
198   Plant Protection Quarterly Vol.11 Supplement 1 1996

Year 0 Year 1 Year 2
0

10,000

20,000

30,000

40,000

Control

Min.till

Tyne

Medd, R.W., Auld, B.A., Kemp, D.R. and
Murison, R.D. (1985). The influence of
wheat density and spatial arrangement
on annual ryegrass, Lolium rigidum
Gaudin, competition. Australian Journal
of Agricultural Research 36, 361-71.

Monaghan, N.M. (1980). The biology and
control of Lolium rigidum as a weed of
wheat. Weed Research 20, 117-21.

Pearce, G.A. and Quinlivan, B.J. (1971). The
control of annual (‘Wimmera’) ryegrass
in cereal crops. Journal of Agriculture,
Western Australia (4th series) 12, 58-62.

Poole, M.L. (1979). Competition between
crops and ryegrass. Proceedings of the
Western Australian Weeds Conference,
Muresk, pp. 95-7.

Poole, M.L. and Gill, G.S. (1987). Competi-
tion between crops and weeds in south-
ern Australia. Plant Protection Quarterly
2, 86-96.

Powles, S.B. and Howat, P.D. (1990). Her-
bicide-resistant weeds in Australia. Weed
Technology 4, 178-85.

Reeves, T.G. (1976a). The effect of annual
ryegrass (Lolium rigidum Gaud.) on yield
of wheat. Weed Research 16, 57-63.

Reeves, T.G. (1976b). The effect of growth
habit on the competition between wheat
and annual ryegrass. Proceedings of the
5th Australian Weeds Conference, Mel-
bourne, pp. 4-11 to 4-12.

Reeves, T.G. and Brooke, H.D. (1977). The
effect of genotype and phenotype on
the competition between wheat and an-
nual ryegrass. Proceedings of the 6th
Asian-Pacific Weed Science Society Con-
ference, Jakarta, Indonesia, pp. 167-72.

Rerkasem, K., Stern, W.R. and Goodchild,
N.A. (1980a). Associated growth of wheat
and annual ryegrass. I. Effect of varying
total density and proportion in mixtures
of wheat and annual ryegrass. Australian
Journal of Agricultural Research 31, 649-58.

Rerkasem, K., Stern, W.R. and Goodchild,
N.A. (1980b). Associated growth of
wheat and annual ryegrass. II. Effect of
varying the time of ryegrass germina-
tion in stands of wheat. Australian Jour-
nal of Agricultural Research 31, 659-72.

Silsbury, J.H. (1964). The effect of
vernalization on the heading of
Wimmera ryegrass (Lolium rigidum) and
on five cultivars of perennial ryegrass
(Lolium perenne). Australian Journal of Ex-
perimental Agriculture and Animal Hus-
bandry 4, 352-6.

Smith, D.F. (1968). The growth of barley
grass (Hordeum leporinum) in annual pas-
ture. I. Germination and establishment
in comparison with other annual pas-
ture species. Australian Journal of Experi-
mental Agriculture and Animal Husbandry
8, 478-83.

Smith, D.F. and Levick, G.R.T. (1974). The
effect of infestations by Lolium rigidum
Gaud. (annual ryegrass) on the yield of
wheat. Australian Journal of Agricultural
Research 25, 381-93.

Introduction
The availability of both selective and
non-selective herbicides during the last
twenty years has provided a range of her-
bicides to manage ryegrass in crop and
pasture paddocks with a consequent de-
cline of alternative management strate-
gies. However, strategies for the manage-
ment of annual ryegrass (Lolium rigidum
Gaudin) without the use of herbicides
have been re-focused in the last decade by
the appearance of populations of annual
ryegrass that are not controlled by the use
of selective herbicides. Annual ryegrass is
widely distributed across the southern
Australian cropping regions (Mayfield and
Edwards 1992) as are the sites with herbi-
cide resistant populations (Nietschke et al.

1996, Gill 1995, Pratley et al. 1993).
Changes in cropping systems, namely, in-
creased fertilizer use, different crop varie-
ties and crop species along with minimum
tillage systems have accentuated the de-
velopment of herbicide resistance in an-
nual ryegrass. Cultural methods of
ryegrass management have become im-
portant for the prevention and manage-
ment of herbicide resistance in ryegrass.
This review of the cultural management of
ryegrass assumes that herbicide resistant
ryegrass is similar to susceptible ryegrass
in germination, growth and seed output
(Gill et al. 1996, Matthews unpublished
data).

Ryegrass management in pastures

Grazing
Ryegrass is usually reduced
in density by grazing over a
number of seasons. The seed
heads are preferentially
grazed by sheep and cattle
and seed return to the pad-
dock is thereby reduced. The
grazing intensity needs to be
high to effect a net reduction
in seed return in any one sea-
son (Pearce 1975). With in-
sufficient grazing pressures
other grasses viz. Vulpia spp.,
Hordeum spp. and Bromus
spp. will increase due to the
unpalatability of seeds from
these species. Grazing alone
has been largely superseded
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Figure 2. Emergence of susceptible and herbicide resistant ryegrass over a
three year period, from Heap (1988).

