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Summary As part of & contimung control program
for Singapore daisy, Sphagneticole trilobata, using
medsulfuron-methyl herbicide, in the lowland tropical
enviromments of the Daintree, we needad (o assess the
impact of the herbicide on native vegetation, as the
extensive nature of this weed invasion prevents salec-
tive application. We assessed the impact on 78 native
species exposed to the herbicide and found 63 were
resistant, and 17 were killed after a spray application
that would reliably kill the Singapore daisy. The native
sensitive species by and large were soft leaved pionger
species that could readily re-colotise the area once
the Singapore dasy had beer removed. This resist-
ance permits & lor easier approach 1o weed contral,
as the extreme care that is required o avoid spraying
native seedlings, can be greatly relaxed. Additionally
metsulfuron-methyl 15 proving to be a highly effective
herbicide for comtralling an unusually wide variety of
other serious environmental weeds, including lantana
and synEoim.

Kevwords Metsulfuron-methyl, weeds, herbi-
cide resistance, tropical ecosysiems.

INTRODUCTION

We (CTTRSE) have been carrying out a program of
managetment af Stngapore daisy, Sphagneticala -
lobata (Asteraceae) a fasl growing, semi-prostrate
creeper, initially introduced from S. America for
pardeners as a soil stabiliser and ground cover
In far-north Queensland, it has become a major
environmerntal weed, greatly exceeding lantana in
extent and impact in the coastal lowlands, especially
along waterways. Herbicides such as glyphosate ane
not effective in contralling it Metsulfuron-methyl
{ Brushoff™, Brushkiller®, Associate®) is proving 1o be
exceedingly effective against Singapore daisy. Given
the high densities of the weed and the high probability
that there are “volunteer’ seedlings of native species
present under the weed cover, we initially st up field
trials in representative rainforest environments o
determing the spectrum of sensitivity of native spe-
cies seedlings o metsulfuron-methyl, and this was
followed through field observations carried out during
later spraying operations.
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Sphagneticola irifobaia 15 a prostrate scrambler
which produces adventitious roots at each node.
Small nodal fragments can re-shoot rapidly. It is
able to rapidly colonise disturbed or cleared areas
{ for example along roads, alorg the coastline or afier
gyclone damape) and forms dense mats that inhili
the growth of native plant species. It appears 1o be
allelopathic. While zeeding does occur, it is consid-
ered relatively uncommon, but in our experience it is
definitely not insignificant. Most of the propagules
{stem fragments and seeds) are carried by machinery
(particularly roadside mowers) or by water. especially
during floods. Serious ripanan infesiations can often
be traced to infested gasden plots high in the watershed
of river and creek sysiems. These riparian infestations
frequently give rise to severe and extensive littoral
infestations, the propagules being washed up on shore
during periads of heavy rain. Werren (2003) lists 8
trilobete, a8 the forb with the highest invasive potential
i Quesnsland.

Sphagnencola trilebata has a reputation as a
‘difficult to manage' weed (Biosecurity Qld Fact
Sheet). Non-chemical means of combating Singa-
pote daisy (hand pulling) are restricted to ‘mopping
up’ operations in relatively clear areas, especially in
sandy littoral zones, where it is easy o dig the intact
plants out of the sand by hand. The extent and density
of current infestations make manual removal totdlly
impractical. Conventional wide spectrum herbicides
such as plyphosate are ineffective as they canse die-off’
of the exposed plant which is followed by re-sprouting
and, more importantly, also results in severe collateral
destruction of native vegetation.

MATERIALS AND METIIODS
To determine the impact of the herbicide an juveniles
of native plant species, we initially observed approxi-
mately 350 native plants (79 species), in 3 different
ecosystems in the Cape Tribulation area (rainforest,
littoral and disturbed lorest) 1o generate o response
spectrum of common native species. This was ang-
mented by further observations during control spray-
ing. We also examined ite effect on a range of éxotic
irvasive weed species common in the ared.




