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intentio^na-lly as ('scotch thisile", variegated probabif aiso as a mediciiial
plant. saffron thistle, a close relative of-saflofer, wus, I euggest, introduced
intentionally also. The small seeded spear, slender, win[eri siender and
noddi-ng thistles were introduced accidentaily in pasturJ seed, a re€ent
introduction (probably flrst in the 1940s) bein! noclding thistle in pei,ennial
rye grass seed from New Zealand. ci,rsi,wm oul,gat"e ssp. crfm,i,trrrn ma5, have
had a similar history to nodding thisfle.
. Thistles, along with Bathurst burr, 'were among the first weeds to attract

attention from landholders in Australia. The flrsinoxious u'eeds leg{slation
was direeted against variegated thisile in south Australia in 1851.-

Thistle seeds are spread. by water, wind, livestock and in grain or pa'gtrlre
seed. rnsects, especially ants, may spread the smaller reetls tite those of
ppear thistle or sticky seeds like those of slender thistle, spread by wiinr-
is not so common as is generally believed, the wind-blown pafpus commonly
seerr most often being devoid of the seed itself. It ir, however, important irrr
the spread of spear and nodding thistles. The rpread of gaffron thistle inr
the past, as now', can be largely attributed to its presence in rrheat grain.
{ytd, intleed, perhaps one of the reasons the big-seeded cottorr* thistle is so
abundant in the Crookwell area ean be attributed to the early'history of
wheat-growing there.

: ,Soi,l Fertilitg &etotilm*ipt
: Before cultivation and the development of improved pastures; the annual
[rnd biennial thistles, excluding saffron, petiqx, wcre prominenrt around
homesteads, on stock camp; and around rabhit yarFens, and it is f,i"m these
that they have spread. Their occurrenee on drre{ of higher fertility than
the generally prrevailing country has long been r-agnized. And' wfth the
genetal increase in fertility of pastures, assoeiated ritl the introrlirstiou of
plOve*s and the use of superphosphate, there have beea big increases in spear
lthistle, cotton and Illyrian thistles and nodding ttiltle- Variegated th-istle

iappegrs to be conflned mainly to soils of high natrcal -f€rtility, esprceially
ailuvial soils or soils of igneous origin, but it ir lftdy that the use'er'f snb-
terranqpn clover pastures has largely aideil its P|Glsrlt9lge. rt appe-ars to

on and Illyrian thi$les' which, in turn.
ear thistle. Noittliug thistle nqy have
histle.

Til"."".'*ffi "Hffi il:b?.#11
;i "fl:'# HHi':"1itr"H,H kif, iTI

other wsqfl lspecias under conditions of high fertility'

,::- I)orrnancg, Germittlt'tion amiil Floueting
ppneral, very high. It falls off fairly

an and nodding thistles; bttt suffieient
s (perhaps the traditional seven years)

;3:i#:"iTHl;'"?i';TTiI"ffiH},l
y survive for longer Periotls'

1,, ,r , 6""-ioation of the annual thistles appears to be stnietly seasonal, while

trre ui"""iar thistles may germinate_in either autumn or spring ancl even- _in

winter and summer if molsture and temperature eonditions are favourable'
i: : The flowering of the biennial species,_ espeeially of -cotton, Illyria-n and

nodding thistles, may be clependent on their ro$ettes being subieeted to a
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A
A Simple Key to the lil,enti,ficu,tiorl of Thi,stl,es

Leaf ma,rgins spiny.
B. Perennial plants with creeping root system. ......Cirsium aruense
B. Annual or biennial plants with tap root.

C. X'lowers yellow. . .. . .. .CwthorLlts lanatus
C. X'lowers pink-red-purple (rarely white in Caril,uus nutans).

D. Plants with large more or less globular flowering heads (1" or more broad).
E. Leaves with smooth upper surface, with network of prominent white

veins.. ..Silybum nxardanutn
E. Leaves with prickly or hairy upper surface, without network of prominent

white veins.
X'. Leaves with prickly hairs on upper surface.

G. X'lowering heads often surrounded by narrow Ieaves much longer
than the heads.. ....Cirsiwnl lrulgare ssp. crin;itwrn

G. Flowering heads not surrounded by such leaves..Cirsium oulgare
F. Leaves with soft woolly ha,irs on upper surface.

' H. Leaves with dense hairs on both surfaces, flo*-ering heads erect.
' I. Outer hard bracts of flowering heads broad (up to r/,u,,) arld.

' strongly bent back. .Onoporal,unL iltgric*m
I. Outer hard bracts of flowering heads narrow (about 1/ru',), not

so strongly bent... . . . ...Onopord,unl acanthiurL
H. Leaves with only sparse hairs, except on veins of lower surface,

flowering trgad5 asfldinA...... .....Car(tllus rtutans
p. Plants with small (less than l" broad), more or less oblong flowering heads.

