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NO, 53, AERIAL APPLICATION OF HERBICIDES FOR
CONTROL OF EUCALYPTUS ‘AND ACACIA SPP. IN =
EXOTIC_PINE PLANTATION ESTABLISHMENT - . -

N .. .. Dby N. B, Henry™ .. . o
SUMMARY & - - .
R _‘-Invthefestablishment,Of-exotic:pinevplantations .

in coastal south=-east Queensland, coppice from the - . v

original eucalypt:stand and'seedling regeneration’ of Acacia:
spp. present: major weed:control problems, particularly in .
the early life of the plantations., ~~ The-role of 23l,5-T .-
in the control of these weeds, and the particular _
advantages of aerial application under the conditions
~obtaining in this area, are discussed. -~ Co .

A

A © Experiments ‘in the aerial application of 2,k,5-T
carried out over three years are described and indicates:--

(i) Pre-plaenting application of 4 1b 2,4%,5-T per acre
. in 6-gallons diesel distillate or 6 -gallons of ,
0il and water 'in varying ratios has''satisfactorily
controlled all except a few resistant:species' ~
which form only a minor proportion of the total
stand. It is not yet clear whether this treat-
ment would be economic, but there are indications
that 3 1b per acre may give equally satisfactory

control at a 1ower_cost. ,

(i1) . 1.75'1b 2,4,5-T per acre in 3 gallons diesel A
. distillate applied to one and two year old Pinus
elliottii plantations in which dense regrowth of
Acacia spp. was overtopping the pines has given
virtually complete control,.  Application was
~ madé when pinés were dormant, and no injury to
. one year old pines was recorded. ° Two -year old -
pines suffered some defoliation, but-rno permanent
- injury. There is evidence :that this rate applied
during active growth may result in serious mal- "
formation of leading shoots. - ' T

-+ This operation leads to‘a substantial reduction
of tending costs’ in areas which have already been planted,’
but pre-planting ground spraying of Acacia spp. as soon
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as germlnatlon is complete is a less expen31ve method of

control.

-4, INTRODUCTION: |

: In Queensland as in most other Australian
‘btates, the establishment .of plantations of exotic conifers
is a major forestry activity, which usually involves: the
prior. clearlng of the existing low quality eucalypt forest,
and the development- of coppice: and. other regrowth of woody
plants which follows clearing constitutes.a weed problem -
which will be familiar to. workers in-a number of fields..
While control measures may be basically similar, the - .
circumstances of each case often necessitate an 1nd1v1dual
approach to the determination of .the most efficient means -
of control, particularly with- respect to methods of :
application of herb101des.‘~ .

. In this. paper, the question of aerial appllcatlon
, of herblcldes is discussed as it applies to the control of-
regrowth of eucalypts and other woody species in exotic
pine plantatlon areas -in south-east Queensland, both as
part of an overall programme of weed control, and in
relation to: plantation establlshmcnt and . management pro-
cedures generally..z, - : ;

C o DEGCRIPTIOh OF THE AREA»'

co . Beerburrum State Forest 51tuated 40 miles north
of Brlsbane, is one of the pr1nc1pal areas in which exotic
pine plantations are being established, almost entirely of
~Pinus-el thtli Engelm., yal.. elllottll (Slash Plne)

: : The area forms part of the coastal lowlands
00151st1ng of gently rolling or low hilly country east of
the coastal ranges, with an elevation of 50 to 200 feet

above sea level. ~ Annual rainfall averages. 50-60 inches,

' most of this falling in late summer and- avtumn., - Soils

are lateritic podsols derived from Mesozoic sandstones,

- well drained in.the higher parts but interspersed with .
sSwanps. Plantation establishment is restrlcted to deep,
well-drained soils on the low rldges.-;

- . The native forest is characterlsed by . ﬁucalxgtu
: m;grantha D.C. (scrlbbly gum) as a dominant species.
Other species. of frequent occurrence- are Fucalyptus
. intermedia R.T.B. (red bloodwood); E. gummifera fGaert )
Hochr., (red bloodwood) E. trachxph101a F V.M. (brown
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bloodwood), .and Angophora woodsiana F.M. Bail., (smudgee).
Less common are Ruc. triantha Link, (white mahogany), E.
phacotricha Blakely & McKiec (white stringybark), E. = ..

