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ABSTRACT: Weeds associated with rice fields cause severe yield reduction and many other problems. Effective weed management
strategy depends on knowledge of weed seed biology. This study aimed to determine basic seed biology information of seven rice
field weeds in Sri Lanka. Seeds were collected from at least five individuals from each species. Dormancy classes of seeds were
determined using germination and imbibition experiments. Effect of light, dry storage, temperature and salinity on dormancy and
germination was studied. Experiments were conducted with three replicates of 25 seeds. Among the tested species, seeds of Eclipta
prostrata and Ludwigia peruviana were non-dormant where the non-treated fresh seeds germinated > 60 %. Seeds of Aeschynomene
indica and Melochia corchorifolia are physically dormant as only scarified seeds imbibed and germinated. Fimbristylis miliacea,
Cyperus pilosus and L. decurrens seeds germinated only on GAs. Thus, they have physiological dormancy. E. prostrata and L.
peruviana seeds required light for germination. Five month- dry storage reduced the viability of E. prostrata seeds. In contrast, dry
storage increased the sensitivity to the dormancy breaking treatment of A. indica, M. corchorifolia, C. pilosus and L. decurrens
seeds and decreased the sensitivity of F. miliacea seeds. Germination of E. prostrata and L. peruviana seeds decreased with
decreasing osmotic potential. Although, dormancy and dormancy breaking requirements vary among study species, keeping the rice
field dry during the intercropping period could induce the seed germination of most of the above species and could be used as a

mechanism to reduce the soil seed bank.
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INTRODUCTION

Seed dormancy, germination requirements and
longevity are important traits that determine the terminus
of plants. Especially, these traits are the key features of
weed seeds that promote their success (Kon et al., 2007).
Therefore, studies on weed seed biology are important in
designing more effective weed management strategies.
However, the information on seed biology is scant on
weedy species in Sri Lanka.

Weeds in cultivated rice fields reduce crop yield and
quality of the yield by competing for growth
requirements of the rice plants; nutrients, water, light and
space (Hakim et al., 2011a). According to Chandrasena
(1997), weeds are the main cause for intensification of
diseases, insect and other pest problems by serving as
alternative hosts. The aquatic weeds reduce the flow of
water leading to problems in irrigation systems. Further
aquatic weeds deplete the habitat for aquaculture and
cause rapid water loss through evaporation (Rajapakse et
al., 2012). Weed seed contamination of rice grains
lowers the grain quality and may lower the cash value of
the crop (Odero and Rainbolt, 2011). Further, weeds
reduce the productivity of lands and thus reduce the
property value. Thus, weed control has become an
essential task in croplands. Currently, the most
preferable, easy, quick and direct weed control method
is the usage of herbicides. However, frequent usage of
herbicides has induced herbicide resistance in many

weeds (Sangakkara ef al., 2004). Further, herbicides
cause several adverse environmental effects. Thus, a
more efficient, environmentally friendly, low-cost weed
control methods should be introduced to the agriculture
system of Sri Lanka. Integrated Weed Management
(IWM) is a special kind of approach, where several weed
control methods applied in an environmentally harmless
way (Chandrasena, 1997). As there are many weed
control methods integrated into IWM, weeds are not
capable of developing resistance to all these methods.
Further, weed control methods in IWM are applied in a
controlled manner with continuous monitoring, which
make IWMS less harmful than the popular chemical weed
control systems. However, to develop an efficient IWM
system, it is necessary to understand the biology of the
weeds, especially the propagation biology of weeds
should be thoroughly understood (Rajapakse ef al., 2012).