J. Plants with heads clustered (up to 10 or so) at the end of flowering stems
with leafy spiny wings. . . . .. .Caril,uus tenui"florus

J. Plants rvith hsads in twos or threes at the ends of flowering stems without
leafy spiny wings. ..Card,uus pAcnocepllalus

A. Leaf margins not spiny.
K. Flowers pink-purple. ....Centau,rea calcitrapa
K. Flowers yellow.

L. Spines at end of hard bracts of flowering heads stout, yellow, up to 1" long.
. . .,. ..Centaureo. s.otstitialis

L. Spines at end of hard br.acts of flowering heads, weak, usually reddish or
purple up to 1" long. .. .... .Centdurea rlel,itensis

THISTLE CONTROL RECOMMENDATIOI{S

P. E[. Iloocn*

Trrn Trrrsrr,D PRoBLEM
The main problems of thistle control ou the Southern Tablelands eoncern

the biennial species (cotton thistle, rllyrian thistle, spear thistle and nodding
thistle) and the annual variegated thistle. These are all sreds of high
fertility situations, e.g., clover pastures and sheep camps. Existing thistles
may be killetl with herbicides, but thistles are likely to re-appear in the same
situation because seed may still remain on or be spread. to that area. Even
if one species of thistle (e.g., variegated thistle) could be comple.tely
eliminated and all seed destroyed, it would in all probability be replaced by

t Assistant Principal Extension Officer, Department of Agriculture, Goulburn, N.S.W.
2580.
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All the thistles listed on page 3 (except perennial tliistle) are
susceptible to 2,4-D (2,4-dichlorophenoxyacetic acid) when the plants are in
the smarl rosette *tage. 2/1-D amine at rates of 8 to 12 oz. aetive ingredient
per acre can be used for selective control in grass and clover pastures. The
higher rate is recommended for larger rosettes (over six inches in diameter).

Once past the rosette stage, cotton and Illyrian thistles are difficult to kill
with 2,4-D. An addecl problem is that at any one time, these thistles usually
occur in all stages of growth. Older thistles can not be killed by 2,4-D.

2,!1-D ester has been used successfully for controlling thistles, especially
nodding thistle in young Phalaris pasture but will seriously damage or
destroy clovers. Greater care must be exercised when using 2,4-D ester, as
it can damage a greater range of commercial crops and garden plants through
spray drift or drift of vapour after application.

For selective eontrol of thistles in lucerne, 2,4-DB (2,4-dichlorophenoxy-
butyric acid) should be used at 8 to 12 oz. active ingredierrt.

The optimum time for spraying with 2,4-DB as far as lucerne is eoncerned,
is when the seedling lueerne has from one to eight trifoliate leaves, whieh
eoincides with emergence of most thistle seedlings (and other broad-lear.ed
'u.eeds).

As for 2,4-D, eotton and flyrian thistles are diffieult to control with
2,4D8 once past the rosette stage.

Dieamba (3,6-dichloro-2-methorybenzoic acid ) at 4 oz. active ingredient
per acre is effective in killing cotton thistle and Illyrian thistle but also kills
elover and lucerne. For spot spraying, dicamba can be used at 2 fl. oz. of
20/o prodtct in 3 gal. of water.

Dicamba is also effective in controlling perennial thistle at a rate
equivalent to 2 lb. active ingredient per acre. For spot-spraying per.ennial
thistle, dieamba ean be used at I pint of.Zl/c product in 3 gal. of water. At
these rates of application, dicamba aets as a soil sterilant.

THISTLES AT "LAKE EDWAR,D"- A CASE HISTORY

J. D. Cenrnn*

B ack gr ound, I n l o rmat i,on
((Lake Edward", a 2r560-acre propertSr, has been owned by the Carter

family for 91 years. It is of basalt soil with an elevation of 2,800 ft. and a
31-in. rainfall.

Superphosphate and subterranean clover have been applied from lg27
and super application on the whole property now aggnegates an average of
30 cwt. per acre. Light ryegrass sowings followed potatoes from 1935 onwards.

Ileavy stands of variegated thistle developed on the sheep camps a.n.d
higher country (mostly the better basalt soils) from the 1940s. Cotton
thistle superseded the variegated thistle in the flfties. By 1958 an area of
30 acres on one heavy basalt hill carried nothing at all but cotton thistle.
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Phalaris country approaches 10. Last year nine wethers eut 108 lb. wool to
the acre (set-stocked) and half a heifer per acre was run for three months-
This was an exceptional year, but a D.S.E. of ten on this country under
Phalaris is quite feasible in many years.

I am opposed to heavy gxazir;g in summer whenever it can be avoided,
as it gives weeds their opening for the autumn germination. Usually the
spring takes care of this, but in 1967 it didn,t, and this gave rise to ttre nodding
thistle problem tlat we now have.

Ph,o,la/ris Poiaoning
In the past ten years, Phalaris poisoning has occurred once only-during

exceptional hand-feeding conditions in the drought where ewes were put into
a Phalaris paddock during rain so that they could be hand-fed with their
wheat ration. They were left in for an hour and then put out. but by next
morning 12 ewes were dead. This was probably because of the neu' shoot
and oyercast conditions which are the usual causes of sudtlen death from
Phalaris.

Carduus nutans--ilodddmg Thistl,e
In 1953, after some varying diagnoses, Caill,u,u,s nutans was identifi.ed on((Lake Edward". The plant was then eovering an area of about 100 square

yards. Ilad we known what lay in store, we would have eoyered the area
with conerete! As it was, we cut the pla-nts, only to see a slightly stronger
germination in 1958. Then followed a slow. leap-frogging spread along the
line of the prevailing westerly wiads.

New Zealand experiments have shown it is very rare for a seed to be
carried more than eight feet by wind, so this method of spread is very slow.

By 1967 we had about ten aeres infested in eight differ.ent areas.
The spring failed, the sheep ate ever5rthing--grass, thistle seed and all. By
May 1968, when the drought broke, we had a bare dust-bou'l with the ideal
'(vacuum" for weed germination.

_ fn September 1968, 400 of my 1200 aeres were infested u,ith nodcling
thistle. This was a repetition of the New Zealand story where the rlry seasons
of the 1950s were largely responsible for the speeies getting ont of control.
It is still spreading there. I am certain that the spread has been brought
about mostly by seed ingested by sheep and distributed through the droppings.
As eaeh plant can yield 7,000 seeds, the possibilities are frightening.

