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SUMMARY

The e f fec t i veness  o f  severa l  p re-  and pos t -emergent
herb ic ides  was tes ted  on  nursery  beds  in  so f tnood
(P inus  rad ia ta  D.  Don)  and hardwood lEucaJVpxus
d i v e r s i c o T o r  F .  M u e l l , )  n u r s e r i e s .  I n  b o t h  n u r s e r i e s
pre-emergent  herb ic ides  l re re  lhe  more  e f fec t i ve  in
cont ro l l j .ng  weeds.  They  a lso  had no  severe  adverse
ef fec t  on  the  l ree  seed l ings ,  espec ia l l y  in  the
sof twood nursery .

The nos t  e f fec t i ve  p re-emergent  herb ic ide  in  bo th
nurser ies  was n i t ro fen ,  wh i ls t  p ropaz ine  was a lso
ef fec t i ve  in  the  so f twood nurserv  and d iphenan id  in
the  hardwood nursery .



INTRODUCTION

The Forests Departnent  of  Western
Australia operates ti ' i 'o nurseries in the
lower south-west  of  western Austra l ia ,
which produce open-rooted stock for field
p lant ings.  One at  Nannup ra ises
approxirnately two million radiata pine
lPinus radiaXa D.  Don) seedl ings annual ly '

a n d  t h e  o t h e r ,  a t  M a n j i n u p ,  r a i s e s
approximate ly  three mi l l ion karr i
(Eucaigptus d ivers icoTor F.  Muel l .  )
seedl ings annual ly .

In  both nurser ies weed contro l  measures
are necessaly .  The vreed species,  i f  le f t
unt reated,  compete wi th the t ree
seedl ings for  nois ture,  nutr ients  and
growing space (swarbr ick,  1976) ,  and th is
can cause reduced growth,  lack of  v igour
and death.  I t  is  a lso more d i f f icu l t  to
t i f t  the seedl ings in  preparat ion for
t , l q r r L r r r v  v u  ! .

Dif ferent  herb ic ides are ef fect ive in
contro l l ing d i f ferent  types of  weeds.
crop p lant  to lerance of  the var ious
herb ic ides a lso var ies considerably .

In  the hardwood nursery,  l inuron (o '7
k g . h a - l  a c t i v e  i n g r e d i e n t ,  a . i . )  i s
current ly  used as a Pre-energent  herb ic ide
and no post-emergent  herb ic ide is  appl ied.
In the sof twood nursery,  propazine (1.1
k g . h a - l  a . i . )  j . s  u s e d  a s  a  p r e - e n e r g e n t
h e r b i c i d e  a n d  n i t r o f e n  ( 9 ' o  k 9 ' h a - r  a . i .  )
as a posl -emergent  herb ic ide.  (Simazine
vras former ly  used as a pre-emergent
herb ic ide in  the sof twood nursery but .  i ts
use has been d iscont inued.  I ts  long
res idual  l i fe  in  the soi l  (swain,  197o)
has been detrimental- to pines, and the
weed population now consists of sPecies
that  to lerate i t .  )  In  both nurser ies the
pre-emergent  herb ic ides are appl  ied
i runediate ly  af ter  seeding.

Many researchers have studied the
effects of herbicides in both softwood
and hardvrood forest  nurser ies wi th the
aim of  c lar i fy ing crop p lant  and weed
responses so that effective herbicide
regi rnes can be prescr ibed.

Kur th and Van Dorsser  (1969)  '  for
example.  s tudying three pre-emergent
herb ic ides,  found that  propazine and
chlor thal  were ef fect ive for  use wi th
P.  radiata,  and that  the t ree seedl ings
could tolerate very high aPplication rates

( 3 . 4  k g . h a - I  a . i . ) .  H o w e v e r ,  n e i t h e r
could be used on E.  deLegatensis  R.T.  Bak. i
on ly  l inuron vras sat is factory hr i th  th is
species.  Propazine was most  ef fect ive ly
used to control broad-leaved weeds,
whi le  annual  grasses were bet ter
contro l led wi th tbe use of  ch lor thal .

van Dorsser  ( I97I )  observed that
lodgepole p ine (P.  contor ta Dougl .  var .
fa t i foTia wats.  )  was suscept ib le to
appl icat ions of  pre-emergent  herb ic ides,
wi th the except ion of  ch lor thal .
c h l o r a m b e n  ( 5  . 6  k g . h a - '  a . i . )  a n d
n i t r o f e n  ( 5 . o  k 9 . h a - '  a . i .  )  s h o w e d
potential for use as post-energent
herbicides with Douglas fir (PseudotseuEra
nenzies i i  (Mirbel )  Franco)  r  whi ls t
n i t ro fen vras the only  post-energent
herb ic ide amongst  those tested that  d id
not affect lodgepole pine seedli.ngs
adversely .

