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CONTROL OF ANNUAL GRASSES IN PASTURES OF SOUTHERN
AUSTRALIA AND IMPLICATIONS FOR AGRICULTURE

AR. Leys
NSW Agriculture & Fisheries
Agricultural Research Institute, Wagga Wagga, N.S.W. 2650

Summary. Various options for control of annual grasses in the legume-based pastures of
southern Australia are reviewed, with considerable emphasis being given to new herbicide
options for winter cleaning. The effects of grass removal on pasture quantity and quality, grass
seed injury to livestock, animal health, development of herbicide resistance, root diseases in
following cereal crops, grass seed banks, invasion by broad-leaved weeds, nitrogen accretion,
soil acidification, soil erosion, and environmental pollution, are discussed. It is suggested that
recent herbicide developments provide farmers with pasture options not previously available.
Potential problems are identified and farmers are urged to consider herbicides as part of a total
management package.

INTRODUCTION

There are approximately 27 M ha of sown pasture in southern Australia based on Trifolium
spp. and Medicago spp., annual and perennial grasses, and a variety of forbs (17, 83). In
addition, there are approximately 15-20 M ha of winter crops which depend on legumes to
maintain or improve levels of soil nitrogen, and break the cycles of pests and diseases. Annual
grasses such as annual ryegrass (Lolium rigidum), brome grasses (Bromus diandrus and B.
rigidus), barley grass (Hordeum leporinum and H.glaucum), and vulpia (Vulpia myuros,
V.bromoides and V fasciculata) are important weeds of winter crops in southern Australia (3,
45, 54), and a national workshop on this topic was held in Adelaide in 1986 (79). However,
the succession of pastures and crops in the rotation requires the development of weed control
practices which integrate both phases of the rotation. Thus, greater attention is now being
given to the benefits to subsequent crops of grass control during the pasture phase.

In addition to the benefits which may accrue to succeeding crops, there is also interest in the
pastoral zone in altering the composition of the sward to allow greater production of the more
useful species. Technology is now available to manipulate the botanical composition of
pastures, and hence the adoption of this technology will allow farmers to create specific pasture
mixes. Such advances open up a variety of new options, but will also introduce new problems.
Careful planning will be needed to avoid these problems.

In this paper I will review the options for controlling annual grasses in the pastures of southern
Australia. In so doing I will concentrate on the winter cropping-clover ley zone, but much of the
discussion will also have relevance to permanent pastures of the higher rainfall areas. I will then
discuss the advantages and disadvantages of grass removal and the implications, generally, for
agriculture.

OPTIONS FOR CONTROL

Agronomic management

Species/cultivar selection. Selection of species is the first management option available to the
farmer. The major legume options include white clover, subterranean clover, annual medics
and lucerne. Climate and/or soil reaction generally influence final selection, although a mixture
is often the most competitive.

In the higher rainfall areas perennial grasses are introduced as soil fertility increases. This gives
greater stability, and allows the pasture to resist invasion by annual grasses (55). In the
cropping zone where there is little advantage in terms of animal production in including a
perennial grass, annual ryegrass has been the usual companion species. However, because of
its competitive effects on following crops, and the potentially serious effects of annual ryegrass
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toxicity, it has rarely been included in pasture mixes in recent years. It should be noted,
however, that effective control of ryegrass during the cropping phase, along with the failure to
resow it for pasture at the end of the cropping phase, appears to be the major reason for the
recent increase in the prevalence of vulpia in pastures on the slopes of southern and central
N.S.W. (Leys and Dowling, unpublished data).

A wide selection of legume cultivars is now available, and recommended cultivars should be
used as these combine good seed production and persistence with resistance to pests and
diseases. To enable consistently high seed production, Carter et al. (17) suggest the use of
mixtures of subterranean clover or medic cultivars, or even mixtures of both genera. They
believe mixtures of cultivars with different maturity gradings are able to cope better with
variations in seasonal and edaphic conditions.