Our Phalaris country stood the shock well-some areas u'ere infested
but not to the extent of subterranean clover or thin ryegrass stands.

Noild,img Tlui,stle Progrumme, 1969
As it proved impractical to spray in the spring of 1968. u'e made our flrst

assault by aerial spraying in April 1969. Spraying at this time usually covers
all the autumn germination of thistle, which is the larger, due to the depletion
of pasture cover in our dry summer. Also, it is safer for stock, due to more
roughage being available ancl less craving for the drying thistles with their.
associated nitrite poisoning risk. It has the added advantage where trees are
present, as they are dormant at that time and don,t suffer as they u'ould in
the spring.

This spraying cost 91.50 per acre (70 cents for f pint 2,4-D 80/s ester
and 80 eents applieation). A very good kill resulted. A small spring germina-
tion followed whieh u'e attended to on the ground with the same application.
Autumn 1970 saw another heavy germination, and a May spraying of 340 aeres
at $1.40 per acre (chemieal through the Shire Couneil was cheaper and u,e
went up to 1 pint to the aere),.
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PnrNClper, AeUatrC Wnoo SpnCIES AND THEIR DtSrnrsUtrON IN TIID CrrexNpr,
SysrD,MS op SouIII-WDSTEBN Now Soutrr Wlr.ns

The species are listed in approximate clescending order of importance.
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ribbonwood

water coueh

smartweed
paspalurn
rushes
sodges
spike rush
water prirnrose
arrowhead
ribbonweed
curly pondweod
floating pondweed
blunt pondwood
common milfoil
coarso milfoil

sago pondweed
naJes
algao

red azolla
duckwood
duckweod

T .T.m
yr. ?. )

P sYn.P
* Dl,oilea, ulnatf,ensis
Mgrioph,gllum m

P otaniig eton ochr ea,tws

,, tricatinaltts
V alli s ner i,a gi'g o'mt ea'

Paspa,lum Tta,spaloiiles (pfeviously known as
P. diati,chuml

Polggonum spp.
P aepa,l,um di,l,atatum
Jumaa spp.
Cgperus spp.
Dleoclnris spp.
Lud,uiqia peptloid'es
S agi,ttaria morrteaidena'is
V alli, e ner ia' g'ig aN en
Potamogeton crispttts

,, tri,carin'atux
,, oclweo'tus

Myrinphyllum proPin'quum
,, ela,tinoirles

llyplw spp.
MgtiDphgilum aerruaoalt m
P dot agetott, Pectdnatue

gYru, Cl,ad'oPlwra Rhdzn -
e also occur in channols)

Aalb qry.
Lemrw sptp.
Spi.rodo,Ia ep.

Irrig
thes*

t
1[; orainage Channels: (i) Emergent

(ii) Submersed

(iii) tr'Ioating

* Elod.ea onlv infests the western Irrigation Districts of this area supplied from Yarrawonga
'Woir on the MuiraY River'

Control, Methoil,s
' The control -of weeds in channel systems operatd-by the Water Con-

servati;; and Irrigatio, Co-mission is a balanced one. Both mechanical and

"t "*i"rt 
techniqu6s 

-ur" 
o"*..ury, and one is complementary to the other.

(u) Mechani,cal,
There are a number of devices used for mechanical control' They include

ckets. There are also ((arrow-cutters"

Mechanicalmethodsofcontrolpossessthefaultsthattheyareofa
t"^p;;;y ;to"", ti"y u"e expensive, ald !hey- may deepen the channel' thus

.rfi"!ii i-po."iUtJ[ a"t-int-"no"nel bed, wnicn provides a situation itleal

for weed growth. U"cnu"i[af remoYal has a tendency to break up and spread

plant growth.
'i Mec the advantage in situ-ations where chemical treat-

ment is may te in i place where masses of weed growth

require , wfrich cannol be done by herbicides. As well,

DStt
22.

t
t

i

I



€I

'[autrBr{r aql }uaJB[pB ssaJJB oq] pue q]no.or8 pm^r ]o f,11suap pue adf,1 aq1
t(peq'U 0g o+'+J g) azls lauu"q, q uolluTr"a aql o] anp'sualsfs lauueqr o]
s?plJrqJar{ f,1ddu o1 pallnba"r arc s}Iun fie.rds ;o sadfl 1ua:ragtp .(uen

luawdnnbg fi,o"td,g

'reded eq1 .Io puo eq+ 1e ue,rr8 ora soprolqJer{ Jo sorrr{Bu ltscruorlC *

I
I

I
)
t

'11ar s
qf^o.€
-]uaq I
puards
Icapl u
snql ti
Bloa
'sleurrB
Sgqta
puB Iiil
oluT pe

((sJel+tr
apnlJrr

'raqlo
puB Ta
-uoc J

sEuoro

(sleuuu
-ozfla 1

'aauE

rrgN.t(

umledsed
'ds oenquog

€unqunc
segru8e.rqd

'dds o.wqdopo1g
'dds otfifiorcdg

eeEle snolueuregg

se^JoseJ lorruoqc uo sldu(lecng

(ew67na untqn aaoy,y) prmoqoroq
seJrrloru+s

PrrnorB lGrluoo peea. Itslo+
(unuoe ea o n { un.oc fr,1 ) rrroq+xoq

.ddle unttlluoy
'E e 's1ue1d srrorxou e1qlldeisns

'dde uqgfrqdocrfiliy
oslB (eaoTnccao unuo6fr,7o4)
Ix)eo' orul '(ateyaaotb o1nuJl
1"rortr{ur+s 'E'e ! see.r1 Bnonproop
prra 8poea. snorxou IIPI 01 prBq

seroeds r(poo.o, ueer8.re,re
'cle

'eeqoeo.rdde e8pgrq'sernloruls
prmorB lo4uoo poe.de I€1o?

