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Summary   Serrated tussock is one of Australia’s 
worst noxious weeds. Currently there is a concerted 
effort to fi nd exotic agents that could be introduced for 
the classical biological control of this weed. Soil-borne 
fungi are often overlooked as potential biocontrol 
agents. In a preliminary study, fi ve species of soil-
borne fungi isolated in Victoria were successful in 
reducing germination of serrated tussock. The results 
show that there is potential for the use of these fungi 
in an inundative or augmentative biological control 
program of serrated tussock.
Keywords     Biological control,  Nassella trichotoma, 
 inundative,  augmentative,  fungi,  pathogen.

INTRODUCTION
Serrated tussock (Nassella trichotoma (Nees) Arech.) 
is a native of South America with its centre of origin 
in Argentina. The plant entered Australia in the early 
1900s and now infests an estimated 105,000 hectares 
in Victoria (Morfe et al. 2002). The weed will continue 
to spread and is estimated to cost the Victorian grazing 
industry $123 million over a 30 year period (Morfe et 
al. 2002) unless more effective control methods are 
found. Currently, serrated tussock is managed by a 
combination of traditional control measures, primarily 
herbicides. Cultivation is used on arable land but is not 
feasible for non-arable or environmental (conserva-
tion) areas. Herbicide use and cultivation are not ac-
ceptable in areas of indigenous vegetation. Biological 
control (biocontrol), which involves both invertebrates 
and/or fungi as control agents, offers an alternative to 
chemical control strategies. 

Classical biological control involves the transfer 
of agents from the country of origin to the country 
where the plant has become a problem. Classical 
biological control agents are self-perpetuating and 
generally require no further manipulation. Cur-
rently, a classical biological program for serrated 
tussock is being considered in Australia using fungal 
pathogens isolated from Argentina (Anderson et al. 
2002). 
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By contrast, inundative and augmentative biologi-
cal control methods are not self-sustaining and involve 
the application of large quantities of inoculum, gener-
ally indigenous fungi, into weed-infested areas. In the 
inundative approach, the inoculum, formulated as a 
bioherbicide or mycoherbicide, results in the localised 
control of a weed infestation without the development 
of more widespread disease epidemics (Charudattan 
1991, TeBeest 1996). In augmentative biological con-
trol, supplemental additions of the fungal biocontrol 
agents are made where the microorganism is already 
present. The inoculum is not mass-produced nor ap-
plied as an inundative dose over a large proportion of 
the weed population (Charudattan 1991, Cook et al. 
1996). Control is achieved from the effective density 
suffi cient to damage the target host. This results in 
localised control without more widespread disease 
epidemics (Cook et al. 1996, TeBeest 1996). 

Serrated tussock typically spreads by seed with 
a large seedbank being present in the soil. The life-
time of the seed in the soil is unknown. The effect of 
naturally occurring soil organisms on seed germina-
tion has not been previously investigated, but offers 
a potential means of biological control of this weed. 
The preliminary research presented here investigated 
the effect of endemic soil-borne fungi on gemination 
of serrated tussock seeds. 

MATERIALS AND METHODS
Test fungi were obtained from a seed burial trial in 
Victoria (Casonato 2003). Seeds of serrated tussock 
were buried at six sites for up to seven months at two 
depths during 2001. Seeds were recovered, surface-
sterilised, and incubated on water agar in Petri dishes 
for 14 days at a temperature of 20°C and a 12 h pho-
toperiod under a combination of three Phillips white 
fl uorescent (30 W) and four Sylvania Grolux (30 W) 
lights. Microorganisms infecting seeds were isolated 
and identifi ed. 

Of the fungi isolated, fi ve were selected to assess 
their ability to reduce germination of N. trichotoma 
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seed. They were: Fusarium chlamydosporum Wollenw. 
& Reinking, Alternaria alternata (Fr.) Keissler, Tri-
choderma viride Pers., Gloeosporium sp. Desm. and 
Mont. and Penicillium sp. Link. Cultures of each were 
grown on one-fi fth strength malt extract agar (MEA), 
potato dextrose agar (PDA), and full-strength oatmeal 
agar. They were incubated for 14–21 d at 20°C and a 
12 h photoperiod. Spore suspensions were prepared 
by fl ooding plates with 0.1% Tween 20 (v/v) in sterile 
Milli-Q water and rubbing the surface with a sterile 
glass rod. Spore densities were adjusted to 1 × 106 mL-1 
with the aid of a haemocytometer. For each suspension, 
1 mL was spread onto 1.5% water agar in 90 mm sterile 
Petri dishes, using a sterile glass rod. Control plates had 
1 mL of sterile Milli-Q water spread over their surface. 
Serrated tussock seeds were collected from Bulban 
Road, Werribee, Victoria in December 2000. Awns 
were removed and seed was surface sterilised in 2.5% 
sodium hypochlorite for 2 min, followed by two rinses 
of 2 min each in sterile Milli-Q water. Approximately 
30 seeds were added to each Petri dish, with each seed 
partially immersed in the agar. Petri dishes were sealed 
with Parafi lm and placed at a constant temperature of 
20°C and a 12 h photoperiod as above. 

