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Abstract Efforts to prevent the proliferation of Victoria and South Australia. A conservative estimate
Nassella neesiania Australian pastures have had lit- of the potential distribution df. neesianan Australia

tle success to date. A study of the biologyNof  based on its current Australian distribution was gener-
neesianaon the Northern Tablelands of New South ated using the climate matching program CLIMATE.
Wales has shown that it has many characteristics whiciNearly 40 million ha in Australia from south east
allow it to persist in these pastures regardless of ef-Queensland to Western Australia had matching climates
forts to remove it. (Gardener 1998, McLarest al. 1998). N. neesiana
appears to have the ability to colonise most grasslands
and grassy woodlands in temperate areas of Australia
with more than 500 mm of rainfalN. neesianawas
“found to grow in a diverse array of Australian climates

| b p ds. Ital d - Erom the warm wet summers and cold dry winters on
arge numDers of Seeds. 1L alSo proauces Wo ypes Oy, o o rthern Tablelands of New South Wales to a

seeds, those borne in the panicles and morphc’logican)fvlediterranean type climate with hot dry summers and
distinct cleistogenes found under the leaf sheathes a&ool wet winters in Victoria and South Australia

each of the nodes on flowering tillers. The persistence
of N. neesianas facilitated by a large long-lived Based on a four year study df. neesianan pastures
seedbank which possesses complex dormancy mechan the Northern Tablelands of New South Wales, this
nisms. Even without the input of additional seed, the paper describes the underlying biological mechanisms
seedbank declines slowly over many years. Furtherthat has allowedl. neesiando invade such a diverse
more, seeds only germinate when gaps are created iarray of habitats in Australia. This paper is meant as
pastures, and survival of both seedlings and adult tusan overview, for further details of methods and results,
socks is high. see Gardener (1998). These biological mechanisms
have been grouped into four sections; seed produc-
tion, seed dispersal, seedbank longevity and plant sur-
vival. In each section the implications for management

. ) L have been discussed. Current management has focused
W'” con_tl_nue topersistin pastures, we recomme_nd thaton chemical means to control Nf neesianan pas-
|t_be utilised as a feed source as far as poss_lble. W‘?ures. The long term success of chemical control has
discuss _the desirable featuresNJ_f nee5|anaNh|_ch een poor and were dependent on the now banned
support its use as a pasture species and a grazing str

hich d its domi possibiliti upropanate (e.g. Frenock). Hence, the fifth section
fgyfV\t' ich may icrc;ase s omlnanlce._ dci)sst d ©Sof this paperN. neesianas a pasture plant, discusses
or future research oN. neesianare aiso indicated. .o potential folN. neesianaas a pasture plant and

INTRODUCTION suggests possible grazing systems to maximise its util-

Nassella neesianérin. & Rupr.) Barkworth (Chil- -

ean needle grass) is widespread in pastoral and conSeed production N. neesianahas the potential
servation lands of south eastern Australia and is natuto produce large numbers of panicle seeds between
ralised in many locations in New South Wales, spring and early summer. In a dense, ungrazed

The successful traits ™. neesiandall into two cat-
egories - reproductive fecundity and persistence of
various stages in its lifecycle. The most successful re
productive trait oN. neesianas its ability to produce

This paper discusses the implications of these biologi-
cal characteristics for the managemenritiofieesiana
Since there is overwhelming evidence tRaheesiana
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infestation, panicle seed production f neesiana  opportunity for dispersal over large distances by move-
ranged from 1,600 to 22,200 seeds nThese differ-  ment of stock. Furthermore, although shearing sheep
ences are related to the amount of spring rainfall, thebefore seed set reduced the number of seeds attached
former being in a drought year and the latter being into the animal, it did not prevent it altogether.

an above average rainfall year. The fluctuation in seed_l_
production can be attributed mainly to the change in
number of flowering tillers produced per unit area.

he possibility of seed dispersal through ingestion by
animals was also investigated. Very few seedhl.of
neesianasurvived passage through the gut of Angus
As well as these panicle seeds, each node on the flowsteers, that is, 0.5% of panicle seeds and 2.7% of
ering tiller is capable of bearing cleistogenes under-cleistogenes recovered from the faeces were viable. All
neath the leaf sheath furthering the plant’s reproduc-viable seeds had passed through the digestive tract
tive potential. Cleistogenes account for a consider-within 4 days. Even though there is a small chance of
able amount of the total seed productioNimeesiana seed passing through cattle in a viable state and an
For example, in 1996, a dense, ungrazed infestatioreven smaller chance that they will germinate once they
produced 22,200 panicle seeds?rand 6,100 have been excreted, a withholding period of seven
cleistogenes riresulting in a total seed production on days in a seed-free paddock before moving them to a
28,300 seeds #h On average\. neesianaproduced clean area will ensure that no seed remains in their
7.2 cleistogenes per flowering tiller. It was found that digestive tract.