slouuaqo
efou1e4 Jo eer€ pe11eo. Eurzrprels
(oeucdoTttl um16ng) sse.r8 uosuqol

unledsed
selrur8e.rqd

rEunqumo
peeapuod bolleog

ldecxe squeld pesrerrrqns IIts
pooi&+JtsrrrE

se8pes
r8rmqumc

r{cnoo Je+tsi&
s1ue1d pesreuqns 1e

suorlooqdde oa1
qcco Jo lonpoed'q1 9

1ueru1ee.r1 qods
(.re1er crle1s)

loog e.rc,e/'q1 g
(.re1u.u. Euraog)

cesno/'q1 6

1ueur1ee.r1 qods

1ueu1eer1 lods
(lonpord)
eroa/'q1 g1-g

lueurlrerl lods

e.rce/'q1 6-1

1ueu4ee.r1 lods
lueurlrerl lods

(lonpord)
oroa/'ql l-*
(1cnpo.rd)
e.rce/'q1 96-11

(qonpord)
e.rce/'q1 97-61

oesno/'1eE g1-j

arots/'Ie8 8-{

ornlxrur Yaq-6'z
puts vf'\[s(I

eJn+xur
vd(t-z'zputsvc.l

eleqdlns reddoc
eurue q-7'5

pue ue.ro1o1d
Jalso lorrBqlo

dxolnq qj'6

oulz€rlts
uornueJ

eurura qj'6

.raqse qj'6
elllclo^ .&oI

a-9'9'6 1rcttrr

IrcBtuoJq

uo.Irup

vdq-z'z
s?uo^Ios cr?tsIuoJB

*oIoJ+ItrrB
rrreIoJcB oesnc/'p8 6{

vof 'qI 00s',

'qI 009

'tBE 09

'IB3 09

'qI ort
'qr 00r

't*3 0e

'lE,B osz .I8E O'

'qI 00r'r

'qI 00z'6

'qI 000'?8

'IsE oos'r

'te3 00s'e
'qI 000'08

esfr
elatr

uo11ec11ddy
Itsn8II

(oLlosot )
uoraaruluoc

oql l(q
pesll ?mourv

'xo.rddy

ep!orqroH

(c
lq

G
I
f

'uoll.BJItddB Jo alBr alBulxordd" uB (alqBcrldde araq.lr. 'pue seplalqraq asaq]

IO a[tros Jo astr ul"Itr aql sn0.oqs alq€} 8u!$oIIoJ aqJ 'uoIsslErtroc uollBSrrrl
aql {q pasn Eulaq ^(11ua.r.rna arB aplrrqraq Jo sadfl +uaraglp aag-.f,lua.ttil

vnwoqc (q)

'8uqgs-ap arrnbor su?artr IBJIuaqJ {q pa11o.r1uoJ fIuIBur are
rtJlr{Itr slauuBqa 'aul1 o1 oltrl} Itrorf, '}}Irp f,BJds ro sanpTsar Itrorl aSBIuBp
alqNsod aq] Io asn?Joq sapplqJoq Jo asn aql. uo suollJl4sal f,ueu a.ru a.raq1



l
I

l

i l. The following units are currently being used by this Commission:
rr,i ': Lr

Punpt Tamlc
Approt. Coet
(Pu,np arul

Tankl
tor
stfi
ofl

diss
stat
ruk
for
isn
(b)

gror

(c)

wat(
drai
amil
Bast
frril
p.p.r

Unir

(d)

non-

r (i),*21 &p;rp.lhreepiston pump; ongine
lunctronedi r 'l:

(ii) 2I g.p.m. three piston pump ;
powor-tako-off firactioned

(iii) 14 g.p.m. four piston radial flow
pump, ongiuo functioaed

(iv) I g.p.m. oinglo piston pump, engine
functionod

(v) Pack typo miating machine

Twin 300 gal. fibro glass tanks with
mochanicol agitation, Mounted on a
f,'.W.D. 6-ton truck and fitted with
a Grenvol hydraulic outrigger

300 gal. metal tank with mochenical
agitation, mounted on trailer, drawn
by tractor, and fitted with a manual
countorweighted boom

l00gEl. fibre glass tank. Mounted on
a F.W.D. utility

2OO gal. ffbr:e glass tank mounted on a
trailer

Igal. . i

$r2,0o0
including
truck and
ancillary

gear
$r,900

ofI
herl
mo8

(a)

$460

$800

$r20

i.,,-:: , COSTS

About S200,000 was spent in 1969f0 on che,mical weed control in the
yarious rrrigation Area Districts operated by the Water Conservation and
Il.1fig.S.tiop, Commission in south-western New South Wales. This amount was
used.,to,control weed growth in a cha-nnel system exceeding 4,500 miles in
fegsth, and ineludes cost of herbieidg supervision, labour, truck running

' il!,tlg":,e,,,q"ip-ent depreciation, ete.

It is misleading to quote costs without describing the situation. Ifowever,
.+s a. guide, the following expenditure and costs are giyen:
i r.'r'.' -:, r i -

t.i:. Herb.'ide Target Costlmile

acroloin (f969-70
..,sorison)

emitiolo' (1966/6?
season)

amitrole (1969/70
season)

diuron

diuron

arometic solvent,
xylol plus emul-
siffor

,:t

all submersed weeds

wator couch, continuous dense
infestation

water couch
(light infestation and weed

generally undor control)
water eouch, cumbungi, rushes

and sedgos

water couch, cumbr:lgi and
rushes

Potamogeton spp. excluding P.
trinorinatta

all woed growth and somo silt

$55 per application for 2 gal./cusec
tmatnents or $35 per application for
low-rate long-contact injections (costs
calculated from treating 900 miles of
channol and inclusivo of all costs such
as labour, miloage, supervision, etc.)

