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SUMMARY

I 'our  s i tes $rere p lantEd to assess the potent ia l  o f  three
P i n u s  s p e c i e s  t o  r e h a b i l i t a t e  a r e a s  o n  w h l c h  t h e
indigenous forest  was af fectec i  bv d ieback c l isease.  The
pines rvere p lanted on a range of  s i tes wi th t lvo types of
s i te  preparat ion anrJ s ix  fer t i l izer  t reatments,  p inus
p i t l a s t e r  g r e w  b e t t e r  t h a n  P .  e l l i o t t i i  o r  P .  r o d i d t d  o r r  a l l
s i tes,  wi th  the same type of  s i te  preparat ion and fer t i l -
izer  appl icat ion.  ! - rounding u 'as essent ia l  to  surv i \ .a l  o f
a l l  species on wt : t  s i tes.  lV i th  n in imal  fer t i l izer  appl lca-
t ion on narg iual  s i tes ( in i t ia l  appl icat ion only ,  a t
p l a n t i n g  t i n e )  P .  p i n a s t e r  s t i l l  m a i n t a i n e d  g o o d  g r o w t h ,
l v h e r e a s  i n  P .  r o ( i i o t o  o r  P .  e l l i o t t i i  g r o w t h  d e c l i n e c t
w i t h o u t  ) ' e f e r t i l i z a t i o n  a t  a g e  f o u r  y e a r s .  O n  t h e  b e s t
s i tes a l l  species achieveci  verv good growth i r respect lve
o f  t r e a t m e n t s .



INTRODUCTION

In  the Dar l ing Ranges d isease caused
by Phytophthora ci.nnamomi Rands,
c o m m o n l y  k n o w n  a s  d i e b a c k ,  h a s
infected many areas of  the nat ive
jarrah forest  (Eucolyp ius marginata
S m . ) ,  T h e  r e d u c t i o n  i n  v e g e t a t i v e
cover  has caused reduced t ranspi ra-
t ion and a consequent  r ise in  the
groundwater  tab le.  in  some of  the
m o r e  e a s t e r l y  o c c u r r e n c e s ,  s u c h  a s  a t
M t ,  C o o k e  ( a b o u t  6 5  k m  S . E ,  o f
Per th) ,  sa l t  was re leased f rom the
large sal t  s torage in  the deep soi l
prof i le  by the r is ing of  the ground-
water  tab le.  The usual  consequence
of  sa l ine seepage is  fur ther
destruct ion of  the vegetat ive cover .
The pr inc ipal  ob ject ive j .n  these
eastern d leback s i tes is  to  lower the
water  tab le and reta in sa l ts  in  the
subsoi l  by revegetat ing.  Fur ther
benef i ts  can be obta ined f rom the
revegetat ion by us ing commerc j .a l

t imber produclng Pinus species for
the rehabi l i ta t ion,  however ,  in  water
catchments t imber product ion is  a
s e c o n d a r y  c o n s i d e r a t i o r l  ( H a v e l  1 9 7 5 a ) ,
water  product ion being the pr imary
o n e .

F . r l \ r  ( t r r . l i p c  r r r r  n i n e  n r r t r i t i n l  h r ,L o r  r ]  J r u u r u r

K e s s e l l  a n d  S t o a t e  (  1 9 3 8 )  i n . l i c a t e d
t h a t  p i n e  e s t a b l i s h m e n t  a n d  g o o d
s u b s e q u e n t  g  r o w t h  w a s  p o : ; r . t b l e  o n
fer t i le  red loamy soi ls  in  the
N l u n d a r i n g  a r e a .  H o r v e v e r ,  t h e s  e
s o i l 5  u c ( : u r r e d  o n l ;  i n  l i m i t e ( l  : i r i p s
a n d  t h e  c o s t s  o f  m a n a g i n g  s u c h
p l a n t a t i o n s  w e r e  v e r v  h i g h  ( l t a v e l
1 9 7 5 a ) .  O n  i n f e r t l l e  w e t  s j . t e s  e s t a h -
l i s h m e n t  o f  p i n e  a n d  s u b s e q u e n t
g r o w t h ,  i n c l u d i n  g  v i g o u r  ( d i a m e t e r
a r r d  h e i B h l )  a r , r l  f o r m  f s t u r n  s t r a i L h t -
n e s s  a n d  l r u t t  s w e e p  c u u s e d  b y  l h c
s i t e  c o n d i t i o n s )  w e r e  a  p r o b l e m .  S i t e
preparat ion t reatments had to inc lude
p l o u g h i n g  a n d / o r  m o u r r d i n g  f o r
c s L a b l i s h m e n t  a n L l  s u b s e q u u t r l  s t a l r i l t l l .
O n  t h e s e  i n f e r t i l e  s i t e s ,  c o n p r i s i n g
later i t ic  gravels  which have a l i igh
phosphate holdr lg  capi ic i ty  I  Havel
1 9 7 5 c )  ,  g r o w t h  w a s  v e r y  p o o r  u r r l e : ; s

