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Abstract   Integrated weed management (IWM) dem-
onstration sites have been established in the WA wheat-
belt at Cadoux, Buntine, Katanning, Newdegate,
Esperance and Merredin. The aim of these sites is to
demonstrate the effectiveness of IWM for weed con-
trol while maintaining yield and income. While each
site has a different design, all sites compare IWM with
more conventional management systems on a large
scale.

A comparative system has been imposed at Cadoux.
Two rotations are being studied, and will run over five
years. One rotation is managed conventionally (-) and
the other has additional weed management inputs ap-
plied (+).

The (+) rotation includes non-selective weed control
methods where appropriate, for instance; stimulation
of the seed bank with tillage and delayed sowing; crop
topping lupins; herbicide resistant crops; burning stub-
ble; increasing the seeding rate of wheat (up to three
times standard practice in some cases), and hay freez-
ing pasture.

Similar yields were recorded in 1997 from (+) and (-)
plots at Cadoux. IWM (+) wheat crops yielded up to
50% more than their conventional counterparts in 1998.
The yields of all crops were comparable to farmer yields
in the district in both 1997 (low rainfall year) and 1998
(normal rainfall year). The (-) plots have higher densi-
ties of annual ryegrass (Lolium rigidum Gaud.) than
the corresponding (+) plots.

At the end of the five year period, gross margins will
be calculated for the two rotations. Preliminary results
indicate that the gross margins of both rotations are
approaching similarity ($20 ha-1 (+) compared to $22
ha-1 (-) in 1998) after two years of the demonstration.

INTRODUCTION

Weed management has become increasingly complex
following the development of herbicide resistance
(Powles and Holtum 1990) by some key weed species
(annual ryegrass and wild radish). As many grain pro-
duction systems rely heavily on herbicides, (e.g.,

no-till seeding), the loss of these chemicals for weed
control has revived other management tools for weeds.

Integrated weed management (IWM) aims to combine
as many varied weed control techniques as possible to
reduce and/or maintain weed densities at low levels
while sustaining or increasing farmer returns. Continual
use of one weed control method can lead to the selec-
tion of a resistant/tolerant weed population for that tool
so it is important to reduce the selection pressure by
altering control methods regularly.

While IWM has been an important component of farm-
ing systems in the past where grazing and pasture are a
significant component of the farm, adoption of IWM
by farmers with high cropping frequency has been
slower in Western Australia, and only by those pro-
ducers who have experienced annual ryegrass herbi-
cide resistance. However, adoption of some specific
practices, such as crop topping (Gill 1996), has been
rapid. There has been less acceptance of non-herbi-
cide technology by those producers whose herbicides
still function. The use of alternative herbicide groups
has increased as a consequence of herbicide resistance
and the desire of continuous croppers to remain pas-
ture and animal free.

The restriction to adoption of full scale IWM may be
due to the lack of working examples that the IWM
approach works in current farming systems. To over-
come this, large scale demonstration sites have been
established in the WA wheat-belt in order to demon-
strate the benefits of IWM.

MATERIALS AND METHODS

Integrated weed management demonstration sites have
been established in the WA wheat-belt at Cadoux and
Buntine in 1997, at Katanning, Newdegate and
Esperance in 1998 and Merredin in 1999. While each
site has a different design, all sites compare IWM with
more conventional management systems on a large
scale.

Rotations common to the local trial area are being used,
with more aggressive weed management systems
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being used to reduce weed populations and impact.
Treatments are selected for their ability to control an-
nual ryegrass, being complementary to other treatments
(in use throughout the district) and their ability to be
incorporated immediately within farming programs.
The treatments must be ‘farm friendly’ prior to incor-
poration in the demonstration, that is they must be
available for farmers immediately rather than being de-
velopmental.

Management practises which may be incorporated into
demonstration sites include; use of alternative herbi-
cide chemistry, use of herbicide resistant crop plants,
weed seed collection and/or treatment at harvest, stub-
ble handling and treatment of header trails, altered seed-
ing practices (seeding rate, time of seeding, direction
of seeding), autumn cultivation, swathing prior to har-
vest, crop topping and green/brown manure.

Farmers visiting the sites at field days will be surveyed
in 1999 and again in 2001 to determine their attitudes
to IWM and assess their willingness to adopt more
integrated weed control methods. It is anticipated that
by 2001 we will be able to measure an increase in the
number of farmers incorporating more IWM practises
on their properties.

