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Abstract
The establishment of the critical period 
of specifi c crop-weed interference is an 
important step in the development of ef-
fective and sustainable integrated weed 
management approach. Fimbristylis mil-
iacea was allowed to compete with rice at 
different growth periods after rice emer-
gence before removal by hand. In order 
to evaluate the onset of the critical period 
of weed removal, plots were left weedy 
for 14, 28, 42, 56 and 70 days after sow-
ing, after which the weeds were removed 
and the pots maintained weed-free until 
harvest. To determine the end of the criti-
cal period, another set of pots were kept 
weed-free for 14, 28, 42, 56 and 70 days af-
ter sowing and subsequently weeds were 
allowed to grow until harvest. Full term 
weedy and weed-free treatments were in-
cluded as controls for comparison. Grain 
yield reduction caused by increasing du-
rations of F. miliacea competition was 
accompanied by high weed dry matter 
which simultaneously reduced rice straw 
biomass and number of productive till-
ers. Based on the predicted Logistic and 
Gompertz response curves, the critical 
period for controlling F. miliacea in di-
rect-seeded rice was between 14–28 days 
after sowing.

Key words: Critical period, Fimbristy-
lis miliacea, rice.

Introduction
The optimum period for which a crop must 
be free of the adverse effects of weeds to 
prevent possible yield loss is known as 
the critical period (Zimdahl 1993). This 
critical period represents the time interval 
between two separately measured com-
ponents: the maximum weed-infested 

period, or the length of time that weeds 
emerging with the crop can remain before 
they began to interfere with crop growth; 
and the minimum weed-free period, or 
the length of time a crop must be free of 
weeds after planting to prevent yield loss. 
These components are experimentally de-
termined by measuring crop yield loss as 
a function of successive periods of weed 
removal or weed infestation (Weaver et al. 
1992). 

The length of the maximum weed-in-
fested period depends upon how quickly 
weeds begin to compete with the crop 
for light, water and nutrients. In turn, 
the length of the minimum weed free pe-
riod depends upon how quickly the crop 
develops a closed canopy, as well as the 
germination pattern of the weed spe-
cies present (Weaver and Tan 1987). For 
increased productivity of crops, weeds 
have to be controlled before the onset of 
competition (Chancellor and Peters 1974). 
The greatest competition caused by weeds 
generally occurs during the fi rst 25 to 33% 
of the crop life cycle. Weeds germinat-
ing after this time have little effect on the 
crop. They are greatly suppressed by the 
shading effect of the crop and compete 
poorly for nutrients and water. The criti-
cal period of weed control is viewed as a 
‘window’ in the crop growth cycle during 
which weeds must be controlled to pre-
vent unacceptable yield loss (Knezevic et 
al. 2002). Weed interference outside the 
‘critical period’ should only have a negli-
gible effect, if any, on crop yield. Johnson 
et al. (2004) determined the critical period 
of competition between weed and rice by 
fi tting Gompertz and Logistic equations to 
data representing increasing duration of 
weed control and weed interference. The 

authors defi ned the critical period as the 
duration without weed interference re-
quired in order to prevent crop yield loss 
of 2% or more, and showed that early weed 
control was not necessary. Similar stud-
ies were undertaken for maize (Hall et al. 
1992) and soybean (Van Acker et al. 1993). 
Such research provides guidelines for op-
timizing management to avoid maximal 
competition between crops and weeds, 
and enables farmers to make more effi -
cient use of resources for weed control.

Fimbristylis miliacea a dominant weed 
species and is closely associated with 
transplanted and direct-seeded rice. In 
direct-seeded rice, weed management is 
more critical as weeds emerge with, or be-
fore, the rice plants. The yield loss of a crop 
is dependent on the length of weed-crop 
competition and the stage at which such 
competition occurs. The maximum tiller-
ing stage and the stage before rice heading 
are the most sensitive to competition from 
weeds, because reduction in the number 
of panicles causes severe grain yield losses 
(Pons 1985). To prevent yield loss due to 
competition with weeds, it is necessary to 
control weeds before the critical period. 
The establishment of the critical period 
of specifi c weed interference is an impor-
tant step in the development of an effec-
tive, economic and sustainable integrated 
weed management strategy. Therefore, 
this study was undertaken to determine 
the critical period for F. miliacea in rice, 
and to determine the effect of timing of 
weed removal and duration of F. miliacea 
interference on rice yield.