he:Lvy fertil ization was applied (Keay
e t  o l .  1 9 6 7 ) .

This  paper  descr ibes a s tudy designed
to test  the ef fects  of  d i f ferent  s i tc
preparat ion methods and fer t i l iz  a t ion
regimes appl ied dur ing the f i rs t  n ine
y e a r s  u f  g r o w t h  u n  t h r e e  p i n e  s p e c i e s ,
P i n u s  p i n n s t e r  A i t . ,  P .  t ' o d t a t o  D .  D o n
a n d  P .  e l l i o t t i  E n g e l m  v a r ,  e l l i o t t i i ,
p l a n t e d  o n  s i t e s  v a r y i n g  f r o r r  w e t  t o
weLl  dra ined sands and f rom gravels
to moist  sandy loams.  The object ive
was to determlne which c-r f  these
species per formeci  best  overa l l  or r
t h e s e  d e g r a d e d  s i t e s .

METHOD

L oc a t ion

The study was corrducted ln  the
I ' l o u n t  C o u k e  a r e a .  a t  l o r r g i r u d e
1 1 6 o  1 8 r E  a n c l  l a t i t u d e  3 2 o  2 6 r S ,  a b o u t
6 5  k m  s o u t h - e a s t  o f  P e r t h .  T h e  a r e a
i c  n , r l  ^ f  t h -  D . r Y l i n o  R  ^  '  ^ - - ]  r L '
r J  l , u r L  " ' t t t 5 F  d i i u  ' r r E

elevat ion rar . iges f ron;  305-300 m
( t i a v e l  1 9 7 5 c ) .

T h , -  r . l i m r l , .  i .  l r  n i r . r ' 1 "  n t r , d . i L e t t a t i e l n
( G e n t i l l i  1 9 7 1 ) ,  d e t e r n i n e d  b y  i t s
p r o x i n i t y  t o  l l r c  I n d i a n  O c e a r r ,  b y  i t s
la t i tude,  and b-v Jocal  topographical
. , , n f i o r r r r l i n n  T h p r -  i e  e  n r  l r i o m i n -

a n c e  o f  w i n t e r  r a i r l s ,  w h e r i  m o i s t
w e s t u r l v  w i n d s  d r u p  m o i s t u r '  i , : ,  t h e y
r i s y  o v e r  t h e  c  h . r t  a n d  t h e  I J a r l i n e
Scarp:  the average (1 i r . rua l  ra infar l l  is
a b o u t  1 0 0 0  r n m  ( B u r e a u  o I  l l e t e o I O l o g v
1 9 6 6 )  -

C h u r c h r v a r d  a n d  l ' " i c A r t h u r  [  1 9 8 0  )
descr ibed the landforms and sol ls  of
the area as se, i r r r is  anc. l  graveis .  Havel
I i 9 7 5 b  a n d  c ) ,  i n  a  d e t a i l e d  s t u d y  o f
t h e  D a r l i n g  H a n g e ,  c l i r s s i f i e d  t h e
foJk-rwing s i te- tvpes \ , i th in  the stur l ) '
a r e a :

Type AY -  char t rc ter ised l r ' , '  i , 'e t
l e a c h e d  a c i d  s a n d s ,  w a t e r l o g g e d
i n  w i n t e r ,  u r r d e r l a i t r  b 1 '
impermeable hor j .zon (  S i te  1 ln
t h e  p r c s e n i  s t u ( l y  )  .



