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Abstract

Objectives

Barnyard grass is a major constraint in sustaining water productivity
gains from drill sown rice. Winter pasture legumes in rotation with
rice can be used to suppress this important weed. This research
examined the allelopathic impact of pasture legume species
against barnyard grass, seed bank dynamics in different rice
rotation systems, and ecotype response to environmental factors.
Pasture legumes in the rotation depleted the barnyard grass seed
bank by preventing seed set prior to rice, reduced emergence with
mulched residues, supressed growth with allelopathic pasture
legume cultivar residues, and reduced barnyard grass seeds over
time when used for more than two years under no-tillage systems.
To manage barnyard grass, more than two years of the pasture
legume phase using allelopathic pasture legume species/cultivars
should be combined with other weed management tools, such as
no-till, drill sowing implements with discs, delayed rice sowing, the
stale seedbed technique, and the use of competitive rice cultivars
with early vigour.

Barnyard grass is an annual summer grass weed in
Australia. It has been reported across 61 countries
and grows as a weed in 36 crops. In Australia, a
5 t ha-1 rice yield loss due to competition from
barnyard grass has been reported, while it has also
caused rice seed contamination during harvest and
removed up to 80% of soil mineral nitrogen.
Barnyard grass was also reported to have evolved
herbicide resistance to nine herbicide modes of
action in 20 countries and in four crops, including

Determine the impact of pasture legume
residues in relation to phytotoxic and allelopathic
inhibitory effects on the emergence and growth
of barnyard grass.

2.

Determine the influence of pasture legumes on
the seed bank dynamics of barnyard grass.

3.

Determine the effects of environmental factors on
the germination/emergence and early growth of
barnyard grass.

Research
This research was designed to investigate the
different suppressive mechanisms of winter
pasture legumes on the seed bank dynamics,
establishment and early growth of barnyard grass.
Suppressive mechanisms such as inhibition/
delay of establishment, restriction of growth and
reduction of seed longevity were evaluated through
laboratory assays, glasshouse pot trials and field
experiments. The effects of the environmental
factors temperature, light and burial depth on
germination and early growth of barnyard grass, as
well as dormancy, were investigated to understand
the seed bank dynamics involved.

Outcomes/key findings

Background
Australian rice growers endeavour to increase water
productivity by adopting water-saving systems such
as direct drill sowing of rice (DSR) in dry soil and
delaying the application of permanent water (DPW)
until late tillering. These water-saving methods,
however, provide an opportunity for the global weed
barnyard grass to proliferate.

1.

rice. Growers can spend from $400-870 ha-1 for
herbicide control in DSR. In order to sustain water
productivity gains with these water-saving strategies
in rice production, it is imperative that this weed is
managed effectively.
Farmer anecdotes have suggested that the
resultant barnyard grass population is determined
to some extent by the lead-in crop or pasture.
However, very little research has been done to
support this observation, and the mechanisms
of suppression involved are unknown. An
understanding of the seed bank dynamics as
they relate to tools to manage barnyard grass
effectively, and information on the factors affecting
germination of barnyard grass associated with
DSR in Australia, are also needed.

Allelopathic potential of pasture legume species
against barnyard grass
The allelopathic impacts of winter pasture legume
species/cultivars observed in this study during
the pasture legume phase on barnyard grass seed
longevity (plant to seed) and emergence and growth
(plant to plant), and after the pasture legume phase
on barnyard grass germination/emergence and
growth (residue to plant), are summarised in Figure
1. These impacts suggest that there is a scope
to use pasture legumes to limit barnyard grass
establishment, growth and seed production.
Seed bank dynamics of barnyard grass
Rice growers in south-east Australia generally follow
one to three years of winter pasture legumes Persian,

balansa and subterranean clovers, or one season of
winter crops canola and barley, and/or a winter fallow
period, with rice. This study of the seed bank dynamics
of barnyard grass showed that of the rotation species
in the rice-based system, the winter pasture legume
phase had the greatest negative impact on barnyard
grass (Figure 2).
Barnyard grass ecotype response and implication
for integrated weed management
The barnyard grass seed ecotype (from the DSR area
in south-east Australia) used in this study was shown
to be more persistent compared with previous studies
of Echinochloa species from Australia and overseas.
The ecotypic response of barnyard grass in this study
highlighted the potential benefits of integrating
different weed management tools, including no-till,
the stale seedbed technique, sowing implements with
minimum soil disturbance and the use of competitive
DSR cultivars.

Implications for industry
This study demonstrated that pasture legumes in the
rotation depleted the barnyard grass seed bank by
reducing seed rain through minimising seed set prior
to sowing rice, reduced emergence with mulched
residues, and supressed growth by allelopathy.
The seed bank can also be reduced by increasing
barnyard grass seed withdrawal through decay
during at least a two-year pasture legume phase
under no-till and through stale seedbed actions.
This study demonstrated that winter pasture
legumes in rotation with DSR have a greater negative
impact on barnyard grass seed bank sustainability
than either a winter crop or fallow. There may be
value in exploring the bioactive compounds in the
legumes as potential bioherbicides.

Recommendations
To manage barnyard grass, more than two years of
the pasture legume phase using allelopathic pasture
legume species/cultivars should be combined with
other weed management tools, such as no-till,
drill sowing implements with discs, delayed rice
sowing, the stale seedbed technique, and the use of
competitive rice cultivars with early vigour.

Pasture legume phase
Plant — seed
•

No influence found on BYG seed
longevity

Plant — plant
•

Residue — plant

All pasture legume species
suppressed BYG emergence and
growth – prevents BYG seed set
before rice

•

Persian clover extracts –
produced strong
phytotoxicity against BYG

•

Persian clover root residues with
soil disturbance – suppressed
BYG emergence and growth
(depending on soil type).

•

Persian clover shoot residues as
mulch – reduced BYG emergence
and enhanced rice growth

•

Other pasture legume cultivar
shoot and root residues –
suppressed BYG growth

Figure 1 Allelochemical impact of pasture legume species against barnyard grass (BYG) during and after the pasture legume phase.

Rice rotations
Fallow — DSR
•

To manage barnyard grass,
more than two years of the
pasture legume phase using
allelopathic pasture legume
species/cultivars should be
combined with other weed
management tools.

No-tillage – enhanced BYG seed
decay of seeds on soil surface

Crop — DSR
•

Reduced BYG growth – limits
BYG seed set before rice

Pasture legumes — DSR
•

Pasture duration – reduced BYG
seed viability viability when used
for more than two years

•

No-tillage – enhanced BYG seed
decay of seeds on soil surface

•

Reduced BYG density and growth
– inhibits BYG seed set before rice

•

Allelopathic pasture legume
cultivars – inhibits BYG seed
production during rice

Figure 2 Barnyard grass (BYG) seed bank dynamics under winter fallow/crop/pasture legume and DSR rotations.
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