The res idual  e f fects  of  herb ic ides
could determine thei r  fu ture use in
forest  nurser ies '  However ,  i r r igat ion
and cul t ivat ion before and af ter  crop
removal  increase the act iv i ty  of  so i l
micro-organ i  sms,  the most  inpor tant
deact ivat ing agents for  herb ic ides,  by
increasing soi l  moisture and aerat ion
(Swain,  1970)  .  They could therefore be
usefu l  in  min imiz ing the res idual
ef fect  o f  herb ic ides.

The t r ia ls  repor ted here exarn ined the
weed contro l  proper t ies and the ef fect  on
tree seedl ings of  a  wide range of  pre-
and post-emergent  herb ic ides.  Many had not
been used before in  Western Austra l ian
forest  nurser ies.  Recomnendat ions for
future prescr ip t ions are presented.

I. SOFTWOOD NURSERY

METHOD
Tr ia1 p lots  were 30 n long and 1.2 rn

wide ( the normal  h ' id th of  a  nursery bed) .
Each contained six rows of P. -radiata
seedl ings.

The pre-emergent  herb ic ides tested
in the sof twood nursery were n i t ro fen
( t rade name "Tok E-25")  'd iphenamid
( " E n i d e  5 0 " )  a n d  p r o p a z i n e  ( " G e s a r n i l " ) .

The post-emergent herbicides tested vJere
ni t rofen.  g l lp t losate ( "Round-up")  and a
mixture of terbuthylazine and terbumeton
(  "Caragard"  )  .



The herb ic ides  were  aPPl ied  w i th  a

logar i thmic  sprayer  (F ig .  f )  .  Th is

mach ine  app l ies  a  cont inua l l y  decreasrng

amount  o f  herb ic ide  across  a  p lo t  so  tha t

a  w ide  range o f  app l i ca t ion  ra tes  can be

tes ted .  Us ing  a  known in i t ia l  app l i ca t ion

ra te ,  the  e f fec t i ve  app l i ca t ion  ra te  a t

any  p lace  w i th in  the  p to t  can  then be

ca lcu ta ted .  The logar i thmic  sprayer  wag

used in  these t r ia ls  because i t  obv ia tes

the  necess i ty  fo r  a  g rea t  number  o f

r e p l i c a t i o n s .

The logar i thmic  sprayer  aPPl  ied

138 1 .ha- l  o f  herb ic ide  per  p lo t  th rough
"T je l '  nozzLes ,  ab  a  t rave l l ing  speed o f

60  m. rn in - r .  The t rave l l ing  speed was
tirned by pacing one-metre steps along a

marked tape,  to  a  one-second pu lse .

! ' IGURE I :  The logar i thn ic  sprayer  used to apply  a consis tent ly  decreasing amount  of
herb ic ide across the t r ia l  p lo ts

TABLE I

A p p l i c a t i o n  r a t e s  ( k g . h a - r  a . i . ;  o f  h e r b i c i d e s
app l ied  to  so f twood nursery  p lo ts

Eerbi .c ide I  a . 1 . I n i t i a l  r a t e

l o .  9 t
IO  .26

3 . 7 3

r 6 . 7 8
o . 6 7
3 . 7 3

Fina l  ra te

Nit rofen 2 5
50
50

1 . 9 0
1 . 3 0
o . 0 9

2 . I 8
o . 0 9
o . o 9

Pre-
erne rgent

Post-

D j.phenamid

Propaz  ine

Ni t ro fen
Glyphosate

2 5
3 6
50emergent  Ter  bu  thy la  z  i  ne-

terbuneton



There  were  two rep l i ca t ions  fo r  each
pre-emergent  herb ic ide  and one rep l i ca t i .on
for  each pos t -emergent  herb ic ide .  Tab le  1
shows the  in i t ia l  and f ina l  app l i ca t ion
ra tes  across  the  p lo t  fo r  each herb ic ide .
Some pre l im inary  screen ing  h?as  car r ied  ou t
to  de termine the  most  l i ke ly  range o f
e f fec t i ve  app l i ca t ion  ra tes  fo r  each
herb ic ide .  There  were  no  cont ro l  p lo ts
because sorne  degree o f  weed suppress ion  is
cons idered necessary .