Type B -  Ieached humusoid acid grey
sands ,  mo is t  t o  we t  i l l  w in te r ,
rapidly drying out in summer
(S i te  2 ,  pa r t s  o f  S i tes  1  and  3 ) .

Types  H  and  J  -  ex tend ing  l rom
gravel ly sands, through to pale
yel low sands and into leached
sands  (S i te  3 ) .

Transi t ional  Type B$I -  moist  sandy
Ioams, occurr ing to such l imited
extent that i t  could not be
shown on broadscale maps (Si te
4 ) .

Procedure

two s i te  preparat ion methods and s ix
d i f ferent  fer t i l izer  t reatments.

Iour  ind iv idual  s i tes were selected,
c u v e r i n g  t h e  r a n g e  o f  s i t e - t y p e s
descr ibcd above and havj .ng in  common
certa in factors such as species and
fer t i l j .zer  t reatments,  so that  the
resul ts  could be in tegrated.

A1l  the choserr  s i tes were p lanted in
J u n e  1 9 6 9 ,  a t  a  s p a c i n g  o f  2 . 4  y ,
1.8 m.  The f ie ld  layout  consis ted of
b locks of  basic  square uni ts  of
approx imate ly  0.04 ha,  each conta in ing
8 8  t r e e s .  O n l y  t h e  i n n e r  2 0  t r e e s
w e r e  m e a s u r e d ,  t h e  r e r n a i n i n g  o n e s
serv ing as buf fer  t rees,

The exper imenta l  design consis ted of
a sp l i t -p lo t  randomised b lock wi th
t reatments as out l ined ln  f 'ab le 1.

The study was
the poterr t la l
P. radiata and
ilitate dieback

establ ished to assess
o f  P .  p tnas te r ,
P. elltottti to rehab-
affected areas using

T

L r )  . - . r r  i  l ,  / .  r

,  r r j  i N t  r i  s . f r . n t r ,  r

N ' ; A . N . t . t I ] I ] r r . . r t 1 e



Annual  height  neasurements were RESULTS
taken and a surv iva l  assessntent  was
carr ied out  at  the end of  the f i rs t
summer af ter  p lant ing.  Surv iva l  and s i te  preparat ion

Analys is  of  resul ts  was done for  each
si te  separate ly  due to the smal l
number of  repl icat ions per  s i te .  The
stat is t ica l  method used was analys is  of  l lounding was shown to be essent ia l
var i i rnce.  for  surv iva l  o f  a l l  species tested on

t h e  w e t  s a n d s ,  p l a n t s  o n  t h e  n o n -
L imi ted soi l  sampl ing was carr lec l  out  mounded p lots  (p loughed only)  fa i l ing
f o r  c h c n , i c a l  d n a l y s e s ,  t o  c o n l i r l n  t h e  t o t d l l y ,  i r r e s p e c t i v e  o I  I e r t i l i z e r
v a r i a b i l t y  i n  s i t e s .  t r e a t n e n t  ( T a b l e  2 ) .

TAuLE  2 :  E f f ec t  o f  s i t e  J r repa ra t i o l r  a rd  f e r t i l i ze r  on  t he  s r r r " ' i va f  o f

P .  p i n a s t e r '  P .  r a d i a t a  a n d  P .  e l l i o t t i i  s e e d l i n g s  ( ) n  n e t  s a n d s
( S r t e  f  ) .

P e r c e n t a g e  o f  l i v e  s c e d i n g s  ( e n d  o f

f i r s t  s u r u n e r  a f t e r  p l a n t  i n g  )

s ,  i c s  l . r L r l - . , c r  P l o  k

t  r e a t m e n t
P l o u s h . d  a n d  I ' l o u g h e d  o n l - \ '
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Analys is  of  var lance obvioush'  showed
s i g n i f i c a n t  d i  t f e r e n c e s  i n  s i r r v i v a l
between the p loughed and ntounder l
and p loughed only  t reatments
t P  ! 0 . 0 5 )  o n  t h e s c  s i t e s .  T h e
di f ferences between b locks wcre not
s i g n i f i c a n t  a t  P  : 0 . 0 5  ( b e c a u s c  o f  t h e
few degrees of  f rcedom involved) .