Length of the rotation. Natural succession means that the grass component usually increases
with age during the pasture phase. However, changes in the proportion of the various species
occur with time: as the pasture ages the proportion of barley grass and vulpia in the sward
increases, while that of ryegrass decreases (32, 58). Shortening the rotation, when combined
with resowing the pasture at the end of the cropping phase, is an option to maintain clover
dominance.

Seed reserves/seeding rate. The major reason for poor pastures is often the lack of sufficient
seed reserves in the soil (14, 16, 27, 88). To allow satisfactory regeneration medic pastures
require 100-200 kg seed per ha (15), while subterranean clover pastures require 200-300 kg
seed per ha (B. Dear, pers. comm.). Reeves (66) has suggested that increased cropping
intensity, along with the use of in-crop herbicides, have reduced subterranean clover, medic
and annual ryegrass seed reserves to negligible levels, and that resowing cropping paddocks is
an urgent extension priority. Sowing rates will vary with the species and location, but Cregan
and Wolfe (23) and Reeves (66) have advocated the use of higher rates of subterranean clover
(5-10 kg/ha) than those commonly used by farmers (3-5 kg/ha).

Soil fertility. The increase in legume production following the application of superphosphate to
pastures is the foundation on which pasture improvement is based. However, the resultant
improved fertility leads to invasion by annual grasses, and other nitrophilous weeds (55),
unless a perennial grass (high rainfall pastoral zone), or cropping (winter cropping zone) is
introduced. Phosphorus levels also determine which grass species invade: Bromus and
Hordeum dominate at high P levels, while Vulpia dominates at low P (69, 86).

Nutritional deficiencies and toxicities induced by soil acidification reduce the competitive
abilities of many pasture species, especially legumes. This provides a niche which may be
readily exploited by more tolerant species. The ability of vulpia to grow at relatively low
concentrations of potassium (69), and phosphorus (6), may give it a competitive advantage at
low soil pH where both nutrients are often deficient. Liming, or the use of acid soil tolerant
species (e.g. seradella), may be a useful alternative in the short-term.

Grazing management

Annual medic and subterranean clover pastures should be set stocked, while lucerne should be
rotationally grazed (15, 17, 33). Low grazing pressures induce grass dominance, while
moderate to high stocking rates help maintain clover dominance (15, 69, 72). Vulpia is an
exception, and can persist even at high stocking rates (33, 69). Grazing after heading will
selectively remove legumes and ryegrass in preference to the less palatable barley grass and
vulpia.

Physical control

Mechanical topping with a slasher, or cutting pastures for hay or silage are all practical ways of
maintaining clover dominance. They have been used to reduce the incidence of ryegrass (67),
barley grass (74), and vulpia and great brome (Leys, unpublished data).
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Shallow cultivation in the autumn promotes germination and emergence of subterranean clover
and annual ryegrass, but reduces emergence of vulpia (35, 58). This may be a useful way of
reducing seed banks of herbicide resistant ryegrass during the pasture phase (82).

Herbicides

Thirty years ago Campbell (12) first reported that annual grasses could be controlled chemically
in pastures. Shortly afterwards Squires (78) and Cuthbertson (24) demonstrated selective
control of barley grass in subterranean clover pastures with paraquat. Despite the introduction
of several other products the use of herbicides for grass control has not been widely adopted
(their use in pasture seed crops and lucerne excepted). There are probably several reasons for
this:

1. High cost of treatment relative to perceived benefits

2. Value of annual grasses as pasture plants (especially during autumn and early winter)

3. Absence of complete selectivity (paraquat, the most widely used herbicide, causes

temporary damage to most pasture species)
4. Reluctance of farmers to invest money in pastures.

However, increased awareness by farmers of the adverse effects of grassy pastures on
subsequent crop yields, combined with the introduction of very selective herbicides (42, 50), 86),
have dramatically altered the situation. There is now tremendous interest in selectively removing
grasses from pastures. This can be achieved by killing plants during vegetative growth stages in
winter (winter cleaning), or by using sub-lethal rates during reproductive growth stages to
prevent the formation of viable seeds (spraytopping).