ilularis om, (blackbutt), E, microcorys F.V.M. (tallow=
wood), E. drepanophylla F,V,M. (grey ironbark), E. resin-
ifera Sm, (red mahogany), Tristania conferta R. Bra =~ =~ -
{brish box), and T, suaveolens om. (swamp box). Wattles
fornm a prominent part of the understorpy,the principal
snecies being Acacia cunninghamiil Hook, Of less frequent
chu:rence are L, complanata A, cunn. and A, sulaeocarpa

e Cunno . . ' ' .. L o R

3. THE PROBLEMs

On arcas to be planted, the native forest is
felled and after 'a sultable drying period is burnt,
normally in November or December., Planting is then -
carried out during the.following winter., After the
burn, vigorous coppice develops from the stumps of
felled treecs and from previously suppressed lignotubers,
while wattle regenerates freely, particularly on areas
which have been cleared at some time in the past. These
weeds make very rapid initial growth as compared with
" the planted pines, and compéte strongly with them,
particularly in the first few years after planting,
until the pines are well established. For example, in
arcas where wattle regeneration is dense, the wattie
may .reach a height of 6 feet and still number many
thousands per acre after the first year while the pines
mnay be only 18 inches high at this stage. Fucalypt = .
coppice may not form such a dense canopy as wattley but -
its height growth is even more rapld, and furthermore it
is extremely persistent., .If wattle can be controlled |
until the pines have formed a closed canopy above it, its.
vigour is greatly reduced, and it is no longer a serious
problem. On the other hand, the ecucalypts and related
specied show no marked reduction in vigour, and even a
30 year old stand of pine may have as an understorsey up
to 1,000 stems per acre of persistent coppice, which,
although below the canopy of the forest crop, does in-
crease competition for available soil moisture, particu-
larly during the dry spring,jand_greatly'restricts
access for silvicultural, logging and fire protection
activities. . o - o '

It is clear that control of unwanted copbice
and regeneration is an essential part of plantation
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nanagement, particularly in the early. years to ensure
satisfactory establishment and development. Since the.
probleri can persist for the 1ife of the plantation, it

is desirable that control should be, if not. permanent,
at least effective for- relatively long periods.f

b, METHODS OF CONTROL: - .-
,(a) Mechanical .

' Mechanical control of woody plantation weeds
by hand cutting ("brushing") has been the standard method
for many years., Such a tending provides only. temporary
release of the pines from competition, and in a plant- -~
ation which 1is pruned and thinned, rmust be repeated
regularly in ordér to ‘establish and maintain pine domine .
ance, A typlcal tending programme would involve annual . |
brushing for the first four years followed by treatments.j
at two=yearly intervals up to ageée 10, Subsequent tend- . .
ings would be less regular and at 1onger intervals,
apolied ag dictated by individual circuristances.. -
Brushing 1s a costly opération, pqrticularly in the
initial tendings in dense wattle areas, where care is,
needed to avoid -damage to the smaller and less con-
soicuous ‘pines while the wattle 1is being remOVed,'

(b) Chenical

The’ develo riént of 2 4 S-T 1ed to the invostig-
ation of chemical methods of piantation weed control, .as
this offered the advantages of savings in tending costs,.‘
and better early development of pines in the absence of
competition. Even with annual brushing in the first
‘few years, regrowth is still actively competing with

_the pines for the greater part of the period between -
tendings. Since the presénce of. stumps..and logs on -
planting areas precludes .the use of power equipment,
all ground spraying has been carried out with knap-
sacks and this in turn has dictated the use of low. -
volume techniques. In this regard "low volune" implies
barely wetting the foliage, without run-off, .and re-
stricting the application to the individual stems of
the weed species., Such a technique results in the.
application of as a maxirmm 30 gallons per acre in dense
wattle, down to as low as 10 gallons per acre in relative—
ly scattered eucalypt copoice° : :

The results of early experiments in the use of
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2,%,5-T.in plantation tending may be summarised briefly

as followss=

(1)

(11)

“Virtually complete control of wattle can be

achieved with a foliage spray of 0.5% 2,l45=T

‘as. emulsifiable ester in water. This treat- -

ment is effective at any stage of development,

- but for greatest economy 'is applied as soon as

gernination is reasonably complete, this stage
usually being. recached two or three-months after
the burn, when most wattle seedlings are 6 -~ 9
inches in heigh%t. Thé cost of the chemical
treatnment is comparable with that for a single
brush tending, and since spraying normally
eliminates the need for further tending of

“wattle, the advantage of this method is

obviouss Further, as a result of the elimine
ation of the effects of wattle competition,
initial -development of the pines 1s more
rapid, to the extent of the equivalent of

up to a year's growth in the first three
years.. : : .

