
Twelfth Australian Weeds Conference

71

Abstract   Paradoxa grass is the second most promi-
nent annual winter grass weed in the northern grain
region of Australia. Originating in the Mediterra-
nean, this invasive weed has spread throughout 26
countries worldwide including the wheat growing
regions of Australia. Its success is due to high seed
production, innate dormancy and periodicity of
emergence. In this paper the influence of tillage and
light on emergence and persistence are reported. Ger-
mination of paradoxa grass was stimulated by till-
age in comparison to seed lying on the soil surface.
In laboratory experiments paradoxa grass seed be-
came light sensitive when imbibed in the dark, and
subsequent exposure to white or red light resulted
in the germination of deeply dormant populations,
whereas very high intensities of white light inhib-
ited germination. The results of 2 soil seed bank
experiments indicated that seed appears to be rela-
tively short lived with <10% of seed remaining af-
ter two years even where seed was buried to a depth
of 15 cm. Emergence, however, only accounted for
approximately 5% of this loss, the remainder being
due to predation and fungal infection.

INTRODUCTION

Originating in the Mediterranean paradoxa grass
(Phalaris paradoxa L.) has spread throughout 26 coun-
tries worldwide including the wheat growing regions
of Australia. It has become a major weed in the north-
ern grain region, where it is the second most promi-
nent grass weed in winter cereals. High infestations of
paradoxa grass in winter wheat may result in yield re-
ductions of up to 40% (Dellow and Milne, 1986).

Despite the availability of a number of selective herbi-
cides, paradoxa grass is still a major weed (Martin et
al., 1988). Current management strategies for paradoxa
grass are thought to be ineffective, due to reliance on
herbicides and changes in farming practices to mini-
mum tillage particularly when combined with high
weed seed production, innate dormancy and periodic-
ity of emergence. Conservation tillage practices have
been encouraged to reduce soil erosion and promote

structural integrity of the soil. A consequence of this,
however, has been a rise in the number of grass weed
species and increased seed number and diversity of
the weed seed bank (Vanhala and Pitkanen 1998). This
increase in the seed bank may be due, at least in part,
to reduced germination. Cultivation is thought to stimu-
late weed seed germination (Roberts 1980), possibly
induced by light (Roberts 1986). However, seeds would
only germinate if prevailing temperatures suited the
weed seeds present. Roberts and Potter (1980) also
suggested that seed dormancy may be relieved in weed
seeds when exposed to light during tillage.

This study examined the dynamics of field emergence
and seed persistence of paradoxa grass and the influ-
ence of tillage, light, and temperature on these proc-
esses, with the aim to develop more effective manage-
ment strategies.

MATERIALS AND METHODS

Field emergence and persistence   A seed bank ex-
periment was implemented near Toowoomba in a
vertisol soil by sowing seed at a rate of 600 seeds
m-2 in a 20 × 10 m area. Seedlings were allowed to
grow, mature and set seed, forming a large natural
seed bank. Twenty permanent quadrats (1m2) were
randomly placed within the plot in March 1998 to
monitor seedling emergence. Emerged seedlings
were counted after every major rainfall event, then
sprayed with glyphosate to prevent replenisment of
the seed bank.

During March of each year, half the area was culti-
vated to a depth of 10 cm using a disc plough. Thirty
soil cores were extracted every second month from the
cultivated and undisturbed plots using a PVC pipe (10
cm diameter) inserted into the soil profile to a depth of
10 cm. The collected soil from each sample was washed
through two metal sieves with mesh sizes of 1000µm
and 500µm respectively. Seed and organic matter were
dried at room temperature and the number of seeds
obtained from each sample counted.
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Pot emergence and persistence   In December 1997
paradoxa grass seeds (500 pot-1) were buried at six
depths (0, 2.5, 5, 7.5, 10 and 15 cm) in black plastic
pots (25 cm diameter). The pots were sunk into the
ground at the field site such that their rims were 5 cm
above ground level. Experimental design was four rep-
licates of each of the six burial depths with nine re-
trieval dates. Soil was left undisturbed in each of the
pots, except for those in which seed was buried at 7.5
cm. Soil in these pots was cultivated by hand to a depth
of 10 cm in March of each year.

Emerged seedlings were counted after each major rain-
fall event in the series of pots to be removed at the end
of the fourth year. Emerged seedlings were sprayed
with glyphosate to prevent seed return to the pots.

One pot from each of the 4 replicates was removed
every 3 months in the first year, and at six monthly
intervals in years 2 and 3. Soil from each of the pots
was washed through the sieves detailed previously and
the number of viable seeds at each depth counted.

Light experiments   Three paradoxa grass populations,
a non-dormant, moderately dormant, and deeply dor-
mant population were subjected to five (experiment 1)
and three light treatments (experiment 2) (Table 1 and
2). Dormancy was determined by testing samples of
each population in de-ionised water and comparing the
results obtained to samples of each population germi-
nated in a 0.2% solution of KNO

3
.

Seed (4 replicates of 100 seed) in the pulse red treat-
ment were exposed to red light (600-700 nm R: FR
5.24) for 15minutes daily. Seed pulsed with far-red light
were exposed to red light for 15 minutes then far-red
light (750-850 nm R: FR 0.028) for 20 minutes. Fol-
lowing treatment, seeds were maintained in a dark in-
cubator double wrapped in black light proof bags at
16°C. The three white light treatments were low inten-
sity (0.87 µmol m-2 s-1 R:FR 0.867) high intensity (27.88
µmol m-2 s-1 R:FR 7.135) and very high intensity (49.19
µmol m-2 s-1 R: FR 6.324). Germinated seed was
counted every 5 days under green safe light and then
removed.