The pre-emergent  herb ic ides  were
applied when the pine seed was solrn in mid-
oc tober ,  n ine  nonths  pr io r  to  p lan t ing  ou t
the  seed l ings ,  The pos t -emergent
herb ic ides  were  app l ied  55  days  a f te r
sowing ,  when germinat ion  o f  the  p ine
seed l ings  was comple ted .

Ef fec t i veness  was assessed lo l  days
af te r  appL ica t ion  fo r  the  pre-emergent
herb ic ides  and 52  days  a f te r  app l i ca t ion
for  the  pos t -emergents ,  F rom the
in i t ia t ion  po in t  o f  each p1ot ,  where

app l ica t ion  ra tes  rnere  h ighes t ,  the
distance to where each vreed species was no
longer controlled was measured. This t1'as
genera l l y  taken as  the  po in t  a t  wh ich
cornpet i t ion  became adverse  to  the  p ines .
The app l ica t ion  ra te  o f  the  herb ic ide  a t
th is  po in t  was  then ca lcu la ted  fo r  each
weed spec ies .

S ince  none o f  the  herb ic ides  damaged
the p ine  seed l ings ,  no  assessment  o f  the
seed l ings  was under taken.

RESULTS
Table 2 shows the conparative

ef fect iveness of  pre-  and post-emergent
herb ic ides,  ind icat ing for  each the
appl icat ion rate at  l rh ich weed contro l
was ef fect ive wi thout  damage to the p ine
seedl ings.  Also inc luded is  a cost  per
hectare (chenicals  only)  for  spray ing at
t h e s e  r a t e s  i n  1 9 7 9 .

Ni t rofen and propazine were the two
most  successfu l  pre-emergent  herb ic ides.

TABLE 2

Ef fec t i ve  ra tes  o f  app l i ca t ion ,  cos t  and e f fec t i veness  ln
cont ro l l ing  weeds fo r  p re-  and posL-energent  herb ic ides

in  the  so f twood nurserv  t r i .a1

H e r b i c i d e

Ni t ro fen

Diphenanid

Ni  t ro fen

u r y P r r u > q  L s

Terbuthy laz ine-
te rbumeton

I n i t i a l
r  a te

1 k g . h a - l  a .

Ef fect ive

( k 9 . b a - '  a .  i ,  )

3 . 8 6

4  . 4 6

Cost,/ha
1979

( $  A u s t  '  )

9 6 . 9 5

1 1 8  .  1 3

Weeds not
controlled

. i \

P r e -
ernergent

emergent

1 0 . 9 1

I O . 2 6

3 . 7 3

1 6 , 7 8

o  , 6 1

3 . 7 3

o .  0 9

1 0 . 5 0

o . 2 4

1 , 8 6

1 * .  8 ,  t t ,  t 2

I ,  4 ,  5 ,  8 ,  T L ,
L 2

I r  I I r  I J

2 6 4 . 2 0  6 t  7 , 8 , 9 ,
lo

L 2 . 2 5  6 ,  7 ,  8 ,  9 ,  L L

2 2 . 2 0  2

*Key  to  weed sPec ies

l. Cgnodon dactg fon
2. ConvoTvuJus arvensis
3. Arctotheca caTendufa
. ,  .  cQ ' l . l t tu lu  11 !9L  a tu

5. ?TichocJ-ine spathuTatun

6.  Anaga l l i s  a rvens is
'l 

. Rumex aceXoseLla
B. Sonchus ofexaceus
9.  Lo tus  nanot

lo. conzga bonatiensis

IL .  Echinochloa crusgaLf i
!2. Trifoliun subterraneun
r J .  u t g t L d L t 4  > a l l v u t t ! 4 t t r



Nei tber  af fected the gern inat ion and
growth of  p ine seedl ings,  even at  the i r
h ighest  rates of  appl icat ion.  Whi le
propazine is nuch cheaper to apply for
sat is factory weed contro l ,  i t  was not
effective in controlling EchinochLoa
crusgaffi, Cqnodon dacxgTon and Digjtatja
sanguinalis, a1I sunmer-growing grass
species.  Ni t rofen,  however ,  was capable
of  ef fect ive ly  contro l l ing D.  sanguina-L is ,
and gave l in i ted contro l  over  the other
spec] 'es.

