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Abstract   The spraying of weeds in crops at the early
reproductive stages of development is a technique de-
scribed as selective spray-topping. This method aims
specifically to reduce seed production from weeds,
especially those that escape or emerge after early con-
trol.

Results are presented from the application of a range
of herbicides in replicated field experiments, conducted
in cereal crops, each containing a single main weed.
The weeds were Raphanus raphanistrum L.,
Sisymbrium officinale (L.) Scop., Rapistrum rugosum
(L.) All., Sinapis arvensis L., Lithospermum arvense
L., Sonchus oleraceus L. and Lactuca serriola L. A
range of herbicides was evaluated in each experiment.

Herbicides from four mode of action groups were ef-
fective in near eliminating or reducing seed produc-
tion to low levels, the most effective being (triasulfuron,
flumetsulam, diflufenican, MCPA, 2,4-D and
bromoxynil). Weeds around the reproductive stage of
development at early flowering were found to be highly
susceptible. When applied at this unconventional late
stage none of the herbicides except dicamba + MCPA
and 2,4-D had an effect on yield.

The application of the selective spray-topping tech-
nique provides an opportunity to prevent recalcitrant
weeds from producing viable seed. When registered
we anticipate it can be used as a strategy to reduce
weed seedbanks over time as well as managing herbi-
cide resistance.

INTRODUCTION

Weeds persist in cropping systems despite the increas-
ing use of new and effective herbicides. Conventional
weed control is undertaken to reduce the competitive
influences of weeds in the current year with little at-
tention given to a long-term approach (Aldrich 1984).
Some weeds routinely escape treatment and although
they may not reduce crop yields, produce seed to re-
new the seedbank. The prevention of weed escapes
from contributing to the seedbank may be a method of
reducing weed populations and in the longer term mini-
mising the impact and cost of control in cropping sys-
tems.

A recently developed technique termed selective spray-
topping aims to manage weeds by targeting seed pro-
duction of weeds that have escaped earlier treatment
(Medd et al. 1992). The selective spray-topping tech-
nique has been successfully demonstrated on wild oats
in north west New South Wales (Medd et al. 1995). It
involves the application of selective herbicides to the
crop during the early reproductive phase of weed de-
velopment to abort seed production. The technique has
potential to be developed on troublesome broadleaved
weeds in crops. Investigations on Raphanus
raphanistrum L. wild radish by Madafiglio et al. (1997)
has shown that several herbicide groups are very ef-
fective at preventing the seed production when applied
at the early flowering stage of weed growth.

 The traditional use of herbicides is confined to early
stages of vegetative growth. As a consequence little
information is available on the effects of herbicides
when applied at late stages on the seed production of
weed in crops.

R. raphanistrum, Sisymbrium officinale (L.) Scop.,
Rapistrum rugosum (L.) All.  Sinapis arvensis L.,
Lithospermum arvense L., Sonchus oleraceus L. and
Lactuca serriola L. are troublesome and persistent
weeds in the cropping areas of eastern Australia (Mar-
tin and McMillian 1984; Lemerle et al. 1996). Even a
few escapes of these species have the ability to pro-
duce large numbers of seeds, which lead to infesta-
tions in subsequent crops.

This paper reports results from experiments conducted
on seven broadleaved weeds in which various herbi-
cides, which are effective at seedling stages of growth,
were evaluated when applied near the flowering stage.

MATERIALS AND METHODS

Six replicated field experiments were conducted in
cereal crops in the central west of New South Wales to
evaluate the effect of late applications of selective her-
bicides on seed production of seven broadleaf weeds.
The weed species, average density and stage of the
weed and crop at spraying for each experiment are pre-
sented in Table 1.

SELECTIVE SPRAY-TOPPING, A NEW TECHNIQUE FOR CONTROL-
LING BROADLEAVED WEEDS IN CEREALS

Greg Madafiglio1, Richard Medd1 and Peter Cornish2

1 CRC for Weed Management Systems, Orange Agricultural Institute, Forest Road, Orange, NSW, 2800
2 Farming Systems Research Centre, UWS Hawkesbury, Locked Bag 1, Richmond, NSW, 2753



Twelfth Australian Weeds Conference

270

The experiments were conducted as randomised com-
plete blocks with three or four replications. Herbicides
were applied to the plots (2.5 m × 15 m) with an ex-
perimental sprayer fitted with flat fan nozzles, in a
volume of 114-126 L ha–1. The herbicides were ap-
plied to weeds near the flowering stage of develop-
ment in each experiment (Table 1). In the R.
raphanistrum experiment an additional seedling treat-
ment and a combination seedling and flowering treat-
ment was applied to enable comparison of conventional
verses selective spray-topping treatments.

Table 1. Weed species, density and the stage of the
weed and crop at spraying.

