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Summary
Differences in plant size and seed germi-
nation are reported for Victorian Nassella 
trichotoma populations compared to NSW, 
ACT and Tasmanian populations. Impli-
cations for biological control and other 
control methods are discussed. 

Introduction
Nassella trichotoma (Nees) Hack. ex Are-
chav. is a C3 perennial tussock-forming 
grass that is one of the worst weeds that 
has ever entered Australia’s shores. N. 
trichotoma is classifi ed both as an environ-
mental weed and causes a greater reduc-
tion in stock carrying capacity than any 
other weed in Australia (Parsons 1973). 
The plant has been referred to as the ‘weed 
extraordinary’ (Campbell 1963); such is its 
aggressive capabilities to infest large tracts 
of land and its inconspicuous nature. In-
festations mainly occur on pastureland, 
although N. trichotoma is increasingly 
invading natural environments, such as 
National Parks and water catchment ar-
eas, which threatens native grassland and 
affects the habitats in these areas (Briese 
and Evans 1998).

Serrated tussock is believed to have 
arrived in Australia in the early 1900s. In 
1935 serrated tussock was recorded at Yass, 
55 km north-east of Canberra in southern 
New South Wales, where it was believed 
to have originated from seed in fodder 
imported during drought (Green 1956, 
McLaren et al. 1998). Approximately 4 ha 
was discovered at Broadmeadows, Victo-
ria in 1954, where it was believed it had 
been growing for at least 20 years (Parsons 
1973). By 1980 it had spread and occupied 
an area of 30 000 ha (Lane et al. 1980) and 
by 1998 occupied more than 130 000 ha of 
Victoria (McLaren et al. 1998). Serrated tus-
sock is also present in Tasmania (Goninon 
1998) and the Australian Capital Territory 
(Campbell and Vere 1995).

Various control measures have been 
implemented, including chemical, pas-
ture competition, grazing management 
and manual control. Differences in results 
for some of these control measures have 
been noted (Miller 1995, Campbell and 
Nicol 2001), with particular regard to 

herbicide effi cacy. As a biological control 
program is currently underway to inves-
tigate pathogens that show promise at 
controlling serrated tussock in Argentina 
(Briese et al. 2001), it is also necessary to 
identify any variation in the target plant in 
Australia to ensure that biological control 
agents selected will attack the full range 
of the plant in Australia. It is therefore im-
portant to understand, as fully as possible, 
the biology of the plant. 

A systematic study was undertaken to 
investigate reports of phenotypic varia-
tion in N. trichotoma in Australia. For the 
fi rst time, provenances of serrated tus-
sock from various areas in Australia were 
grown under the same environmental 
conditions, with the progeny of these 
plants used in a germination trial. A brief 
overview of the trials will be given, with 
expanded details given in future articles.

Materials and methods 
Morphology
Seeds were obtained from various prov-
enances of serrated tussock from infested 
sites throughout Australia. Seeds were 
germinated in Petri dishes, transplanted 
into small peat moss pots (Jiffy pots) with 
a fi nal transplantation, once seedling roots 
had established, to 200 mm diameter pots. 
Plants were grown in a polyhouse at the 
Keith Turnbull Research Institute (KTRI) 
at Frankston, Victoria, where they were 
subject to seasonal variation in natural 
daylight and temperature. Twenty-nine 
provenances were grown; two from the 
ACT, fi ve from New South Wales (NSW), 
21 from Victoria and one from Tasmania, 
giving 772 plants in total. Plants were 
rotated monthly. Height (maximum leaf 
length), diameter and circumference at 
base and half-height were measured at 
seven months in 1999 and 16 months after 
germination in 2000.

