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Summary The Central West cropping zone of New
South Wales (NSW) is unique in its climatic pattern
being in neither the summer rainfall dominant northern
zone nor the winter rainfall dominant southern zone.
Annual rainfall is evenly spaced through summer
storms and winter showers. This poses a problem, as
weed control is an issue all year round.

As part of a Grains Research and Development
Corporation weeds project for the Central West a new
manual ‘Weed Control in cropping and pastures in
Central West NSW” has been produced. This manual is
a combination of best practice and case studies specific
for weed control in the Central West.

The main cropping rotation is a phase farming
system however farmers are increasingly changing
to continuous cropping, stubble retention systems.
These changes have resulted in changes to the weed
spectrum. Some weed species such as skeleton weed
(Chondrilla juncea L.) have been almost eliminated
whilst other previously minor species such as fleabanes
(Conyza spp.) are increasing. Rotational cropping is
an important part of integrated weed management
(IWM). Planning usually considers disease control
and nutritional issues but often forgets to consider
the weed spectrum and herbicides registered for use
in rotational crops.

Successful weed managers are using their rota-
tions to effectively manage weeds. They are planning
ahead to use their herbicides in rotation to the greatest
effect. Precision farming is playing a major role in
improving weed control. New technology and greater
use of a variety of rotation crops is changing the way
weeds are managed.

Keywords Integrated weed management, tillage
systems.

INTRODUCTION

The Central West cropping zone of NSW runs from
Gilgandra in the north to West Wyalong in the south
and from Parkes in the east to Nyngan in the west. The
area is characterised by its non seasonal rainfall pat-
tern due to its location between the northern summer
rainfall and southern winter rainfall zones.

The Central West consists mainly of phase farm-
ing systems with wheat (7riticum aestivum L.) as the
main crop and sheep, the main livestock industry. The

average farm size is 3210 ha which increases from east
to west (Pengilley and Dellow 2002). The amount of
cropping on farm varies from 100% to only 20% with
an average of 39% (Pengilley and Dellow 2002). The
annual rainfall for this region varies from 580 mm in
the east (Parkes) to 444 mm in the west (Nyngan).
Cereals, wheat and barley (Hordeum vulgare L.),
are the most significant crops in the area however
broadleaf crops such as canola (Brassica napus L.)
and pulses are also important for disease and alternate
weed control. In 1998, the Central West was estimated
to consist of 2600 farming businesses supporting 2.8
million sheep and producing 30% of the NSW cereals
(Sheridan and Rowe 1998).

The non seasonal rainfall in the Central West also
creates a broad weed spectrum including both southern
type winter weeds such as annual ryegrass (Lolium
rigidum Gaudin) as well as the summer growing weeds
such as fleabanes.

Farmers rely on storing summer rainfall in fallows
to build up soil moisture, as the winter rainfall alone
for this region is frequently not high enough to suc-
cessfully grow a winter crop. Good weed control is
important for maintaining crop yield, in both winter,
to reduce crop competition, and summer, to retain soil
moisture. Farmers thus need to be vigilant with their
weed control all year round.

This paper describes how farmers are incorporat-
ing their rotations into their Integrated Weed Manage-
ment (IWM) planning to effectively manage weeds.

MATERIALS AND METHODS
As part of the Grains Research and Development
Corporation project ‘Efficient Weed Control in Central
West NSW’ a grower survey was conducted in 2002
(Pengilley and Dellow 2003). In addition to this, the
district agronomists for the Central West, who provide
much of the advice to farmers on agronomy and weed
control, were finding that in the different farming sys-
tems across the region there were some farmers and
agribusiness advisors who ‘get it right” and many who
do not. Some have designed very good and sometimes
novel approaches to weed management within their
district and particular farming system. It was decided
that a wider audience would benefit from their knowl-
edge and a series of case studies were written as part
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ofthe production of a best management practice weed
control manual for the central west cropping zone for
NSW (Johnson 2006).

The two case studies show in Tables 1 and 2 are
actual rotations used by two farmers in Central West
NSW. The first is a continuous cropping rotation and
the second a cropping and pasture rotation that is more
traditional across the area.