This treatment is now standard proced-

ure in exotic pine planting areas. By restric-
" ting spraying to those sections where wattle

regeneration is dense and would prove trouble-

~sone. later, it is possible to cover the whole

areca in a short time, using only a small gang
of men with knapsack sprayers, .

Most eucalypt coppice can be controlled effect-
ively with a foliage spray of 1% 2,4,5-T as
ermlsifiable ester in water. Following a burn
in November or December, the optirmm time of
treatment is in April-May, when coppice is

2 = 3 feet high.. Farlier applications are

‘less effective, while if treatment is delayed,

the coppilce becomes too tall for efficient
knapsack spraying, as well as requiring great-
er volumes for cormplete coverage. o

Most of the cormon species are readily
controlled, but tallowwood, red mahogany, and
grey ironbark are normally resistant, exhibit- -
ing only a partial kill of foliage followed .
by rapid recovery. Brush box and swamp box
are also resistant, despite the fact that the
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"initial kill of foliage is often complete = new
coppice shoots quickly develop, with no evidence
of -reduced vigour. Fortunately the resistant
 speciegs are of quite limited occurrence, and
.- generally do not have any marked influence on
" the overall level of control. ~While the results
-are inferior to those achieved with wattle, they
are sufficient to eliminate the need for the
. first brush ténding, and to reduce the cost of
- subsequent tendings. Spraying of eucalypt
‘coppice is more expensive than a single brush
tending, but normally shows an advantage after
_three years, -becauseé of reduced brushing costs.
. Howevery; only limited areas have been treated
by this method, largely because of ‘the diffi-
culties involved in spraying large areas by
" hand in the limited period available.

(iii) Persistent coppice in older plantations carn be
~dealt with by means of a cut stump on full treat-
nent, 2,4%,5-T amine salt in water being preferred
on the grounds of a lower cost and a slightly
better kill under local conditions, as compared.
with the ester in oil.  This treatment will
~control tallowwcod, red mahogany and ‘grey iron-

bark as well as the more susceptible species,
- but because of a number of factors associlated
with plantation establishment technique, it
-cannot be carried out conveniently before
about age 6, However, it is. a useful means of
- eliminating the survivors from a previous
“foliage spraying, or for controlling persistent
coppice in areas where no prior chemical
. treatment has beenh carried out.

"~ Brush box and swamp box are again highly
resistant. The control of these species is a
‘special problem which-requires a separate

© individual treatment. - ' '

5, ABERIAL APPLICATION:

. While it had been shown that satisfactory control
of eucalypt coppice could be achieved by means of a
2,4,5-T foliage spray prior to planting practical diffi-
cul%ies associated with ground spraying prevented the
adoption of this method as a routine practice over large
areas, - Aerial application of 2,4,5-T as 2 means of
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overcoming the lack of access on the ground, and of
covering large arcas in a short time, Had been con-
sidered for some years, but it was not until 1957
that it was possible to initiate work in this
direction. - :

The most important aspect of this investig=-
ation was obviously the control of eucalypt coppice,
since it could confidently be expected that any associ-
ated wattle, because of its greater susceptibility to
2,445=T, would be readily controlled by any treatment
which was effective on the eucalypts., However, there
were at that time considerable areas of one anavtwo
year old plantation in which extremely dense wattle
was virtually the only weed speciés, and the possi-
bility of selective control of wattie and liberation
of the pines by aerial spraying was also investigated,
concurrently with the work on ecucalypts. Rhese two
problens require somewhat different approaches, and
will be considered separately.