Winter cleaning

Aryloxyphenoxypropionates (AOPP) and cyclohexanediones (CHD). The discovery of AOPP
(e.g. fluazifop-P) and CHD (e.g. sethoxydim) herbicides heralds a new era for renovating
legume-based pastures. A wide range of herbicides is now available which selectively control
most of the annual grasses. Variations occur in the range of species controlled, but at
recommended rates none of the AOPP or CHD herbicides currently registered control vulpia,
winter grass (Poa annua), or Yorkshire fog (Holcus lanatus) (47, 50).

These herbicides are generally most active when applied to grass seedlings, although good
control can still be obtained from application of fluazifop-P at more advanced stages of growth
in late winter (80). This is an area that requires further research, since application at this time
gives the farmer greatest flexibility (see discussion under Implications).

AOPP and CHD herbicides are relatively expensive ($20-30/ha) and hence are unlikely to be
used widely in pastoral areas. However, research is needed to determine if occasional use may
help maintain clover dominance, especially in "grassy" years. Lower rates, and/or late
application just prior to the spring flush may be sufficient to swing the balance back in favour
of the legume (as distinct from more complete grass removal required in cropping areas).

The lack of adequate selectivity in perennial grass pastures is also an obstacle which greatly
restricts the usefulness of AOPP and CHD herbicides in high rainfall pasture areas.

Propyzamide and carbetamide. Propyzamide and carbetamide control most grass weeds
including vulpia and winter grass. Thorn and Perry (84) found that propyzamide eliminated
annual grasses (annual ryegrass, great brome, and barley grass) from a subterranean clover
pasture within six weeks of spraying, and the effects of the grass control carried through into
the second season. Similar results have been obtained with carbetamide for control of vulpia
(19). Unfortunately, the high cost of these herbicides precludes use in all but specialised seed
production areas.
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Paraquat. Paraquat has been widely used in pastures for control of annual grasses for many
years. Although not as selective as AOPP and CHD herbicides (paraquat reduces subterranean
clover growth for 4 to 6 weeks after application), paraquat is effective on most annual grasses,
can be used in pastures containing perennial grasses, and significant legume yield responses are
usually obtained, especially in the year following application (8, 76).

Tank-mixes of paraquat plus diuron have been evaluated but severe damage to subterranean

clover can result, especially in wet years (48). A tank-mix of paraquat/diquat (SpraySeedR)
plus diuron is commonly used for weed control in lucerne (G. Falconer, pers. comm.).

Simazine. Research at the Agricultural Research Institute at Wagga Wagga has shown simazine
to be the most effective herbicide for control of vulpia in subterranean clover pastures (48).
The effectiveness of simazine on vulpia has been confirmed elsewhere, and registration for use
in subterranean clover and established lucerne has been approved, or is pending, in most states.

While vulpia is very sensitive to post-emergence applications of simazine, the bromes are less
sensitive, and barley grass and annual ryegrass are quite tolerant. Observations in the field
suggest simazine is also active against Yorkshire fog (G. Kelso, pers. comm.) and catsear
(Hypochoeris spp.), while some suppression of very small seedlings of capeweed (Arctotheca
calendula) and Paterson's curse (Echium plantagineum) may occur.

The results obtained from experiments on the South-West Slopes of New South Wales show
that simazine is most effective when applied around May/June (Leys and Plater, unpublished
data). However, good control can still be obtained from earlier applications, particularly when
there is an early break to the season, or from later applications (July/August), provided
sufficient rain falls after application, and the sward is closely grazed.