Of  the post-emergent  herb ic ides '
terbu thylaz ine -terbume ton and nj.trofen
proved to be the nost effective.
Glyphosate was not  to ta l ly  ef fect ive
wi th in the range of  appl icat ions tested,
but to increase the application rate
would probably result in damage to the
pine seedl ings ( increased appl icat ion rates

f glyphosate had been observed to danage
P. radiata seedl ings in  pre l iminary
t r  ia ls  /  .

Ni t ro fen destroyed E.  crusga-ZJi  a t  a l l
appl - icat ion rates across the p lot .
Terbu thylaz ine-terbumeton was the most
ef fect ive in  conLro l l ing the broad
spectrum of  weedsi  however ,  i t  can contro l
E,  crusgal l i  e f fect ive ly  only  i f  i t  is
sprayed immediate ly  af ter  emergence.  I t
was observed to cause sone damage to pine
s e e d l i n g s  a t  8  k g . h a - r  a . i .  i n  p r e l i m i n a r y
f ie ld  t r  ia ls .

2. HARDWOOD NURSERY

METHOD

Tr ia l  p lo ts  l r 'e re  the  same s ize  as
chose in  the  so f twood nursery  (3o  x  I .2  m)  ,

and each contained six rows of
E.  d ivers icoJ-or  seedl ings.

The pre-emergent herbicides tested
were n i t ro fen ( "Tok E-25") ,  d iphenanid
( " E n i d e  5 0 " ) .  p r o p a z i n e  ( " G e s a m i l " )  a n d

chlor thal  ( "Dacthal" )  .  They \aere appl ied
at the time of sowing in January (mid-
sumner) .  The post-emergent  herb ic ides used
were n i t ro fen '  g lyphosate ( "Round-up") ,  a
mixture of terbuthylazine and lerbuneton
("Caragard") ,  and nonosodium methylarsonate
(MSI4A )  ( "Daconate 8") .  They were appl ied
30 days af ter  the pre-energent  herb ic ides,
lvhen the kal r i  seedl ings vrere at  the s ix-
leaf  s tage (approx imate ly  5 cm ta l l )  r  th is
is because eucalypts are more prone than
pine seedl ings (Swarbr ick,  1976)  to
damage by the herb ic ides used in  th is
t r ia l ,  l th ich are la f ,ge ly  for  the contro l
of  broad- leaved weed species.

There were two replications for eacb
herbic ide and contro l  t reatment .  The
logar i thmic sprayer  was used'  as in  the
sof twood nursery,  to  d is t r ibute the
herb ic ide at  a  s teadi ly  decreasing rate
across the plots. Table 3 shows the
in i t ia l  and f ina l  appl icat ion rates for
each herb ic ide.

The assessment  techniques d i  f  fered
from those used for Lhe pines because,
while weed conlrol was regarded as the
pr ime object ive in  the sof twood nursery,
the ef fect  o f  the herb ic ides on the t ree
species was the nost important factor in
the hard\ , r 'ood nursery.  Here,  seedl ing
counts vrere regarded as a better
ind icat ion of  t reatnent  success than a
v isual  assessnent  of  weed or  t ree

TABLE 3

Appt icat ion rates (kg.ha-r
applied to hardwood

a . i . )  o f  h e r b i c i d e s
h ' r r c 6 r u  h l  ^ 1 - .

Herb ic ide g  a . i .

2 5

50
7 5

2 5
3 6

80

r n l t 1a_L rate Fi.nal rate

Pre-
emergent

Ni t rofen
Diphenamid
Propaz]'ne
chlor thal

Ni t rofen
clyphosate
Te!buthy laz ine-

terbumeton
MSMA

t 4  . 9 1
LO.26

3 . 7 3
L 4  . 7 8

1 6  . 7 8
o . 6 7
3 . 1 3

1 . 9 0
r . 3 0
o . 0 9
' I  

?O

o .09
o .09

o .09

Post-
emer9enc



seedl ing growth.