(a) Pre-gianting Control of Eucalzgfs

(i) 1957.- The first experiment was designed
purely as a screening trial, to provide
sorme indication of the prac%icability of
coppice control by aerial application,
and of likely rates of application necess-
ary for satisfactory results. In ground
spraying, good control of eucalypts had
been achieved with as little as 1 1b 2,l,5=T
per .acre, applied to the individual coppice
shoots, and it appeared safe to accept this
as a minimum quantity for acrial application,
while 4 1b per acre was considered to be a
probable upper limit on econonic grounds,.
Volumes of 3 and 6 gallons per acre were
"selected as covering the likely practical
range., 24%,5-T butyl ester in diesel dis-
tillate was used throughout the experiment,
the treatments beings-

A. distillate 3 g.Deas
B, distillate - 6 gaDels
Co 2,4,5-T 1 1bin 3 gePete
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- D;* 25#,5; 1 1b in: 6'g.pua.
E. 2,4,5-T 4% 1b in 3 geDete’
CFo. 2,%,5-T 4 1bin 6 geDoRe

e The'area solected for the exnerlmont
carriod typical eucalypt coppice for ‘the
area, ‘in terms:of .specles representation,
density, and developrent, ~ Two roplications

. of ‘the above treatments were laid out, the
. unit plot consisting of a single swath 30
chains Tong, - The centre lines of adjacent

. “plots were located 24 chains apart, to per=
. mit observations on effective swath ‘width,
- as indicated by both spray deposit cards
_'nnd by effects on the vegbtation. RS

A "Tiger Moth" aircraft; calibratcd to

deliver 3 geDo.8e wWas enoloyoa the 6 gallon
. treatments being applied as two runs in-

. opposite directions, Operatlons were:
‘carried out on June 20 when eucalypt ecoppice
had reached a height of 3= 8 feet, While
this was taller than desirable for ground
Spraylng, it was not considered disadvantage=
- ous for aerial application to have a grenter
lecaf area available for interception of spray.
A1l treatments were applied between 8 and 10
feNey wWeather conditions being fine and cloudy,
with air termperatures of 60~ 70°F and wind
specds of 1ess than 1 m.b.h. throughout.
501ght of flying was 12 = 15 feet ubove ground
evelo ’ '. '

Light rain fell w1thin an hour of the
completion of operations, and heavy showers
contimied for the- remainéer off the day.
However, from previous experience in ground
spraying with emulsifiable esters, it was
not considered that the rcsults would be
materially affected,

Some effects weré evident three weeks
after treatment. In the distillate controls,
the soft terminal shoots werc showing slight
contact effects, while in the 2,4,5-T treat-
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- ments,;-leavés -in the upper part of the crown
-had become discoloured and desiccation had
commenced. These effects were rmuch more
- pronoiinced in the 4:1b: = 6 gallon.treatments,

+ .-By four:months after treatment, the initial
. 'effects appeared to be complete. At this-
-stage, the distillate plots had fully re-

"covered; and no longer showed any evidence
. of “treatment,” In the 1-1b = .3 gallon plots -
only a few!stems were completely dead.- Most
had been killed back for several feet and

. .vigorous epicormic growth was developing

from below the dead: tissue. . Results in the

1 1b - 6 gallon treatments were only slight- -
.1y better. -Overall,’ the practical control of
eucalypt coppice achieved with 1 1b 2,4,5-T
per acre was quite negligible. A markea in-
provenent in ‘control was evident in:the 4 1b =
3 gallon plots, with many more stems killed
‘back completely, and fewer developing epil-
cornmic shoots,- while the 4 1b =6 gallon -
treatment was best of all with many stens

. completely dead anhd only occasional develop=

- ment” of epicormic and coppice shoots. . This
latter: treatment was comparable with a

ground application and alore showed promlse
of practical worth, e T .

Species susceptibility was of the sanme
- “order as that observed in ground spraying,
and in the W4 1b per acre -plots, the scattered
steris of tallowwood and red mahogany were
quite prominent because ‘of their almost
‘corpletely green crowns in the midst of gen~
~eral desiccation, There were no obvious
~differences in behaviour amongst the more
‘susceptible species, even in ‘the 1 1b per
acre treatments, any such differences being
- masked by varia%ions within species.

The spray deposit cards had indicated an
offective swath width of approximately 48
feety, with a reasonably uniforn droplet pat-
tern within the swath; .and very little of
the apnlied chenmical falling outside it.