$90 for initial spray, $70 for respr&y
(averago over 280 miles of drainage
channel a 6 24fb. in width, inclusive
of all costs)

$25 per applica,tion (channel width as
above)

$150 per acre, 35 lb. a.i. per acre
(averago calculatod over 36 acres and
includes all costs except mechanical
cleaning prior to spraying)

$75 per acre, 15 lb. a.i. (maintonance
treatment of chennels previously
treated with diuron)

$40 (cost calculated fr.om the treatment
of 40 miles supply channel)

$260-$360 (channels with 8-16 ft. bed)

(r

I

I
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channels and around structurrs, these products may damage roots of trees
which extend into the treated area. Because of th1s, diuron, fenuron and
bromacil must not be applied withiu 100 ft. of useful trees or shrubs. use of
diuron in drainage channels is based on a maximum resid.ue level of 0.008 p.p.m.

(e) 2,2-DPA
This is a non-toxic herbieide with a limited residual life in the soil of

about eight weeks. care is taken to ensure that irrigation water is not
excessively contaminated, and that there is no spray drift on to horticultural
crops.

G) TCA

- _. This--product is mainly used as a soil sterilant, although it has some
foliage effect. rts use is not permitted within 100 ft.' of usefil trees, shrubsor vines. The chemical rapidly decomposes in the soil. 'when substantial
areas of a supply channel are treated it is essential that the flrst flush of
water be disposed onto wasteland.

(g) Copper Sulphate
This chemical is harmless to humans if concentration does not exeeed

1 p.p.-. of eopper ion or 4 p.p.m. of the hydrate. Gloves should be worn when
handling raw crystals or concentrated solution. copper sulphate may eause
corrosion of aluminium or galvanized pipe and tanks.

Cw.ren,t W eeil, Control, Inoesti,gati,ott*
The main work being undertaken by the weeds seetion of the commission

includes:

k is being
The pre-

ein at the
usual rates of application. work is eontinuing on young submerged rice.

(b) Determination of the most effectiye rate of application and interval
between applications of amitrole on water couch.

(c) Effect of diquat on elodea in channel situations.
(d) The efficiency and residue problems associated with the use of xvlene

or similar solvents and various emulsifiers when applied to submersed weedsin drainage channels.
(e) Determination of the efficiency and costs of applying acrolein at low

concentration (less than 1 p.p.m.) and oyer extended pefioas\z+to T2 hours).
This technique has proved sucessful and more econ-omieal in channels with
flows greater than 50 cusecs, when compared with the conventional 2 gal./cusee
treatment.

(l) rnvestigations of methods of reducing herbicide contamination of
imigation water.

(g) The effectiveness of copper sulphate in suppressing the gro*'th of
submersed weeds when applied to water flowing in iriigatiorlharrits to give
a continuous concentration of 0.1 p.p.m.w. copper ion-.

(b)The evaluation of new residual herbicides in the control of paspalum"
(,i) The potential of anhydrous ammonia in controlling elodea.

.(i) Assessment of some aggressive but reratively unobstmctive plant
species to provide eompetition foi problem aquatic weeds in channel situations.
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Contributed Paper:

TIIE PR,EPARATION AND USAGE OF SMAI,I, VOLUMES OF
HERBICIDAL SOLUTIONS WITH APPLICATION TO

SKELETON WEED (CEONDRTLLA JUNCDA L.)

C. G. GnouNrrlu*

Suuruetv
This paper describes the preparation of 1 ml. or more of solution, accurate

for both concentration and pI[ valuel flnal adjustment of volume is done in
terms of weight. It also deals with solubilizing and buffering agents, storage,
application of small volumes to plant surfaces, and cleaning of equipment.

Results obtained on skeleton weed with the methods described are included
to show that (a,) for foliar applications "Tween 20" gives a greater 2r4-D
content in the roots than three other wetting agents tried, and ammonium
thiocyanate up to 4000 p.p.m. has no iufluence on 2,4-D content, (b) roots of
plants which have flowered are less susceptible to pieloram than those of
plants which have not flowered.

hvrnoouctroN
Frequently in herbicide research it is necessary to prepare small volumes

of solutions, either because only small amounts of potential herbicides are
available for testing or because the compounds used are in radioactive form
and expensive. The following describes a method for preparing 1 ml. or mone
of aqueous solution or suspension, with an error in concentration not exceeding
2/5, and. adjusted in pH to within 0.02 unit. Pertinent information relating
to the usage of such solutions on skeleton weed is given, also some results
obtained. This species, on account of its uniform tap root rich iu food reserves.
is ideal for studies on the susceptibility of roots to externally applied poisons,
and at the rosette stage is excellent for investigations on the translocation
of herbicides. An account of the economic importance of tle weed anil of
the influenee of pII of foliage-applietl solutions on the subsequent 2,4-D
(2,4-dichlorophenoxyaeetic acid) content in the roots has been given elsewhere
(Greenham, 1968).

Pnppen.lnroN or Sor,urroNs
The flnal volume is obtained in terms of weight. A torsion balancef with

rv-eight dials and sensitive to 5 mg. is convenient, as the pans have no
oyerhead beam. Micro-beakers or short flat-bottomed tubes make convenient
preparation vessels, subsequently referred to as bea-kers. A miniature glass
pI[ electrode and reference cell are mounted over the eentre of the balance
pan used for the beaker. The beaker is rested on a parallel-ended support,
e.g., cork, whieh is removed from the pan for removal or replacement of the
beaker.