Figure 1. Comparison of seed bank decline
attributed to tillage method at sowing and
compared to a no cultivation control (redrawn
from Davidson 1994).
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by spray-topping for the control of
ryegrass in the spring. The emergence of
ryegrass from pastures has been docu-
mented by many authors and, in general,
emergence is not affected by light and ger-
mination in pasture is similar to that in cul-
tivated areas (Gill 1996).

Management strategies in cropped
areas

Cultivation
Cultivation of annual ryegrass has the po-
tential to be successful depending on the
germination rate and the duration of the
period of cultivation (see Gill these pro-
ceedings for a review of dormancy charac-
teristics). Early, shallow cultivation is suc-
cessful in the lighter soils to stimulate ger-
mination but this practice is not as success-
ful in the heavier soils (Davidson 1994).
Davidson also compared four tillage
methods used in crop establishment in a
long term ryegrass trial and found small
differences in the above ground popula-
tion of ryegrass, but no major reduction in
plant or seed number. Both plant and seed
numbers were reduced more in the uncul-
tivated control than any of the cultivation
treatments (Figure 1). Work by Reeves
and Smith (1975) showed that
mouldboard ploughing reduced ryegrass
numbers more than disc ploughing. A
similar treatment in South Australia re-
duced the ryegrass presence in the follow-
ing crop to 2% of the original seed bank
(Matthews et al. 1996). In summary, ger-
mination was greatest in heavy soils when
left undisturbed, but enhanced in lighter
soils when covered by a shallow cultiva-
tion and was least when buried to a depth
greater than 5 cm.

Burning
The burning of stubbles and pasture
residues containing viable ryegrass seed
has been examined by Matthews et al.
(1996), Davidson (1994), Pearce and
Holmes (1976) and Reeves and Smith
(1975). In general, immediate reductions
of 66–97% were achieved depending on
the time after maturity and the amount of
seed dislodged from the spikelet. Grazing
significantly reduced the efficacy of seed
kill by burning. Burning stubbles did not
result in a reduction of plant populations
when performed in association with other
standard tillage practices or as an isolated
practice as the surviving plants have the
capacity to replenish the population within
one season (Davidson 1994).

Crop establishment strategies

Time of sowing
Under normal rainfall conditions, a sub-
stantial proportion of ryegrass germina-
tion occurs after variable autumn tem-
peratures have reduced innate dormancy

and substantial rainfall events have oc-
curred. The initial germination has been
shown to be about 60–80% of the seed that
subsequently germinates over an ex-
tended period of time (Figure 2). It is
therefore possible to reduce the ryegrass
burden in the crop by delaying crop sow-
ing. Early sowing has been championed
by agronomists to increase crop yields,
however this is successful only in the ab-
sence of weeds.

Matthews et al. (1996) reported that the
ryegrass seed bank was reduced and crop
yields unaffected by delaying sowing by
three weeks in field experiments, whereas
Reeves (1976) found that later sown crops
were reduced in yield by an equal density
of ryegrass as present in earlier sown
crops.

Crop density and crop species
There are few published reports of the ef-
fect of crop density on ryegrass competi-
tion or population flux. Medd et al. (1985)
reports that ryegrass numbers were unaf-
fected by wheat crop density but ryegrass
potential seed output was reduced. Also,
ryegrass density affected wheat yield less
at high crop density than at low. Lemerle
et al. (1995) showed the relative yield re-
duction of winter crops was oats> rye>
triticale> oilseed rape> wheat> barley>
peas and lupins in competition with about
300 ryegrass plants m-2 in a comparable
situation. There were differences due to
seasonal influences. Work has been initi-
ated in southern Australia to compare the
competitive ability of wheat varieties
against ryegrass. This work follows many
observations of the differences in competi-
tive ability between wheat cultivars.

In crop
Control of emerged ryegrass in crop has
been limited to harrowing immediately
after weed emergence. It is only practised
to a small extent, however improvements
in inter-row equipment have some prom-
ise for removing emerged seedlings from
among crop plants (Penfold and Miyan
1996). Catching ryegrass seed at harvest
has been shown in South Australia and
Western Australia to be a successful
method for removing seed from a field at
harvest and reducing ryegrass seed banks
by about 50–60% over a two year period
(Matthews et al. 1996). Ryegrass is a suit-
able species for seed catching at harvest,
while other grass weeds are less suitable.
Windrowing in conjunction with seed
catching or alone can also be an effective
method of control.

Other cultural control methods
There are very few reports of other suc-
cessful methods to reduce the influence of
ryegrass on the yield of crops. Work on
allelopathy by Purvis et al. (1985) showed
no influence of various crop residues on

the emergence of Lolium perenne. Some
prospects for suppression of weed emer-
gence by canola and rape residues have
been suggested (Umbers 1996) but appro-
priate field experiments have not been
done in Australia.