RESULTS

Designing the rotation For many farmers the weed
spectrum is a major factor in determining the rotation.
Farmers that have the most success with problem
weeds are those who design their rotation with the
aim of controlling that weed. They have an IWM plan
of attack on the weed that is carried out through the
rotation. For example, a farmer with a particularly bad
infestation of silverleaf nightshade (Solanum elaeag-
nifolium Cav.) designed an extended cropping rotation
including triazine-tolerant canola and a combination
of residual herbicides in-crop with knockdown herbi-
cides in summer fallows to continually suppress the
population of silverleaf nightshade to bring it back
under control (Johnson 2006).

Many farmers are lengthening the cropping rota-
tion by using minimum tillage or stubble retention

Table 1. Case study one. A cropping rotation.

systems. Minimum tillage has many benefits for soil
and moisture retention. In these systems alternative
row crops are becoming increasingly important for
disease and weed control.

Some farmers have developed strategies or crop
sequences to allow weeds to be targeted most effec-
tively while still rotating their herbicide group use.
A common aim is to target grass weeds in broadleaf
crops and broadleaf weeds in cereal crops. Weed
spectrums are rarely this simple and it can take several
years to gain control of a particular weed even with
good planning.

Rotational planning must choose which herbicides
will be used as well as which crop will be grown (Table
1). In case study 1, the herbicides that have a high risk
for developing resistance (mode of action Groups A
and B) are rotated each year. Mode of action Groups C
and D herbicides are also only used once in every four
years. This rotation also included use of glyphosate,
2,4-D amine, dicamba and triclopyr to control weeds in
the summer fallow. This results in a high use of Groups
M and I and an increased risk of glyphosate-tolerant
weeds such as common heliotrope (Heliotropium
europaeum L.) and fleabanes dominating.

Strategic use of herbicides containing both
paraquat and diquat (Group L) can reduce the

Crop Possible herbicides

Mode of action

Year 1 Clearfield® Canola
(OnDuty®)

Year 2 Wheat
MCPA LVE or 2,4-D amine

Year 3 Pulse

Year 4 Wheat
2,4-D amine

glyphosate, trifluralin, grass herbicide or imazapic + imazapyr

glyphosate, paraquat + diquat, chlorsulfuron, flamprop-methyl,

glyphosate, paraquat + diquat, simazine, grass herbicide

glyphosate, paraquat + diquat, flamprop-methyl, MCPA LVE, or

M,D,AorB

M,L,B,K, I

ML, C, A
ML, K1

Table 2. Case study two. A cropping and pasture rotation.

Crop Possible herbicides

Mode of action

Year 1 Canola
Year 2 Wheat
Year 3 Barley

simazine, grass herbicide
metribuzin, grass herbicide

Year 4 Pulse: Lupins

Field peas
Year 5 Wheat
Year 6 Lucerne
Year 7-9 Lucerne grazing
Year 10 Lucerne MCPA amine, glyphosate

Year 11 Lucerne glyphosate

glyphosate, trifluralin, grass herbicide
paraquat + diquat, butafenacil + triasulfuron, flamprop-methyl

glyphosate MCPA amine, carfentrazone-ethyl

paraquat + diquat, butafenacil + triasulfuron, flamprop-methyl

grazing, 2,4-DB or diflufenican + bromoxynil

M, D, A,
L,B, K
ML G,

C A

L,B,K
Tor C+F
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potential of glyphosate resistance developing in crop-
ping weeds. The farmer commented about his rotation,
“We realise that being solely reliant on herbicides for
weed control will lead to plants becoming resistant to
particular herbicides if we fail to actively rotate our
chemical groups. We monitor weed burdens and plan
appropriate chemical rotations’.

The weed spectrum also needs to be considered
in any herbicide use plan. Even the most successful
farmers have experienced weed control problems by
growing a crop where there was no in-crop herbicide
option available to control the weeds that emerged.
For example spiny emex (Emex australis Steinh.) is
an emerging problem in the Central West but there are
no control options in lupin (Lupinus angustifolius L.)
crops, a common pulse crop choice.

Rotational crops have other advantages IWM.
Field peas (Pisum sativum L.) are a short season crop
and allow a delayed sowing which is a common IWM
tool to allow weeds such as barley grass (Hordeum
leporinum L.), mustard weeds (Brassicaceae family)
and capeweed (Arctotheca calendula (L.) Levyns) to
emerge and be controlled before the crop is sown.