Also,  there were no s igni f icant  in ter-
act j .ons.  On the other  so i l  types
surv iva l  was sat is factory at  about  g5
per  cent .  P loughing and mounding
o n  m o i s t  s a n d s  ( S i t e  2 )  w e r e  s h o w r r  t o
produce bet ter  growth response than
ploughing only ,  when data for  a l l
s p e c i e s  w e r e  c o m b i n e d  f o r  a n a l y s i s  t o
compare the two t reatments (Table 3)  .
However,  in  the ear ly  years,  i t  was
observed that  mounding d id not  have
the sane over- r id ing ef fect  as on the
wet  sands,  because the area was not
water logged.  The benef i t  observed at
age I  may have been due to concentra-

t ior l  o f  t0p soi l  in  the p lant i r rg  l ines; .
O n  m o i s t  s a n d y  l o a m s  ( S i t e  4 ) ,
a l thouBh d i f fcrence in  survrr , ' : r l  was
n o t  s i g n i l i c a r l t ,  b e t t e r  h e i g h t  e r o v , ' t h
was achie. , .or i  v ;hen p lougtr i r rg  at rd
m o u r r d i n g  h a o  b e e n  c a r r i e d  o l l l .

( l rowth and ef fect  o f  in i t ia l  Ier t i l izer

Reference to the area of  the wet
s a n d s  ( S i t e  1 )  i n  t h i s  s e c t i o n  a p p l i e s
only  to  the I r loughed ar td mounded
treat f i lents :  the non-mounde( i  t  reatmen t
fa i led tota l ly .

A p p l i c a t i o n  o i  N  J o n e  a t  p l a n t i n g  t i m e
had a detr inenta l  e f fect  on a l l  the
p i n e  s p e c i e s  ( T a b l e  4 ) .  T h e  c o m b i n a -
t ion of  P + I i  conferred no addi t ional
benef i t  in  ternrs of  growth compared
wi th addi t ion of  P onlv ,  and reduceci
l h e  i n i t i a l  s u r v i v a l  a l  t e r  n l a n t i r ) o
I T a b l e  2 ) .

TABLE 3 : F f ' p c f  n f  e :  p  n r o n - r : l  i o n

P .  r a d i a t a  a n d  P .  e l l i o t t i i
d i f f e r e n t  s i t e s .

on  he igh t  g rowth
/  ^ ^ h r i  r  - ^ J  r - + -  \\  r u n , ! 1 , ' c u  u o r o / ,

o f  P .  p j n a s t e r ,
by  aqe 9  fo r

l 1 a : n  H 6 i  ^ h +  f  f r \

Treatmen l 3  4  ( a )

foughed and nounded

loughed on ly  (cont ro l  )

4  . ' 7

0  ( b )

7 . 0 A

5 . 6 - N/A

1 0 .  3

1 . 9

Ana lys is  o f  var iance was done fo r  each s i te  ind iv idua lLy .  D i f fe ren t
superscr ip ts  ind ica te  s ign i f i can t  d i f fe rences  a t  p  <0 .05 .

(a )  For  S i te  4  a  s ta t j , s t i ca l  ana lys ls  was no t  v iab le  due to  the  1ow
n u r n l f , e r  o f  r e p l i c a t i o n s  o f  t r e a t m e n L s .

( D ) Plough ing  on ly  t rea tment  fa i led  to ta l l y  a t  S i te  1 .



T A B L T  4 : I i f f e c t  o f  i n i t i a l

l .  r a d i a  t a  a n . l  P -

A n a l y s i s  u f  v d l  i a n c F  r n d s  d a n e  " o r

. : ] ' n a r Q ^ y i ,  r  (  i n d i . : r ,  c i ^ n i  f i - r . +

( a )

(.i, )

N/A -  Not  appl icable.

Soi l  sampl lng revealed h igh levels  of
so luble sa l ts  in  Block 2 of  S i te  1,
a b o u t  1 0  t i n r e s  t h e  a v e r a g e  0 . 0 0 6  p p m
of a l l  b locks ln  Si tes 1,  2  and 3,
ind icat ing a h igh sal ine water  tab le.
It is likely that there was soIrle
combined ef fect  o f  sa l in i ty  and urea
appl i .cat ion,  because surv iva l  o f
P.  p inoster  and P.  rodiotc  in  ts lock 2
o f  S i t e  1  w a s  o n l y  3 5  p e r  c e n t  ( T a b l e
2 ) .