Each 30 m plot had seven I n sub-plots
located along it at a 5 n spacing from the
beginning of  the p lot .  In  each sub-p1ot
the number of tree seedlings per row and
thei . r  top height  (assessed as the mean
doninant height) were recorded two nonths
after the application of the pre-emergent
herbicides and one nonth after the
appl icat ion of  the post-emergent  herb ic ides.
In addition, the presence and abundance of
weed species were recorded on a subject ive
scale of  ground cover  ranging f rom O
(ni l  cover ,  i .e .  to ta l  r , reed contro l )  to  5
( tota l  weed cover)  ,  a  va lue of  I  (2  weeds
per  row,  s l ight  occurrence)  being regarded
as ef fect ive weed contro l .  This  f igure
is the equivalent of 30 smal1 weeds per
square netre of  nursery bed.  At  th is
densi ty  of  weed growth karr i  development
and growth are not  ser iously  inh ib i ted,
Each weed species was ident i f ied,  and a
point in the plot rrhere control ceased to
be ef fect ive was assessed ( i .e .  where
weed cover exceeded 1 on the subiective
scale )  .

Height  was once more assessed three
nonths af ler  t reatment  in  the p lots  t reaLed
wi th the two most  ef fect ive pre-emergent
herb ic ides.  This  was necessary because
some di f ferences in  height  growth had
become obvious between the treatments.

RESULTS
Karr i  surv iva l ,  conpared wi th the

opt imum stock ing for  karr i  nursery beds
(23 seedl ings per  metre)  ,  is  shown for

pre-  and post-emergent  herb ic ides in
Figures 2A and 28 respect ive ly .  (The
figures show mean results for the two
repl icat ions.  )

Of  the pre-emergents,  on ly  propazine
signi f icant ly  reduced karr i  seedl ing
gern inat ion and surv j .va l .  OnIy at
a p p l i c a t i o n  r a t e s  b e l o w  O . 5  k g . h a - r  a . i .
d id  propazine a l low an adequate karr i
stocking r all other pre-emergent
herb ic ides tested gave acceptable karr i
surv iva l  ra tes.

The poor stocking in sections of the
contro l  (untreated)  p lot  was caused by
extrene competition from Runex aceXoseTl"a
and Chenopodiun puniTo, both of which
create a dense ground cover .

Of  the post-emergent  herb ic ides,
ler bu thylaz ine-terbuneton gave unsatisfactorlt
karr i  surv iva l .  The anomalous surv iva l
figure for the first sub-plot (O-l m along
the plot) vras caused by complete survival
in  an outs ide row of  the bedr  the other
five rows in the plot contained very few
seedlings. This may have been due to a
sprayer  rnal funct ion or  to  a l ight  wind,
causing the herb ic ide to dr i f t  despi te  the
plast ic  sh ie ld surrounding the spray.

Glyphosate produced acceptable karr i
surv iva l  on ly  below an appl icat ion rate of
O . 1 2  k g . h a - r  a . i .  N i t r o f e n  h a d  o n l y
min inal  e f fects  on karr i  surv iva l  a t
a p p l i . c a t i o n  r a t e s  a b o v e  8 . 9 1  k 9 . h a - l  a . i . ,
and MSMA produced only marginal survival
a b o v e  a n  a p p l i c a t i o n  r a t e  o f  O . 9 8  k g . h a - I

Tables 4A and 48 conta in karr i  he ight
growth data for both pre- and post-emergent
herb ic ide t reatments.

T f  ^ n n a A t " q  f h ^ l -  f h a  h r a - a m a r d 6 h +

herbic ides,  whi le  producing h igher  ka l r i
surv iva l  ra tes (F igs 2A and 28) ,  a lso tend
to produce ta l ler  seedl ings,  Of  the pre-
energent  herb ic ides n i t ro fen seems to a lLow
the greatest  height  growth at  most  rates of
appl icat ion.  When used as a post-energent ,
however ,  i t  seems to have an inh ib i t ing
ef fect  on height  growth,  a l though not  to
the same extent as glyphosate or
terbu thylaz ine-terbume ton .

The smal l  s ize of  the seedl ings in
sect ions of  the contro l  t reatnent  is  due
to weed competition.