The above procedure was replicated using What-
man Seed Test Paper No. 182, instead of water agar. 
Ten millilitres of sterile Milli-Q water was placed in 
each dish. Seeds were soaked in fungal spore suspen-
sions (1 × 106 spores mL-1) for 20–24 h, as the spore 
suspension could not be spread evenly onto the seed 
test paper. Control seeds were plated directly after 
surface sterilisation onto seed test paper. 

Petri dishes containing water agar and seed-test 
paper were placed on separate benches each in a 
10 column by 8 row arrangement, with Petri dishes 
treated with the same fungus in a diagonal line. Plates 
were rotated daily and moved diagonally. Seeds were 
assessed at 7 and 14 days for germination. Fungal 

growth on or directly surrounding the seed was noted 
and fungi identifi ed. 

A Tukey’s test of non-additivity indicated there 
was no difference between the two trials in seed ger-
mination response to inoculation. Hence data from 
both trials were analysed together. The systematic 
arrangement of Petri dishes for each fungus did not 
allow a ‘between Petri dish’ estimate of error to be 
used. Thus the angularly transformed germination 
was analysed as a single replicate, two media (water 
agar, seed test paper) by six fungal types (including 
a nil fungus control) factorial. Medium was allocated 
to mainplots consisting of 60 Petri dishes of seed 
placed on one bench. Fungus type was allocated to 
plots consisting of a group of 10 Petri dishes, with 
each Petri dish containing approximately 30 seeds. A 
subplot error was constructed by assuming that there 
was only one degree of freedom in the interaction 
and this was of the type considered in Tukey’s test of 
non-additivity (Sokal and Rohlf 1981). The effect of 
fungus type was divided into a contrast of the control 
with types containing a fungus, and then into the effect 
of type of fungus excluding the control. The analysis 
of variance table (ANOVA), including the Tukey in-
teraction, is presented and the results for fungal type 
are presented as back-transformed means. The main 
effect of medium is confounded with mainplots as 
media were placed on different shelves.

RESULTS
The germination for the two incubation methods was 
similar, with back-transformed means of 19% germi-
nation with water agar and 25% germination with seed 
test paper. The Tukey’s non-additivity test indicated no 
differences between media in the germination response 
to inoculation (P = 0.819) and hence data from the 
two media were analysed together (Table 1). The pres-
ence of fungus signifi cantly (P = 0.0011) reduced the 

Table 1.   Analysis of variance for the seed germination from the pathogenicity trial.

Source of variation SS df MS F-ratio P-value

Mainplot stratum

Medium 40.9 1 40.9

Residual 0

Plot stratum

Fungus 

Control vs. any fungus 1812.7 1 1812.7 70.1 0.0011

Between different fungi 382.8 4 95.7 3.7 0.117

Tukey non-additivity 1.5 1 1.5 0.1 0.819

Residual 103.6 4 25.9
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germination of serrated tussock seed from 68% to 14% 
(Tables 1 and 2). However, there was no evidence of 
difference (P = 0.117) in seed germination between 
the fi ve different fungi (Tables 1 and 3).

DISCUSSION
Fungal infection in buried seed could be important in 
reducing germination and hence potential seed loss 
from the seedbank in the soil. The fi ve fungi investi-
gated in this study all reduced seed germination. Large 
differences were apparent in the germination of the 
serrated tussock seed in the presence of A. alternata, 
F. chlamydosporum, T. viride, Penicillium sp. and 
Gloeosporium sp. However, under the experimental 
conditions used, the differences were not statistically 
signifi cant. These results suggest fungi could be de-
veloped for use on a local scale in inundative or aug-
mentative biological control. These approaches could 
be used in conjunction with the classical biological 
approach that is targeting above-ground plant parts and 
is planned for serrated tussock within Australia. 

The fungi isolated by us from buried serrated 
tussock seed were ubiquitous (found at all six burial 
sites) and are generally regarded as weak pathogens or 
saprobes (Barnett and Hunter 1998). It has been found 
previously that fungi with a broad host range, such as 
those isolated, could be developed as mycoherbicides 
for weed control as their activity or spread in the fi eld 
can be controlled (Bruckart et al. 1996). 