The herbicide Metsulfuron-methy] (Brush-OfT",
Brushkiller 600*, Associate") is a Group B member
of the sulfonylurea group of herbicides, The dry
concentrate contains 60% active material. 1t is a
rransiocated herbicide that acts as an inhibitor of
the enzyme aceio-lactate synthase, which inhibits
cell division in the shoots and roots of the plant. In
is biologically active at low applicition rates and is
commercially used in the crops of wheat, barley and
pasture and also for the control of certain broadleal
species in native pastures. We apply it 28 a solution
of 0.1 g concenirate per litre waler, together with a
non-ionic, non-foaming detergent surfactant at 1 mL
L. Mewsulfuron-methyl is rapidly taken up by plants
through the roots and foliage. The chemical 18 trans-
located throughout the plant, but is not persistent. It
iz broken down to non-herbicidal products in toleram
plans, avoiding contammation of the soil. The acmual
speed of break-down in these tropical soils has no
been determined. Metsulfuron-methyl is being used
in rehabilitation work on bitou bush (on sand) and, in
asgociarion with 2.4-D-amine, on plodosa lily (Giles
and Milner 2010).

The herbicide also is reported to have extremely
low toxicity to both terrestrial and aquatic vertebrates
and invertebrates (EXTOXNET), Gunasekera (2006)
which allows its use along stream banks where some
of the highest densities of Singapore daisy are found,
assuming care is taken not to spray directly in the
stream. EXTOXNET reports that the LD, of metsul-
furon-methy| for aquatic animals s approximately the
same as the applied spray concentration, so with the
possible exceptions of small standing bodies of water,
the water body dilution should be such as to render
it (und the surfsctant) effectively harmbess (although
algne and some waler weeds are sensitive). Gunasekera
{2006} discusses in great detail the probable fate and
impacts of applied metsulfuron-methyl when used in
waterways Tor comrol of Alternanihers, and comes to
a similur conclusion.

Field survival assessment  We sel up the assessmen
study in comjunction with continuing weed-control
spraying for Singapore daisy in the Cape Tribulation
w Cow Bay region (Map 1), We tagged each native
seedling with numbered survey lape, and attempted to
determine their identity as eacly in the project as we
could (which was notalwiys possible). All seedlings in
the areas infested with Singapore daisy were sprayed,
however spraying larger native plants (larger than 300
mun beight) was avoided.

The original field-based study extended from Oc-
wber to Decemnber 2006 during a relatively dry period,
and the [inal assessment was carried out mid-February
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2007. However, continuing Singapore daisy conteol
work since then has allowed us to add significantly
to the list of resistant species, from & wider variety
of hahitats.

In the innial study, the state of the plants were
assessed ar Zoweek intervals over 6 weebks, and scaled
on a 1-5 scale. 1! apparently wotally healthy, 2: with
some wilting or browning, 3: with substantial wilting
of browning, 4! moribund, 5: dead.

All the planis in the initial study marked were
distributed in 4 areas (Map 1):

«  Dead Cow Creek {seriously degraded, bulldozed
land with soil dumping)

«  Moah Flat (ramforest reprowth on rocky eroded
soil)

»  Thoernton Beach (littoral and disturbed littoral
forest on sand)

«  Rainforest Camp (roadside and sream bank ).

Map 1. Location of initial study sites (black areas).
TTRS is the location of the Cape Tribulation Tropical
Research Station. The dark grey areas represent vari-
ous conservation buv-back blocks (not relevant vo this
study). Subsequent weed cantrol work has covered
much of the cleared areas (the pale areas outside the
light prey zone) as well as beach infestations.
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Spraying was carried out using a specially de-
signed. battery powered ‘Quick-spray’ unit, fitted
with a 250 litre tank, 250 metre retractable hose and
hand-piece {‘Turbo spray”), using flows of approsi-
mutely 2 litres per minute at approximately & atm pumgp
pressure. As many of the infested areas were quite
extensive, this allowed rapid and controlled spraying
of the Singapore daisy, and hand-spray access (o areas
far removed from tracks. The flow resistance of the
length of hose (230 m) produced effective low oper-
ating pressures (at the handpiece) which reduced the
degree of uncontrotled spray drift and made targeting
infestations far easier. Metsulforon-methy] (600 g ke '
various brands) had concemrations of 100 mg L' with
| mL L' wetting agent (BS 1000 or Econowet | D00).