This was also évident in the effects on
eucalypt coppice, desiccation being uniform
within the effective swath with quite sharp
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~boundaries nd nOfdiscernible‘results on either
w;SlQe. : . : : ,' '

A year after treqtment development of

' copvice on the area as'a whole neccessitated

the application of -a routine brush :tending.
At this stage, the .1 1b per acre plots were
no longer dlstinct from adjacent untreated

'-»qrees, but the 4 1b per acre plots particu-

| larly those at 6 g.p.a., could still be
‘clearly- distinguished, and control of coppice

was sufficlent to require a.light tendlng
only. . However, . regrowth following tending

- was. fairly uniforn over .the .whole area, and

a year later differences.: between treatments

L .and control were no longer pronounced,

C(11)

:1958 - The'early indications from the

- experiment:described above. were sufficient-
ly. promising: to wurrant further work :in the

h3aerial application of. 2, ,5-T to eucalypt

coppice, and a second experinent was laid
out for treatment in 1958, 1In order to.

. sirmlate large scale conditions rore closely

than with s1ng1e swath and to provide uni-

. formly -treated areas on which .costs of subw-

sequent tendings could: be. recordod a unit
nlot of % acres (10 chains x 4 chalns) was
ﬂdopted, ‘A rate of applicetion of 4 1b

ti. %5=T in 6 gep.a. was employed throughout,
as

his had proved most satisfeactory in the

“previous experiment, and higher rates were

ruled out on econonmlc grounds., However, a

comnparison was made of two runs of 3 geDoo

in opposite directions with single runs of
geDe2sy and of a distillate-water emlsion

.ccarrier with stralght dlstillate9 giv1ng four

treatmentss-

Ae W lb 2éh S-T in dlstlllato - single TUns

g.") 8o

B, AsS for A. - double runs of 3 g p.a. in
opposite dlrections., '

Co 4 1b 2,4,5-T in distlllate-water erilsion -
single Tuns of 6 g p.a. L
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""De - Ais for Co = déﬁbie funé'of 3 ZePoao in
- . ~opposite .directions. . . -
L ratio of ester : distillate : water

. of 1 ¢ .32 8 by volume was used for trecat-
- nents .C. and D. : S T

- The experimental area again carried a
typical development of coppice, although the

distribution of the less common Species was

somewhat. irregrlar. Brush box in particu= |

- lar: tended to occur in isolated dense -patches.

.‘Coppice: ranged from-2 to 5 feet in height at
-time of treatment. . S

.~ . The treatments were applied on June 24,
between 8.30 a,m. and 2 p.n. under fine sun=-
ny conditions, Air temperatures ranged fron
65 to 700F and wind speeds from less than

1 n.p.h. to occasional gusts: of 3 m.poh.

Initial results were excellent in all
plots, ruch better than would have-been
expec%ed from the single swath - the -
~nrevious year, and completely eliminating

the need for %ending-in 1959, Control of
the more susceptible species -~ scribbly
gur, bloodwoods, and.smdgee - was practic=-
- ally complete, and in this respect aerial
application was superior to normal ground
spraying. The resistant cucalypts - tallow-
wood, red mahogany, and grey ironbark - in
general suffered only a partial crown kill,
and after a period of reduced vigour have
- grown normally again. Brush box and swanp
box were killed back to ground level, but
“soon produced new coppice of normal vigour,

While the initial results appeared to
favour the use. of the distillate-water
carrier over straight distillate, later
detailed inspections have falled to reveal
any major differences between treatments,
However, the irregular distribution .of the
. resistant species conveys the irmpression
of quite marked differences on a oasual
inspection. For exarple,. in one plot in



(111)

53 - 12

which connice consisted almost entirely of the

more suscentible sweeies, control was virtually

comdlete, and. there is now no indication that
other than very light and infrequent tending will
be required in future. On the other hand, the
nreserce of brush box in an adjacent nlot at
first suggests that the results are inferior
until closcer examination reveals that controi of

suscentible snecies has been equally satisfac-
Sory. e T R AT

1959, - The 1958 experiment had shown that

excellent control of eucalynt connice could be

" achiéved by the aerial anplication of % 1b
2,4,5=T in 6 g.p.a.i but it was :not nossible to
c

~arrive at a clear n

, turc of the economics of

the operation with the information available.:

In order to make sound comparisons, a larger arca
was required on which reliable data for tending
costs could be -obtained, -and compared with those

'for curréent routine nractice. Accordingly, in

1959 an area of 57 acres was sclected for aerial
suraying as a cost trial, and an adjacent area

‘of similar copnice develonment retained un-

treated as a source of routine tending costs for
comharison. - The rate of apnlication in the
cost trial was 4 1b 2,4,5-T in 6 gallons dis-

" tillate-water ner acre in the ratio of 1:3:8,

as had been used the nrevious year. ~Application

-was made in single runs, the double .runs at 3

‘BeDoe2s ncot having mroved any more effective.

