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Abstract   In a trial carried out at the Avondale Re-
search Station, Western Australia, examining the ef-
fect of tillage and herbicides on the weed population
in a wheat/lupin and a wheat/pasture rotation the fol-
lowing conclusions were drawn:

1. Rotation has the biggest effect on weed popu-
lation followed by herbicides and then tillage

2. Providing adequate weed control is achieved
through rotations and herbicides then reduc-
ing tillage from a full cut to a knife point seed-
ing practice saw a decline in annual ryegrass
(Lolium rigidum) and wild radish (Raphanus
raphanistrum), populations however an in-
crease in medic (Medicago spp.) population
was found.

3. Yield of Lupin in the 5th year of the trial was
intrinsically related to weed burden.

INTRODUCTION

Weeds are one of the most limiting factors to grain
yield in Australian cropping systems.  Any changes to
these systems that affects the population or spectrum
of weeds can have ramifications for the future
sustainability and profitability of agricultural land.
Three such changes are currently happening, the first
is a reduction in tillage the second is herbicide resist-
ance and the third is a progression towards continuous
cropping.

It is claimed that in no-till farming systems some weed
species decline in numbers with reduced tillage.  Work
from overseas has suggested that this decline is spe-
cies dependent and that the effect of herbicides, agro-
nomic practices and crop rotations may mask the ef-
fect of tillage (Derksen and Blackshaw, 1999 and
Derksen et al. 1995).  The implications of a change in

weed burden or spectrum with reduced tillage are criti-
cal from the perspective of crop rotation and weed
management decision making.  Our current state of
knowledge in Australia about the effect of reduced till-
age is limited to; farmer observations – usually with-
out a control to compare against, international litera-
ture – where weed species and seeding practices can
be different, and from knowledge of weed ecology and
herbicide technology.  Predictions from this knowl-
edge base have been used to formulate weed manage-
ment strategies for no-tillage farming systems with
varying degrees of success.  Couple this with the issue
of herbicide resistance and it can be seen that the ef-
fect of reducing tillage on the weed burden and spec-
trum of cropped soils, and the interactions this has with
rotations and herbicides/integrated weed management
(IWM) techniques is vitally important for reliable and
sound decision making.

A trial set up in 1993 at the Avondale research station
investigates the effect of tillage and herbicides on the
population of weeds in a Wheat/Lupin and Wheat/Pas-
ture Rotation.

MATERIALS AND METHODS

The trial was designed as a randomised block design
with two rotations - wheat/lupin and pasture/wheat with
2 starting points, two tillage treatments - knife point
and full disturbance, 10 herbicide treatments and 3
replications.  Herbicide treatments were completely
randomised within blocks; tillage treatments were split
within herbicide sub blocks.  All cropped treatments
received 2 L/ha Sprayseed® and lupin blocks received
2.0 L/ha Simazine. The pasture phase of the rotation
received no herbicides.  In each cropping phase the
same 10 fixed herbicide treatments were applied as per
Table 1.
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Table 1.  Herbicide treatments applied to each cropping phase.

LUPINS WHEAT

1. Nil Nil

2. Diuron 2.0 L PPPE* Logran + Lontrel 35 g + 0.1 L IBS*

3. Avadex 2.0 L IBS Diuron + Glean 1.0 L + 1.0 L IBS

4. Verdict + Eclipse 0.5 L + 7g 3 leaf Diuron + Stomp 1.0 L + 1.0 L IBS

5. Stomp 2.0 L IBS Diuron 2.0 L PPPE

6. Simazine 1.25 L PPPE Diuron + Logran 1.0 L + 30 g PPPE

7. Select + Brodal 0.25 L + 0.15 L 3 leaf Diuron + Stomp 1.5 L + 1.5 L PPPE

8. Diuron 2.0 L IBS Hoegrass + Jaguar 1.5 L + 0.5 L 2nd tiller

9. Lexone + Select 133 g + 0.18 L 3 leaf Achieve + Eclipse 0.28 kg + 7 g 2nd tiller

10. Diuron + Frontier 1.0 L + 1.0 L PPPE Logran + Puma 35 g + 1.5 L IBS + 2nd tiller

*Where IBS = immediately before sowing and PPPE = post plant pre emergent.

Figure 1. Effect of tillage and herbicides on the yield of lupin in the 5th year of a wheat/lupin rotation.  LSD (.05)
= 298 (herbicide), 133 (Tillage) and 42 (herbicide*tillage)

RESULTS

Grain Yield   Grain yield of lupin after 5 years of till-
age and herbicide treatments varied from 700 kg/ha to
1600 kg/ha depending on treatment (figure 1).  Herbi-
cides had the biggest effect on yield followed by till-
age.  This appeared to be due directly to weed burden
and had a strong negative correlation to wild radish
and annual ryegrass population (r2 0.67), which were
the most abundant weeds present in the trial.  Reduced
tillage plots tended to give higher yields (figure 1).

Rotation   Rotation had the biggest effect on weed
population, and in particular wild radish and annual
ryegrass, with the pasture/wheat rotation having far

fewer under all herbicide treatments than the lupin/
wheat rotations (figures 2 and 3).