Cadoux IWM site   The remainder of this paper con-
centrates on the results from the Cadoux site. The
Cadoux site was chosen because it had a dense popu-
lation of annual ryegrass which exhibited high levels
of resistance to the Group A herbicides, diclofop-me-
thyl and sethoxydim, in herbicide resistance tests, and
tolerance to the Group B herbicides, chlorsulfuron and
triasulfuron (growth suppression). The test results in-
dicated some plants with resistance to clethodim could
also be present. The site had been in pasture the two
years prior to development of the demonstration site
with grazing unable to control annual ryegrass seed
set.

The Cadoux demonstration comprises six, one hectare
blocks. Each block represents one year from a five year
rotation with an additional block of continuous wheat.
In any one year, pasture, wheat (planted both early and
late), lupins, canola and barley (canola and barley are
paired) are present. Each main block is split in half,
with one half subjected to a number of IWM treat-
ments (+) and the remainder farmed in a more conven-
tional manner for the district (-).

The crop sequence is Canola (Brassica napus L.) (+)/
Barley (Hordeum vulgare L.)-Pasture (Trifolium
subterraneum L. or Ornithopus spp.)-Wheat (Triticum
aestivum L.) (sown late)-Lupin (Lupinus angustifolius

L.)-Wheat (sown early), with the five blocks represent-
ing five different starting points in the sequence. This
rotational cycle maximises the effect of break crops
and re-cropping intervals for each type of crop planted
(canola and lupins appear once every five years and
the wheat crops are separated by a legume phase). Dis-
ease minimisation (break crops, burning stubble) and
good crop agronomy (insect and disease management,
fertiliser placement) are practised.

Some of the weed control treatments include; crop-
topping the lupins with paraquat (+), herbicide resist-
ant crop (triazine resistant canola) (+), burning stub-
ble or header trails in early wheat (+) and canola, swath-
ing of canola (+), total desiccation of pasture prior to
annual ryegrass seed set with glyphosate (+) compared
to seed set control with paraquat (-), a higher seeding
rate (100 and 150 kg ha-1 in 1997 and 1998 compared
to 50 kg ha-1 in conventional plots) and early autumn
cultivation in the (+) plots of all crop species. While
the seeding rate is increased for the (+) plots the ferti-
liser level remains the same as that applied to the (-)
plots, in an attempt to starve the weeds.

All plots receive appropriate knockdown herbicides
prior to seeding to give weed-free seed-beds. Crop
variety choice is partly determined by farmer avail-
ability of the seed and the time of planting for the sepa-
rate blocks. Broad leaf weeds are sprayed as neces-
sary, with wild radish (Raphanus raphanistrum L.)
being present in some patches. Lupin plots received
clethodim in 1997 and 1998, while the wheat plots
received triasulfuron + trifluralin in both years.

The density of annual ryegrass is measured prior to
crop establishment and during the growing season
within the crop. Grain yield and appropriate quality
measurements are recorded for each crop to assist in
calculation of a gross margin.

RESULTS

Annual ryegrass density   The conventional crop (-)
plots have a higher density of annual ryegrass than the
paired IWM (+) plot, which use a wider range of weed
control measures (Table 1). Annual ryegrass densities
assessed in the crop in 1997 were similar for (-) and
(+) rotations. When assessed again prior to seeding in
April 1998 the (-) rotation had a higher annual ryegrass
density than (+) rotation (806 compared to 507 plants
m-2), on average. This trend continued into the crop
with (-) 105 compared to (+) 38 plants m-2, on aver-
age. In 1999 early season rain allowed assessment of
weed seed carryover from the 1998 crop and the same
trends were evident, with only the pasture plots
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having a different response (the 1997 canola crop was
not very competitive despite having atrazine and
trifluralin before seeding).

In both years clethodim was applied to the lupin crop,
but dry, cold conditions in 1997 saw a low kill of an-
nual ryegrass, while in 1998, a better than 95% kill
was obtained. Some survivors from the clethodim treat-
ment were present in 1998, and testing of early germi-
nated plants in 1999 for clethodim resistance resulted
in two of 17 randomly chosen plants being resistant to
clethodim.

Crop performance The 1997 growing season was
below average and grain yield suffered as a result. The
trial is located on land that is not ideally suited for
growing canola or lupins, however few alternative leg-
umes exist for this area. The rotation is designed to
evaluate the performance of the crops and weed con-
trol treatments over a five year period. It is anticipated
that a five year gross margin will demonstrate the po-
tential of these combinations.

Similar yields were recorded in 1997 from (+) and (-)
plots at Cadoux (Table 2). IWM (+) wheat crops yielded
up to 50% more than their conventional counterparts
in 1998. The yields of all crops were comparable to
farmer yields in the district in both 1997 (low rainfall
year) and 1998.