At the same time a series .of 0,5 acre nlots was
laid-out to compare various oil-water ratios

- and rates of apnlication. These weres=

Ae % Ib 2,%,5-T in 6 g.p.a. - ester-distillate

B. 4 1b.2,4,5-T in 6 g.po.a. - ester-distillate-

water feH.S:Q,S

Co % 1b'2,4,5-T in 6 g.wia. - ester-distillate-
water 1:1,5:9.5 :

Do % 1b 2,4,5-T in 6 g.p.a. = cster-wator

E. % 1b 2,%4,5-T in 12 g.n.a. - ester=water

"F. 31b 2,4,5-T in 6 g.v.a. - ester~distillate
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.3 1b 2,4,5-T in'6 geDoao: - ester-distillate-_
water f 3 12.; . A

, Thc 12 ZeDaolo treatm nt was included to
.. observe the effect on the more resistant
..eucalypts, while the 3 .1b per acre. treatments .
. were considered as a possible means of obtaining
: acceptable conoice control at reduced cost..

: Treatment was commenced on May 30 but un=
suitable weather conditions necessitate _

. suspension of operations until June 8-9, when

. the major nortion of the work was carried out.
. Temperatures on this occasion varied fronm 65 to

~ 75°F, and wind speeds of 1 to 3 m.p.h. - . Winds
were overall hieher than on previous occasions,

but as they were reasonably constant in sneed
and direction, no difficulties were- encountered,

: Results have again been uniformly . satis-"
- factory, and at 12 months after treatment it is
- Impossible to make any definite distinctions
,  between »nlots as regards overall control of
.coppice, although some differences may become -
evident later when regrowth is more -advanced.
The 3 1b ner acre treatments are particularly
~prormising, and if their nresent condition is
-maintained, it.appears that costs of treatment
can be substuntiqlly reduced. This  noint will
be further discussed at a 1eter stage. ,“

As Pcntloned above, at the tine of commencenent

of acrial suraying. experimentsy wattle was a serious
weed nroblem over considerable arcas of young pine

olantution, a legacy of :the-period before routine

- .hand spraying prior to elantlng was 1ntroduced, and
it was decided to investigate the possibility cf

selective control of wattle in such arcecas by aerial
application of 2,4,5-T, in conjunction with the other
aerial ooeratlons.q -The. tine of -treatment (winter)
secmed appropriate, as. the olnes were then: dormant

- and loss 1ikely to be 1n3ured by 2 g T.-

‘ In 1957 a sito was sclected in-an- area whlch

. had been. planted in 1956, the wattle being so dense

"' that ‘brushing was ‘necessary before nlanting.. = At
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‘the time of treatwvent, wattle was again 4-6 fect
high and comnlcetely overtonning the nines, which
averaged about 18 inches in height,

No data was availablc on the tolerance of slash
nine to 2,4,5-T under local conditions, but in view
of the high susceptibility of the wattle, the light-
st rate being used in the cucalypt control cxperi-
ment = 1 1b in 3 g.n.a. - was decided on. Treatment
“was confined to a single swath 10 chains long. To
provide further data on the tolerance of slash pine
~to 2,4,5-T, several small secticns were comletely
cleared of wattle so as to expose the pines fully to
the apnlied chemical, Snraying was carried out on
the same day as the eucalypt treatments (June 20),

This treatment gave good control of wattle,
sufficient to nrovide reasonably comnlete release of
the nines from commetition. Further evidence of the
high suscentibility of wattle was »rovided in the
cucalypt nlots, where excellent control of wattle
6-24 inches high was obtained at all rates of annli-
cation. - The treatment had ho noticeable effect on
the pines, which mede normal vigorous growth in the
snring. : o S - ‘