Currently, simazine is only registered for use in subterranean clover and established lucerne
pastures, but preliminary reports indicate it is also selective in Trifolium repens, T .balansae,
and established perennial grass pastures. The tolerance of other Trifolium species (e.g.
T .pratense, T fragiferum, and T.glomeratum), and annual medics, is not known. Recent work
by Conlan et al. (20) have shown that subterranean clover cultivars differ in their tolerance to
simazine; Kziridale was the most sensitive cultivar while Trikkala was the most tolerant.

The advent of simazine for control of vulpia is an important development, since this genus is
not controlled by any of the AOPP or CHD herbicides. The inclusion of simazine in a tank-mix
with one of these herbicides allows all of the major grass weeds (viz. Hordeum spp., Vulpia
spp., and Bromus spp., as well as annual ryegrass) to be controlled in one operation. Such
mixtures are proving very popular for cleaning pasture paddocks prior to cropping.

Because of the risk of simazine plus AOPP mixtures selecting herbicide resistant ryegrass,
recent research at Wagga Wagga has concentrated on evaluating other mixtures. Simazine plus
paraquat has been the safest and most effective, and controls vulpia, Bromus spp., and low
densities of barley grass (49).

Low cost, a wide window for application, and compatability with other grass herbicides,
combined with the increasing prevalence of vulpia, have resulted in widespread use of simazine
in pastures during 1989 and 1990.

Spraytopping.

The concept of topping pastures with herbicides (spraytopping) was developed by ICI in the
1960s following the introduction of paraquat. Early studies evaluated pasture desiccation
(chemical curing) as a method of conserving forage in situ (4, 5,9, 63, 68).
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More recent work has evaluated the effectiveness of spraytopping with various herbicides as a
means of preventing the formation of viable seeds of annual grasses, and hence reducing their
seedbanks prior to cropping (31, 42, 43). Rate and time of herbicide application are chosen to
maximise selectivity between the pasture legume and the weed; timing of the application is
therefore critical. The sensitivity of spraytopping to time of application reduces its versatility,
especially when more than one species is present, as this increases the range of growth stages at
spraying, and hence reduces the level of control obtained. Differences in flowering synchrony
between ecotypes, and between seasons, add to the variation in the level of control obtained.
Dowling has measured the effect of paraquat and glyphosate on regeneration of subterrancan
clover, and found that when each herbicide was applied at its optimum time, paraquat was
much less harmful (15% reduction in subterranean clover seedling density compared to
unsprayed controls) than glyphosate (68% reduction) (P. Dowling, pers. comm.). The greater
phytotoxicity of glyphosate (cf. paraquat) has been confirmed elsewhere for subterranean
clover (26, D. Stephenson, pers. comm.) and balansa clover (80).

IMPLICATIONS OF GRASS CONTROL

Pasture quantity and quality

Liveweight changes of animals grazing annual pastures in southern Australia reflect seasonal
fluctuations in herbage production and quality. The amount of pasture available is usually
lowest just after the break of the season in late autumn, and restricted pasture availability limits
liveweight gains for several weeks after the break (57). The quantity gradually increases over
winter, followed by rapid increases during spring, reaching a maximum near flowering.

Annual grasses, particularly barley grass, annual ryegrass, and great brome, provide valuable
feed following the break because of faster growth rates than subterranean clover during winter,
and more erect habit which allows easier accessibility for grazing (57, 75). Vulpia is an
exception; it grows more slowly than subterranean clover and other annual grasses during
winter, and becomes very prostrate after heavy grazing. Smith et al. (75) found that sheep
grazing subterranean clover and annual ryegrass during winter gained more weight than sheep
grazing vulpia.

Just prior to heading, pasture quantity (slowly) and quality (rapidly) begin to decline, and
differences in quality between species become more pronounced (65). Livestock may be
required to survive on dry pasture residues for four to five months over summer/early autumn.
The amount of feed available depends on the growing conditions the previous year, as well as
the prevailing stocking rate. The dry herbage is often deficient in digestible energy and
occasionally protein (1), and livestock usually lose weight over this period (4, 7, 33, 63).