Minimum tillage Changes in tillage system are also
resulting in weed spectrum shifts. Minimum tillage
leaves more seeds on the soil surface and farmers are
seeing a decline in some annual species such as wild
oats (Avena fatua L.) and an increase in some other
weeds such as sowthistles (Sonchus spp.), which were
once controlled by cultivation pre-sowing and are now
escaping through into the winter crop.

Leaving the ground mechanically undisturbed and
applying heavier rates of herbicide has also brought
weeds of cultivation such as skeleton weed under
control.

Fallows Another rotational option is a long fallow
where no crop is grown for a year. This option is mostly
selected as a risk management tool in a dry year rather
than as routine part of the rotation. The fallow can be
between two winter crops or between the pasture and
cropping phases. Not only does the long fallow allow
a significant period for moisture build up but it also
allows a disease break and a time for seed bank deple-
tion. A long fallow allows alternate herbicide modes
of action to be used to control cropping weeds (e.g.
paraquat — Group L).

Weeds can be controlled in fallow in various
ways. Grazing stock is not an efficient form of weed
control in fallow as the growing plants continue to use
moisture. A combination of herbicides and cultivation
or only herbicides in a stubble retention system are the
most common forms of weed control in fallow.
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Farmers mostly understand the value of moisture
conservation and it is far more common to have a low
tolerance for weeds in fallow. With rising diesel prices
and the low cost of glyphosate, herbicide fallows are
an increasingly common fallow management sys-
tem.

Pastures Pasture phases are most commonly a
minimum management phase, although, some farm-
ers are actively managing the pastures to minimise
the weeds that carryover into cropping. In the pasture
phase grazing, spray topping, slashing and hay making
have all been used to reduce weed population levels.
For example, active control of the seed set of saffron
thistles (Carthamus lanatus L.), wild oats, annual
ryegrass and barley grass in pastures has allowed
some farmers to rotate with crops that do not require
any post-emergent herbicide use due to the low weed
numbers. This represents a large saving in weed control
costs. This system also removes the selection pressure
on weed resistance when high resistance risk Group A
herbicides are not used.

An example of a longer phase farming rotational
plan using lucerne (Medicago sativa L.) is shown in
Case Study 2 (Table 2). This plan allows a much wider
range of herbicides to be used. The farmer commented
on this rotation that, ‘Weeds like bindweed (Convol-
vulus erubescens Sims) and horehound (Marrubium
vulgare L.) are increasing, especially in paddocks
with a short pasture phase. There has been a decrease
over time of variegated thistle (Silybum marianum
(L.) Gaertn.) and saffron thistle, and barley grass.
Wild oats and annual ryegrass are becoming less of
a problem.’

The active management of grasses in the pasture
phase is leading to a reduction in wild oats, barley grass
and annual ryegrass. The increase in bindweed and
horehound is due to the high reliance on glyphosate
in summer. In the cropping phase the herbicides are
rotated; Group A and B products are each used twice
every five years during the cropping phase, Group C
and D are used once each every five years.

Precision farming The use of GPS guidance systems
allows more timely spraying and greater accuracy in
alleviating missed sections, which can replenish the
seed bank. The more accurate seeding systems give
more uniform crop growth and consequently reduce
weed competition in-crop.

Cost savings with guidance systems result in less
machinery overlap which allows savings on diesel
and other inputs such as seed, fertiliser and herbicide.
‘Detect type sprayer’ technology also allows more
cost effective herbicide control especially for difficult
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to control weeds. Previous control used high rates of
spot spraying which was extremely time consuming.
Shielded sprayers in row crops are also assisting in
more efficient weed control.

Drought Rotation plans must have flexibility for
seasonal conditions. Droughts limit the control op-
tions for many farmers. Droughts limit available
finance for controlling weeds and weeds are often
allowed to grow and set seed, which can undo years
of previous work.

CONCLUSION
Weed management often depends on what levels of
weeds and what species of weeds that farmers are will-
ing to tolerate. Some have nil weed tolerance. Some
mixed farmers are happy to have some weeds if they
are palatable to sheep even though these weeds may
be costing them in the cropping phase.

While all farmers are using some IWM tools, the
farmers that are having the most success are the farm-
ers that plan ahead to incorporate IWM strategies to
best target their specific weed spectrum.
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