Weed seed dormancy and germination are regulated
by a complex interaction of environmental,
physiological and genetic factors (Dyer, 1995).
Temperature, light, salinity and water potential were
identified as some of the environmental factors that can
influence the weed seed dormancy and germination.
Among them, the temperature has been identified as the
main factor governing the changes in the degree of
dormancy (Benech- Arnold et al., 2000). Exposure to
light also triggers the germination in seeds of many
weedy species (Dyer, 1995). There are reports that the
specific needs for germination of weed seeds resemble
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Table1. Information about distribution and seed collection of each study species

Species Distribution in Sri Lanka Seed collected Special remarks
site and month
Aeschynomene Throughout the island Peradeniya Important medicinal plant in Ayurvedic medicine (Aruna et al. 2012)
indica (Rudd, 1991) January, 2014
Cyperus pilosus Low country wet zone Peradeniya Infests forming very conspicuous heavy infestations
(Harriman, 1994) January, 2014 (Chandrasena, 1997)
Fimbristylis Low country wet zone Peradeniya Allelopathic effects on the growth of rice plants (Ismail and
miliacea (Harriman, 1994) January, 2014 Siddique, 2012)
Eclipta prostrate Low country wet zone Peradeniya Contain antibacterial (Khan and Khan, 2008) and anthelmintic
(Grierson, 1980) January, 2014 (Bhinge et al., 2010) chemicals.

Ludwigia Throughout the wet zone  Galle High competitive ability due to high growth rate and extensive
decurrens (Chandrasena, 1997) February 2014 spongy root system (Dharmaratne and Ranamukaarachchi, 1991).
Ludwigia Low country wet zone Galle Dominant vegetation and in wetland rice fields mainly on bunds

peruviana (Chandrasena, 1997 February 2014 (Chandrasena, 1997).
Melochia Low country wet zone Kurunegala Leaves used as vegetable (Ajaib and Khan, 2010). Medicoinal
corchorifolia  (Chandrasena, 1988) February 2014 plant in traditional medicine (Pullaiah, 2014; Rao et al., 2013)

those of the cultivated plants (Steinbaeur and Grigsby,
1957). Our study aimed to gather the basic information
on seed biology of some of the selected rice field weeds
in Sri Lanka. Specifically, seed dormancy classes of
these weeds were categorized and natural dormancy
breaking mechanisms, effects of light, temperature and
osmotic potential on germination were determined. In
this research we selected seven common rice field weeds
belong to five different families hypothesizing that the
dormancy, dormancy breaking and germination
requirements of these seven species are similar to each
other as they are adapted to synchronize with rice
cultivation.

MATERIALS AND METHODS

Study Species

Seven common rice field weeds of Sri Lanka;
Aeschynomene indica (Fabaceae), Cyperus pilosus
(Cyperaceae), Fimbristylis miliacea (Cyperaceae),
Eclipta prostrata (Asteraceae), Ludwigia decurrens
(Onagraceae), Ludwigia peruviana (Onagraceae) and
Melochia corchorifolia (Malvaceae) were studied in the
current research. The distribution information of the
studied species is shown in table 1.

Seed collection

Mature fruits of study species were collected from
numerous haphazardly selected plants in rice fields
located in different locations in wet and intermediate
zones in Sri Lanka as depicted in table 1. Collected fruits
were kept in polythene bags, brought to the Department
of Botany, University of Peradeniya, Sri Lanka. The
seeds were extracted from the fruits and stored dry in
closed glass vials under ambient laboratory conditions
until used for experimentation at least within 2 weeks
from the date of collection.

Determination of the class of seed dormancy
Germination test
This experiment was conducted to determine
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whether seeds are dormant or not. Three samples from
each species containing three replicates with 25
untreated seeds were placed on moistened filter papers
in Petri dishes and incubated at 15, 25 and 35 °C in
light/dark (14 /10 hr photoperiod, cool white fluorescent
light with the intensity ~ 40 pmol m?s™!) conditions.
Samples were checked for germination at 2-day intervals
for 30 days. Radical emergence (about 0.5 mm) was the
criterion for germination. The same experiment was
conducted for manually scarified seeds of A. indica and
M. corchorifolia at 25 °C in light/dark conditions.

Imbibition test

The purpose of this experiment was to determine
whether seeds have physical dormancy (PY) or not. If
intact seeds fail to increase in seed mass during
imbibition, while manually scarified seeds imbibe and
increase in mass confirm seeds have PY. However, the
imbibition test was conducted only for seeds of 4. indica
and M. corchorifolia, because these two species belong
to families reported with water impermeable seed coats
i.e., seeds with PY (Baskin and Baskin, 2014). Two seed
samples containing 12 untreated (intact) or manually
scarified (individually with scalpel) seeds each were
individually weighed to the nearest 0.0001 g using a
digital chemical balance. They were placed on moistened
filter papers in two 50 mm-diameter Petri dishes,
separately at ambient laboratory temperature (~28 °C).
Seeds were retrieved at two-hour intervals, surface blotted
with filter paper, reweighed and returned to Petri dishes.
The experiment was conducted for 6 hours until all the
manually scarified seeds were fully imbibed.