On Si te 3,  on wel l  dra ined sands and
sandy gravels  at  age 9,  in i t ia l  P
appl icat ion resul ted in  super ior

. . . 1  : 1 1 . . .  -  -  r . .  i . . r - ,  ^ - - , r t l r  o I  J l .

e l l i a t t i j  ( c o m b i n e d  d a t a )  b y  a g e 9 .

n , ^ h  e i , a  i n d i '  i d l l r ' 1  1 . .  D i f f e r e n t
n i  f f p r e n e o q  a r _  n . n  n 6

L , a i . r l -  , l A t  . t  i n  q i r t r  I  r a r a "  ^ i l v  , n  , h F  r ' l ^ r . r h A d  a n d  r n o u n d c d  S e c t i o n
l ^ - - ^ r ! c ^  t h o  n l ^ r  ^ h 6 d  ^ n 1 \ /  t  / a - l - m 6 n +  r : i  I a , _ l  r ^ r : l  l t ,

l ' o r  S i te  4  no  s ta t i s t i ca l  ana lys is  was done due to  the  fo \ r  number
o f  re l r l i ca t ions  o f  t rea tments .

growth compared wi th the contro l
(Table 4) .  Analys is  exc luded Blocks
2 and 3,  which were refer t i l ized at
age 4 years.  I le lght  d i f ferences wi th
different levels of P application were
not  s ign i f icant  at  P 10.05 on Si te  3
(Table 4)  This  may have been due to
the effects of P fixation in Block 1
( l a t e r i t i c  g r a v e l )  ( H a v e l  1 9 7 5 c ) .

However ,  on  mo is t  sands  (S i te  2 )
increasing levels of  P gave responses
in height growth. I t i thout P, growth
was  ve ry  poo r  (Tab le  4 ) -

M e a n  H e j  g h t  ( m )

Trea tnr€r rLt

60 g  P7 ' t ree

\ 2 4  g  P  / t r e e

244 q  P, lL ree

30 g  N/ t ree

N/A

6 . 4 A

N/A

N/A

2 . 1 8

5 . 7 A

- - A

5 - 9

^ ..c
d - l '

N/A

N/A

- ^ A

6 - 6

R' 7  
. 6

7  - 5

N/A

N/A

N/A

N/A

9 . 5

N/A

N/A0 q P + 3 0 9 N , / t r e e



A l l h o u u l r  n o  s t a t r s t r c , , l  a n a l y s r s  w i r s
t ;ar r ier l  out  for  resul ts  o i  S i te  4
( x r o i s t  s : i 1 r ( l y  l o a m s )  t h e  i n d i c a t i o n s
w € r e  t h a t  5 c i g ; h t  g r o w t h  o f  P .
p i n ( l s l e l '  a n d  P .  e l l l o t t i i  w i t h  m o d e r a t e
i n j t i a l  P  t l : 0  g .  t r e e )  w a s  n l ) t i m u m ,
b e c a u s e  a p p l i c a t i o n  o f  2 4 0  g  / t r e e
p r o d u c e c l  l e s s  h e i g h t  g r o w t h .

Height  grorvth in  d i f ferent  species

H e i g h t  g r o w t h  b y  a g e  I  o f  e a c h
spccies on each s i te  (wi th  fer t i l izer
and s i te  preparat ion t  re  atm ent  s
c o n b i n e d )  i s  g i v e n  i n  T a b l e  5 .
O v e r a l l  P .  p i n o s l e / '  p e r f o r m e d  b e s t
o v e r  t h e  r a n g e  o f  s i t e s ,  w l t h  l e a s t
v a r i a t i o n  i n  h e i g h t  g r o w t h .

f  i l l u s  r l r c i i a l a  e x h i b i l e d  b e t t e r  e a  r l y
height  growth than the other  two
s p e c i e s .  B e t w e e n  t h e  a g e s  o f  2  a n d  5
y e a r s ,  h o w e v e r ,  t h e  h e i g h t s  w e r e
si r r i lar .