The results were. in fact sufficiently »Hromising
to warrant the establishment of a large-scale trial
in 1958 to obtain cost data for this operation and a
block of Y40 aeres of one year old nlantation, with
wattle develonnent similar to that of the Hrevious
year was selected. A rate of application of 14 1b
per acre was decided ony as it was considered that
this would give riore complete control of wattle,
without ruch danger of dariage to the vines. L volume
of 3 geD.a was retained, distillate again being used
- as carricr. Treatment was carried out on Junc 24
between 3 and 4 n.m, with an air termerature of 756F
and comnlete ahsence of wind, ' ‘

Subsequent calculations rcvealed that the volune
annlied was actually 3% gallons »er acre, cquivalent
to 12.1b 2,4,5-T per acrc. However, no damage to
pines was evident, Control of wattle was excellent,
over 90% being killed back to ground level. A
small prozortion of these eventually produced
conpice shocts, but these were not vigorous enough
to offer any competition to the now ranidly growing
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L n1nes. | Only a partial kill of wattle was achieved
" in a mumber of small, narticularly dense patches
but even here the ninés were effectively relcaseé

.. for 12 nonths, Howéver, some vigorous regrowth . -
~.-developed in thesé areas, necessitating & spot re-

'treatmcnt from ‘the’ ground to cvmnlete the job.L ,j-»

S Overall, thc-rcsults of thls treatment were
jcoraletely satisfactory, since over practically thc
" whole of tho¢ area, the pines. ‘had been cermanently
'»g@rreleased, and the’ wattle, if mot comletely '
- eradlcrted, at least controlled to the extcnt that
it was no 1onger a nroblem._i' I

Costs of thc oaeratlon per acre wcrc°

}5_Mat rials e _V-j.f"_7'i'ﬁ' fg;]'; vf“'Tl 394_6f€"
Flying - 1 _'*,ﬂ,,"‘*7 T 150
Labour (M1x1ng, Markers) o | f':_: l1d :
.In01dcntals (Truck Hire ctc ) 1Ll:z.t i

_ Total e 5587

 This cost is ﬂuch less than that for two brush
tendings in wattle of this de >nsity, and in. ‘addition

:3; the more rapid’ dcvclonwcnt of the .nines in the‘

absence of competition leaves little réom.for doubt'
as to the economic advantages of aerlal contrcl of
;wattle in ;such are as.;n ,

In 1959 thc remainlng dense wattlc arcas were

-f treated in the same fashion. Control of wattle was

again excellent,. ‘but on this occasion a considerable
nronortion of the »ninés suffered desiccation of

. . neédles. and partial defoliation to varying. degrées.

The .damage could not be. correlatcd with flying

- direction or degreec of exposure, and anpeared to be
a function of the physiological state of individual
vlants., The nines wcre two years . old at the time
of treatment and it would be cxpected that their
general physiological actlvity would be greater than
~that of cne year old stock. .In addition, weather
~conditions had been umisually mild up to the time of
treatment and dormancy may not have been comnlete,
However, all the nines made normal growth in ‘the
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‘.- soring, and soon showed nc -signs. of orevious. injury.
. - Binilar effects are apnarently-not uncommon in the
. United:States (Ray, 1958). - -~ . .- .

. In this. regard it is interesting to note the
~response 'of slash nine to 2,4,5-T during a period of
active growth. Ground spraying of a few small corners
which could:not be treated -from the air was carried out
~ in Octobery 1959 in an effort to eliminate the remaining
wattle, using‘O;S% 244,5-T ester in water at about 30
ZoPe8ey approximately the same amount of active ingredi-
ent as 'in the nrevious aerial application, . ‘Severe dis-
tortion and malformation of soft growing 'shoots was
evident within a week of treatment on over 75% of the
pines., In further contrast to the winter application,
there ‘was little desiceation or defoliation. Effects
were restricted to the soft growth present at the tinme
of treatment, and the next burst of growth (in December)
was quite normal. However, the 2,4,5-T effects remaln as
permanent stem defeets of a serious nature. :

6. DISCUSSION:

_ " Experiments carried out over threc successive

- winters have established that the cormon woody weeds in
exotic pine plantations in south-cast Qucensland can be
satisfactorily controlled by aerial application of 2,4,9-T,
and it is now necessary to consider the economics of this
treatment, &s compared with alternatlive control methods,
and in relatlon to the place of weed control in planta-

tion managenent as a whole, -

The question of waftle control is relatively
simples In one or two year->l1d plantations, aerial
spraying gives effective control of dense wattle at a