* Division of Plant Industry, C.S.I.R.O., Canberra. Present address: 14 Northcote
Crescent, Deakin, A.C.T. 2600.

f the DIVL 2 balance (capacity 120 Sm.) made by the Torsion Balance Co., Cltfton,
New Jersey, is suitable.
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methyl orange and 0.125 gm. indigo carmine in 100 ml. of water is convenient.
This indicator is light grey at pH 4.1, and respeetively violet and green when
aeid and alka"line.

For some compounds polyethylene glycols are useful solubilizing agents
(Mitchell and llamner, L944), though a few of the higher molecular weight
glycolg as commercially supplied, can be toxic unless dialysed (unpublished).
Other solubilizing agents are mentioned by Nex and Swezy (1954) and Swezy
and Nex (1961). Temple and llilton (1963) have recorded how the solubility
of diuron, atrazine and ametr;rne in water is inereased by the inclusion of
certain surfactants. For an account of some of the earlier methods of
formulating herbicides, reference should be made to Kelly (1953). Sargent
(1966) has outlined how formulation ean influence the physiology of entry
of herbicides.

Dimethyl sulphoxide is a good solubilizing agent for some herbicides,
and when present in quantities up to 8/o v/v in the final aqueous solution,
has no deleterious action on the uptake and transloeation of 2,4-D ar.d.
2r4,5-T (2,4,5-trichlorophenoxyacetic acitl) by skeleton weed (unpublished).
Moreover, dimethyl sulphoxide at a final eoncentration of 6-10% v/v, or('Tween 20" at 0.5-2% v/v, can be used for emulsifying some esters.

Information relating to concentrations of wetting agents and their
interaction with herbicides is given by Jansen et ali,i, (1961), and Parr and
Norman (1965).

-_.For brush applications of herbicides (see Application), increased wetting
ability may be required. Concentrations of ((Tween 20,, up to 2.1/o v/v have
no deleterious influence on the absorption and translocation of 2,4-D by
skeleton weed (Greenham, 1968). r,eaves of this species grown in the glass-
house during winter may not be adequately wetted by 2.1/o ,,Tween 20,,,
so that some additional wetting agent may be needed. Cetyltrimethyl-
ammonium bromide (((CTAB") is an excellent wetting agent under such
eonditions, but its use is liable to result in a smaller 2.4-D content in the roots
(ibdd.). On the other hand, at temperatures of 20-25" C., 0.25% w/v CTAB
with 0'7/a v/v "Tween 20" does not prevent the 2r4-D content in roots of
winter-grown skeleton weed from increasing as concentration applied to
the leaves increases, when concentrations of 1-13, 3.4 antl 10.2 mM are used
(unpublished).

BuprnnrNc AcnNrs
The compounds listed in Table t have been selected as those least likely

to be toxic in their own right, the selection being based on investigation,s
cited at the base of the Table. 'The pH ranges listed are based on equilibrium
constants published by the chemical society (1964). The values shown are
approximately 1.0 pH unit each side of the most likely pK. value to be
encountered in herbicidal investigations, i.e., with a single buffer agent being
used at 0.025 to 0.1 M concentration in an aqueous solution. The pK, value
depends both on the conc'entration of the buffering agent and on oflrer ions
present. For more detailed information, referenee should be macle to the
above publication.

Citric aeid could in most instances be used as a buffering agent between pH
5'4 and 5'7, though this range is not shown for this acid in Table 1. Eaeh of
the two upper dissociation constants contributes slightly to buffering in this
range, so that the summed action of the two ions formecl here would generally
be adequate. Moreover, on aceount of the overlapping of the tu,o lower range.s
of citric acid shown in the Table, this acicl can usually be used as a buffering
a,gent from pH 2.0 to 7.7.
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radioactive substance,_ brush appljcations have been used, particularly on
the rosette leaves of skeleton weed (Greenham, rg62, 1968i. -The 

volume to
be-applied, usually in excess of 0.1b n l. per piant and determined by trial
beforehand, is measured into a small contiinei. This volume is then appliecl
to the leaves (or ottrer organs) with r small brush wetted beforehand 

-to 
tfre

same extent as that remaining after the application is complete.
ce (e.g., of
e resulting
c material
ps contain

a small brush, the brisiles of which

"J$lr, ll*,'13", J;E"Sn':ff ffi ,'"rffi

- 4" 
((Agla" syringe can be improved in two ways for the rapid applieationof solutions. A piece of paper is stuck over the numbers ua1u"""1 to the

graduations on the rotating thimble, and fresh numbers are then printed on
the paper in the reverse direction to that used by the manufactrirer. This
facilitates mental calculation of a quantity apptied by the syringe, the
numbers now incyeasing as the vo volution
of the thimble expels 0.01 mI. ) . The rotation
indicator. A brass tube about 1;[ parallel
to the central axis of the tube, is flt e miero-
Peler. -A spring-loaded pin, mounted on a stationary arm attached to the
body of the micrometer, presses against the brass tube ancl elieks into the
grooye at eaeh rotation, thereby notifying the operator.

Sronecn .e.No Cr,neNrNc
crafts and Yamaguchi (1964) favour the use of b\ok ethanol as a

ba.ctericide for the storage of radioactive solutions. Ilowever, this solvent is
a contact herbicide in its own right. The author has found the eonventional
procedure of storing aqueous solutions in parallel-u,alled pyrex glass con-
tainers in a deep-freeze unit adequate for periods of three^io fou"r months.
The stoppers are sealed over u-ith silicone gr.ease. \\rith 2,4 D, 2,4,b-T and
pieloram in 0'05 M triethanolamine there has been no difficulty in effeeting
re-solution when the contents are thawed.