Effect of Gibberellic acid (GA3) on seed dormancy

The purpose of this experiment was to determine the
level of dormancy in seeds with physiological dormancy
(PD). A sample of three replicates containing 25 intact
seeds each of L. decurrens or C. pilosus were incubated
on filter papers moistened with 500 ppm GA3; solutions,
separately. The sample was kept at 25 °C in light/dark
conditions. These seeds were checked for germination at
2-day intervals for 30 days.



Sep 2019

Effect of complete darkness on seed germination

and dormancy

This experiment was conducted to determine the
light or dark requirement of seeds for germination.
Light-insensitive seeds germinate well in both light/dark
regime and in complete darkness. While light-sensitive
seeds either germinate in light/dark regime or in
complete darkness. Samples from all the tested species
containing three replicates with 25 untreated seeds were
placed on moistened filter papers in Petri dishes and
incubated at 25 °C in complete darkness. Complete
darkness was provided by wrapping Petri dishes with
aluminium foil. Samples were checked for germination
after 14 days and then at 2-day intervals for another 16
days. Radical emergence (~ 0.5 mm) was the criterion
for germination. The experiment was conducted also for
manually scarified 4. indica or M. corchorifolia seeds.

Effect of dry storage on seed dormancy and
viability
Dry conditions alleviate the physiological and physical
dormancy of some species (Baskin and Baskin, 2014). Thus,
the experiment was conducted to determine the effectiveness

of dry conditions on breaking seed dormancy of study species.

Three samples with three replicates containing untreated 25
seeds from each species separately were stored dry at
ambient laboratory temperature conditions for 5 months.
Retrieved seed samples were placed on moistened filter
papers in Petri dishes and incubated at 15, 25 and 35 °C under
light/dark conditions. Seeds were checked for germination at
2-day intervals for 30 days. Radicle emergence was the
criterion for germination.

Effect of salinity and temperature on germination

of nondormant seeds

As L. peruviana, L. decurrens and E. prostrata occur
in the coastal zone to the mid-elevation rice fields
(Chandrasena, 1997), seeds of these species could expose
to different salinity conditions and thus the effect of
salinity on germination of two out of above three species
(L. peruviana and E. prostrata) were studied. Four
samples of three replicates containing 25 seeds of L.
peruviana or E. prostrata were incubated on filter papers
moistened with NaCl solutions at 0, -0.5, -1.0 and -2.0
MPa osmotic potentials at 25 °C in light/dark conditions.
Seeds were checked for germination in 2-day intervals.
Radicle emergence was the criterion for germination. The
same experiment was conducted at 15 and 35 °C.

Analysis of data

Imbibition data was analyzed using a pooled t-test.
Results obtained from germination tests were analyzed
using one-way and two- way ANOVA procedures. The
data were arcsine transformed prior to analysis. All the
data were analyzed using MINITAB statistical software.
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RESULTS

Germination test

Germination percentages of fresh E. prostrata and L.
peruviana seeds at 25 °C in light/dark conditions were
75 and 61.3 %, respectively. Seeds of both of these
species also germinated at 15 and 35 °C to a significantly
high percentage (Fig.1A). However, germination
percentages of E. prostrata at 3 temperature regimes
significantly differed from each other (F = 22.6, P=
0.002) while, germination percentage of L. peruviana
seeds at different temperatures (Fig.1B) were not
significantly different from each other (F = 0.51, P =
0.622). Germination percentages of 4. indica, M.
corchorifolia, C. pilosus and F. miliacea at 25 °C under
light/dark conditions were < 50 % (Fig. 1). None of the
L. decurrens seeds germinated at any of the three tested
temperatures, while none of the A. indica or M.
corchorifolia seeds germinated at 15 °C. Germination of
M. corchorifolia seeds at different temperatures in
light/dark condition differed significantly (F=19.7,
P=0.002) (Fig.1D) while, germination of C. pilosus
seeds at tested temperatures were not significantly
different (F = 0.70, P = 0.532). Germination percentage
of F. miliacea at 35 °C (49.7 %, Fig.1F) was significantly
high compared to that at 15 or 25 °C (F = 16.6, P =0.004).
Manual scarification has significantly increased the
germination percentage of seeds of both 4. indica (F =
68.4, P < 0.001) and M. corchorifolia (F = 161.8, P <
0.001) and both species have shown > 80 % germination
at 25 °C after manual scarification (Fig.2.A and B).