C o n p a r i n g  P  .  p i n a s t e r  a n d  P .  I ' o d i o t o
o n  S i t e  2 ,  t h e  f o r m e r  w a s  s u p e r i o r
a f t e r  a E r e  5  ( F i g .  1 ) ,  w i t h  h e i g h t
g r L r w l h  b e i n q  s i g n i f r c a r r t l y  b e t t e r
( P  0 .  0 5  )  t h a n  t h a t  o f  P  .  r a c l t a t a .
These resuLts refer  to  a s ingle in i t ia l
f e r t i l i z a t i o n ,  a n d  i n d i c a t e  t h a t  t h e
b e t t e r  g r o w t h  r e s p o n s e  o f  P .  p i n o s t e r
is  c . lue to th is  species being less
c iemandir rg nutr i t ional iy ,  and b et te  r
a d a p t e d  t o  p o o r  s r t e s .  O n  b o t h  S i t e s
2  a n d  3  h e i g h t  g r o w t h  0 f  P .  p i n o s t e r
w a s  b e t t e r  t h a n  P .  I L l d i o t o  b y  a g e  g
y e a r s  {  T a b l e  5 ) .

TABLE 5 :

Ana lys is  o f  var iance was done fo r  each s i te  ind iv idua l l y .  D i f fe ren t
s r r p n r s c r i p L s  i n d i c a t a  s i q r , i f i c d n t  c l i f f e r e n c e s  a t  p  - 0 . 0 5 .

For  S i te  4  no  s ta t i s t i ca l  anafys is  was done due to  the  low nun lcer
o f  r e p  I i c a t i o n s  o f  t r e d L m a r t s .

I r e j q h L  g r o w t h  o f  d j - f f e r e n t  s p e c i e s  ( P .  p i n a . t e r ,  P .  r . d . t a t a  r n d
P .  e ) l i o I  L i :  q r o \ i n o  o n  d i f f e r e r L  s i L e s ,  b y  d q e  o  a l l  f e r l  j l i z F r

. r , d  s i  L e  f r p p a r a L i c , n  l  r a J l n a r f s  c o m b i n e d )  .

Mean He igh t  (m)

P .  p i n a s t e r

P .  r a d i a t a

P .  e l f i o t t i i

5 - B - '

4 - B ' "

7 - O A

A
5  - ' 7

N/A

6 . 5 4

A
6 . 0

N/A

N/A

8 . 9

N/A -  Not  app l i cab le .
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A l t h o u g h  n o  s t a t i s t i c u l  a n a . l y s i s  o f
resul ts  was dUrre for  Si te  4 [Tab]e 5)  ,
ind icat ions were that  there was l i t l . le
d i f ference ln  height  growth between
P .  p i n o s t e r  a n d  P .  e l l i o i t i i .
However ,  he ight  growth on th is  moist
sandy loarn s i te  was markedly  super ior
t o  g r o w t h  o n  t h e  o t h e r  s i t e s .

H e i t s h t  B r o w t h  i l r  L l i f f e r e n t  s p e c i e s
fo l lowing refer t i l izat ion at  age 4
[B locks  2  and  3 ,  S i te  3 )

Pinus radiatc  responded wel l  to
r  e  I  e  r  t  i l  i  z  a  t  i  o  I  r  w i t h  0 . 7 5  t  S u p e r

C u  Z r r . h a  I  +  0 . 2 5 0  t  u r e a . h a  I  a t
age 4,  comparecl  wi th  the urr fer t i l ized
a n d  i n i t i a l  f e r t t l i z e r  u r r l y  t r e a t m e n t s
{ b i g .  2 ) .  B y  a s e  9 ,  h e i g h t  g r c w t h
fo l lowing an in i t ia l  fer t i l izer  appl ica-
t i o n  o l  l : 0  g  P / t r e e  h ; r d  s l o w e d ,  u n d
the mean height  of  P.  p i r?oster .  and P.
yadiato was s imi lar .  Wi th no fer t i l izer
appl ied,  P.  p inoster  was able to  grow
at  twice the rate of  P.  radiata.
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DISCUSSION

On the very wet  s i tes (Si te  1)  i t  was
obviously  essent ia l  to  mound to obta in
sat is factory surv iva l .  Fer t i l iz ing wi th
N alone had a detrimertal effect on
growth (especia l ly  where there was
extreme water logging)  whi le  N + P
was less sat is factory than F only .