Materials and methods
The experiment was conducted in the 
glasshouse of the Faculty of Agriculture at 
University Putra Malaysia. Forty-eight 25 
cm diameter by 30 cm deep clay pots were 
fi lled and puddled with 6 kg of paddy soil 
collected from a Tanjung Karang rice fi eld. 
The soil was a clay soil of Bakau series 
(Typic Hydraquents) consisting of 70.44% 
clay, 29.29% silt and 0.27% sand with pH 
of 4.92. Rice variety MR 220 was used. Pre-
germinated rice seeds were sown at the 
rate of 10 g m−2. Fimbristylis miliacea seeds 
were sown on the surface of the saturated 
soil at 0.033 g pot−1. Within seven days 
after sowing, 46 F. miliacea seedlings per 
pot (1000 plants m−2) were retained. Ex-
cess F. miliacea seedlings were removed. 
All pots received 170 kg nitrogen (N) ha−1, 
80 kg phosphorus pentoxide (P2O5) ha−1 
and 150 kg potassium oxide (K2O) ha−1. As 
a nitrogen source one third of urea (0.60 
g pot−1) was given at 20 days after sow-
ing (DAS), while the second and third ap-
plication were made at the active tillering 
stage (35 DAS) and at panicle initiation 
(55 DAS). All of the P2O5 and K2O were 
applied as basal fertilizer with triple super 
phosphate (TSP) at the rate of 0.82g pot−1 
(167 kg ha−1) and muriate of potash (MOP) 
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at 1.23 g pot−1 (250 kg ha−1 MOP). Water 
was applied as required to maintain a 2–3 
cm water depth. 

Fimbristylis miliacea was allowed to 
compete with rice for different length of 
time after rice emergence before remov-
al by hand. Two types of weed removal 
treatments were implemented. In order 
to evaluate the onset of the critical period 
of weed removal, plots were left weedy 
for 14, 28, 42, 56 and 70 days after sow-
ing, after which the weeds were removed 
and the pots maintained weed-free until 
harvest. To determine the end of the criti-
cal period, another set of pots were kept 
weed-free for 14, 28, 42, 56 and 70 days 
after sowing and subsequently sown with 
weed seeds which were allowed to grow 
until harvest. Full-term weedy and weed-
free treatments were included as controls 
for comparison. All treatments were laid 
out in a randomized complete block de-
sign with four replicates. The pots were 
placed close together with a border row of 
extra pots around the entire perimeter to 
minimize border effects.

At the end of each interference period, 
weeds were harvested and dried in an 
oven for 48 hours at 65°C and dry matter 
was determined. At maturity, all rice plants 
were harvested to determine plant height, 
total tiller and productive tiller numbers, 
the number of grains per panicle, percent-
age fi lled grains per panicle, weight of 
1000 seeds, grain and straw yields. The 
straw, which included culms and leaves, 
was dried in an oven for 48 hours at 65°C 
to determine dry matter. Grain yields were 
adjusted to 14% moisture level. Weed and 
crop measurements were transformed to 
units m−2.

All yield and yield component data 
were analysed using the Statistical Analy-

sis System (SAS) software (version 6.04) 
and signifi cant differences were tested us-
ing Tukey’s studentized range test at the 
5% level of probability. The relative yield 
of each treatment was calculated as a per-
centage of the corresponding weed-free 
yield. A logistic equation was used to de-
scribe the effect of increasing duration of 
weed interference (unweeded 14 days vs. 
unweeded season-long) on relative yield 
to determine the onset of the critical pe-
riod (Hall et al. 1992, Knezevic et al. 2002, 
Johnson et al. 2004). 

The form of the logistic equation used 
was: 

RY = 
y0 + a

1 + (x/x0)b

 

 (Equation 1)

Where, RY = relative yield, y0 = lower 
limit, a = upper limit, x0 = days giving 50% 
yield, x = days and b = slope.

The Gompertz model has been shown 
to predict the relationship between rela-
tive yield, as infl uenced by the increasing 
length of the weed-free period (weed-free 
14 days vs. weed-free season-long ) (Hall 
et al. 1992, Knezevic et al. 2002, Johnson et 
al. 2004). The model used was: 

RY = y0 + a*exp(−exp(−(x − x0)/b)) 
 (Equation 2)

Where, RY = relative yield, y0 = lower 
limit, a = upper limit, x0 = days giving 50% 
yield, x = days and b = slope.

The onset and end of the critical period 
were determined by substituting the yield 
loss level in the Logistic and Gompertz 
equations. To determine the critical period 
of weed interference, three yield loss levels 
of 3%, 5% and 10% were chosen arbitrarily 
to provide a realistic target range weed 
management in rice. 