At the end of the five year period, gross margins will
be calculated for the two rotations. Preliminary results
indicate that the gross margins of both rotations are
positive (Table 3). A large difference in gross margin
was recorded in 1997 ($18.39 (+) compared to $56.93
(-)). This difference had almost disappeared in 1998
($20/ha (+) compared to $22/ha (-)). The cumulative
gross margin over the two year period reflects the ef-
fect of the 1997 gross margin on the total, with a $40
difference between (+) and (-) rotations.

As annual ryegrass density is not expected to decrease
in the (-) rotation, it is anticipated that dollar returns
from this rotation will decline.

The poor performance of canola at this site has reduced
gross margins for the (+) rotation, while barley has
performed far better than originally indicated by the
farmer who has had little success with that crop. Lu-
pins have maintained negative gross margins in both
years, values which are common for lupin crops in that
area. Of interest are the gross margins for continuous
wheat which are remaining positive, but with the (+)
plots, differing from the (-) plot in only seeding rate in
both years, having better gross margins.

Table 1. The density (plants m-2) of annual ryegrass prior to crop establishment and in-crop, for two years of a
rotation at Cadoux. (+) indicates IWM imposed, (-) indicates more conventional methods used.

Rotation Annual ryegrass density
In-crop Before seed In-crop Before seed

1997 1998  July 97  April 98 July 98 April 99

Pasture (+) Wheat, late (+) 632 68 29 148
Pasture (-) Wheat, late (-) 589 254 39 685
Lupin (+) Wheat, early (+) 65 676 101 93
Lupin (-) Wheat, early (-) 82 2672 277 265
Wheat, late (+) Lupin (+) 22 219 17 313
Wheat, late (-) Lupin (-) 19 534 25 1262
Canola (+) Pasture (+) 18 1183 110 125
Barley (-) Pasture (-) 8 270 120 55
Wheat, early (+) Canola (+) 84 169 29 450
Wheat, early (-) Barley (-) 25 625 32 575

Continuous wheat (+) Continuous wheat (+) 32 727 41 320
Continuous wheat (-) Continuous wheat (-) 38 480 139 780
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Table 2. Grain yield (kg ha-1) and protein (%) (% oil included for canola treatments) over two years of a rotation
at Cadoux. (+) indicates IWM imposed, (-) indicates more conventional methods used.

1997 1998

Rotation Yield Protein Rotation Yield Protein
Pasture (+) - - Wheat, late (+) 1428 9.7

Pasture (-) - - Wheat, late (-) 970 10.1
Lupin (+) 540 - Wheat, early (+) 1720 10.4
Lupin (-) 510 - Wheat, early (-) 1564 10.2
Wheat, late (+) 1120 9.7 Lupin (+) 910 -
Wheat, late (-) 1150 9.7 Lupin (-) 1014 -
Canola (+) 300 35% oil Pasture (+) - -
Barley (-) 1640 10.2 Pasture (-) - -
Wheat, early (+) 1280 8.1 Canola (+) 284 42% oil
Wheat, early (-) 1280 8.5 Barley (-) 1720 8.4

Continuous wheat (+) 1070 9.4 Continuous wheat (+) 1456 9.3
Continuous wheat (-) 810 8.6 Continuous wheat (-) 870 9.8

Table 3. Gross margin ($ ha-1) and the cumulative gross margin over the two years of a rotation at Cadoux. (+)
indicates IWM imposed, (-) indicates more conventional methods used. Values in brackets ( ) are negative.

1997 1998 Cumulative

Rotation G. margin Rotation G. margin gross margin

Pasture (+) (58.31) Wheat, late (+) 23.71 (34.60)
Pasture (-) (29.88) Wheat, late (-) 39.43 9.55
Lupin (+) (35.28) Wheat, early (+) 92.01 56.73
Lupin (-) (24.68) Wheat, early (-) 14.92 (9.72)
Wheat, late (+) 60.39 Lupin (+) (19.54) 40.85
Wheat, late (-) 94.18 Lupin (-) (2.00) 92.18
Canola (+) (15.94) Pasture (+) 10.00 (5.94)
Barley (-) 157.82 Pasture (-) 15.00 172.82
Wheat, early (+) 69.53 Canola (+) (33.11) 36.42
Wheat, early (-) 88.50 Barley (-) 64.25 152.75

Continuous wheat (+) 89.98 Continuous wheat (+) 51.59 141.57
Continuous wheat (-) 55.68 Continuous wheat (-) 3.92 59.60

Average G.margin (+) 18.39 20.78 39.17
Average G.margin (-) 56.93 22.58 79.53
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DISCUSSION

The Cadoux IWM demonstration site is successfully
demonstrating that management of weeds is possible
even when some herbicide options are no longer avail-
able. Gross margin data are showing that inclusion of
IWM into current farming systems will maintain farmer
income and crop yields, at least in the short term. It is
anticipated that at the end of the five year cycle the
differences between conventional and IWM returns will
be similar or tending to favour the use of IWM.