More research needs to be undertaken in this 
area to clarify which soil-borne fungi have the most 
potential to inhibit the germination of serrated tussock 
seed. The soil is a complex system and the interaction 
of the fungi used in this study with the microorgan-
isms present within the rhizosphere may alter their 
capacity to reduce seed germination. Therefore, any 
further work should be undertaken in the fi eld using 
both manually buried seed and that naturally present 
in the seedbank. Determining the host-specifi city of 
the fungi within the soil would be critical.

Propagules of soil-borne pathogens, which nor-
mally infect at or below the soil surface, appear to be 
protected from environmental extremes. As a result, 
inoculum based on such pathogens may persist and 
give residual control (Auld and Morin 1995). These 
pathogens have not been widely investigated because 
they are usually highly virulent on a wide range of 
plant species and that limits their potential as bioher-
bicides. However, the bioherbicide DeVine® is based 
on the soil pathogen Phytophthora palmivora (Butler) 
Butler that does have a wide host range (Auld and 
Morin 1995). Also, the plurivorous and widely occur-
ring fungus Sclerotinia sclerotiorum (Lib.) de Bary has 
been used for biocontrol of Canada thistle (Cirsium 

arvense (L.) Scop.) and dandelion (Taraxacum of-
fi cinale (L.) Weber) (Auld and Morin 1995, Bourdôt 
et al. 2000). 

There is potential to use the soil-borne fungi 
investigated in this study solely or in combination 
as a soil-drench in either an inundative or augmenta-
tive approach. The possible benefi t of adopting the 
augmentative approach is that this technique would 
supplement the fungi already present within the soil. 
Unlike the inundative approach, there may not be the 
requirement for continual addition of the fungi to the 
current mycota. Once the fungi had reached a level 
where control was achieved, the augmentative applica-
tions could cease. 

An assessment of the costs and benefi ts associated 
with these techniques would need to be undertaken 
and compared to the current program using the clas-
sical biological control approach. Classical biological 
is expensive. It has been estimated that the control 
program for serrated tussock and Chilean needlegrass 
(Nassella neesiana (Trin & Rupr.) Barkworth) has cost 
approximately $0.5 million for explorations overseas. 
It is anticipated it will cost another $0.5 million to 
undertake studies into the lifecycles, biology and host 
ranges of the fungal agents (D. McLaren pers. comm.). 
Inundative control, however, could be developed either 
semi-commercially or for non-profi t. Auld and Morin 
(1995) suggested that local production by low-tech 
methods for local needs would represent a totally dif-
ferent cost structure compared with a long shelf-life 

Table 2.   Germination of Nassella trichotoma seed in 
the presence and absence of the fungal inoculum (sed 
for transformed data = 3.93).

Treatment
Transformed 

mean
Back-transformed 

mean (%)

Control 55.3 68

Fungus present 22.3 14

Table 3.   Germination of Nassella trichotoma seed in 
the presence of fi ve fungi used as the inoculum (sed 
for transformed data = 5.08).

Fungus
Transformed 

mean
Back-transformed 

mean (%)

Alternaria 16.3 8

Gloeosporium 18.5 10

Trichoderma 31.1 28

Fusarium 17.3 9

Penicillium 28.6 23
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product produced by a multinational fi rm. Hence, there 
is scope to develop such fungi for serrated tussock on 
a local level. 

Potential negative aspects   The ability of fungal 
biocontrol agents to infect other hosts is undoubtedly 
one of the most important issues when dealing with 
pathogens as biological control agents (Cook et al. 
1996). There is concern that microorganisms applied 
as bioherbicides may have the potential to establish 
and spread. However, populations of microorganisms 
generally decline to a density naturally sustainable 
within that environment, often to undetectable levels 
(Cook et al. 1996). Hence, augmentative applications 
of inoculum may need to be periodically introduced 
to an area. A microorganism introduced into the 
rhizosphere for biological control could pre-empt or 
displace naturally occurring fungal colonists of the 
rhizosphere. However these effects are likely to be 
temporary and to decline after termination of use of 
the microbial biocontrol agent. 

Potential benefits   In agricultural land, classical 
biocontrol results in all farmers with the weed spe-
cies receiving a benefi t (Auld and Morin 1995). These 
benefi ts would also be obtained for non-agricultural 
areas. An inundative or augmentative approach helps 
prevent reoccurring weed invasion by recruitment from 
serrated tussock seed within the seedbank. 

The implementation of either an inundative or aug-
mentative biological control program using soil-borne 
fungi would be worthwhile as a complement to the 
classical biological control program that is underway 
for serrated tussock in Australia. If classical biological 
control could account for the above-ground infestation 
and the inundative application could account for the 
below-ground infestation, then in time serrated tus-
sock levels could be contained. Further investigation 
and development of these endemic fungi, as part of 
a biological control program of serrated tussock in 
Australia, is warranted. 
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