The two herbicides to shovr greatest
promise for weed conlrol hrere nitrofen
(used as a pre-emergen!)  and d iphenamid,

The resul ts  of  the second height  growth
assessnent ,  carr ied out  on these p lots
three months af ter  spray ing,  are g iven in
Table 5 (data for  the two repl icat ions
have been averaged ) .

Diphenamid inh ib i ted karr i  he igh!
gro\a'th significantly three months after
appl icat ion.  At  three of  the appl icat ion
rates there were s igni f icant  growth
di f ferences (p < O.O5) between the two
herbic ide t reatments.  At  a l l  o ther
appl icat ion rates,  the nean dominant
heights in  the n i t ro fen t reatment  exceeded
those in the diphenamid treatments.
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FIGURE 2A: Karri seedling
surv iva l  I  weeks af ter
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Herb ic ide

Distance along bed (m)

o-I 5-6 10-L1 15-16 20-2L 25-26 29-30

Nit rofen

Diphenamid

Propazine

Chlor thal

Contro l

4 . 5

4

4

?

6

i

o

4

6

5

TABLE 4A

Mean dominant height of karri seedlings (cm) two nonths
af ter  pre-emergent  herb ic ide appl - icat ion

TABLE 48

Mean dominant  he igh t  o f  kar r i  seed l ings  (cn)  one month
af te r  pos t -emergent  herb ic ide  t rea tment

TABLE 5

Mean height growth of karri seedlings on plots sprayed vrith nitrofen
(pre-energent)  and d iphenamid,  three monlhs af ter  l reatmen!

Herb ic ide Distance a long
bed (m)

Application
rate

( K g . n a ' a , r . )

Mean dominant
height  (cm)

Ni  t ro fen

Diphenamid

5-6
10-1I
t5-15

2 5 - 2 6
29 -30

5 - 6
to-11
I5-16

2 s - 2 6
29-30

1 4  . 9 I
1 o  , 4 9

7  . 3 9
5  . 1 9

2 -57
'I On

LO.26
' t  .2L
5 . 0 8
J . J /

t  F t

L . 7 7
1 . 3 0

9 . 2 9  !  2 . O 5 *
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The results of the assessnent of r,reed ptots, aI1 the pre*emergent herbicides
control effectiveness, based on the offered a good degree of weed control.
subjective assessment scale of I to 5, are ProPazine was the most effective of the
given in Figures 3A (pre-energent pre-emergents as it gave satisfactory
herbicides) and 38 (post-emergent weed control at an application rate of
h e r b i c i d e s ) ,  O . 9  k g . h a - r  a . i ,  ( a p p r o x i m a t e l y  $ 1 1 . 5 0  p e r

hectare,  I9?9) ;  however ,  i t  caused severe
When conpared to the control (untreateC) karri mortality (Fig. 2A) . Chlorthal was

FIGURE 3Ai Pre-emergent
herbicide weed control
in the hardrrood nursery.
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FIGURE 383 Post-energent
herbicide weed control
in the hardwood nursery
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only sat is factory at  appl icat ion rates
h i g h e r  t h a n  7 , 3  k g . h a - '  a . i . ,  w h i l e
d iphenamid raras sat is factory at
a p p l i c a t i o n  r a t e s  a b o v e  2 . 7  k g ' h a - '  a . i .
Both of these herbicides appeared to have
no detr imenta l  e f fecLs on karr i  qerminat ion
a n d  s u r v i v a l .

cenera lLy,  the post-emergent
herb ic ides gave less ef fect ive weed
contro l  than the pre-emergent  herb ic ides.
only terbuthylazine-turbuneton hras
ef fect ive at  most  appl icat ion ratest
neither MSMA nor glyphosate showed
ef fect ive weed contro l  a t  any appl icat ion
rate.  Ni t rofen showed sat is factory
contro l  o f  monocoty ledonou s species at
a p p l i c a t i o n  r a t e s  a b o v e  2 . 1 1  k g . h a - l  a . i . ,
a l though i ts  ef fect iveness as a post-
emergent  herb ic ide is  in fer ior  to  that  when
i t  is  used as a pre-energent .