Results 
Effect of duration of Fimbristylis 
miliacea competition on crop 
performance
All weed-free treatments and weedy com-
petition of F. miliacea for 14 days to 56 days 
produced higher plant height of rice com-
pared to weedy competition for 70 days or 
season-long (Table 1). Signifi cantly higher 
numbers of total tillers were observed in all 
weed-free treatments, but in weedy pots, 
higher tiller numbers were only obtained 
with infestations up to 28 DAS. The same 
trend was observed for productive tillers 
(Table 1). Higher numbers of productive 
tillers were found in all weed-free treat-
ments except weed-free for 14 DAS and 42 
DAS; but were similar to weedy competi-
tion for 14 and 28 DAS. Fimbristylis miliacea 
competition had no signifi cant infl uence 
on the yield contributing characters such 
as grains per panicle, fertile grains per 
panicle (%) and 1000-grain weight (Table 
1). 

When the weed was allowed to grow 
until 42, 56 or 70 DAS and until harvest, or 
weed-free only the fi rst 14 DAS, competi-
tion by F. miliacea signifi cantly suppressed 
the growth of rice plants, and produced 
very low dry weight of rice straw than the 
rice plants were free from of competition 
from F. miliacea for the fi rst 28 to 70 DAS, 
or unweeded only during the fi rst 14 to 
28 DAS (Table 2). On the other hand, no 
weeds were observed at harvest in the 
treatments of weed-free for 56 DAS or 
longer. Weed seedlings emerging after 56 
DAS did not survive under the rice canopy. 
Lowest weed dry weights were recorded 
from treatments that were weed-free be-
tween 28 to 42 DAS, and in treatments that 
were unweeded for 14 DAS (Table 2). The 
highest weed dry matter was observed in 

Table 1. Plant height and yield components of rice as affected by different periods of F. miliacea competition.
Treatments Plant height 

(cm)
Total tillers 

(m2)
Productive tillers 

(m2)
Grains per panicle 

(No.)
Fertile grains 

per panicle (%)
1000-grain weight 

(g)

Weedy 
14 DAS 106.36 abc 474.49 a 469.39 ab 110.95 a 61.39 a 19.74 a

28 DAS 105.90 abc 479.60 a 464.29 ab 114.55 a 61.03 a 20.24 a

42 DAS 104.75 abc 423.47 b 403.06 c 117.95 a 56.73 a 19.57 a

56 DAS 101.94 abc 418.37 b 418.37 bc 99.40 a 60.56 a 19.38 a

70 DAS 98.34 bc 403.06 b 392.86 c 109.35 a 57.59 a 19.38 a

Season long 98.11 c 393.37 b 382.66 c 107.00 a 58.64 a 19.00 a

Weed-free
14 DAS 105.18 abc 479.60 a 459.19 ab 115.35 a 64.11 a 20.15 a

28 DAS 104.37 abc 479.60 a 479.60 a 110.70 a 59.93 a 20.29 a

42 DAS 107.04 ab 474.49 a 469.39 ab 118.60 a 59.89 a 19.82 a

56 DAS 107.90 a 489.80 a 489.80 a 115.40 a 60.71 a 19.67 a

70 DAS 108.55 a 484.70 a 484.70 a 116.60 a 57.92 a 20.23 a

Season long 108.96 a 479.60 a 474.49 a 119.00 a 63.37 a 20.44 a

Means within columns with a common letter are not signifi cantly different at P ≥0.05 (Tukey’s Test).
DAS = Days after sowing.
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treatments that were unweeded for the 
whole season. All other unweeded treat-
ments were signifi cantly different from 
each other. Dry matter of weeds was simi-
lar for treatments unweeded for 28 DAS 
and weed-free for 14 DAS. 

Highest grain yields were observed 
when weed-free for 56 and 70 DAS and 
with the season-long weed-free treatment 
(Table 2). The lowest grain yield was ob-
served on season-long weedy treatments. 
The other treatments produced intermedi-
ate results. Data showed that there were 
no differences in grain yields when the 
rice crop was weed-free for 14, 28 and 
42 days, or unweeded for up to 28 days. 
Compared to the season-long weed-free 
treatment, signifi cantly lower grain yields 
were produced with weed competition for 
durations of 42, 56 and 70 DAS. Increasing 
periods of weed competition in the early 
stages of crop resulted in a steady decline 
in grain yield. Evidently, weed competi-
tion for duration of 14, 28, 42, 56 and 70 
DAS reduced yields by 6.71, 10.66, 24.46, 
29.91 and 32.46% compared to season-long 
weed-free treatment. Season-long compe-
tition between rice and F. miliacea reduced 
grain yield by 42.35%. On the other hand, 
14, 28 and 42 day weed-free treatments re-
duced grain yields by 9.37, 8.76 and 6.89%, 
respectively, compared to the season-long 
weed free treatment. 