RESLILTS

Space does not allow for a detailed analysis of the
results from the 4 areas, The following set of ahbles
summmarizes the species tested (both imtially and, s
a result of continued weed control over the ensuing 6
years), and their responses o spraying with metsul-
furon-rmethyl. From these mbles it ehould be evident
that & wide range of native penera are insensitive to
metsulfuron-methyl, and a wide range of serious weeds
are sensitive 1o it

Resistant plants were those which either showed
no effects following spraying, or some degree of Teal
damage (or leaf drop) then followed by recovery,
Sensitive plants either died imumediately, or showed
increasing damage over time, eventually dying. There
wits @ lot of variation in responses within families of
plants. While Svngonium (Aracese) was sensitive,
Epiprenum (native Monstera) (Araceae) wis nol

Tables 1-4 {responses of plants to metsulfiron-
methy] herbicide) are summary lists, including spe-
cies from the initial study, as well as species later
encountered during the succeeding 6 years. No detailed
records were taken of individual species during routine
spraying (that was not possible), but each of the species
listed in the following tables have been encountered
{and sprayed) well over 25 times each.

DISCUSEION
Sinpapore daisy is fagt becoming an environmental
woed with major impacts in the Wet Tropics. Very
litde control has been undertaken, in part it appears,
due to coneern about the tmpact ol herbicide on native
plant seedlings (given thal most experience is with
glyphosate), and evident apparent lack of awareness
of the efficacy of metsulfuron-methyl, which until
recently, with ihe expiration of the patent, was ex-
pensive (despite its being listed as g suitable herbicide
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for Singapore daizsy by Biosecurity Qld). Glyphosate
causes dieback of Singapare daisy, followed by vigor-
ous reprowth, as well as causing extensive “collateral
damage’ (o other species.

The results of this study indicate that for WT
lowland rainforests, the great majority of the native
species encountered are resistant 1o metsulfiron-
methyl (62/78). A study completed in 2010 as part of
i project o eliminate glory lily {(Gloriosa superba)
omn the Sunshine Coast, indicated thar using a mix of
metsulfuron-methyl and 2 4-D amine was egually
remarkably sparing of native flora, with 44/52 spe-
cies surviving the treatment (Gilles and Milner 20107.

This sindy clearly indicawes thai ‘broad area’
spraying (that is with minimal efTon betng tuken 1o
avoid spraying native seedlings), can achieve very
high rates of suceess with very limited impact on
most natlive species. The nenve sensitive species, by
and large were soft leaved pionesr species that could
readily re-colonise the area once the Sinpgapore daisy
had been removed or after replanting. Metsulfuron-
methyl does not appear 1o (mMpact any prass species
that we encountered, and we hive not observed any
impact on natural repeneration.

It is essential that the areas sprayed be re-visited
at least twice (a1 3-month intervals) after the initial
spray (which should be undertaken, if possible, in
summer— at the period of maximum plant metabolic
activity), to locate missed areas, and to kill seedlings
and re-sprouts. After that, @ once-a-year visit should
be suifficient. Fuilure wo do this can have the result, in
our tropical climate, that the area sprayed will réturm
[0 its pre-spraving state in about 2-3 yvears. We have
some very salutary examples in the Daintree lowlands
of this having happened.

CONCLUSIONS

In the lowlands wet ropics, metsulfuron-methyl is
proving to be an effective herbicide for the manage-
ment of a wide variety of introduced weeds, not anly
Singapore daisy, as it trgets such a wide vanety of
currently targeted weed species, with relatively little
impact on the native flora. Given the increasingly
erritic nature of our climate here (it is getting sig-
nificantly wetter), the dry weather opportunities for
careful focussed weed control are diminishing—il
becomes essential w ‘get in fast, and ger everything”

We suppest that it should be used as the first herbicide
i regeneration areas— and its impacts on nilive and
introduced species noted. Tt is primarily a broadleaf
herbicide, and should be effective against a wide
runge of weed species. ITit 18 not effective, then other
herbicides such as glyphosate can be used.
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Table 1. Summary list of resistant native plant species. (W ~ vine, G ~ grass).