In most of the cropping zone, winter cleaning pastures is unlikely to exacerbate the
autumn/early winter feed shortage during the year of application because it will be undertaken
towards the end of the limiting period. In colder environments (e.g. tablelands areas of New
South Wales) winter cleaning during May and June will accentuate the feed shortage and later
application will probably be beneficial. Thorn and Perry (84) have recently shown that the
removal of grass during winter from a subterranean clover/annual grass pasture allowed greater
weight gains during summer because of the higher quality of treated pasture. During the
following autumn and winter, liveweights of sheep grazing plots treated with propyzamide
were less, but compensatory gains were made again during late spring and summer. Wool
production was not affected by grass removal, but vegetable matter contamination was not
measured and this may also have been less on treated pastures.

Spraytopping with paraquat or glyphosate is claimed to improve the nutritive value of the
pasture after senescence. The general conclusion of studies undertaken with paraquat is that
spraying when grasses are heading produces significantly higher concentrations of nitrogen
(usually), phosphorus, potassium and sulphur (sometimes), and little effect on other minerals
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(4,9, 63, 77). However, spraytopping reduces herbage production, and hence the yield of N
per ha is unlikely to be increased.

For annual grasses the amount of digestible plant material reaches a maximum at heading and
rapidly declines as the pasture senesces. Arnold and Barrett (4) have shown that spraytopping
with paraquat when annual ryegrass is heading reduces the rate of this decline, but later
applications have little effect. Similarly, recent work with glyphosate has shown that
spraytopping reduces the rate of decline in digestibility of bent grass (Agrostis tenuis) (25) and
vulpia (Leys, unpublished data).

However, animal performance is a function of nutritive value (closely related to digestibility)
and dry matter intake (64). Spraytopping with paraquat reduces the amount of available dry
matter compared with unsprayed pastures (4, 25, 63). Similarly, Davidson et al. (25) found
glyphosate increased digestibility but reduced DM yield. They argue that increases in animal
production (not measured) may still ensue because increased digestibility of pasture treated with
glyphosate enabled sheep to consume 30% more feed than sheep grazing untreated pasture.
This assumes, however, that dry pasture is never limiting during the summer or autumn, an
assumption rarely true in southern Australia. Animal production in subsequent summers (15
months after application) may be greater on spraytopped pastures because of the increased
proportion of legume in the sward.

Reduced injury/contamination from grass seeds

The awned caryopses of barley grass, great brome, and vulpia can seriously injure livestock,
especially sheep, by lodging in their feet, ears, eyes, and mouths, and can penetrate the skin.
Deaths can be common in bad years and a survey in New South Wales in 1974 found that 36%
of graziers reported that grass seeds caused stock losses in some years (21). Sub-lethal effects
are probably more widespread and in a stocking rate experiment at Trangie in Cenral-Western
N.S.W., Campbell ez al. (13) attributed the greater liveweight losses of sheep at the low
stocking rate to the high densities of barley grass inflorescences; heavily infested sheep were
reluctant to move and lost condition. Sheep infested with grass seed were also more
susceptible to flystrike, and more of them died.

The awns (shive) of all three species are also serious contaminants of wool (2). Barley grass is
considered to be the worst problem (21), although recent reports suggest that the finer awns of
vulpia are likely to persist through into the woven fabric and financial losses will be greater
because of down-grading a more valuable product (K. Atkinson, pers. comm.). Seeds can also
contaminate sheep skins and Cornish and Beale (21) reported that even lightly contaminated
pelts were docked a minimum of 50% of their value.

Animal health problems

Livestock grazing legume-dominant pastures are more likely to develop bloat, chronic copper
poisoning, clover infertility, "red-gut” syndrome, urinary calculi, and balanoposthitis (J.
Glastonbury, pers. comm.). The first three of these are likely to be the most common.

Subterranean clover is less likely to cause bloat than white clover or lucerne, and cattle are more
susceptible than sheep (51). Bloat rarely kills sheep, although food intake, and hence
liveweight gains, can be severely reduced. Where it is necessary for cattle to graze legume-
dominant pastures, bloat can be controlled with anti-bloat capsules (34).