_ Brushes and glassware used u'ith 2,4-D or picloram are convenienil.v
cleaned in a mixture of one volume of 0.880 ammonia solution, two volume.s
of water and 72 volumes of ethanol. Four washings in this mixture are
usually adequate. Rrushes treated rvith petroleum jelty are first washed in
chloroform.

Solrr Rnsur,rs OsrerNun wrru Sxer,n.roN'lMnmo
(a) I-nfl,uen,ce ol Wettino Agents and, Ammori,u,m, Tluiocyanate on

2/1-D Content i,n th,e Roots
The plants used in this investigation were gr.own during summer iu

potting soil in tubes 22] cm. long by 4] cm. tliameter., subsequlnfly openedfol harvesting the roots. The bases of the tubes were coverei with a'pieee
of cloth, to prevent roots extruding. To proteet and support the leavls it
was found desirable (1) to cover the upper sharp edge qt tt" tube with a
rubber band 1 cm. u'ide and (2) to provide a platform for the leaves by
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shoots were discarded. The cylindrical surface of the segments was then
painted with a volume of liquid proportional to the weight of each segment,
viz., 0'005 ml. per 100 mg. weight. The pieloram series were treated with
the potassium salt of that compound at 1'0 mM, the control series with water.
The segments were kept horizontal with one end held in forceps, until the
liquirl had dried, and then stored horizontally on plastic ganze in a saturated
atmosphere. After 25 days the segments were measured near their centre for
resistance ratio, by means of a probe and A.C. bridge (de Plater and Greenham,
1959 ) . In instances such as the following, where the mean of the control series
is the larger, the smaller the mean resistance ratio in the corresponding treated
series the greater is the injury (Greenham, 7957).

Comparisons of the ratio were made in segments paired visually for
equality of diameter. The mean log values of the ratios for 14 control segments
were: non-flowered series 1'02, flowered series 0'97 (P < 0'01). This difference
is interpreted as showing that in segments not treated with a herbicide, the
resistance ratio is naturally greater for plants which have not flowered. On
the other hand, for the picloram-treated series the mean values for 21 segments
were: non-flowered series 0'34, flowered series 0'95 (P < 0'001). The large
difference between these two mears is 'inoreuserl if one eorreets for the
difference between the control meansr so that any correction is unnecessary.

Accordingly, the conclusion from the above data is that roots of skeleton
rveed plants which have flowered are not as susceptible to picloram as roots
from plants which have not flowered, the physiology of flowering having
altered the susceptibility of the roots.
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Contribuaed Paper:

G)NTROL BY DIURON OF"OCflITTOCHLO,A COLONT]M IN AUSTRALIAN
COTTON_GROWING SOILS

P. W. MrcrrAnr* Axn P. J. vaN Rrrmf

Sulrlreny
Unfavourable reports on the effect of diuron in control of Eehtinoeh,l,oa

colorwm, in cotton in the Namoi River valley, New south wales, contrasted
with._ fa_vourable reports in the ord River valley, western Australia, are
ascribed in this paper to differences in soil characteristics in the two areas.
Physical properties be relevant to the activation
of diuron, are less in soils of the Namoi River
\ralley. On the othe from the Namoi River Valley
u,as shown to be more susceptible to diuron than the common form of
D. eolonu,m from the Ord River Valley.

INrnonucrroN
\ran Rijn (1967) has shown that diuron [B (8,4-ctichlorophenyl)-1,1-

dimethylurea] is a suitable pre-emergenee or pre-sowing herbicideJor control
of Ech;i,noehloa colomum (L.) Link in cotton in ttre ord River valley, -western
Australia. Diuron is often recommencled for weed control in cotton in other
parts of the world (Gutstein, 1967; Kasasian, 1g69). On the other hand, it
!p been reported (Anon., 1967) that diuron failed to eontrol barnyard grass
(2. spp.) in the Murrumbidgee Irrigation Areas, N.S.W., and thai it sh'ould
not be used where this weed is expected. Similar reports have been received
from the Wee Waa ar.ea, Namoi River Valley, N.S.W. (Green, personal com-
munieation).

. rt -investigations on the taxonomy of Australian iloh,i,noah,loa, Michael
(unpublished data) has shown that the common form of E. col,orutm, in theold River valley (Kimberley form) differs substantially from a form of
E. colorwnt, collected at wee waa (Narrabri form). Th; Kimberley form,
when -grown in pots, is a stout, prostrate, late-flowering form, w[ite the
Narrabri form is a more delicate, erect, early-flowering torm. lttre two forms
can also be distinguished by spikelet charaeters.

Because of the apparent contradiction in the effect of diuron it wasco to test both forms of E. colonwrr" for their susceptibilityto sure any influence the soil from eaeh arra might-have oo
th

rn the first tu'o experiments reported here, the soils used wer.e cununurra
slay from the ord River valley and- an unnamed silty clay collected from near
wee waa. rn the third experiment Gundemain clay and Helebah clay from
near' 'Wee -Waa 

were included also. Physical and chemical d.ata for each soil
are given in Table l.

* x'ormerly of Division of plant rndustry, c.s.r.R.o., canberra,. Now in Departmentof Agronomy, Faculty of Agriculture, University of Sytlney.
f x'ormerly of Division of Land Research, c.s.r.R.o., canberra. Now at Royal

Tropic.al Institute, Amsterdam, The Netherlands.
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Counts of emerged seedlings were made one, two, three, four, flve audl
nine days after planting and spraying. Counts of killed plants were made'
nine, ten, eleven, twelve, fourteen, sixteen and twenty-two days after. planting
and spraying. The experiment was then conelutled.