DISCUSSION
weed ccntro l  in  both nurser ies was best

achieved us ing pre-energent  herb ic ides.
In the softwood nursery none of the
herb ic ides af fected the P.  radiata
seedl ings at  any of  the appl icat ion rates.
The most  ef fect ive and least  cost ly
herb ic j .de appl icat ion would be a pre-
emergent  appl i .cat ion of  propazine at
O . 4 9  k 9 . h a - r  a . i ,  ( $ 6 , 8 0  p e r  h e c t a r e ,  1 9 7 9 ) .
Al ternat ive ly ,  n i t ro fen at  a  rate of
3 . 8 6  k g . h a - l  a . i .  c o u l d  b e  u s e d .  b u t  t h i s
vrould be nuch more expensive ($96.95 per
h e c t a r e ,  1 9 7 9 ) ,  N e i t h e r  o f  t h e s e
prescr ip t ions wi  1I  complete ly  contro l
cgnodon dacxgfon,  a perennia l  weed species,
or Echinochfoa crusgafTi, However, most
other weed species are adequately
contro l led by these pre-emergent  herb ic ides.

Post-energent  herb ic ides in  the
sof twood nursery were not  as successfu l  as
the pre-emergents in  contro l l ing weeds.
H o w e v e r ,  g 1 ! ' p h o s a t e  a t  O . 2  k g . h a - l a . i . ,
terbu thy laz ine - terburne ton at  I .86 kg.ha- l
a . i . ,  a n d  n i t r o f e n  a t  t o , 5 0  k g . h a - ]  a . i .
prov ide par t ia l  weed contro l .

In  the hardwood nursery,  most  of  the
pre-emergents controlled vreeds effectiveLy,
Lotus ninor being a rnajor exception.
However,  severa l  o f  Lhe herb ic ides a lso
severe ly  af fected the germinat ion and
surv iva l  o f  the karr i  seedl ings.  Only
ni t ro fen and d iphenanid at  aLl  ra tes
t e s t e d  d i d  n o t  a f f e c t  k a r r i .

Except for nitrofen, the post-emergen!
herb ic ides decreased karr i  surv iva l  be lo\ {
the requi red nursery s tock ing level .
Furthermore, they achieved weed control
only  at  h igh rates of  appl icat ion.

Of the two pre-emergent herbicides that
gave both satisfactory weed control and
sat is factory karr i  surv iva l  ra tes,
d iphenanid at  the appropr ia te rates of
appl icat ion severe ly  reduced karr i  he ight
growth when compared with nitrofen and the
untreated contro l .

In  the karr i  nursery,  therefore,  a
pre-emergent  appl icat ion of  n i t ro fen at
a n  a p p t i c a t i o n  r a t e  o f  3 . 6 5  k 9 . h a - l  a . i .
would be the most effective weed control
treatment. at the same time allowing
sat is factory karr i .  surv iva l .  A l though a
post-emergent herbicide should not be
necessary,  a  fur ther  appl icat ion of
n i t r o f e n  a t  a  r a t e  o f  8 . 9 I  k g . h a - l  a . i .
should prove ef fect ive.

Hart ley (1964)  suggests that  the main
disadvantage of  pre-emergent  herb ic ides is
their dependence on subsequent climatic
condi t ions for  the i r  e f fect iveness.  This
has led to var iab le resul ts  h ' i th  the use
of pre-ernergent sprays. However. they are
used widely  where i r r igat ion is  pract ised
and are ef fect ive because the assured
supply of  no is ture decreases the
inpor tance of  the genera l  c l inat ic
condi t ions.

With th is  in  mind i t  is  l ike ly  that
pre-emergent  herb ic ides wi l l  cont inue to
be the most  ef fect ive herb ic ides for  use
in Western Austra l ian forest  nurser ies.

CONCLUSIONS
Pre-emergent herbicides proved to be

nost  successfu l  in  reducing weed
conpetition in both the hardra'ood and
sof lwooC nurser ies.  Of  these propazine
and n i t ro fen were the most  ef fect ive in
both nurser ies.  Hor ,Jever .  propazine is  not
ef fect ive against  monocoty ledonous species.
I t  a lso adversely  af fects  karr i  germinat ion
in the hardr,/ood nursery, and is hence not
sui tab le for  use there.  Nei ther  herb ic ide
has any ef fect  on the gern inat ion and
growth of  p ine seedl ings.

I f  a  post-emergent  appl icat ion is
necessary then n i t ro fen can be used in  both

lo
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