FAMILY PLANT FAMILY PLANT

Acanthaceae Freudanshemum variabie Meliaceae Ihsaxvium sp.
Annonaceae Haplostichanthus jahnsanil Meliacear Favae amocorum
Annonaceae Frewdovaria frogeai Memspermaceae Pachygone longiodia (V)
Apocynaceas Abvcta spivata Mimosicean Ademanthera pavening
Apocynacees feknocarpus frutescens Myristicaces Myvistica imripidn
ATacoas Epiprenum pinnciim Mymsinacens Repanen poaros
Arnlinceae. Polyecias spp. (variable response] AMyriocens Lymdsavemyring s,
Armhaceae Sokeffera actinaphwiia Myrtoceae Syzymilem menosmernim
Ceesalpinaceae . Pownpamis pinnane Myrtaceas SVZRrim Sp.
Celasiraceae Ealacia disepaia (V) Pulmae Archontophaenix alexandrae
Combretaceae Terminalia aremicnl Palmae Normambya normam b
Combreaceas Termumatia carappa Pundunacens Freyemenia soandens
Combretaceas Tevminatia sevicocarpa Pondnnaceas Pandanus spp.
Convolvaleceas . foomes pes-caprne (V) Poaredd Cirnsses {1n peneral )
1¥illemaccas Tetracera daemeliang (V) Posreas Haplovmenius hivsiis (3
Euphorbinceae Broynis cevnua Poaceae Teheimum rugosa (G)
Euphorbincene  Endospermtum morocephalors Poucene Clpiiremis spp. ()
Euphorbinceae Crlochidion sumairum Poaccac Thuarea imvolucra ()
Euphorbiscens Macararps imvalucrara Protoacese Darlinpia darfingana
Euphorbiaceac Macaranpa polyimum Protcacear Helicia mononiana
Euphorbincene Macaranpn benaris Rhizophoracese  Corailia hrachiatd
Fubnorue Derris frifolima (V) Rubiacese Crclophyllam multiflornm
Fabaceas Fandesing nemsa (V) Rubiacear Torenna daluvehvanem
Fobuceae Figmma mauritiang (V) Sapindacess Dadonea vivensa
lcacinaceae Gromphaidra ausiraliona Supimdacens {reilon aoulifedla
Lagraceas CrymHaearyd sp. Supindaceae Mischocapus exansuidies
Lauraceas Entiandra glauca Supndaceas Mischocarpus granissima
Louraceas Lisen breviumbellifera Sopindaceas Syrnrma cordiormam
Lagmaceae Lissen leeteana Sapmdaceas Toechewma spp

Melinceae Dhsoxplum arborescens Smilacacean Swrtlac spp. (V]
Melinceae Dysoxepdum papuarim Verbenaceae Clevadendren sp
Melinceae Dysaxplum petigrevaanun

Table 2. Sensitive native species.

FAMILY PLANT FAMLY PLANT

Asteraceac Melawhera bflora Melestomeceas Melastoma affine
Bignoninceae Deplanchea tetraplviia Mimosaceas Acacia sp,

{asurmaceae Caserima eguisitiilio Morageae Flouy eorgresta
Elepncarpecens  Elaeocorpus grandis Mynaceas Melaleuew lpucodendron
Crpodenizcens Seaevola faecadn Rhammnzcean Alphitonia petriel
Larmigcese Clevodendriem spp. Rosacear Rubts spp.
Lecythidaceas Harringionia auiaficg Rutaceae Enndia efieryana
Makvacear Hibiscus ftllaceus Sepotacous Porderia sp.?

Table 3. Resistant weed species.

FAMILY PLANT FAMILY PLANT

Annonacese Anowne glabra (W) Heliconiaceas Helicoria piltascorun
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Table 4. Sensitive weed species.

FAMILY PFLANT EAMILY PLANT

Acanthaceas Britliannzsia lamiver (Brilintasia) Mcelastomacear Dissons ronndifolia
Acanthecese Chdantonema tubiforme Melastomeseas TFistema muuriiantom
Aracens Dieffon b hig maculats Mimosocene Mimose pudica
Arncens Swigonium spp, [Ammow vine) Wephrelepidaceae  Mephrolepsis Yexalnats {Fishbone tfem)
Arocens Alocasis spp. Verbenaceae Lamtang camara
Aracene Philodendvon spp. Verbenaceae Erachyarpheta spp.
Asferaceas Elephaniopsis mailiy (Tobacco weed) Fabeceae Pueraria phazeoloides
Azieraceac Prieits { Enipaiorim ) clematidea Fabacene Centrosemia pUbsEcens
ALIEracean Sphagmeticola trilehat (Singapore dusy)  Lomaceas fvpses capuioia
Convolvulacens  Ipomea mdica (Blue mormng glory) Zmgerberaccae Cosnes spectass
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