Imbibition test

The mass of manually scarified 4. indica seeds
increased > 80 %, while the mass of intact seeds
increased only <1 % (Fig.3A) within 6 hrs of imbibition
at ambient laboratory temperature. Imbibition of
manually scarified seeds and that of intact seeds differed
significantly (T =26.82, P < 0.001). The same trend was
observed in M. corchorifolia seeds. All the manually
scarified seeds of both species germinated within 24
hours at ambient laboratory temperature.

Effect of gibberellic acid (GA3) on dormancy break
Seed germination of the two tested species has
significantly influenced by the GAj; treatment. Seed
germination percentage of L. decurrens was significantly
improved by incubating them on GA; (500 ppm)
moistened filter papers at 25 °C (Fig. 4A, F =1749,P =
0.001). Similarly, C. pilosus seeds had significantly higher
germination percentage on GA3 compared to germination
of seeds on distilled water (Fig. 4B, F =30.9, P = 0.005).

Effect of complete darkness on seed germination
Germination percentage of untreated A. indica and M.
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Fig. 1. Seed germination of Eclipta prostrata (A), Ludwigia
peruviana (B), Aeschynomene indica (C), Melochia
corchorifolia (D), Cyperus pilosus (E) and Fimbristylis
miliacea (F) at different temperature regimes in light/dark
conditions within 30 days. Different uppercase letter indicates
significant differences between treatments. Error bars are + SD.
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Fig. 2. Germination of non-treated (NT) and manually scarified
(MS) seeds of Aeschynomene indica (A) and Melochia
corchorifolia (B) under complete darkness (D) and light/dark
(L/D) conditions at 25 °C within 30 days. Different uppercase
letters indicate significant differences between treatments under
the same light conditions. Different lowercase letters indicate
significant differences between light conditions within the same
treatment. Error bars are + SD.
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Fig. 3. Mass increment of manually scarified (MS) and intact (NT)
seeds of Aeschynomene indica (A) and Melochia corchorifolia
(B) at ambient laboratory temperature on distilled water moistened
tissue papers in Petri dishes. Error bars are + SD.
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Fig. 4. Germination of GA; treated (GA trtd) and non-treated (NT)
Ludwigia decurrens and Cyperus pilosus seeds incubated at

25 °C within 30 days. Different uppercase letters indicate

significant differences between treatments within the same

species. Different lowercase letters indicate significant

differences between different species within the same treatment.

Error bars are +SD.
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corchorifolia seeds at 25 °C under dark conditions was
~20 %. None of the seeds of all the other species
germinated in complete darkness (data not shown).
However, manually scarified seeds of 4. indica and M.
corchorifolia germinated > 90 % within 2 days at 25 °C
in complete darkness (Fig. 2). Germination of manually
scarified seeds of these two species in light/dark
condition is not significantly different from that in
complete darkness (for M. corchorifolia, F ~ 0.00, P
~1.000 and for 4. indica F = 1.00, P = 0.37).