Herbicides   Herbicides had the second biggest effect
on weed populations and in particular selective herbi-
cides applied in crop in the wheat/lupin rotations
(figure 2).  The exception was Hoegrass®, which se-
lected for resistance in the 2nd and 3rd years.  The
combination of Diuron PPPE in the lupin phase and
Logran® and Lontrel® applied IBS in the Wheat phase
also reduced the populations of wild radish and an-
nual ryegrass to very low levels. Annual ryegrass and
wild radish populations after wheat in the pasture/wheat
rotation showed few trends to herbicides (figure 3).

1 5 3 8 6 10 4 9 2 7

0
200
400
600
800

1000
1200
1400
1600
1800

Yield kg/ha

Herbicide

Full Cut

Knife



Twelfth Australian Weeds Conference

508

10 2 7 9 3 6 4 8 5 1

0

100

200

300

400

500

600

Annual  
Ryegrass/m2

Herbicide Treatments

Knife

Full Cut

2 9 6 7 8 4 10 1 3 5

0

50

100

150

200

250

300

350

Wild 
Radish/m2

Herbicide Treatments

Kni fe

Ful l  C

2 3 10 6 8 4 1 9 5 7

0
20
40
60
80

100
120
140
160

Annual 
Ryegrass/m

2

Herbicide Treatments

Knife

Full Cut

2 3 10 6 8 4 1 9 5 7

0

10

20

30

40

50

Wild 
Radish/m2

Herbicide Treatments

Knife

Full Cut

Tillage   Annual ryegrass and wild radish populations
tended to be lower under a knife point than a full dis-
turbance seeding practice and this was more marked
as weed control improved with herbicides (figures 2
and 3). Medic (Medicago spp.) was the only weed
species that tended to be higher under a knife point

than a one pass full disturbance seeding practice, and
this occurred only in the wheat/lupin rotation  (figure
4).  All other weed species showed no trend to tillage,
however these were relatively minor weeds and did
not influence grain yield (data not shown)
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Figure 2.  Effect of tillage and herbicides on the population of (a) annual ryegrass and (b) wild radish the year
after lupin in the 5th year of a wheat/lupin Rotation. LSD (.05) annual ryegrass; = 193 (herbicide), 86.5 (Tillage)
and 274 (herbicide*tillage) wild radish; = 170 (herbicide), 75.9 (tillage) and 240 (herbicide*tillage)

(a) (b)

Figure 3.  Effect of tillage and herbicides on the population of (a) annual ryegrass and (b) wild radish the year
after wheat in the 5th year of a wheat/pasture Rotation. LSD (.05) annual ryegrass; = 22.1 (herbicide), 11.9
(tillage), 34.3 (herbicide*tillage) wild radish; = 8.24 (herbicide), 2.8 (tillage) and 11.1 (herbicide*tillage)
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DISCUSSION

Weed burden, and in particular annual ryegrass and
wild radish populations, severely reduced the yield of
the lupin crop in the 5th year of this trial. Knife point
treatments out yielded full cut treatments and this was
probably due to weed burden but other factors such as
improved soil structure should not be dismissed.  The
importance of controlling weeds was therefore intrin-
sic to high yields in this trial.

Rotation had the biggest effect on weed burden fol-
lowed by herbicide and then tillage.  The effect of till-
age was greatest when there was moderate to good
control with herbicides, predominantly with selective
herbicides, or rotation. However with very low herbi-
cide inputs, large numbers of weeds were still found
under both tillage treatments indicating an interaction
between the two.  Therefore reduced tillage alone will
not lower weed burden.  So while we can conclude
that reduced tillage can lead to a decline in annual
ryegrass and wild radish populations care must be taken
to ensure that adequate weed control measures are in
place to achieve this and that other potentially com-
petitive weed species, such as medics, are controlled.

The mechanism(s) leading to reduced annual ryegrass
and wild radish numbers under knife points are not
fully understood. Possibilities could include: the mar-
ginal moisture conditions found on the soil surface
where most of the seeds in the reduced tillage plots
would be found, dormancy issues with light and me-
chanical breakdown of pods in the case of wild radish,
improved efficacy of soil applied herbicides or in-
creased residue cover in the reduced tillage plots in-

Figure 4.  Effect of tillage and herbicides on the population of Medic the year after lupin in the 5th year of a
wheat/lupin Rotation.  LSD (.05) medic; = 130 (herbicide), 58.1 (tillage), 183.8 (herbicide*tillage)

hibiting germination.  Similarly, the mechanisms be-
hind an increased or maintained population under re-
duced tillage are also not fully understood.  Mecha-
nisms may include self-burial, small seededness or the
ability to germinate under marginal moisture condi-
tions.  Potential species that fall under this category
and have been observed to invade no-tilled land in-
clude; marsh mallow (Malva parviflora), silver grass
(Vulpia spp.), clovers and medics, african lovegrass
(Eragrostis curvula), statice (Limonium sinatum) and
other perennial species.

Threatened with herbicide resistance and considering
reduced tillage is a requirement for the prevention of
soil erosion and improving soil structure, then perhaps
we should view no-tillage as an integrated weed man-
agement tool.  This being so, no-tillage seeding sys-
tems coupled with alternative weed control methods
such as crop rotations, seed catching and high seeding
rates could see a reduction in the reliance of herbi-
cides and should be the area of future research.
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