- cost which is undoubtedly economic. However, the current

bractice in new areas of ground sSpraying prior to plant-
ing, which is equally effective in controlling wattle,
is not only cheaper, but also ensures freedom from com-
petition for the pines from the time of planting, and
so is to be nreferred as a control method under normal
clrcunstances. 1In addition, if pre-planting control of
eucalypts is carried out, any wattle present will be
adequately controlled at the same time, and so can be
virtually ignored -as a weed problem. Thus aerial control
of wattle, under the conditions describa:d here, may be
regarded as a means of dealing with an existing problen
rather thah a regular part of a weed control programne.

1
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- - On the other hand, the econonmics of eucalypt
control by aecrial spraying are by no means clear at the
present stage., The cost of applying 4 1b 2,4,5-T in
6 gopeas. to the 57 acre block treated in 1959 was
£5,12.0 per acre, made up of:-

Maﬁerials - £4, 8. 1

Flying o £1, 0., O
Labour - 3. 3
:Incidentals | o 8.

This expenditure must be justified in terms of
the elimination of pre-planting wattle control, and re=
duction in the number and cost of subséquent tendings,
up to the completion of the first 2,4,5-T cut stump
treatment, after which the overall coppice position:
should be mich the same as in areas treated by
present routine methods., This stage would be norm=-
ally about 6 ycars after planting, although in the
case of aerial spraying, because of the rmch small-
er number cf coppice stems present after the initial
treatment, it may be possible to allow the individual
stems to reach a larger size before tending is
essential, thus permitting the application of the
cut stump treatment to younger stands. :

What information is available on the costs
of tending following pre-planting coppice control by
ground spraying suggests that there would be little
or no economic advantage in aerial spraying on the
basis set out above, While this needs further
consideration in the light of tending costs on
arcas that have actually been treated from the air
a reduction in the cost of aerial application woula
%@mediately make it a much more attractive proposi-

ion.

Flying charges would be lower in large-
scale opecrations, but 2,4,5-T forms the major iten
of expenditure, and here lies the most promising
averme for cos% reductions. 4% 1b per acre certainly
gives excellent control of the susceptible species
which constitute the major part of the copnice
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population, but at present 3 1b per acre is controlling
these species equally well, and even the 12 1b per acre
used 1n spreying wattle has proved surprisingly effect-
ive on the nore susceptible of. the scattered eucalypts
present in these areas., In addition, Y 1b per acre is
no more effective than 3 1b per acre in controlling the
resistant species - tallowwood, red mahogany, grey
ironbark, and brush box - which will constitute the

bulk of-%he coppice to be dealt with at future tend=-
1ngS ° ' '

It seens, then, that the optirum rate of
applicationy which gives minirmum total tending costs
for the first 6 years after planting, is less than

1b per acre, and possibly even less than 3 1b per acre,
The further work needed to determine this exactly is
certainly warranted, since it is likely that this rate
would show a. substantial direct cost advantage over
present methods of control. A further point to he cone-
-sidered in relation to the ecconomics of aerial spraying
is that labour costs form a negligible proportion of
the total, so that over-hcads are correspondingly re-
duced as compared with other methods of coppice control.

The conditions which determine the econonics
of aerial application of 2,4,5-T, as in any type of
weed control, are a function of %he particular land
use involved. In the case described in this paper, °
coppice control is a matter of urgency in the early
years, to ensure satisfactory pine establishment, and
regrowth cannot be allowed to develop unchecked for
long periods. Unless pre-planting control is virtu-
ally complete, a programmec of regular brushing is
necessary until the pines’ are sufficiently advanced
to allow the coppice to reach a sige where a cut stump
treatment bhecomes practicable. However, with increcas-
ing age, the pines are able to control %he site to the
extent that coppice, while still perhaps a problemy is
no longer a very urgent one, and this latter condition
will apply for the greater part of the life of the
stand. In other types of land use, the standards of
coppice control considered desirabie may necessitate a
sonewhat different apnroach to the question of aerial
application of herbicides., However, from the work
described here, it is evident that the results of -
ground spraying will provide a guide to the results
to be expected from acrial apnlication. In this regard,
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the species present, their relative frequency, and
susceptibility to 2,4,5-T are of primary importance.
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