damage to the flowering tiller, such as severing below ) . N
g 9 9 How can seed dispersal Mf neesiande minimised?

the flag leaf, did not affect the production of Peoole working in ar wheke neesiana din
cleistogenes at the remaining nodes. Basal cIeistogeneseOpe orking In areas eesianas seeding

in particular, which are often below the surface of the thSt be iuret;o rtlemove lfeed thom clothlndgtﬁntd rr]na-
soil, were produced even if the tiller was cut just above C'NeMy when theyleave. it mustbe assumed that sheep
the soil surface. which have grazed paddocks whete neesianas

dropping seed are carrying such seed in their wool and
These findings have important implications for the will do so until they are shorn. Landowners with
management oN. neesiana Several management neesianahave three options to reduce seed dispersal
strategies have been used to reduce seed production @fhen moving sheep from their property. They can keep
undesirable grasses including spray topping (Dowling animals in a paddock witholN. neesianaover the
and Nicol 1993), spray grazing (Legtal.1991) and  flowering period, sell sheep directly to the abattoir, or
strategic grazing (Joned al. 1992). However, even shear the sheep between seed fall and sale. It must be
under the most adverse conditidhaeesiands likely remembered that the dry flowering tillers Nf
to produce enough seeds to perpetuate itself from seaneesianaan remain standing for up to six months and
son to season. The panicles may be prevented fronstill contain viable cleistogenes. These seeds may be
setting seed by herbicide or heavy grazing but it maydispersed if tillers are harvested and used for fodder.

be impossible to prevent the production ofclelstogenes.Seedbank longevity The key reason for the persist-

Seed dispersal Of further concern of is the dispersal ence ofN. neesianalespite various management at-
of seeds away from the parent plant. Most seeds protempts is its large and long-lived seedbank. The
duced byN. neesiandall near to the adult plant. The seedbank dfl. neesianan this study persisted for more
heavy seeds (approximately 6 mg) are not adapted tdhan 3 years without seed input. After this time, the
wind dispersal and were found a maximum of 2.8 m numbers of viable seeds Nf neesianain vegetated
away from the parent plant. Hence, without a suitableplots (seed production was prevented) declined from
extrinsic dispersal ageht neesianavill spread slowly. 4,600 to 1,500 ra(these numbers are underestimates
If the movement of seeds across fence lines is a conas only the panicle seeds and cleistogenes loose in the
cern, a 5 niN. neesiangree buffer would probably be  soil were counted - cleistogene containing tiller bases
sufficient to prevent dispersal by wind. were discarded). These data were fitted with an expo-
nential decay curve and it was estimated that an initial
seedbank of 7,108eeds M would take 12.4 years to
reach 10 seedstn

The primary dispersal mechanismMfneesianaver
long distances is by adhering to the coats of animals
clothing or machinery. In two different experiments,
unshorn sheep still carried sone neesianaeed (at  The large, long-lived seedbank f neesiananakes
least 10% of the original seed) in their wool after more management very difficult because preventing re-
than 5 months. In that time there would be ampleinfestation from the seedbank is almost impossible.
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Baring the ground with herbicide (glyphosate) did not important management goal in pastures is to maintain

increase the rate of decline compared with vegetateccanopy cover, it is not recommended to blanket spray

plots. If herbicides or other forms of disturbance are large areas as competing pasture species will also be
to be used to kill the adult plants, the resultant barekilled and may not possess inexhaustible reserves of
ground only encourages further recruitment. Cultiva- seeds in the soil likdl. neesiana If individuals or

tion treatments have been shown to decrease themall patches of plants must be treated this should be
seedbank dfl. neesianaubstantially (see Bourd6tand done in a way that minimises disturbance. Hand grub-

Hurrell 1992, Lowienet al. 1998) but cannot eradi- bing the tussocks or careful spot spray is preferential.

cate it completely. Conversely, if the management objective is to increase

. . seedling emergence as a way of reducing the seedbank,
Another means of reducing the seedbank is to preven 9 9 y 9

. i ith herbici ill ignifi I
the production of seeds but the seedbank can be mambarmg the ground with herbicide will not significantly

) - . . expedite the process as not all seeds will germinate
tained with relatively low seed inputs. In 1996, when b b 9

. : . and some will remain dormant in a viable state from
panicle seed production was high, 41.6% of seed pro-