Effect of dry storage on seed dormancy and viability
Dry storage of seeds of the study species reduced or
increased the germination except in seeds of L.
peruviana (F = 0.84, P =0.37) (Fig. 5A). No significant
difference was observed between the germination of dry
stored seeds and that of untreated fresh L. peruviana
seeds (Fig. 5A). None of the E. prostrata seeds
germinated at 15, 25 or 35 °C, after they were stored dry
at ambient laboratory temperature for 5 months (data not
shown). Further, they have rotted and died during the
incubation. Dry storage also reduced the germination
percentage of F. miliacea seeds at 15 and 35 °C, while at
25 °C dry stored F. miliacea seeds germinated to a higher
percentage than the untreated seeds (Fig. SE).
Germination percentage of seeds of all the other
tested species have increased after 5 month-dry storage.
Interaction effect of incubation temperature and dry
storage period at room temperature on seed germination
of L. decurrens is significant (F = 2428.89, P < 0.001).
Germination of dry stored seeds of this species is > 75 %
at 35 °C compared 0 % germination of non-treated fresh
seeds. Five months dry stored intact A. indica seeds
germinated to 83.3 % at 35 °C, where at other two
temperatures the germination of stored seeds was
significantly low (Fig. 5B). However, germination
percentage of 5 months dry stored 4. indica seeds
incubated at 25 °C was significantly higher than to that
of untreated intact seeds (F = 8.6, P = 0.012). Five
months dry stored M. corchorifolia seeds showed a
similar trend to that of stored A. indica seeds (Fig. 5C).
Cyperus pilosus has shown an increased percentage of
germination (49.6 %) at 25 °C after they were stored dry
at ambient laboratory conditions (Fig. 5F). Germination
percentage at 15 and 25 °C was also slightly higher after
the dry storage than that of untreated seeds. Interaction
effect of incubation temperature and dry storage on seed
germination (F = 11.3, P = 0.002) was significant.

Effect of salinity and temperature on seed germination
Seed germination of tested species, E. prostrata and
L. peruviana was significantly influenced by the salinity
of the germinating medium, at all the three tested
temperatures (15, 25 and 35 °C). Germination
percentage of both species reduced with reducing

¢ té‘%
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osmotic potentials. None of the seeds of both species
germinated on -2.0 MPa at all the tested temperatures.

Germination percentage of E. prostrata seeds was
highest at 15 °C for all the tested osmotic potentials and
germination percentage was higher in distilled water (0
MPa) than in other NaCl mediated osmotic potentials at
the three tested temperatures (Fig. 6A). Effect of
temperature (F = 656.6, P < 0.001) and the effect of
salinity (F= 1344.9, P < 0.001) on germination of E.
prostrata  seeds were significant. The highest
germination percentage of L. peruviana seeds was also
recorded on distilled water (0 MPa) at all the tested
temperatures (Fig. 6B). Effect of temperature (F = 5.3, P
= 0.013) and the effect of NaCl mediated osmotic
potential (F = 60.2, P < 0.001) on germination of L.
peruviana were significant.

DISCUSSION

Eclipta prostrata and L. peruviana seeds germinated
> 60 % at all the tested temperatures within 30 days.
Thus, it revealed that seeds of these two species are non-
dormant. Highest germination of E. prostrata seeds was
at 15 °C showing that E. prostrata seeds have even
adapted for low-temperature conditions. However, L.
peruviana seed germination was not significantly
influenced by the temperature.

Although the seeds of E. prostrata and L. peruviana
were germinated to a significantly high percentage in
light/dark conditions, none of their seeds germinated in
complete darkness. Therefore, it can be concluded that the
germination of these two species depends on light. Thus,
these seeds can be categorized as positively photoblastic
seeds. Further, we can conclude that 4. indica and M.
corchorifolia seeds do not require light for germination as
manually scarified seeds of these two species germinated
equally well in both light/dark and in complete darkness.
Thus, they are light insensitive seeds. However, it is not
possible to conclude on the light requirement of L.
decurrens, C. pilosus and F. miliacea as germination of
non-dormant seeds of these species was not tested under
dark conditions. Our observations on E. prostrata are in
accordance to the observations of Altom and Murray
(1996) and Chauhan and Johnson (2008a) as they have
reported that seed germination of E. prostrata is strongly
influenced by light and the germination is completely
inhibited at complete darkness. Further, Wilson and
Swarbrick (1993) have reported that germination of L.
peruviana seeds is inhibited by shade conditions. The light
dependency of seeds has been reported for several
Ludwigia species. As an example, Chauhan and Johnson
(2009a) have reported that the germination of Ludwigia
hyssopifolia is positively photoblastic.