Data were analysed using restricted 
maximum likelihood (REML) models 
(Payne 2000). For each measurement, the 
effects of states and territories were di-
vided into (i) an effect of Victoria versus 
all other states (NSW and Tasmania) and 
territories (the ACT) and (ii) an effect of 
NSW versus ACT versus Tasmania.
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Germination
Seeds were collected from plants that had 
been grown under the same environmen-
tal conditions for three years. Seeds from 
bagged infl orescences were obtained from 
individual plants from 28 provenances; 
fi ve from NSW, two from the ACT, 20 
from Victoria and one from Tasmania. 
Seeds were collected once they had rip-
ened (Campbell 1982) during a three-week 
period in December 2001 to January 2002. 
They were stored in brown envelopes 
under laboratory conditions until the 
commencement of the trial. The lemma 
was removed from some seeds by gently 
rubbing the seeds between the ends of two 
frosted glass slides. Seeds from the same 
plants had the lemma left intact, with the 
awn remaining on the seed if possible. 
Seeds were coated with Benlate prior to 
testing, to kill fungi.

Approximately 40 seeds were placed in 
each Petri dish containing a sterile What-
man Seed Test Paper (No. 182) and 10 mL 
of sterile Milli-Q water, with replications 
of one to fi ve, dependent on the availabil-
ity of seed. Petri dish lids were sealed with 
Parafi lm. A dark treatment, which was 
only conducted on the seeds without the 
lemma, had a double layer of foil around 
the plate to simulate darkness. Petri dishes 
were placed in a controlled environment 
room at 25°C with a 12 hour photoperiod. 
Petri dishes were rotated daily. Germina-
tion of seeds was assessed at 7 and 14 days, 
with dark treatment plates viewed under 
a safelight. Germination was defi ned as 
when the radicle had completely emerged. 
Statistical analysis was undertaken using 
restricted maximum likelihood (REML) 
models (Payne 2000). 

Results
Morphology
There was very strong evidence that for 
each year the height of Victorian plants was 
different to the height of plants from the 
other states (P = 0.0017 in 1999, P = 0.0013 
in 2000). There was no evidence (P >0.1) of 
any difference in height between the other 
states and territory. Victorian plants were 
shorter than those from other areas in both 
years of measurement (Figure 1). All girth 
measurements (diameter and circumfer-
ence at base and half-height) showed no 
evidence of difference (P >0.1).

Germination
There is strong evidence (P = 0.010) that 
the germination of Victorian seed was 
different to the germination of seed from 
other states, with or without the lemma in-
tact. (Figure 2). Overall, Victorian seed had 
greater germination than the other states 
(NSW, ACT and Tasmania). Between the 
other states, there was no evidence of dif-
ference in the germination of seeds with or 
without the lemma intact (P = 0.858).

Removal of the lemma resulted in in-
creased germination in all seeds (P <1 × 10-

12) (Figure 2). Without the lemma, light had 
no effect on germination (P = 0.065). In ad-
dition to seeds from Victoria having gen-
erally greater germination than the other 
states, there was very strong evidence of 
provenance differences in germination of 
seeds with an intact lemma (P <0.001), but 
not with lemma removed (P = 0.070). 

Discussion
Nassella trichotoma from Victoria is dif-
ferent in both its morphological and its 
germination characteristics from plants in 
NSW, ACT and Tasmania. These fi ndings 
are important for any biological control 

program, where it is critically important 
to understand the biology and variation 
in the target plant. Future biological con-
trol work should assess agent virulence 
on N. trichotoma collected from Victoria 
and from NSW, ACT and Tasmania. The 
observed differences in the morphology 
and the germination of serrated tussock in 
Australia may not affect the effectiveness 
of any biological control agents, but it is 
important to eliminate the possibility. The 
morphological differences observed may 
also explain apparent differences in herbi-
cide effectiveness that have been observed 
between Victoria and NSW N. trichotoma 
(Miller 1995, Campbell and Nicol 2001). 

The differences in height and germina-
tion have two possible explanations: (1) 
pre-existing differences from separate 
introductions into Australia and (2) local 
adaptation since fi rst introduction.

Firstly, differences may be attributable 
to the Victorian infestation being from a 
separate introduction than serrated tus-
sock introduction in the other states. This 
would explain why the plants from the 
infestations in Tasmania share the same 
morphological characteristics as the plants 
in the ACT and NSW, despite Victoria and 
Tasmania being closer geographically and 
climatically than either is to the other 
states. The Tasmanian introduction may 
originally have come secondarily from 
NSW or ACT, or primarily from a similar 
Argentinian population of serrated tus-
sock. Therefore, if the Victorian introduc-
tion of serrated tussock was from a differ-
ent area overseas, presumably Argentina, 
it is highly likely that morphological dif-
ferences could be observed.