No. Weed Weed  Crop stage
density stage at at

 (plants m-2)  spraying1 spraying2

R. raphanistrum 21.5 1.5, 6.53 21, 47
R. rugosum 0.6 6.0 46
S. officinale 4.1 6.0 65
S. arvensis 1.7 3.1 46
L. arvense 9.6 6.0 73
S. oleraceus 4.3 3.2 4.5
L. serriola 3.2 49

1 adaption of Madafiglio et al. (1999).
2 Zadoks et al. 1974.
3 herbicides applied on two occasions.

Weed seed production was assessed before crop har-
vest when the number of viable seeds was estimated.
Counts were conducted of weed density and the number
of seeds per plant. Seeds were collected from each
experiment and evaluated in the laboratory for viabil-
ity by germination and tetrazolium viability tests. Grain
yield was determined in several experiments by har-
vesting with a Wintersteiger small plot harvester.

Experiments were analysed individually. Weed seed
counts were expressed as a percent reduction compared
with the untreated and prior to analysis the data was
transformed (arcsin). The counts from the untreated
control plots were very high and subsequently omitted
from the analysis.

RESULTS

A high density of R. raphanistrum was present in ex-
periment 1 with a very large number of seeds produced
in the untreated control (Table 2). The herbicides
applied at the early tillering stage only did not result
in a complete plant kill and surviving wild radish re-
duced seed production by 96.8 and 99.8%.

Herbicides applied only at the flowering stage reduced
seed production by 94.8-100%. All herbicides were

similarly effective in reducing seed production expect
MCPA and 2,4-D which were not as effective in this
experiment. The combined application of early post
emergent followed by selective spray-topping herbi-
cides on R. raphanistrum reduced seed production
completely.

Table 2. Seed production from R. raphanistrum after
the application of herbicides.

Herbicide Rate % seed
(g ha-1) reduction m-2

Diflufenican+ 8.8 1.321 (96.9)
    bromoxynil4 88

Flumetsulam2, 4 20 1.50 (99.8)

Triasulfuron3, 5 11 1.56 (100.0)

Triasulfuron+ 5.6 1.57 (100.0)
    MCPA5 250

Flumetsulam2, 5 20 1.30 (96.3)

Bromoxynil+ 140+ 1.40 (98.5)
     MCPA5 350

MCPA5 700 1.25 (94.8)

2,4-D5 700 1.28 (95.9)

Diflufenican+ 18.8+ 1.46 (99.3)
    bromoxynil5 188

Diflufenican (dff)+ 18.8+ 1.38 (98.2)
    MCPA5 188

Dff+bromoxynil4/ 8.8+88 1.57 (100.0)
    flumetsulam2, 5 20

Flumetsulam2, 4/ 20+ 1.57 (100.0)
    Bromoxynil+ 140+
    MCPA5 350

Untreated control 0

Standard error 0.09

Average weed density (plants m-2) 7736

1 data transformed (arcsin) before analysis, re-
transformed data presented in brackets.
2 plus Uptake Crop Oil 0.5%vv-1.
3 plus Agral 600 0.1%vv-1.
4 applied at GS 1.5.
5 applied at GS 6.5 (Madafiglio et al. 1999).

Low densities of the other Brassicaceous weeds were
present in the experiments. The application of the her-
bicides at early flowering (S. arvensis) or mid flower-
ing  (S. officinale, R. rugosum) completely prevented
or reduced seed production to very low levels.
Triasulfuron 11 g ha-1, triasulfuron + 5.6 g ha-1 + MPCA
250 g ha-1, flumetsulam, MPCA, 2,4-D and bromoxynil
+ MCPA all provided similarly high reductions in seed
production, with triasulfuron giving best reductions in
some species.
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S. oleraceus was at early flowering and L. serriola at
the stem elongation stage at the time of spraying. All
herbicides reduced seed production to zero, and se-
verely suppressed plant growth (Table 6). No regrowth
was evident at the time of grain harvest.

Table 3. Seed production from R. rugosum after the
application of herbicides at flowering.

Herbicide Rate % seed
(g ha-1) reduction m-2

Triasulfuron2 11 1.451 (99.2)

Triasulfuron + 5.6+ 1.53 (99.9)
     MCPA 250

Flumetsulam3 20 0.99 (83.4)

MCPA 700 1.04 (86.4)

2,4-D 700 1.14 (90.8)

Untreated control 0

Standard error 0.14

Average weed density (plants m-2) 254.2

1 transformed (arcsin) before analysis, re-transformed
data presented in brackets.
2 plus Agral 600 0.1%vv-1.
3 plus Uptake Crop Oil 0.5%vv-1.

Table 4. Seed production from S. officinale and yield
after the application of herbicides at flowering.