In  the more in termediate s i tes (Si te
2) ,  both mourrd ing and fer t i l izer  had
some ef fect  on growth.  Mounding was
not  essent la l  for  surv iva l  on these
si tes a l though there was benef i t  f rom
i t  in  improved growth.  The major
ef fect  was between apply ing and not
a p p l y i n g  i e r t  i l i z e r .  H o w e v e r ,
benef i ts  wl th  h igher  levels  of
phosphate were more apparent  on Si te
2  t h a n  o n  S i t e  3 ,

On these wel l  dra ined la ter i t ic  gravels
of  Si te  3 sat is factory growth was only
achieved wi th addi t ional  fer t i l i  ze r
(  re fer t i l iz  a  t ion at  about  age 4) .

O n  t h e  b e s t  s i t e s  ( S i t e  4 ) ,  e v e n  w i t h
t h e  l o w  r a t e  o f  1 2 0  g  P / t r e e ,  v e r y
g o o d  g r o r v t h  I C . 5  m  a t  a g e  9 )  w a s
obta ined.

B u t c h e r  ( 1 9 7 9 )  i n d i c a t e d  t h a t ,  d u e  t o
i l s  l o w  f e r t r l i z e r  r e q u i r e m e n t ,  p .
n i  o s l ' , l ,  w a s  t h e  m u s L  i i p p r o p r j a t e
5 p e c i u s  f o r  t h e  s a n r i s  o f  p o o r  n u L r i p n l

- '  '  : l a i n .  T l r et l r r  u u d D  ( d r  I
r c q u l f q  n f  t h e  l r r p c p n l  - t t t d V  s h o w

that  in  the l lar . l ing Ranges,  on poor
s i t c s  w i l h  r n i n i m a l  f e r t i l i z e r  a p p l j c a -
t i o r t ,  1 : , .  p i n o s t e r .  p e r f o r m e d  b e t t e r
l h i r r r  t l r c  o t h e r  I \ r o  s p e c i e s  l e s l c d ,
w  h i c l l  { u p l i u r l s  B u t c h e r ' s  f i n d i n g s .

I n  r h r :  l ) o l l n y b r o u k  S u n k l a n d ,  s t u d i e s
of  l , l l ] , tophth6r . r r  spp.  on s i rn i lar  so i ls
^ i  . . . . - -  ^ , , + - i , : ^ ,  ' - . , r t a t e d  t h a t

1, .  r 'u( l to to was suscept ib le to  the
f u n g u s  ( C h e v i s  a n d  S t u k e l y  1 9 8 2 ) .
T h a  p r e s e n r : u  L , I  l h e  f t r : r g t r s  i n  t h e
i ' i t .  C o o k L  a r e a  ( s t a t e . l  t o  b e  d i e b a c k -
' ' . t p . l p ' l )  r  " n l r r r ' n l { -  r C  t h e

i r r fer ior  growt l l  . r f  p .  red iut ( l  re la t ive
t .  i h p  r r n n - c r r c c p n t i h l c 1 '  P  i r t o s  f  c r "

Depressed growth is  possib le wj . thout
morta l i t ies occurr ing in  p.  rodiota
( B u t c h e r  e t  o l .  1 9 8 4 ) .  A l t e r n a t i v e l y ,
lack of  adequate nutr i t ion may be the
maior  factor  for  the poor  per formance
o f  P .  r l d i a t a .  M c G r a t h  ( 1 9 7 8 )
st ressed that  P.  rad. io to requi res
addi i ional  fer t i . l izer  to  per form
adequate ly  on yel low and grey sandy
loams of  the Donnybrook Sunk]and,

The ch a racte r is  t . ic  instabi l i ty  of
P.  p inoster  on wet  s i tes in  other
a r e a s ,  r e s u l t i n g  i n  b u t t  s w e e p ,  w a s
not  ev ident  in  the study areas.
Mounding may have resul ted in  th is
improved form on the wet  s i te .
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