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Summary   Since the fi rst occurrence in 1996, there 
has been a slow increase in the number of populations 
of annual ryegrass (Lolium rigidum Gaud.) resistant 
to glyphosate. Australia-wide, there are now around 
40 populations from a variety of situations that have 
been confi rmed to have resistance.

A major concern is how to manage these resist-
ant populations. Seed set in annual ryegrass can be 
manipulated by late season application of low rates 
of either glyphosate or paraquat as a spraytopping or 
pasture topping technique.

Populations of glyphosate resistant ryegrass and 
a control susceptible population were treated with 
glyphosate or paraquat at appropriate growth stages. 
Seed heads were collected and seed production esti-
mated prior to seed germinability being assessed.

The susceptible population was well controlled 
by both glyphosate and paraquat applications when 
compared with untreated controls. Paraquat reduced 
germinable seed production by over 90% for glypho-
sate resistant biotypes. Glyphosate did not provide 
adequate levels of control in resistant biotypes. 

Spraytopping with glyphosate should not be 
undertaken on populations known or suspected to 
be resistant to glyphosate. The resistance mechanism 
that allows seedlings to survive glyphosate applica-
tions appears to also confer resistance during seed 
formation.

Seed set in glyphosate resistant populations can be 
effectively controlled using late season applications of 
paraquat in a range of situations. Care must be taken to 
ensure that the treatment is applied to ryegrass swards 
of uniform maturity at the appropriate growth stage.
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INTRODUCTION
Control of weeds in cropping situations can start as 
early as the previous season when integrated weed 
management strategies can be used to reduce the level 
of the weed seedbank. One strategy that has been 
widely used for annual grasses is pasture topping, or 
spraytopping, using low rates of herbicides that will 
reduce the production of viable seed.

Pasture topping has been a recognised manage-
ment practise since the early 1960s when paraquat 

became available (Pearce and Holmes 1976). The 
emergence of glyphosate onto the market as a translo-
cated non-selective herbicide gave a second herbicide 
option for spraytopping (Jones et al. 1984). Good 
control of Alopecurus myosuroides Huds. (Dalbies-
Dulout and Dore 2001), Lolium rigidum (Gatford et 
al. 1999), and Avena fatua L. (Shuma et al. 1995) has 
been reported using this technique. 

Pline et al. (2002) reported increased sensitivity to 
glyphosate in reproductive tissue compared to vegeta-
tive tissue in genetically modifi ed cotton (Gossypium 
hirsutum L.). This sensitivity would decrease amino 
acid production in reproductive tissue, and has been 
suggested as an explanation for some fruit abortions. 
This suggests that seed formation in glyphosate resist-
ant plants is only partly inhibited by glyphosate. 

Glyphosate resistance in annual ryegrass was fi rst 
reported in the mid 1990s (Pratley et al. 1996, Powles 
et al. 1998). The aim of this investigation was to deter-
mine the effectiveness of registered herbicides using 
spraytopping techniques on ryegrass biotypes known 
to be resistant to glyphosate.

MATERIALS AND METHODS
Five biotypes were included in this experiment. S92 is 
a biotype known to be susceptible to glyphosate. Four 
glyphosate resistant biotypes were also used: GLR005 
from Echuca; GLR025 from a broadacre situation in 
South Australia; GLR026 from a broadacre situation 
near Darlington Point; and GLR027 from a fenceline 
situation on a cropping property near Old Junee. 

In April 2002, annual ryegrass seeds were pre-ger-
minated on moist fi lter paper in Petri dishes. Seedlings 
were transplanted at the coleoptile stage to individual 
cell seedling trays containing a 1:1 mixture of sand and 
peat and maintained in a glasshouse. At the three-leaf 
stage, plants were sprayed with glyphosate to select 
the resistant plants. At the tillering stage, fi ve plants 
per pot were transferred into 200 mm diameter pots 
fi lled with sandy loam soil.

Pots were arranged in a randomised block design, 
and were maintained in a greenhouse at ambient air 
temperature. All pots were watered and fertilised with 
an aqueous fertiliser regularly. Plants were trimmed in 
September to a uniform 150 mm height to simulate 
grazing or mechanical control to assist with even tiller 
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production. Each pot was individually bagged at head 
initiation to prevent pollen fl ow between pots, while 
still allowing cross-pollination within each pot. Plants 
were treated with herbicide at the appropriate growth 
stage, and allowed to grow through to maturity. 

Four herbicide treatments were imposed: a control 
where pots were sprayed with water only; 180 g a.i. 
ha-1 glyphosate applied at commencement of fl owering; 
180 g a.i. ha-1 glyphosate applied at mid fl owering; and 
108 g a.i. ha-1 paraquat dichloride plus 92 g a.i. ha-1 
diquat dibromide applied at the milky dough stage. 
All herbicide application was done using a cabinet 
pot sprayer operating at 240 psi using a TeeJet nozzle 
set at 50 cm above the ryegrass heads to deliver 82 L 
ha-1 total spray volume. Each treatment was replicated 
three times for each biotype.

After harvesting, plants from each pot were 
threshed and the cleaned seed weighed. Seed was 
stored in darkness at 4°C for 14 days to overcome 
dormancy, then stored at room temperature. 

The hundred seed weight was determined by 
counting and weighing lots of one hundred seeds. To 
determine germination percentage for each sample, 
0.4 g of seed was placed on moist fi lter paper in Petri 
dishes and incubated at 22°C under constant light for 
10 days. 