Young, rapidly growing subterranean clover plants concentrate copper, and hence it is possible
that sheep grazing pure stands of clover in autumn will be more susceptible to copper poisoning
(36, 64).

Clover infertility is caused by sheep grazing high oestrogenic subterranean clover cultivars e.g.
Dwalganup, Yarloop, and Geraldton (59). Growing recommended cultivars low in oestrogen
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prevents this disorder. However, many paddocks still contain high oestrogen cultivars, and in
these paddocks care should be taken if grasses are removed.

Herbicide resistant ryegrass

There are at least five weed species in Australia which have developed resistance to herbicides
(62). The most widespread and potentially serious of these is annual ryegrass which has
developed cross resistance to a wide range of herbicides, notably the AOPP and CHD groups.
In most cases the resistant populations have developed in paddocks which have been
intensively cropped and have been repeatedly sprayed with herbicides.

It is generally accepted that the resistant (R) biotype occurs at a very low frequency among the
susceptible population. The frequency of the R biotype increases in response to selection
pressure from herbicides (39). Repeated application, or increased rates, of AOPP (or similar
herbicides) increases the selection pressure, and hastens the development of higher levels of
resistance.

The pasture phase of the rotation provides the best opportuniuty to use non-selective methods
for controlling ryegrass (82). During the pasture phase, populations of ryegrass tend to decline
in response to preferential grazing by livestock, and competition from less palatable species
such as barley grass and vulpia (58). In the cereal-livestock zone, inclusion of a pasture in the
rotation should therefore be an integral part of any program to minimise herbicide resistance.
During this phase grass-selective herbicides should be used sparingly, and recommendations
recently developed to minimise resistance suggest AOPP and CHD herbicides should only be
used in the year prior to cropping, and then only when a cereal is the first crop in the rotation
(82). Where it is necessary to apply herbicides for grass control during the early years of the
pasture phase, non-selective treatments such as winter cleaning with paraquat, or spraytopping
in the spring, should be preferred.

Reduced reservoir of root diseases for following cereal crops

Most of the annual grasses discussed in this paper act as hosts for a wide range of pathogens
which cause root diseases in cereals. The most important of these are Gaeumannomyces
graminis ver. tritici, Fusarium graminearum Group 1, Rhizoctonia solani, Bipolaris
sorokiniana, and Heterodera avenae, which cause take-all, crown rot, rhizoctonia bare patch,
common root rot, and cereal cyst nematode disease, respectively (11). These widespread
diseases are estimated to cost Australian farmers around $183 million annually (10).

The extent of grain yield losses from root diseases is linked to the level of grass infestation
during the last year of pasture (53). Rovira (70) and Venn (86)) have shown that control of
grasses in a typical grass-medic pasture with fluazifop-P doubled wheat yields compared to
wheat grown on untreated pasture; much of the yield increase was attributed to the reduced
incidence of root diseases. Little information is available on the length of the grass-free period
required to eliminate diseases. However, preliminary results from South Australia indicate that
grasses should be removed before August if the severity of take-all is to be minimised (D.
Roget, pers. comm.), and winter cleaning pastures is now recommended in many states for
reducing its incidence in following cereal crops (52).

Reduced grass seed banks

Annual grasses are the most important weeds in winter crops in southern Australia (45, 85).
Poole and Gill (61) have recently shown substantial grain yield losses from competition

between annual grasses and wheat; for example, 200 plants/m2 of great brome, or barley grass,
reduced grain yields by approximately 50%.

Vulpia (30), great brome (18), and barley grass (74) have little seed dormancy, hence practices
which reduce seed production prior to cropping should significantly reduce soil seed banks,
and thus reduce infestations in following crops. As herbicides available for their control in
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winter cereals are inadequate, pre-cropping control during the pasture phase is necessary to
minimise their impact on crop yields.

