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Abstract   The impact of different weed managements
and crop rotations on the seed bank of paradoxa grass
(Phalaris paradoxa L.) was evaluated in long-term
field experiments.  The weed was either controlled with
herbicides at the recommended rates (reactive), or
managed to both minimise return of weed seed to the
soil and reduce dependence on herbicides (strategic).
Rotations were combinations of wheat, barley, chick-
pea, and dryland lucerne with summer fallows between
the winter crops.  Weed seed production was substan-
tially less in the strategic than the reactive approach to
weed management.  However, the amount of seed re-
plenishment to the seed bank was very dependent on
the crop rotation, with large numbers (1400 – 7400
seed m-2) returning during the lucerne and chickpea
components.  The best system, which returned less than
200 seed m-2 over three years, involved the combina-
tion of dense stands of wheat and barley, and lower
herbicide rates.  The dynamics of the weed seed bank
reflected seed replenishment from the different sys-
tems.  In an adjacent fallow area where no new seed
was returned to the seed bank, less than 1% of the ini-
tial paradoxa grass seed persisted in the soil after two
years.

INTRODUCTION

Annual weeds, particularly annual winter grasses, con-
tinue to flourish in grain cropping systems despite
availability of many effective herbicides.  In addition,
the development of herbicide resistance, high herbi-
cide costs and environmental concerns have high-
lighted the need for the development of better man-
agement strategies that minimise replenishment of the
seed bank, as well as having less dependence on her-
bicides.  A possible strategy is to grow more competi-
tive crops, and a number of studies have shown that
weed suppression was improved with increased sow-
ing density of wheat (Radford et al. 1980, Medd et al.
1985).  In addition, Walker et al. (1998) showed that
suppression of wild oat (Avena spp.) and paradoxa grass
(Phalaris paradoxa) was better using the combination
of higher sowing density and lower herbicide rates than

standard sowing rates with recommended herbicide
rates.  However, the long-term impact of these strate-
gies on the weed seed bank in different crop rotations
is unknown.  This paper reports on the seed bank dy-
namics of paradoxa grass in cropping and fallow situ-
ations with different management systems.

MATERIALS AND METHODS

A three year crop rotation field experiment was located
on a vertosol near Toowoomba, Queensland.  Paradoxa
grass seed (670 m-2) was scattered across the site, apart
from the weed-free plots, in early June 1996. In an
adjacent fallow area (20 m × 20 m), paradoxa grass
seed was also sown, subsequent plants grew to matu-
rity and were allowed to set seed to establish a large
seed bank.  Any emerged seedlings in the fallow area
were sprayed with glyphosate to prevent any replen-
ishment of the seed bank.  Rainfall was 803, 577 and
630 mm (82, 204, 266 mm in-crop) in 1996, 1997 and
1998 respectively.

Experimental design of the rotation experiment was 5
× 3 factorial arranged as a split plot with three replica-
tions.  Main plots were rotations with various combi-
nations of wheat, barley, chickpea, and lucerne (Table
1).  Subplots (2 m × 10 m) were weed management
treatments: weed-free; standard crop densities and rec-
ommended herbicide rates (reactive); and higher crop
densities and reduced herbicide rates (strategic).  Sow-
ing rates of wheat and barley aimed for 75 plants m-2

in the weed-free and reactive treatments, and 150 plants
m-2 for year one and 100 plants m-2 for years two and
three in the strategic treatment.  In the first year of the
lucerne rotation, wheat was sown with 4 kg ha-1 of lu-
cerne seed in the weed-free and reactive treatments,
and 6 kg ha-1 in the strategic treatment.  Chickpea sow-
ing rates aimed for 30 plants m-2 in all treatments.  The
first flush of weeds emerged within four weeks of  the
sowing of crops.  Herbicides were applied at the rec-
ommended weed stage of growth with a hand-held
boom delivering 100L ha-1 at 200kPa.
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In the rotation experiment, crop and weed densities
were assessed (two quadrats 1 m × 0.5 m) before her-
bicide application.  Paradoxa grass tiller density and
seeds per weed tiller were measured prior to crop ma-
turity from which weed seed production per unit area
(m2) was calculated.  Although this method under  es-
timates seed production, the error is considered to be
less than measurements made at maturity due to shat-
tering of the inflorescence. Grain yields were meas-
ured at harvest. Lucerne was cut and removed at each
commencement of flowering.  In May (before sowing)
and December (following harvest) in each year, 28 soil
cores (10 cm diameter, 10 cm depth) were sampled at
random from each plot apart from the weed-free plots.
In the adjacent fallow area, weed emergence was meas-
ured in 10 fixed quadrats (1 m × 1 m) monthly, and 30
soil cores were sampled at random every two months
from May 1997 to March 1999.  Soil cores were washed
through a 0.5 mm sieve to collect and then count the
remaining caryopses.  A sub-sample of caryopses from
each plot was used to estimate the proportion contain-
ing seeds.

RESULTS

Herbicide input   Herbicides were used most in the
WWW and WWC rotations and least in the WLL rota-
tion (Table 1).  In all rotations apart from WLL, less
herbicide was used in strategic than reactive treatments,
with approximately 40% less herbicide in the winter
cereal rotations.

Weed emergence and seed production   Emergence
in the first year of the rotation experiment was approxi-
mately 200 weeds m-2, but in the following years it
varied from 30 to 230 m-2 depending on rotation and
weed management.  Emergence in the fallow area was
1140 and 185 weeds m-2 in the first and second years,
which was 16 and 74% of the seed bank at the begin-
ning of the winter season, respectively.