Conclusion
Cultural management of ryegrass
populations has been well researched due
to the wide distribution of the species and
in latter years, the development of resist-
ance to herbicides. Cultivation has mixed
results given the extent of dormancy in
many populations. The observation by
Davidson (1994) that ryegrass populations
decrease fastest in the uncultivated soils
has ramifications for zero tillage systems
in the longer term. Stubble burning and
deep ploughing are all successful manage-
ment strategies but the benefits of ‘one off’
population reduction measures can soon
be lost due to the fecundity of the plant in
the next year of crop. However, there is
surprisingly little work on the influence of
crop density and time of planting on
ryegrass populations.

Many of the strategies listed (crop den-
sity, delayed planting, seed catching, stub-
ble burning) have less than adequate con-
trol when used by themselves, but when
two or three can be used in the same
season, high levels of control can be
achieved.

Research needs
Many of the cultural methods listed come
from only a limited number of experi-
ments and should be repeated in more
environments and crop production sys-
tems. The intensification of crop produc-
tion in the drier areas suggests this would
be an essential area for research. The effect
of crop density effects and delayed plant-
ing in field populations have been re-
searched in a limited number of environ-
ments, but there is a possibility of misin-
terpretation for other areas. The fate of
ryegrass seeds when left undisturbed on
the soil surface requires investigation in a
range of environments if zero tillage
planting methods are to be successful.

Management activities (including herbi-
cides) have a greater influence on ryegrass
populations when more than one are used
in the crop rotation. Successful manage-
ment strategies should be disseminated as
an integrated management approach to
encourage long-term management of
weed populations.
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Introduction
There has been a high level of adoption of
herbicides for ryegrass (Lolium rigidum
Gaudin) control since their introduction in
the early 1970s. Farming systems have
continually changed with the availability
of new herbicide products, such that
pre-planting tillage has been replaced by
non-selective herbicide use and crop selec-
tive products on many farms. Ryegrass
has been a particular target of selective
herbicides due to its widespread distribu-
tion.

The application of selective herbicides to
annual ryegrass has seen the development
of many populations resistant to a range
of selective herbicides. Several surveys
have been undertaken to determine the
extent of resistance. Gill (1992) in Western
Australia reported a high incidence of re-
sistance following a voluntary survey and
Pratley et al. (1993) in New South Wales
also reported high incidences of resistance.
In South Australia, a random survey
showed that about 40% of ryegrass
populations sampled displayed levels of
resistance that are considered to pose
management difficulties (Nietschke et al.
1996). Resistance is now so widespread
that a discussion of herbicide use for the
management of ryegrass should differen-
tiate between herbicide susceptible and
resistant ryegrass.

Chemical control of herbicide
susceptible ryegrass
There are 52 herbicides registered for the
control of annual ryegrass in Australia.
These herbicides are from twenty chemi-
cal groups when classified according to
chemical structure and 12 groups when
classified according to primary mode of
herbicide action. Classification of herbi-
cides into mode of action groups has been
recently adopted by the AVCARE Ltd. as
an aid to managing herbicide resistance in
annual ryegrass (AVCARE 1996).

Of the mode of action groups (which will
be the basis of grouping used here) A, B,
C, D and K contain products which are se-
lective in cereals. Selectivity is achieved
through physiological differences be-
tween the crops and the weed, or other
factors such as depth or growth differ-
ences. Eight groups (groups A, B, C, D, E, J,
K and L) have members with herbicides
which are selective in legume and other
broadleaf crops. Non-selective herbicides
from groups M and N are commonly used
in broadacre agriculture.

In 1995, the expenditure on herbicides
which are largely targeted against
ryegrass, was approx. $66.7 million which
was about 46% of the selective herbicide
market. Diclofop-methyl (group A) com-
manded about 60% of the market for ce-
real selective herbicides in 1995. From the

group B herbicides, triasulfuron is prob-
ably the most widely used against
ryegrass, although usage is targeted at
other weeds as well. Its market share is
56% of a $44 million market. Of the group
C herbicides, simazine has about 74% of a
$23 million market, and has largely fol-
lowed the increase in lupin area in the last
12 years. Trifluralin is also largely used
against annual ryegrass. Value in 1995 was
$22 million. These figures (sourced from
Solutions Research) are only a guide to
usage due to the use of these products
against other weed species.

Although there are many herbicides
registered for the control of annual
ryegrass, seven are registered for selective
removal of ryegrass from cereal crops and
the sales indicate that two dominate the
market. More herbicides are available for
use in broadleaf crops, but again the mar-
ket is dominated by a few and these are
drawn from the same chemical and mode
of action groups as the cereal selective her-
bicides.

The use and effectiveness of
herbicides for management of
herbicide susceptible ryegrass

Pre-sowing herbicide application
The use of the non-selective herbicides
glyphosate or paraquat on seedling