Herbicide1 Rate % seed Yield
(g ha-1) reduction m-2 (t ha-1)

Triasulfuron3 11 1.551 (100) 4.63

Triasulfuron3 5.6 1.57 (100) 4.19

Triasulfuron + 5.6+ 1.57 (100) 4.50
    MCPA 250

Flumetsulam2 20 1.19 (92.8) 4.27

Flumetsulam2 10 1.12 (90.0) 4.28

Bromoxynil + 140+ 1.55 (100) 4.30
    MCPA 350

MCPA 700 1.57 (100) 4.24

2,4-D 700 1.57 (100) 2.82

Untreated
    control 0 4.47

Standard error 0.07 0.43

Average weed density 43915
(plants m-2)

1 transformed (arcsin) before analysis, re-transformed
data presented in brackets.
2 plus Uptake Crop Oil 0.5%vv-1.
3 plus Agral 600 0.1%vv-1.

Table 5. Seed production from S. arvensis and yield
after the application of herbicides at flowering.

Herbicide Rate Seeds Yield
 (g ha-1) m-2 (t ha-1)

Dicamba+MCPA 80+350 0 5.53

Diflufenican+ 19+ 0 6.10
    MCPA 188

Flumetsulam1 20 0 6.09

Metsulfuron+ 3+ 0 6.44
MCPA 150 0 7.38

Metsulfuron+ 1.5+
    MCPA 75

Triasulfuron2 11 0 6.59

2,4-D 400 0 6.31

Untreated control 127 7.01

Standard error2 n/a 0.45

1 plus Uptake Crop Oil 0.5%vv-1.
2 plus Agral 600 0.1%vv-1.

Table 6. Seed production from S. oleraceus and flower
buds of L. serriola after the application of herbicides.

Herbicide Rate Seeds Flower Yield
 (g ha-1) m-2  buds m-2 (t ha-1)

Triasulfuron1 11 02 03 1.80

Triasulfuron 5.6+ 0 0 1.57
    + MCPA 250

Metsulfuron1 3.0 0 0 1.93

Metsulfuron  1.5+ 0 0 1.74
    + MCPA 250

Diflufenican+ 25+ 0 0 1.70
MCPA 250

MCPA 700 0 0 1.63

2,4-D 700 0 0 1.79

Untreated
    control 11091 16 1.88

Standard error n/a n/a 0.25

1 plus Agral 600 0.1%vv-1.
2 S. oleraceus.  3 L. serriola.

L. arvense was at the mid flowering stage at spraying.
Seed production was significantly reduced by all her-
bicides and totally prevented by diflufenican + MCPA
and 2,4-D (Table 7).

The only herbicide treatments that resulted in a reduc-
tion in grain yield were 2,4-D 700 g ha-1 (Table 4) and
dicamba+MCPA  80+350 g ha-1(Table 5).
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Table 7. Seed production from L. arvense and yield
after the application of herbicides at flowering.

Herbicide1 Rate % seed Yield
(g ha-1) reduction m-2 (t ha-1)

Triasulfuron+ 5.6+ 1.571 (100) 2.84
    MCPA2 250

Diflufenican+ 5.6+ 1.29 (96.2) 2.83
    bromoxynil 250

Bromoxynil+ 140+ 0.94 (81.0) 2.44
    MCPA 350

MCPA 700 0.48 (46.4) 2.76

2,4-D 700 1.57 (100) 2.29

Untreated   control 0 2.43

Standard error 0.24 0.31

Average weed density
(plants m-2) 363

1 transformed (arcsin) before analysis, re-transformed
data presented in brackets. 2 plus Agral 600 0.1%vv-1.

DISCUSSION

 Herbicides from four mode of action groups reduced
seed production of the seven broadleaf species to very
low levels when applied around the flowering stage of
growth. These herbicides were triasulfuron,
flumetsulam, MCPA, 2,4-D, diflufenican and
bromoxynil which were applied at current recom-
mended rates for the early post emergent applications.
Experiments conducted on wild radish at lower densi-
ties have indicated triasulfuron 11g ha-1, flumetsulam
20 g ha-1 and MCPA 700g ha-1 all prevented the pro-
duction of R. raphanistrum seed to similar levels
(Madafiglio unpublished data).

Early post emergent herbicide applications also reduced
seed production however did not prevent it.

Combined applications, one at the seedling stage and
the other at flowering of the weed completely prevented
seed production. We have constructed a simulation
model of the seedbank of wild radish which shows that
the prevention of seed production results in declining
seedbanks over time (Madafiglio, unpublished data).

In addition to reducing weed seedbanks, selective
spray-topping can also be used in resistance weed
management. The ability to use herbicides from 4 mode
of action groups will give flexibility to in crop weed
management.

The selective spray-topping tactic does not aim to kill
weeds, rather to prevent seed production. Consequently
recovery and regrowth of weeds after spraying may
occur under favourable seasonal conditions.

Herbicides applied at the booting to flowering stage
(GS 46-73, Zadoks et al. 1973) did not reduce yield,
with the exception of dicamba+MCPA and 2,4-D.
Dicamba+MCPA and 2,4-D have the potential to cause
over 20% yield loss when applied at reproductive stages
of crop growth.

The selective spray-topping technique has the poten-
tial to complement existing herbicide technologies and
provide the opportunity to contain some difficult-to-
control weed species, which proliferate late in the sea-
son.
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