Temperature experiment   The germination response
to temperature of the three populations used in the light
experiments was investigated. Seed (50 per container)
from each population were exposed to a range of tem-
peratures from 5 to 31°C on a thermo-gradient table.
A light source was set up above the thermo-gradient
table using 40W soft white fluorescent tubes with a
12hr light/12hr dark photoperiod.

Statistical analysis   Data in all experiments except
seed persistence were compared using analysis of vari-
ance (P=0.05), and where necessary log transforma-
tions were performed using SAS® Release 6.12. The
seed persistence experiments were compared by re-
gressing log transformed seed count data against time.

RESULTS

Field emergence and persistence   Emergence was
between May to September only (Figure 1) Emergence
from the cultivated plot was greater in May 1998 (2070
seedlings m-2) than in the undisturbed plot (930 seed-
lings m-2). In July of the same year the trend was re-
versed.

Figure 1. Emergence of paradoxa grass from cultivated
(white) and undisturbed plots (dark grey)

The total emergence for the year was 3340 seedlings
m-2 from the cultivated plot and 2400 seedlings m-2

from the undisturbed plot.

Seed survival declined exponentially from 61 600 seeds
m-2 to 5800 seeds m-2 after 12 months. There was no
significant difference in the rate of decline from the
tilled or undisturbed plots.

Pot emergence and persistence   Emergence was be-
tween May to September only. Emergence was great-
est from pots that had a cultivation treatment applied,
with 43% of the sown seeds germinating in May 1998.
Seedlings emerged from all depths with the majority
emerging from 2.5 cm and 5 cm depths. Annual emer-
gence was at 4% (15 cm) 6% (surface) 7% (10 cm)
15% (5 cm) 16% (2.5 cm), and 49% from the cultiva-
tion treatment.
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Persistence was greatest over a 12 month period in seed
buried at 2.5 cm (31% seeds remaining) (Figure 2).
For surface sown seed and seed buried at 10 and 15
cm, only 7-12% of the sown seed persisted.

However, these treatments did not induce germination
in the deeply dormant (5% germination) population.
For all populations, germination was inhibited by far
red light and darkness. Seed exposed to very high white
light intensities did not germinate to the same levels
as those exposed to lower light intensities. All viable
deeply dormant seed germinated after being imbibed
in darkness for a period of 14 days then exposed to
light in the white and red parts of the spectrum.

Table 2. Germination of paradoxa grass seed in re-
sponse to different light treatments after 14 days dark
imbibition.

Populations
Treatment Non Moderate Deeply

Dormant Dormant Dormant

Dark 5 2 1
Red 96 100 100
White 96 98 96

LSD (P=0.05) 6

Temperature   Germination of non-dormant and mod-
erately dormant populations was restricted to tempera-
tures in the range 5-18.5°C, with the majority of seed
germinating at 13.5°C (100% non-dormant, 70% mod-
erately dormant). The deeply dormant population ger-
minated only at 9.5°C (20%) and 5°C (52%).

Rate of germination was slower at the cooler tempera-
tures. Seed germinated after 11 days in any of the
populations at 5°C compared to 6 days at 13.5°C

DISCUSSION

Emergence of paradoxa grass in the field and in-ground
pot experiments was restricted to the cooler winter
months, which was consistent with the results from
the thermo-gradient table. Germination was limited to
temperatures between 5 and 18.5°C, with the more
dormant populations favouring the lower temperatures.
As well, seedling emergence during winter coincided
with rainfall events.

Emergence increased significantly following cultiva-
tion in both the field and in-ground pot experiments.
In the light experiment, dormancy of paradoxa grass
seed was relieved when dark imbibed seed was exposed
to light. During cultivation, seed is often exposed to
light for a very brief period, but this may be all that is
required to overcome seed dormancy. Buried seed ex-
posed to light during tillage germinates when
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Figure 2. Persistence of paradoxa grass seed at 5 depths
(0 cm ◆, 2.5 cm ■, 5 cm ▲, 10 cm ×, 15 cm ✳✳✳✳✳) and 1
cultivation treatment (●)

Light Experiments   Light spectrum and intensity had
a significant effect on the germination of paradoxa
grass. Non dormant (86% germination) and moderately
dormant (47% germination) populations germinated
when exposed to white light or light in the red part of
the spectrum (Table 1).

Table 1. Germination of paradoxa grass seed in re-
sponse to different light treatments.

Population
Treatment Non- ModerateDeeply

dormant dormant dormant

Dark 8 3 1
Red pulse 96 93 27
Far red 1 0 0
Low intensity 6 0 1
High intensity 87 78 8
12 h
Very high intensity 84 56 7

12 h

LSD (P=0.05) 10
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temperatures fall to the required range and adequate
soil moisture is present. Emergence was greater fol-
lowing tillage in the in-ground pots than in the field,
and this is likely due to the increased intensity of the
hand cultivation treatment.

In undisturbed soil, germination of seed on the soil
surface was likely to be inhibited by exposure to very
high intensities of white light. Seed emergence was
reduced with depth of burial below 5 cm.

The rate of seed decay during the first 12 months of
the field was so rapid that cultivation had little or no
effect. Less than 10% of the original seed numbers re-
mained after 12 months, and emergence accounted for
only 5% of the loss from the seed bank in the field.
Predation, fatal germination and fungal decay are as-
sumed to account for the remaining losses. Seed per-
sistence decreased with depth of seed placement, and
this is likely due to greater losses from fatal germina-
tion and fungal decay in the wetter soil at depth.

These findings imply that greater control of paradoxa
grass can be achieved with the use of cultivation. Cul-
tivation treatments can be used to stimulate germina-
tion of paradoxa seed, or a deep inversion cultivation
treatment can be used to place seed at a depth where
emergence is unlikely and decay is more rapid.
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