Secondly, the differences may be due, 
not to differences in the initial introduc-
tions, but to local geographic adaptation 

Figure 1. Height of serrated tussock plants grown at 
KTRI in Victoria from seed of provenances from various 
Australian states and territory in 1999 (7 months) and 
2000 (16 months). a P-value of Victoria versus other 
states and territory. b P-value of NSW, Tasmania and the 
ACT.

Figure 2. Seed germination in seed collected from 
bagged individual plants from 28 Australian 
provenances of serrated tussock grown for three years at 
KTRI in Victoria.
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over at least 70 years in Australia. Prov-
enance variation can occur through differ-
ences in edaphic or biotic conditions or, 
on a larger scale, through differences in 
climatic conditions. Subtle differences in 
climate, soils and surrounding vegetation 
could explain differences between Victoria 
and NSW/ACT, but would not explain the 
difference between Victoria and Tasmania, 
and the similarity of the other states. How-
ever, environmental and genetic variation 
and the interaction of both can alter the 
phenotypic expression of the plant in a 
local area (Joshi et al. 2001). A particular 
environment can have a strong infl uence 
on expressed traits, particularly pheno-
typic traits (Marshall et al. 2001). After the 
discovery of N. trichotoma in Broadmead-
ows, Victoria in 1954, a widescale search 
revealed a further fi ve patches in north-
east Melbourne, apparently having been 
at one time butchers’ holding paddocks 
and presumably carrying sheep from in-
fested areas in NSW (Parsons 1973). Given 
suffi cient time, due to local adaptations, 
the Tasmanian population may express 
different morphological characteristics to 
those in the NSW and the ACT, to which it 
is currently very similar.

Germination
The high germination percentage of N. 
trichotoma when the lemma is removed 
compared to when it is intact (Figure 2.) 
suggests that the lemma plays an impor-
tant role in seed dormancy and the after-
ripening process. To what extent the after-
ripening process has occurred can not be 
determined, but Campbell (1999) reports 
that Australian serrated tussock seed has 
a dormancy period of up to fi ve months. 
There was a difference in the percentage 
of germination with the lemma intact 
between Victorian seed and seed from the 
other states and territory, suggesting there 
are differences in the dormancy period 
between seed from these areas. Removal 
of the lemma vastly increased the percent-
age of germination, suggesting that the 
covering structures of the seed play an 
important role in the germination. This 
is supported by the results of Joubert and 
Small (1982) who showed that covering 
structures had an inhibitory role, due to 
the restriction of embryo expansion and 
the diffusion of inhibitory substances.

Campbell and Nicol (2001) found simi-
lar results in the germination of the seed 
when the covering structures were dam-
aged. The lemma could also play a role in 
whether the seed germinates in the dark or 
not, as there was no observed difference in 
the germination of the seed in either light 
or dark when the lemma was removed. 
Reports have indicated serrated tussock 
ploughed into the ground, at a particular 
depth, will not germinate, presumably 
due to the lack of light (Healy 1945, Camp-
bell 1998). Differences in N. trichotoma 

germination between provenances oc-
curred when the lemma was intact, sug-
gesting N. trichotoma germination can vary 
depending on the location. This is an issue 
when trying to manage certain areas. 

These studies have shown for the fi rst 
time that differences exist in the growth 
and seed germination of Victorian com-
pared to NSW, ACT and Tasmanian N. 
trichotoma. This variation may be a possi-
ble reason why herbicide effi cacy to N. tri-
chotoma has varied with area, particularly 
between NSW and Victoria. The biological 
control program should include Victorian 
and NSW N. trichotoma provenances in its 
testing regime. Greater understanding of 
this weed through provenance studies 
such as these is likely to lead to control 
strategies that are more successful.
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