Among the study species, 4. indica (family: Fabaceae)
and M. corchorifolia (family: Malvaceae) belong to
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Fig. 5. Germination of 5 months dry stored (Dark bars) and non-treated fresh (Grey bars) seeds of Ludwigia peruviana (A),
Aeschynomene indica (B), Melochia corchorifolia (C), Ludwigia decurrens (D), Fimbristylis miliacea (E), and Cyperus spilosus
(F) at different temperature regimes in light/dark conditions. Different uppercase letters indicate significant differences between different
incubation temperatures. Different lowercase letters indicate significant differences between storage treatments within the same incubation
temperature. Error bars are + SD.
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Fig. 6. Germination of Eclipta prostrata (A) and Ludwigia
peruviana (B) seeds incubated on filter papers moistened with
solutions having different osmotic potentials at different
temperature regimes in light/dark condition. Black bars, 0 MPa;
grey bars, -0.5 Mpa; white bars, -1 MPa; dotted bars, -2 MPa.
Different uppercase letters indicate significant differences
between different incubation temperatures on the same osmotic
potentials. Different lowercase letters indicate significant
differences between osmotic potentials at the same incubation
temperatures. Error bars are + SD.

families reported producing seeds with PY (Baskin et al.,
2000). Thus, experiments were conducted to determine
the presence or absence of PY of seeds of these two
species. Manually scarified seeds of these two species
increased in mass significantly than the non-treated seeds
during the imbibition. Thus, we concluded that seeds of 4.
indica and M. corchorifolia have PY. Further, during the
germination test manually scarified seeds of these two
species germinated to > 90 %, while intact seeds
germinated < 40 %. It confirmed the PY of 4. indica and
M. corchorifolia seeds. Moreover, all of the manually
scarified seeds of both the species germinated within 24
hrs, suggesting that embryos of these seeds are non-
dormant. Eastin (1983) and Chauhan and Johnson (2008b)
have observed a high germination rate of manually
scarified M. corchorifolia seeds and they stated that hard
seed coat appears to be the primary mechanism of
dormancy of the seeds of this species. Moreover,
Jayasuriya et al. (2013) have shown that the seeds of 4.
indica have PY, while Hanna (1973) has reported the PY
of seeds of 4. americana. However, Hanna (1973) has
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concluded that the seed coat of A. americana inhibits
water imbibition as well as the gas exchange. Manually
scarified seeds of A. indica and M. corchorifolia
germinated equally well in light/dark conditions and in
complete darkness. Therefore, it revealed that their
germination was not influenced by light. Jin et al. (2010)
and Chauhan and Johnson (2008b) have also reported that
the seed germination of A. indica and M. corchorifolia,
respectively, was not affected by light.

None of the fresh L. decurrens seeds germinated in
any of the tested temperatures. In contrast, at least a small
portion of seeds of all the other species germinated at least
at one of the tested temperatures. According to these
results, it can be concluded that fresh L. decurrens seeds
have high levels of primary seed dormancy. Although a
small portion of C. pilosus seeds germinated at the tested
temperatures, the germination percentages were < 20 %.
Thus, C. pilosus seeds can also be considered as dormant
seeds. However, germination percentages of both these
species have increased significantly at 25 °C after they
were treated with GAs. Nondeep and intermediate PD can
be alleviated by GAs treatment (Baskin and Baskin, 2004
and 2014). Thus, it can be suggested that seeds of these
two species have nondeep - intermediate PD. Further,
after 5 months dry storage C. pilosus and L. decurrens
seeds germinated to a significantly high percentage at
each temperature compared to the germination percentage
of fresh seeds confirming the reports by Oziegbe et al.
(2010). They have reported that the 6 months old seeds of
L. decurrens have shown significantly higher germination
percentage compared to that of freshly dispersed seeds.
Dry storage response of these seeds further confirms our
conclusion of nondeep — intermediate physiological
dormancy of C. pilosus and L. decurrens seeds where dry
storage for < 6 months alleviate nondeep-intermediate
physiological dormancy (Baskin and Baskin, 2004).
Moreover, after 5 month- dry storage germination of C.
pilosus seeds is highest at 25 °C compared to that at 15
and 35 °C. Thus, this dormancy release behaviour is
similar to that of type III nondeep PD seeds i.e., during
the dormancy alleviation, type Il nondeep PD seeds first
gain the ability to germinate at medium temperature
conditions (Baskin and Baskin, 2004). Thus, we can
conclude that seeds of C. pilosus have type III nondeep
PD. In contrast, after 5 months dry storage L. decurrens
seeds showed the highest germination percentage at 35
°C. Germination percentage at 25 °C was higher than
that 15 °C. Thus, L. decurrens seeds seem to be behaving
as those with Type II nondeep PD seeds. When
dormancy of type II nondeep PD seeds alleviated they
first gain the ability to germinate at high temperatures.
Thus, we can conclude that L. decurrens seeds have type
IT nondeep PD.