Critical period for control of Fimbristylis 
miliacea
Predicted and observed rice yields as af-
fected by duration of the weed-infested or 
weed-free periods are shown in Figure 1. 
The critical time of weed removal in rice 
calculated using the Logistic regression 
equations decreased as the pre-determined 
acceptable yield loss level decreased from 
10 to 3% (Table 3). The end of the critical 
period of weed control using the Gom-
pertz regression equation increased as the 
acceptable yield loss level decreased from 
10 to 3% (Table 3). A 5% yield loss could be 
considered an arbitrary standard for de-
termining the critical period of weed con-
trol in rice. To prevent such a loss, F. mil-
iacea should be removed from rice fi elds 
14 days after sowing. At a 5% yield loss 
level, the predicted minimum weed-free 
period was 28 days after sowing (Table 3). 
Therefore, the critical period was between 
14 and 28 days after sowing.

Discussion
Effect of duration of Fimbristylis 
miliacea competition on crop 
performance
In general plant height increased as the 
weed-free period was prolonged, and 
decreased as the weed-infested period 
was extended. In this study a signifi cant 
decrease in the height of rice plant oc-
curred when it was in competition with 
F. miliacea for 70 days or season-long. 

Table 2. Rice straw biomass, weed dry matter and grain yield as affected by 
different period of F. miliacea competition.
Treatments Rice straw biomass 

(g m−2)
Weed dry matter 

(g m−2)
Grain yield 

(g m−2)
Weedy 
14 DAS 936.75 a 20.90 f 770.00 bcd
28 DAS 900.04 ab 44.85 e 737.45 d
42 DAS 727.05 abcd 103.83 d 623.48 e
56 DAS 641.68 bcd 117.84 c 578.57 ef
70 DAS 621.88 cd 145.35 b 557.45 f
Season-long 616.78 d 175.51 a 475.82 g
Weed-free
14 DAS 870.84 abcd 37.20 e 748.06 d
28 DAS 879.48 abc 19.49 f 753.08 cd
42 DAS 881.37 abc 18.44 f 768.58 bcd
56 DAS 931.05 a 0.00 g 798.65 abc
70 DAS 928.07 a 0.00 g 803.67 ab
Season long 955.56 a 0.00 g 825.41 a
Means within columns with a common letter are not signifi cantly different at P ≥0.05 
(Tukey’s Test).
DAS = Days after sowing.

Table 3. Maximum weed-interference and minimum weed-free period in 
rice calculated from the regression equation for three predetermined levels 
of crop yield loss.

Time (DAS) for indicated 
percentage yield loss

3% 5% 10%

The onset of the critical period from the Logistic 
equation

10.31 14.06 22.50

The end of critical period from the Gompertz 
equation

71.72 28.13 15.00

Figure 1. Effect of different periods of weed competition on rice grain yields 
(Gompertz equation RY = −62.3648 + 258.6611*exp(−exp(x − 15.1943)/8.1087)), 
R2 = 0.97; Logistic equation RY = 51.8034 + 47.5228/(1 + (x/45.8380)1.9916, R2 = 
0.99).
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McGregor et al. (1988) observed that rice 
plant height reductions due to competi-
tion from broadleaf signalgrass (Brachiaria 
platyphylla) began with interference for 
40 days to season-long after emergence. 
Height reductions in rice have also been 
reported for red rice (O. sativa) and small-
fl ower umbrella sedge interference (Diarra 
et al. 1985, Swain et al. 1975). Azmi (1990) 
observed that rice plant height was signifi -
cantly reduced when common weeds were 
allowed to compete until 30 DAS and up to 
maturity. The number of total and produc-
tive tiller reduction began with the onset 
of competition by F. miliacea from 42 days 
of weedy competition up to season-long 
weedy competition. Azmi (1990) reported 
that the number of tillers were signifi cant-
ly reduced at 60, 90 DAS, and at harvest 
when competition was allowed to occur 
beyond 45 DAS. McGregor et al. (1988) 
observed that with broadleaf signalgrass, 
culm number and panicle number reduc-
tions began with interference for 40 days 
after emergence and beyond. It was inter-
esting to note that, although the number 
of productive tillers was severely reduced 
by weedy competition, the three yield 
contributing characters such as grains per 
panicle, fertile grains per panicle (%) and 
1000-grain weight were unaffected. Shar-
ma et al. (1977) observed similar phenome-
na in direct-seeded rice where numbers of 
effective tillers were signifi cantly reduced 
by competition from grasses, sedges and 
broad-leaved weeds, but the panicle length 
and 1000-grain weight were unaffected. 
On the other hand, Azmi (1990) found 
no signifi cant effect on number of seeds 
per panicle and 1000-grain weight due to 
weed interference for different durations 
from 15 to season-long interference. How-
ever, he observed signifi cantly lower per-
centage of fi lled grains with season-long 
weed competition. 