The practises being imposed on the (+) rotation, after
two years, are supporting the view that additional con-
trol measures over standard weed management and
agronomic practice do contribute to further reductions
in annual ryegrass plant density. While the size of the
effects do not always appear large, in most cases, in
each of the six sequences being run, the density of
annual ryegrass in the (+) plots is trending down, while
in the (-) plots it is either remaining the same or trending
up. The continuous wheat plot is of interest as the only
management practice which is different is seeding rate.
The two to three fold increase in seeding rate on the
(+) plot appearing to have an effect on both annual
ryegrass numbers and grain yield.

One of the characteristics of a good IWM program is
rotation of the available weed management tools. While
it is not always possible to achieve the best possible
rotation, the management practises imposed at Cadoux
have allowed as much variation as possible to be im-
posed. The rotational sequence is such that Group A
herbicides are used in the lupin phase (one year in five)
and then only after simazine has been applied pre-plant.
This maximises control of any triazine resistant an-
nual ryegrass. The paraquat crop-top treatment further
reduces seed set of any Group A and C resistant an-
nual ryegrass.

The following wheat crop is sown early so as to ben-
efit from the disease break from the lupin phase and
the high seeding rate imposes maximum seed set con-
trol on the annual ryegrass as the weeds must compete
for fertiliser nitrogen only within the crop row itself.
As this crop produces the highest stubble load it is
most suitable for a hot burn in autumn to further re-
duce annual ryegrass seed, and this may assist canola
establishment. Triazine use in canola is combined with
trifluralin, and the crop is swathed as early as possible
to minimise annual ryegrass seed production.

The following pasture is seeded after stimulation of
the seedbank so as to allow maximum annual ryegrass
germination, and this is killed prior to seeding. The

‘pasture’ is sown at a rate four times the current prac-
tise for the area and establishes groundcover quickly
and produces more nitrogen fixing biomass in spring.
The complete desiccation of the pasture with
glyphosate allows maximum seed set control of an-
nual ryegrass, and the legume is effectively returned
to the soil as a ‘brown manure’ (W. Roy, pers. comm.).
The pasture phase acts to reduce soil seedbanks and
reduces any triazine resistant weeds.

The following wheat crop is sown later than optimal
and allows for further stimulation of annual ryegrass
seed from the seedbank which can be killed (chemi-
cally or mechanically) before seeding. Recently in
Western Australia, reductions in annual ryegrass es-
tablishment of up to 92% have been recorded follow-
ing a delay in seeding (two and a half week, with two
chemical knockdowns) (Fee 1997). A high seeding rate
can be used to minimise annual ryegrass seedbank
build-up before the lupin phase.

The rotational sequence used at Cadoux has sufficient
flexibility that additional practises can be added or
substituted with little change to the cropping frequency
or net returns, but with potentially large gains in weed
control. Substituting hay or silage making for the canola
year might be more profitable for a specialist lamb/
beef producer and allow two years of complete annual
ryegrass seed set and rundown of the seedbank. Re-
ducing crop row spacing to 7 cm might provide addi-
tional gains in crop competition in the wheat phase, or
alternatively making the wheat years ‘no-till’ and per-
haps reducing annual ryegrass germination in the crop,
are other tools suitable for the cereal phase. While seed
catching at harvest has yet to be fully exploited on the
site at least one cereal year could have this treatment
applied.

Convincing farmers to adopt an integrated approach
to weed management is often a case of showing that
the practises being presented are viable alternatives or
additions to current operations. Seeding rate is an ex-
ample of how farmers perceive that the current prac-
tise is best, and that to change may be a costly exer-
cise. Most farmers view a doubling of seeding rate as
costing them 50-75 kg ha-1 of seed (about $9-12), and
with the potential to increase screenings and therefore
reduce the quality of the harvest. The results from the
Cadoux site have so far indicated that higher seeding
rates are more likely to benefit the farmer due to in-
creased yield, and reduce annual ryegrass seed pro-
duction Lemerle et al. 1996) with no reduction in grain
quality (Peltzer 1999).
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Local farmers are showing interest in the IWM site(s)
and the adoption of non-herbicide weed control meth-
ods and more integrated approaches to controlling
weeds. At fieldwalks conducted at the Cadoux site in
1997 and 1998 comments have come back to the au-
thors regarding adoption of some of the practises seen
in operation. Both increased seeding rate of cereals
and crop-topping of lupins are now being experimented
with by some farmers on small areas, now that they
have seen that such changes do not lead to crop fail-
ure!
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