Statistical analysis   Barlett’s test was used to test for 
homogeneity of variance between treatments to deter-
mine if data required transformation prior to analysis. 
Raw hundred seed weight data were analysed directly 
and seed numbers were transformed using square roots 
to equalise variance. Percent germination data were 
arcsine transformed to equalise variance. QQ plots and 
Filliben’s test were used to verify the normality of the 
analysed data. Analyses of variance were conducted 
using S-Plus® to test for signifi cant differences. Signifi -
cantly different means were separated using Fisher’s 
protected LSD post-hoc tests.

RESULTS
All three spraytopping treatments signifi cantly reduced 
the average seed weight compared with the untreated 
control (P <0.001), but there was no difference between 
treatments (Table 1). Overall, there were some differ-
ences in the seed weight between biotypes, with two 
biotypes, S92 and GLR025, producing lighter seeds 
than the other three biotypes (P <0.001). 

A signifi cant interaction (P <0.001) occurred 
between biotype and treatment. The susceptible bio-
type produced lighter seed from all three treatments 
compared with the untreated control, whereas the seed 
weight of resistant biotypes was not affected by either 
glyphosate treatment but signifi cantly decreased by 
the use of paraquat. There were signifi cant differences 
between biotypes (P <0.001) and treatments (P <0.001) 
in terms of the numbers of seeds produced as a result 
of spraytopping. There was no signifi cant interaction 
(P >0.07).

The two glyphosate treatments gave a similar 
result, which was a signifi cant decrease in number of 
seeds produced compared with the untreated control. 
Paraquat gave a further signifi cant decrease in seed 
production compared with use of glyphosate.

The germination level of the seed was affected by 
treatment (P <0.001) and biotype (P <0.04), but there 
was no interaction (P >0.05) between treatment and 
biotype. The late application of glyphosate had no ef-
fect upon germination percentage, suggesting that the 
timing was too late for the glyphosate to have an effect 
upon seed formation. In comparison, the early timing 
of glyphosate did decrease the germination percentage 
of the seed produced.

Use of paraquat had the greatest effect upon ger-
mination percentage of the seed produced, with less 
than 25% of the seed being germinable. Paraquat was 
equally effective upon the susceptible and glyphosate 
resistant biotypes.

When the overall percent control is compared, 
paraquat provided over 90% control for all biotypes. 

Table 1.   Effect of spraytopping on seed weight, production and germinability in annual ryegrass, averaged 
over biotypes.

Treatment 100 seed weight (g) No. of seeds* Germination %†

Control 0.22 67.94 0.94

Glyphosate early 0.19 52.91 0.74

Glyphosate late 0.19 56.59 0.94

Paraquat 0.17 36.76 0.23

LSD0.05 0.02 8.13 0.19

* number of seeds presented as square root transformed.
† percent germination presented as arcsine transformed.
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In comparison, the early application of glyphosate pro-
vided excellent control of the susceptible biotype, but 
poor control of the resistant biotypes. The late applica-
tion of glyphosate provided inadequate control of the 
susceptible biotype and extremely poor control of any 
of the resistant biotypes. This suggests that the timing 
of the application was outside the optimal window of 
opportunity and that the glyphosate had limited effect 
upon seed formation.

DISCUSSION
Both glyphosate and paraquat can be used late in the 
season to control weed seed set in pastures, while 
paraquat is also registered for late season use in 
lupins and vetch, and glyphosate is also registered 
for pre-harvest use in cotton, wheat, mungbeans and 
soybeans. 

Both herbicides are equally effi cacious at reducing 
weed seed set when applied at the correct stage of fl ow-
ering, with better than 90% reduction in germinable 
seed production possible (Dowling and Wong 1993, 
Clay and Griffi n 2000). The poor effi cacy of the late 
application of glyphosate upon the germination high-
lights the impact of timing upon the effectiveness of 
the spraytopping operation.

In a pasture situation, the ryegrass can be manipu-
lated to provide even fl owering at the time of spraytop-
ping. Heavy grazing with livestock or mechanical 
control through slashing prior to herbicide application 
is recommended to produce even plant growth. How-
ever, when spraytopping is undertaken in a cropping 
situation, the weed population cannot be manipulated 
to stimulate even fl owering. In these situations, the 
ryegrass needs to be closely monitored to ensure that 
the spraytopping is applied when the majority of plants 
are at the appropriate growth stage. 

The ability to control weed seed set via a late sea-
son herbicide application may be compromised by the 
development of resistance to the particular herbicide 
used within the target weed species. This is highlighted 
in the work presented here by the loss of effi cacy of 
spraytopping with glyphosate upon glyphosate resist-
ant biotypes. Seed production in the same biotypes 
was still effectively controlled by paraquat as they 
were not resistant to this herbicide. The emergence of 
a population of annual ryegrass resistant to paraquat 
in South Africa in 2003 (Yu et al. 2004) indicates that 
resistance to this herbicide can occur and its effi cacy 
as a spraytopping tool will not always be guaranteed. 

Judicious selection and use of herbicides for late 
season applications will continue to see spraytopping 
as a viable integrated weed management tool. Seed set 
in annual ryegrass resistant to glyphosate can be effec-
tively controlled using spraytopping with paraquat.
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