The result showed that the weed dry 
matter increased as the duration of weed-
infested period increased, and dry mat-
ter decreased with increasing duration of 
weed-free period. De Datta et al. (1969) 
stated that the competition from weeds 
during the early growth stages of the rice 
crop was more serious than at the later 
stages. Similar results have been observed 
in cotton (Bukun 2004) and chickpea (Mo-
hammadi et al. 2005). As the duration of 
competition was extended, rice yields de-
creased dramatically. Woolley et al. (1993) 
added that the beginning of the critical 
period was defi ned as the crop stage, or 
growth duration, when weed interference 
reduces yields by 3% or more. The authors 
defi ned the end of the critical period as 
the duration before harvest when the crop 
had to be weed-free to prevent a 3% yield 
loss. To achieve a yield as high as the yield 
of the weed-free condition, the rice plant 
must be free from competition by F. milia-
cea during the fi rst 56 DAS. Zoschke (1990) 

reported that the fi rst 30 to 40 days were 
the most critical with regard to rice-weed 
competition, and during this period the 
rice crop should be kept weed-free. 

The potential yield of a rice crop is deter-
mined by four yield components: number 
of productive tillers m−2, number of grains 
per panicle, fertile grains per panicle (%) 
and 1000-grain weight (Noda 1977). In this 
study, the number of productive tillers m−2 
was the only yield component reduced by 
increased durations of F. miliacea competi-
tion. Therefore, it can be concluded that 
yield reductions due to competition from 
F. miliacea are primarily caused by fewer 
productive tillers m−2. The number of pro-
ductive tillers m−2 is also directly related 
to the number of tillers produced during 
the early vegetative phase, and F. miliacea 
clearly exerted greatest interference dur-
ing early growth up to 56 days after sow-
ing. Johnson et al. (2004) found that the 
increasing duration of weed interference 
decreased the number of productive tillers 
per square metre, but had no signifi cant 
effect on the percentage of fi lled grains, or 
the 1000-grain weight of rice.

Critical period for control of Fimbristylis 
miliacea
At a 5% yield loss level, the critical period 
was between 14 and 28 days after sowing 
(Figure 1). Kruijf and Pons (1985) observed 
that the critical period for competition of 
F. littoralis was from 3–6 weeks after trans-
planting rice. Johnson et al. (2004) fi tted 
Gompertz and Logistic equations to data 
representing increasing weed-free and 
weed-interference periods in wet and dry 
seeded rice. They estimated that, to ob-
tain 95% of weed-free yield, critical peri-
ods of weed control are between 29 to 32 
DAS in wet-seeded rice, and 4 to 83 DAS 
in dry-seeded rice. Weed growth either 
before or after these critical periods had 
negligible effect on crop yield. Ghosheh 
et al. (1996) pointed out that long critical 
periods are indicative of more competitive 
weeds or less competitive crops. Woolley 
et al. (1993) found that the critical period of 
weed control varies depending upon crop 
cultivar and weed pressure, among other 
factors. Weed interference can be tolerated 
up to a certain period before it causes ir-
revocable yield loss. Sometimes growers 
assume that weed competition problems 
are solved by removing weeds at any 
time during the growing season (Zimdahl 
1980). But controlling weeds at, or just be-
fore, the critical period will protect crop 
yields from early-season competition, and 
this should prevent unnecessary use of la-
bour and herbicide.