Invasion by broad-leaved weeds

Winter cleaning or spraytopping substantially reduce grass seed produced at the end of the
season, and hence plant density in the following autumn. This creates a niche for broad-leaved
weeds to exploit, especially if legume seed production is also reduced.

Increased nitrogen accretion

The importance of legume-based pastures to the development of stable agricultural systems in
southern Australia has been extensively documented (17, 37, 56, 71). The net increment of
soil N resulting from nitrogen fixation under clover or medic pastures depends on the prevailing
environmental and management conditions (56); estimates from different experiments vary from
27 to 168 kg N/ha/year (71). Carter et al. (17), using a mean figure of 70 kg N/ha/year, have
calculated this to be worth $2,500 million per annum to Australian agriculture. However, only
a small amount of the nitrogen fixed during the pasture phase is immediately available for
succeeding crops (46). The real value of legume pastures to the cropping phase is the long term
improvement in soil fertility by increasing the level of soil organic N and the subsequent
mineralisation of small amounts of this organic N over time (56).

A high proportion of grass in the pasture reduces nitrogen accretion in two ways: (i)
competition between the grass and the legume reduces the amount of nitrogen fixed, and (ii) the
grasses use nitrogen for their own growth leaving less available for following crops.

High levels of soil nitrogen can increase the severity of take-all in wheat (11). Hence, to take
advantage of increased soil fertility following a pasture phase, grass weeds must be controlled
to minimise the incidence of take-all.

Potential effects on soil acidification

It is estimated that excessive soil acidity affects 7 M ha of crop and pasture land in southern
Australia (40). Leaching of nitrate mineralised from nitrogen fixed by pasture legumes is a
major contributor to soil acidification (41). Grass/clover pastures are more effective year-round
sinks of nitrate than pure legume pastures, and should minimise the potential for nitrate leaching
(22). However, under clover/annual grass pastures in southern New South Wales the danger
period for nitrate leaching is from January to May (73). Grass-free pastures resulting from
herbicide application in mid to late winter in the year prior to cropping are unlikely to accentuate
the problem because the grass will be removed after the critical autumn period.

Strong et al. (81) have recently shown soil acidification to be less under perennial grass
pastures than under annual grass/legume pastures. Therefore, even in the high rainfall zone,
removal of annual grasses will not increase rates of acidification, provided perennial grasses are
present.

Effects on soil structure/erosion

With the exception of vulpia, annual grasses have a deeper and denser (root mass per unit
volume of soil) root system than annual legumes (60). This has two beneficial effects on soils:
(1) the greater root mass of grasses results in higher levels of organic matter, and (ii) the root
system and surface residues protect the soil from erosion. Removing grasses from pastures
usually increases the proportion of bare ground which increases the risk of erosion during
summer and early autumn (43).
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Environmental pollution

The use of herbicides in agriculture is an increasing concern of the community, and some
countries (e.g. Denmark), have legislated to reduce the amounts of herbicides used (38).
Historically, pastures have been the conservative phase, while crops have been the exploitative
phase of the rotation. This is true of soil fertility, soil organic matter, soil structure, and is also
true of herbicides, as there has been only minimal use of herbicides in pastures. As discussed
earlier, there are many management options available to maintain clover dominance. Hence,
herbicides should be used for grass control in pastures only as part of a total pasture
management program. This will minimise their use and will help maintain credibility with the
community.

CONCLUSIONS

A range of new options is now available for controlling annual grasses in pastures. The new
technology is being rapidly adopted by farmers, particularly in the cropping zone where a
grass-free break is vital for controlling many cereal diseases. In high-rainfall pastoral areas
these new options can help graziers increase pasture productivity, and will greatly assist the
establishment of new pastures. Herbicides should not be used therapeutically, but should be
combined with existing weed control methods to formulate long-term weed management plans.
Pastures developed in this way will be more stable, herbicide use will be minimised, and
potential problems avoided.
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