Approximately 50 % of the Fimbristylis miliacea
seeds germinated at 35 °C, while at other two
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temperatures the seed germination was significantly low
(< 15 %). Therefore, it can be suggested that seeds of F.
miliacea are conditionally dormant or 35 °C incubation
may have broken the dormancy of this species. However,
when seeds were kept for 24 hrs at 35 °C and transferred
to 25 °C, ~ 50 % of them germinated (data not shown).
Thus, it revealed that 24 hrs incubation at 35 °C breaks
the seed dormancy in F. miliacea seeds. Hence, F.
miliacea seeds need only a short period of warm
stratification to break the dormancy. Therefore, it can be
concluded that the seeds of F. miliacea have nondeep
physiological dormancy. Chauhan and Johnson (2009b)
have reported that the seeds of F. miliacea have low
levels of primary dormancy because freshly harvested
seeds germinated 81-94 %. They also observed that the
germination was greater at the warmer temperatures
(30/20 and 35/25 °C) than at the moderate temperatures
(25/15 °C). Further, as reported by Pons and Schroder
(1986), the germination of Fimbristylis littoralis is
induced by high temperatures and only 1 hour at a higher
temperature is sufficient to induce the germination.
However, 5 months dry storage of F. miliacea seeds lost
germinability at 35 °C. Thus, it seems that dry storage
has induced the secondary dormancy of F. miliacea
seeds. However, interestingly 5 months dry storage has
slightly increased the germination of F. miliacea seeds
at 25 °C.

Five months of dry storage has affected the seed
dormancy of tested species in various ways. None of the
E. prostrata seeds germinated after five-months dry
storage at ambient laboratory temperature. Further, 5
months stored E. prostrata seeds were not viable,
revealing that E. prostrata seeds lose viability when they
were stored dry at ambient temperature conditions. Seed
germination of A. indica and M. corchorifolia seeds has
increased at all the incubated temperatures after the dry
storage. However, their germination (= imbibed)
percentages were significantly higher at 35 °C (> 80 %)
than at the other tested temperatures. At other
temperatures germination percentage of seeds of these
two species was < 50 %. Therefore, it seems that 5-
month dry storage is not the dormancy breaking
treatment for A. indica and M. corchorifolia seeds.
Probably 5 months dry storage has increased the
sensitivity of these seeds to dormancy-breaking cues
(high temperature [~ 35 °C] wet incubation). Thus, seeds
of A. indica and M. corchorifolia seeds seem to be
requiring two steps to break physical dormancy as
observed in some other species producing seeds with PY
(Taylor 1981 and 2005; Taylor and Revell, 1999;
Jayasuriya et al., 2008a, b, ¢ and 2009; Gama-
Arachchige et al., 2013).

According to the results of the standard germination
experiment, some amount of fresh seeds of all the
species germinated in all the temperatures, except of 4.
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indica and M. corchorifolia seeds, which germinated
only at 15 °C and of L. decurrens seeds which
germinated to 0 % at all temperatures tested. However,
only ~ 45% of the L. decurrens seeds germinated when
they incubated on GAs3 and the rest remain non-
germinated although they were viable. Further, ~ 15%
seeds of the two nondormant species (E. prostrata and L.
peruviana) remained non-germinated although they
were viable. This indicated the physiological
heteromorphism of seeds of all the studied species. This
is a bet-hedging strategy to cope with possible total
reproductive loss in unpredictable environments
(Simons and Johnston, 2006). Especially having
physiological heteromorphism in seeds of weed species
is adaptive advantage to escape weed control attempts
conducted in several times during a cropping period.