Seed production was substantially less in strategic than
reactive treatments in all years (Table 2).  Largest seed
production over three years was in rotations with lu-
cerne or chickpea receiving reactive weed management,
and least was in rotations with wheat or barley treated
with strategic weed management.

Weed seed bank   In the rotation experiment, the dy-
namics of the seed bank changed with weed manage-
ment and rotation.  After three years of cereal crop-
ping (WWW or WBW), there was in general less in
the seed bank resulting from strategic than reactive
weed management, with seed bank changes (λ) of <1
(indicating decline) versus increases of 2.8 to 3.4 fold.
Changes in the seed bank were similar in the lucerne
rotation to the cereals, whereas seed banks increased
4.4 to 7.5 fold in rotations with chickpea, irrespective
of the management strategy (Table 3).  In the WBW
rotation with strategic weed management, seed bank
declined from 670 to 20 m-2, whereas it increased to
about 5000 m-2 in the WBC rotation with reactive and
about 3000 with strategic weed management

Table 1. Herbicides and rates of application in wheat (W), barley (B), chickpea (C), and lucerne (L) rotations
receiving either reactive or strategic weed management treatments.  The 100% rate of application was 15, 30, 212,
750 g ha-1 for chlorsulfuron, clodinfop, fluazifop, and simazine respectively.

WWW WBW WWC WBC WLL

Reactive:
Year 1 Chlorsulfuron Chlorsulfuron Chlorsulfuron Chlorsulfuron Clodinfop

100% 100% 100% 100% 100%

Year 2 Clodinfop 100% none Clodinfop 100% None None

Year 3 Chlorsulfuron Chlorsulfuron Simazine 100% Simazine 100% None
100% 100%

Strategic:
Year 1 Chlorsulfuron Chlorsulfuron Chlorsulfuron Chlorsulfuron Clodinfop

75% 75% 75% 75% 100%

Year 2 Clodinfop 50% none Clodinfop 50% None Fluazifop 50%

Year 3 Clodinfop 50% Clodinfop 50% Simazine 100% Simazine 100% Fluazifop 50%
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Table 2. Seed production of paradoxa grass (seed m-2) in rotations with wheat (W), barley (B), chickpea (C) and
lucerne (L) treated with reactive (R) or strategic (S) weed management.

Year WWW WBW WWC WBC WLL

Reactive:
Year 1 190 330 190 330 50
Year 2 50 70 30 200 1950
Year 3 760 1910 1380 7360 4770
Total 1000 2310 1600 7890 6770

Strategic:
Year 1 40 80 40 80 0
Year 2 60 20 100 20 1660
Year 3 110 20 3680 2930 880
Total 210 120 3820 3030 2540
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Figure 1.  Changes in paradoxa grass seed in seed bank during 3 years of cropping in wheat-barley-wheat (circle)
and wheat-barley-chickpea (square) rotations receiving reactive (solid) or strategic (open) weed management
treatments

(Figure 1).  In all years and treatments, average seed
loss during the six months of the summer fallow was
59 and 66% following cropping in years one and two,
which was very similar to the loss in the adjacent fal-
low over the same period.  In the fallow experiment,
the seed bank declined from 21 300 to 40 m-2 in two
years.

Crop yield   Yield was unaffected by weed manage-
ment in years one (wheat averaged 6.0 t ha-1) and two
(wheat averaged 5.3 t ha-1, barley averaged 5.8 t ha-1),
and wheat in year three (averaged 5.4 t ha-1).  How-
ever, chickpea yield was significantly reduced by an

average of 23% in both reactive and strategic treat-
ments compared with weed-free.

DISCUSSION

Both weed and crop management had a major impact
on the seed bank of paradoxa grass.  The weed man-
agement strategy of using more competitive crops and
less herbicide in the cereal phase successfully sup-
pressed weeds and reduced replenishment of the seed
bank, without any adverse effects on grain yield.  The
increased crop competition was achieved by the
inclusion of barley in the rotation and higher sowing
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Table 3.  Paradoxa grass seed in soil seed bank (seed
m-2) and overall changes in seed bank (λ) in Decem-
ber 1998 following three years of cropping with wheat
(W), barley (B), chickpea (C), and lucerne (L) rota-
tions receiving reactive or strategic weed management
treatments.

Rotation Reactive λ Strategic λ

WWW 1880 2.8 485 0.7
WBW 2290 3.4 20 0.03
WWC 3350 5.0 5010 7.5
WBC 5040 7.5 2970 4.4
WLL 2070 2.8 285 0.4

LSD (P=0.05) 1560

densities for wheat, which was consistent with that
found by Walker et al. (1998).  In rotations with wheat
and barley, this strategy resulted in 97% depletion of
the seed bank over three years.  This was similar to the
rapid loss in the seed bank of the continuous fallow
(99%), which had no seed replenishment.  The seed
bank did decline to a lesser extent with the rotations of
wheat monoculture and wheat under sown with lucerne,
but not in rotations with chickpea.  However, reactive
weed management of using standard sowing crop den-
sities and full herbicide rates resulted in substantially
increased seed bank irrespective of crop rotation.

This study has shown that persistence of paradoxa grass
is primarily a result of replenishment of the seed bank

through seed production. In the absence of seed pro-
duction, seed banks decline rapidly, vindicating a more
strategic approach to weed management  for better
weed control over the long-term. In the cereal phase,
strategic management reduced the weed seed bank, as
well as reducing the reliance on herbicides, which may
lessen the risk of selecting for herbicide resistance.  The
main weakness that needs addressing is improved weed
control in the ley legume and pulse components of ro-
tations.
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