts (leaf, stem and root) on the seedling shoot length (% of control) of four Malaysian rice varieties.
Rice varieties
Extract concentrations
Control
Quarter
Half
Full
Leaf extract
MR211
100.0b
119.3a
100.5b
85.2c
MRQ74
100.0b
110.0a
109.3a
71.9c
MR220
100.0a
101.1a
94.3b
75.2c
MR84
100.0a
100.0a
96.2a
83.8b
Stem extract
MR211
100.0a
93.0a
73.4b
78.6b
MRQ74
100.0a
95.0a
62.9b
46.4c
MR220
100.0a
85.8b
85.7b
53.8c
MR84
100.0a
101.9a
73.8b
74.1b
Root extract
MR211
100.0a
100.7a
95.9ab
86.5b
MRQ74
100.0a
97.9a
95.7a
84.9b
MR220
100.0a
101.4a
103.5a
90.5b
MR84
100.0a
106.4a
105.5a
92.4b
Means within rows followed by same letter are not significantly different (p>0.05, LSD0.05)

Weed debris on plant height and dry weight:

Root exudate:

Table 3 shows the inhibitory effect of the F
.miliacea debris (which was mixed with soil) on the
plant height, and seedling dry weight. Irrespective of
the rice varieties tested, the plant height decreased
with increasing concentrations of the weed debris
with the exception of MR220 at quarter strength. F.
miliacea residue greatly inhibited the plant height of
MRQ74 (43% of control) followed by MR220,
MR211 and MR84 at full strength. Similarly weed
debris reduced the dry weight of all the rice varieties
tested at full strength with MRQ74 showing the
highest reduction.

Table 4 shows the inhibitory effect of the weed
root exudate on plant height and dry weight of the
rice seedlings. The weed root exudate inhibited the
plant height of MRQ74, and MR220 by 18 and 16%
respectively compared to the control. Similarly it
caused dry weight reduction of MRQ74 (21% of
control), followed by MR220. The plant height and
dry weight of MRQ74 was greatly reduced by the
root exudate of F. miliacea.
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Table 3: Effect of F. miliacea debris on plant height and dry weight of the seedlings of four rice varieties (% of control).
Debris concentration
Rice varieties
Control
Quarter
Half
Full
Control
Quarter
Half
Plant height
Dry weight
MR211
100.0a
94.3b
80.3c
75.5c
100.0a
88.5ab
77.6b
MRQ74
100.0a
82.8b
59.1b
57.1c
100.0a
91.3b
57.4c
MR220
100.0a
110.2a
84.1b
60.5c
100.0a
110.1a
73.0b
MR84
100.0a
83.8b
77.5b
78.4b
100.0a
91.6ab
86.8bc
Means within rows followed by same letter are not significantly different (p>0.05, LSD0.05)
Table 4: Effect of F. miliacea root exudate on plant height and dry weight of seedlings (% of control) of four rice varieties.
Rice varieties
Plant height
Dry weight
Control
Treatment
LSD
Control
Treatment
MR211
100.0
110.6
NS
100.0
104.7
MRQ74
100.0
81.7
4.9
100.0
78.5
MR220
100.0
83.6
1.4
100.0
85.4
MR84
100.0
99.2
NS
100.0
92.8

Discussion:
The results showed that different parts of the
weed (leaf, stem and root) exerted different levels of
allelopathic effects on the various growth parameters.
This is due to different concentrations of
allelochemicals in various parts of the plant [6,9,20].
By increasing the aqueous extract concentrations,
reduction in seedling root and shoot length was
observed. The magnitude of allelopathic interactions
was dependent on the concentration and chemical
stability of the active compounds as well as the
plant’s tolerance to such compounds and their
microbial metabolites [19]. The weed extracts (leaf,
stem and root) enhanced the root and shoot growth in
some cases at quarter and half strength, but the
extracts reduced significantly the root and shoot
growth at full strength. Many studies have shown
that allelochemicals stimulate growth at lower
concentrations and inhibit growth at higher
concentrations [12,14,8]. The test varieties in the
present study showed different responses to the weed
extracts, debris and root exudate. The result showed
that MRQ74 was most affected by the aqueous
extract of F. miliacea compared to the other varieties
tested. This may be due to inability of the variety to
detoxify the allelochemicals released by F. miliacea.
The results also showed that the weed debris at the
highest rate caused reduction in plant height and dry
weight of the rice seedlings. The allelochemicals
could be released into the soil environment during
decomposition of the debris. The chemicals in the
soil then affect the growth of the rice seedlings.
Some plants release allelochemical into the
environment by the decomposition of their debris [8].
Allelochemicals are also released into the soil
via leaves and roots. These allelochemicals then
affect the growth of neighbouring plants. However
not all varieties are affected by the chemicals as can
be seen in the case of MR211. Besides the selectivity
of allelochemicals, the tested varieties may also have
demonstrated selectivity as reported by Ismail and
Siddique [7], Kamal and Asghari [10]. The
allelopathic effect of root exudates of the weeds was

Full
63.0c
51.3d
57.4c
80.9c

LSD
NS
2.82
3.71
NS

observed to be lower than the effect of the weed
extracts and debris. This could be that the weed root
tissue contained lower concentrations of chemicals
which were not sufficient to produce more significant
allelopathic effects.
Results from the present study showed that, in
addition to its competitive ability, F. miliacea had
some allelopathic effects on the growth parameters of
the rice plants, and it should be noted that MRQ74
was the most sensitive. More work has to be done in
order to verify whether there are multi dimensional
inhibitory effects between F. miliacea and rice
plants.
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