Conclusion
Highest grain yields were obtained from 
treatments that were weed-free for 56 
DAS, 70 DAS, and with season-long. The 
grain yield was reduced 42.35% due to 

season-long competition and lowest grain 
yield was found on season-long weedy 
competition between rice and F. miliacea 
resulted in a reduction in rice straw bio-
mass and number of productive tillers. 
Based on the results of the present study, it 
can be concluded that to prevent 5% yield 
loss, the crop must be weed free from 14 
to 28 DAS. 
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Abstract
The experiment was conducted in the 
glasshouse at Universiti Putra Malaysia 
from March 2003 to June 2004 to deter-
mine the soil seedbank of Fimbristylis 
miliacea in the rice fi elds of the Muda 
rice granary in Peninsular Malaysia. Six 
soil cores of 5 cm in diameter and 10 cm 
depth were sampled from each of 24 
fi elds. All samples from each individual 
fi eld were bulked and placed in plastic 
trays of 38 × 25 × 10 cm. Soil was mois-
tened as required and emergence of weed 
seedlings was recorded over a period of 
one year. After one year, remaining seeds 
were separated, removed and identifi ed. 

The total seed bank was estimated 
at 1136.48 million m−2 including 20 taxa. 
Based on per cent composition the fi ve 
most dominant species in terms of seed 
reserves were F. miliacea, Leptochloa 
chinensis, Ludwigia hyssopifolia, Cype-
rus difformis and Cyperus iria. Fimbristy-
lis miliacea exhibited a very abundant 
750.84 million seeds ha−1, 66.07% of the 
total seed reserve, of which 411.48 mil-
lion seedlings ha−1 (55%) emerged in soil 
trays, 61.59 million seedlings ha−1 (8%) 
in Petri dishes and the remaining 277.77 
million seeds ha−1 (37%) were dormant 
or dead. Fimbristylis miliacea seedling 
emergence was highest in the fi rst obser-
vation in April 2003 and seedling emer-
gence showed no clear peaks. The study 
suggests a large persistent seedbank of F. 
miliacea in Muda rice fi elds.

Key words: Soil seedbank, rice gra-
nary, Malaysia, Fimbristylis miliacea (L.) 
Vahl.

Introduction 
In any rice fi eld the dominating weed spe-
cies may vary with region and type of crop-
ping (Wilson and Furrer 1996). Fimbristylis 
miliacea of the family Cyperaceae is one of 
the ten most dominant weeds in rice fi elds 
in South-East Asia (Smith 1983). Even in 
Muda rice granary of Malaysia, where 
changes in cultural practices and use of 
agrochemicals has led to a shift in species 
from broad-leaved and sedge dominant 

Soil seedbank of the Muda rice granary in north-
west Peninsular Malaysia invaded by the weed 
Fimbristylis miliacea (L.) Vahl
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weed fl ora to grasses (Azmi et al. 1995), 
other surveys (Azmi and Mashhor 1995, 
Ismail et al. 1995, Pane 1997) reported that 
F. miliacea was still an important weed. A 
more recent survey showed that F. miliacea 
was among the fi ve most dominant weed 
species in the Muda area (Begum et al. 
2005). It is a prolifi c seed producer and one 
plant can produce more than 10 000 seeds, 
many of which are deposited and stored in 
the soil seedbank in each year. The seed-
bank is the major source of annual weeds 
on most tilled agriculture soils (Cardina et 
al. 1991, Yenish et al. 1992). Vengris (1953) 
reported that weed seed populations in 
cultivated soils are generally composed of 
a few dominant species that are present 
in high numbers, a few others present at 
moderate levels, and a large variety of 
species present in the soil at low levels. 
Knowledge of the size and species compo-
sition of this seedbank would be useful in 
predicting future weed infestations. 

Most weeds show some periodicity of 
emergence (Roberts and Margaret 1980). 
Practical knowledge of periodicity of 
emergence is of signifi cant importance, 
since it is a major factor in determining the 
association of weeds with cropping sys-
tems and to enable a degree of forecasting 
as to which weed species may occur in a 
seedbed. Predicting potential weed emer-
gence is fundamental in the development 
of integrated pest management strategies 
for weed control. Predictions of emerged 
seedling densities allows estimation of 
weed competition, crop yield loss, need 
for herbicides, fi nancial returns and weed 
seed production at the end of the growing 
season (Forcella 1992). Furthermore, the 
remaining seeds in the soil are also a major 
concern to understand the soil seedbank 
status (Cardina and Sparrow 1996). The 
dynamics of the seedbank will determine 
whether populations of the weed change 
and if so, at what rate. Karim et al. (2004) 
undertook an extensive review of litera-
ture on weeds in Malaysian rice fi elds 
and concluded that a greater ecological 
understanding of several weeds includ-
ing F. miliacea is required for successful 