Eaperiruent 9.-Effect of diuron using ungerminated seed and two soils
The same proeedure as in Experiment 1 was used, except for the following:

1. Twenty ungerminated seeds were planted in each pot. 2. Diuron was used
only at 0, $ and 7Lb./ac. a.i. 3. The pots were placed in a metal tray, kept
fllled with water to j in. depth for f.ve days. The tray was then drained and
thereafter the pots were watered from the top every second day. This allowed
satisfactory germination and emergence in all pots.

Counts of emerged seedlings were made flve, six, seyen, eight, eleven and
fourteen days after planting and spraying. Counts of killetl or surviving
plants were made ten, eleven, twelve, thirteen, fourteen, eighteen, twenty-one
and thirty-two days after planting and spraying. The experiment rvas then
concluded.

Dcperiment ,9.-Effect of diuron using ungerminated seed and four soils
This experiment was run under similar conditions to Experiment 2,

but only the Narrabri form of D. colonunl, was usecl. Rates of diuron were
0, ] and S lb./ac. a.i. 'The four soils u'ere Cununurra clay, the unnamed silty
clay, Gundemain clay and Elelebah clay. The experiment was let rrn for
30 days when the remaining live plants in each soil u'ere har:vested and oven-
dry weights obtained.

Rmsurrs
Dnper,i,ment 7

The rate of emergence in the pots treated with herbicides was the same
as in the controls. Quickest emergence oecurred in the case of seedlings of
the Narrabri form from Cununurra elay, while the slowest emergenc€ occurred
in seedlings of the Narrabri form from the unnamed silty clay. Fina1 emergence
of seedlings of the Narrabri form was good from Cununurra clay but very
poor from the unnamed si.lty clay. Seedlings of the Kimberley form emerged
well from both soils. (See Table 2.)

Tlsr,p 2

Mean tnta,l, mumbera o/ E. colonum emerged, us,ilh time, in oll, seed,lirry-eoil
cornbinali,orn, Jrom the Jour repli,oatee oJ ol,l d,iuron treatmenl* (Erperi,ment 1\
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Narrabri form of
E. colnnum

I(imberloy form of
E. colonumDays

aftor
planting Cumrnurra

clay
IJnnamed
silty clay

Cununurra Ilnnamed
clay silty clay

I
2
3
4
5
I

0
2t
46
66
70
72

2
r6
20
24
26
26

II
56
62
D{)

66
68

0
26
49
69
72
73

Maximum emergence in all seedling-soil combinations was attained in
about five days, but killing of seedlings did not begin until about four. days
after the time of maximum emergence. Seedlings of the Narrabri form grown
in Cununurra clay were killed most rapidly. At all rates seedlings of the
Narrabri form were killed more quickly than the seedlings of the Kimberley
form. At the rates of ] and 7 lb./ac. a.i. these differenees disappealed u'ith
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- Killing began at about the time of maximum emergence, i.e., about ten
days after planting the seeds. The slowest kill occuired 'in i.he case of
seedlings of the in Cununurra
Narrabri form w than seedlings
but this differe time, as in
Differences between .soils did not appear in the early killing stages (from
about the tenth to thirteenth days after planting). But between tne tnirteenttr
and eighteenth day a greater percentage of plants was killed on the unnamedsilty clay. (see Table 5.) This apparently conflicts with the results of

TAsr,E 5
Percenlage kdll oJ emerged ge3illi,nge, uitk time, i,n eank soil arul Jor oo,ch Jom oJ

E. colonnrn (meane of llb. anil llb.lac. diuron treatments)\Eqteriment Z)
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l0
l1
t2
l3
14
l8
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4
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25
57
64
93
97

I
l3
46
66
69
90
96

I
IO
36
67
73
93
94

6
8

35
56
60
91
99

llxperiment 1 but can be explaine.d by the later emergence of the seedlings of
the Kimberley form. on cununurra ck , slower emeiging plants being ilore
1lowly killed (see Discussion). rlowever, on the twenty-flrst day therdrvas a
9970 kill of seedlings on the cununurra clay, but ortry g4/o kilr on the unnamed
silty clay. This is taken as a real differeoce. Of a total of 19 surviving seedlings
twenty-one days after planting, 16 (or 84/o) were in the unnamed sitty ctay,
and at the end of the experiment, the only survivors (T healthy plants) nere
in the unnamed silty clay.

Drperiment 3
Dirrron (means of ] and t, lb./ac. treatrnents) red.<:ed the yields ,f

E. colomum obtained for the same soil in pots which received no diuron by
96/o in cununtrrra clay, 85/o in rlelebah c1ay, 64a/o in Gunclemain clav, ani
bt' 3%, in the unnamed silty clay.

Drscussrox

. _The delay between application of diuron and killing of seedlings obser.r'e4
in Dxperiments l and 2 can be related 1o the uptake of "rliuron 

by a'dventitioqs
roots and coronal roots.which do n nd.It co-uld be expected, therrfore, kly
u,ould be more quickly killed or u u*"

ore slolvly killed. In I bri
a clay, w-hich emer.gerl more quickly than the other seedling_
rvere-killed more quickly, and in Experiment 2 se.edlings

form in Cununur.ra clay, rvhich emerged more slou4y flran
the other. seedling-soil eombinations, were killed more stowty.

The difference in emer€ienee patterns in Experiments 1 and 2 can be,
explained in terms of the different wetting properties of the two soils and by
the apparent differences in sensitivity to wateilogging (or lack of aeration)
of the two forms of D. eol,onum. rn Experiment r,1ne-unnamed siltv clay, oi
lou'er clay content than the clununurr.a clay, did not take up water sb quicLty
as the cununnrta clay and \1'e assume that many of the germinated seeas or
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