As the initial germination tests on freshly harvested
seeds revealed that E. prostrata and L. peruviana seeds
were non-dormant and these two species also occur in
rice fields possibly with high salinity (rice fields in
coastal region), seeds of these two species were used in
testing the effect of salinity on seed germination. Results
of these experiments revealed that with the decreasing
osmotic potential mediated by NaCl, the germination
percentages of both the tested species reduced in all the
tested temperatures. Zhou and Deckard (2005) reported
that osmotic and salt stress can reduce, delay or prevent
germination. A reduction in water availability,
associated with the toxic effect of salts, interferes in the
process of water absorption by seeds and this may
influence germination. However, Salehifar et al. (2010)
have shown that the effect of NaCl on germination is
mainly a result of its osmotic effect. Therefore, it can be
suggested that the main factor that caused the reduction
of seed germination of E. prostrata and L. peruviana
during our experiment is the osmotic effect. However,
before coming into conclusions, further experiments are
needed to test to determine the effect of osmotic potential
on seed germination on these two species on
polyethylene-glycol (Gharoobi ef al., 2012). According
to the tolerance for saline conditions seeds can be
categorized into three broad categories; salinity tolerant
seeds, salinity sensitive seeds and seeds of which the
germination completely inhibited by the saline
conditions (Hakim et al., 2011b). According to this
broad classification, we can conclude that our two tested
species are somewhat tolerant of the saline conditions.
However, Chauhan & Johnson (2008a) have reported
that £. prostrata had a high tolerance to saline conditions
at the germination phase and also at the subsequent
stages of growth. Further, Jacobs er al. (1993) have
mentioned that soil salinity inhibited germination of
fresh L. peruviana seeds. Results obtained during our
research are contradictory to both these reports. Probably
salinity tolerance level may vary with the variety too.

With the observations of this study, Eclipta prostrata
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and Ludwigia peruviana were identified as non-dormant
seed producing species. Seeds of Aeschynomene indica
and Melochia corchorifolia have PY and Fimbristylis
miliacea, Cyperus pilosus and Ludwigia decurrens
produce seeds with nondeep PD. Further, it was revealed
that E. prostrata and L. peruviana seeds require light for
germination. Five-months dry storage reduced the
viability of E. prostrata seeds while it did not affect the
seed viability or germination of L. peruviana. Moreover,
our experiments revealed that A. indica and M.
corchorifolia seeds require two steps to break the
dormancy under natural conditions and dry storage
increased the sensitivity of seeds of these two species for
dormancy breaking cues. Dry storage has further,
increased the germinability of L. decurrens seeds only at
high temperatures (35 °C). Five-months dry storage has
alleviated the dormancy of C. pilosus seeds, while it
induced the secondary dormancy in F. miliacea seeds.
Experiments revealed that with the decreasing osmotic
potential of the medium, reduced the germinability of
non-dormant seeds of E. prostrata and L. peruviana.
According to these observations, out of seven weed
species studied, two produce non-dormant seeds while
remaining species producing dormant seeds. Among
dormant seed producing species, two produce PY seeds
and other three species produce PD seeds.

Our study revealed that the rice field weed species
produce seeds with different classes of dormancy which
require species-specific dormancy breaking
requirements. Thus, no common alleviation mechanism
could be recommended to alleviate the weed seeds of
rice fields. However, dry storage has reduced the
viability of some study species while it increases the
germinability of most of the others either by breaking
dormancy or by increasing the sensitivity to dormancy
breaking treatments. Thus, it can be suggested that the
rice field should kept dry during the intercropping period
and thereafter facilitate irrigation to allow non-dormant
seeds to germinate and exhaust from soil seed bank.
These emerging weed seedlings should be eliminated by
mechanical control before rice cultivation for effective
weed management.
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