. . .many years. Hence, repeated herbicide applications
duced were incorporated into the se(_adbank wher_e_as ver prolonged periods, resulting in loss of produc-
3995 gnd_ 1997 lower seed production was SlJffIC'emtion and damage to the soil, will probably not prevent
(o] malntqln seedba_n_k numbers. Replgcmg the adu“re-infestation oN. neesiana
plants with competitive and more desirable pasture
species is likely to reduce the probability of recruit- Nassella neesianas a pasture plant The over-
ment but it is unlikely that the seedbank\bfneesiana  whelming evidence presented above is khateesiana
will be sufficiently exhausted to prevent regeneration. will persist in pastures despite all attempts at eradica-
Seeds oN. neesiandave dormancy mechanisms that tion has led to the recommendation of utilising it as a
allow them to persist for many years. pasture plant on grazing lands (see Figure 1 for deci-
sion making). Attempts to resow infestations with more

Elantfstl;rV|yalbIOn bzreground_only ?hsmall SLOD?(F competitive pasture species have been unsuccessful
lon ofthe viable seeds bl. neesianan the seedban e.g. Bourd6t and Hurrell 1989) and can lock land

emerged as seedlings whereas no emergence was 0 ianagers in a cycle of repeated expenditure of re-
served in undisturbed vegetated areas. Seedling%ources and timeN. neesianaill probably always
emerged predominantly in autumn and spring bUteme'r'remain a component of previously infested pastures
gence was also observed at other times of the year Whegnd therefore, must be managed to maximise its pro-
sufficient soil moisture was available. Although seed- ductivity and r’educe its dominance.

ling density was low, seedling survival over a 20 month

period was high (77%). In South AmericaN. neesiands considered one of

. S the most important winter growing native species pro-
The dormancy mechanisms common in stipoid grasses(,jucing good quality feed (Rosenguet al. 1970

(Gardener and Sindel 1998) probably account for theFernandeBt al 1986). Furthermorey. neesiandas

smalll prgtp%rltlon pffsTledlmgts esme;lglngr:r) theqf'eldfw:lthnseveral desirable features which supports its use as a
each surtable raintafl event. seeds which have fafle pasture plant. It is perennial persisting during heavy
from the plant have an after-ripening requirement of razing and drought, it grows in winter, it is self per-
betweblen 3; months ?nd 1'6)\/|ear tliqefcl)re most of the:l].r‘?“'sffl)etuating and the tussocks are long-lived with a high
capablé ot germinating. AAISo, In€ lemma surrounding g, iy 4 rate (73% survived over 3 years). In order to
the caryopsis may pr.owde a barner to gas and Waterquantify feed production ofN. neesiana compara-
exchange or mechanically restrain the embryo. It musty o study was done witAestuca elatiolL. as it was

be removed or‘dam.aged beforg most Se‘?ds will 9€Mipe co-dominant species in pastures at the study site.
nate. Increasing time buried in the soil resulted in

high inability of exh d ds which N. neesiangoroduced lower herbage mass tHan
Igher germinability of exhumed seeds WRICh Sug- g iq, (0.1986 compared with 0.252 g éfpasal area
gested that the lemma somehow decomposed in th

; ?/earl), the crude protein d. neesiangreen leaf sam-
soil. ples ranged from 12.7 to 16.6% (compared with 13.0
From a management perspective, these findings havéo 18.8% forF. elatior). Digestible dry matter was
important implications. Creating bare ground or large between 58 to 66% iN. neesianand 62 and 69% in
gaps in the pasture canopy may encourage recruitmenft. elatior. These figures combined with the fact that
from the long-lived seedbank bf neesianaesulting ~ N. neesianshas an comparatively high basal cover
in a possible increase in plant density. Since the mos{20%), resulted in the production of a large amount of
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reasonable quality feed. On a whole paddock basis
average green leaf productionNdfneesianavas cal-
culated to be 2400 kg Aigear*. Hence, ifN. neesiana
infested paddocks are managed correctly so that th
stalks left from summer flowering are removed, good
production throughout the cooler months is possible.

Assess level of
invasion.

44

Widespread large

patches producing
seed with probable
seedbank. \

\
v

Utilise as pasture to
increase productivity

[ 3

Few isolated
plants or patches

v

Remove plants with;

minimal and decrease
disturbance and dominance. Minimise
mark area. seed production and

dispersal.

Figure 1. Decision making for management d\.
neesianan pastures

A management strategy that can remove flower stalks!

and bulk ofN. neesianand give other more desirable

pasture species a competitive advantage is negessar

For example, the high stock densities used in cell graz
ing reduce selective herbiwgrforcing animals to eat
bulk material and trample flower stalks. Since the most
desirable pasture species (in thisedaselatior) have

a faster growth rate thaN. neesianathe long rest
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South America currently being carried out by CSIRO
Entomology.

éA key goal in successfully managiiN. neesianén a

pasture is the reduction in the number of flowering
tillers. This has two benefits, increasing its feed value
during summer months and reducing seed production.
Quantitative experiments are needed to determine the
stock densit, species of grazer and timing of grazing
needed to achieve this goal. Studies on competitive
interactions betweeN. neesianaand other pasture
species are underftirent grazing regimes are also
necessat

Seed production may also be reduced by the applica-
tion of non-lethal doses of herbicide (spray topping)
and may be used in conjunction with grazing (spray
grazing). Research on the mo#feetive concentra-
tion, timing of application and the type of herbicide
required is needed. Knowledge on tffeet of herbi-
cides on the production and viability of cleistogenes
would also be useful. Howeneare must be taken to
ensure that any control program using herbicide does
not adversely ffiect desirable species or created gaps
in the pasture.

The most weedy characteristi€ N. neesianas its
persistent seedbank. Any management strategy that
does not take this into consideration will surely fail.
N. neesianawvas shown to have arte long-lived
seedbank in this study and in work by Bourddt and
Hurrell (1992) in New Zealand. Howayeét was found
tha N. neesiaa had a negligible seedbank in Argen-
ina (Gardeneet al 1997). An explanation for this is
required. Furthermore, information is required on es-
tablishment of seedbanks in recent infestation to de-
termine at what point removal become impractical.

ACKNOWLEDGMENTS

We are grateful to Meat and Livestock Australia for
providing funds to undertake this researtravel to

period between intensive grazing events used in celithis conference was funded by the Keidanren Nature

grazing may allow them to outcompéteneesiandy
growing a larger canopy and more roots.

FUTURE RESEARCH

Conservation Fund and th&eed Society of New
SouthWales.

REFERENCES

Several areas for future research have arisen from thi®ourdot, GW. and Hurrell, G.A. (1989). Ingrest $tipa

work. N. neesiaawas shown to have gone beyond its
native climatic boundaries in Australia (Gardener
1998). In South America, its distribution may be con-

strained more by biotic factors such as pathogens and

predators rather than by climatic. This supports the
search for biological control agentsf neesianan

neesia@ Trin. & Rupr. into swards ofLolium
perennelL. Dactylis glomeratalL. and Phalaris
aquatical., on a dy, low-fertility soil in
Marlborough asféected by fertiliser and 2,24.
New Zealand Journal of Agricultural Resel, 32,
317-326.

11



Twelfth Australian Weeds Conference

Bourddt, G.W. and Hurrell, G.A. (1992). Aspects of the conservation land®lant Protection Quarterlyl3,

ecology ofStipa neesian@rin. & Rupr. seeddNew 76-79.
Zeal | of Agricultural R 101-
182 and Journal of Agricultural Reseai, 10 Jones, C.E., Whalley, R.D.B., Lovett, J.V. and Mcintyre,
' S. (1992). Seed bank dynamics\aflpia spp. in
Dowling, P.M. and Nicol, H.l. (1993). Control of an- pastures. irProceedings Sixth Australian Society

nual grasses by spraytopping, and the effect on triti-  of Agronomy Conference, Armidalpp. 532.

cale grain yieldAustralian Journal of Agricultural .
Research44, 1959-1969. Leys, A.R., Cullis, B.R. and Plater, B. (1991). Effect of

spraytopping applications of paraquat and
Fernandez, J.G., Benitez, C.A., Pizzio, R.M. and glyphosate on the nutritive value and regeneration
Pallares, O.R. (1986). Forrajeras nativas invernales  of Vulpia [Vulpia bromoidegL.) S.F. Gray]Aus-
del centro-sur de Corriente&NTA noticias tralian Journal Agriculture Resear¢h2, 1405-
comentarios221, 1-8. 1415.

Gardener, M.R., Whalley, R.D.B. and Sindel, B.M. Lowien, J., Gardener, M.R. and Cameron, A. (1998).
(1997). The usefulness and ecology of Chilean nee-  Chilean needle grasbBléssella neesiar)ananage-

dle grass Nassella neesianaas a pasture in Ar- ment options. ifProceedings of the Thirteenth An-
gentina.Unpublished report submitted to the CRC nual Conference, Grassland Society of New South
for Weed Management Systems Wales, Orangepp. 84-85.

Gardener, M.R. (1998]he biology oNassella neesiana McLaren, D.A., Stajsic, V. and Gardener, M.R. (1998).
(Trin. Rupr.) Barworth (Chilean needle grass) in The distribution and impact of South/North Ameri-
pastures on the Northern Tablelands of New South  can stipoid grasses (Poaceae: Stipeae) in Australia.
Wales: weed or pastupePhD thesis, University of Plant Protection Quarterlyl3, 62-69.

New England. Rosengurtt, B., Arrillaga de Maffei, B.R. and Izaguirre

Gardener, M.R and Sindel, B.M (1998). The biology of de Artucio, P. (1970)Gramineas Uruguayas
Nassellaand Achnatherunmspecies naturalised in Universidad de la Republica, Montevideo.
Australia and the implications for management on

12





