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R. MOORE

SUMMARY
Four-year-o ld monterey p ine (Pinus radiaxa D.  Don)

exhib i ted poor  gro l r th  on in fer t i le  sandy soi l  in  the
C o 1 1 i e  C o a l  B a s i n  o f  W e s t e r n  A u s t r a l i a .  A  t r i a l  w a s
in i t ia ted to test  the hypothesis  that  lack of  n i t rogen
(N) or  lack of  n i t rogen and phosphorus (P)  were f - in i t ing
growth.  Fer t i l izer  t reatments of  N and compound NP were
e a c h  a p p l i e d  a t  0 . 2 5 , 0 . 5  a n d  1 . 0  k g  p e r  t r e e .  T w o  y e a r s
af ter  fer l i l izat ion the t rees showed a s igni f icant
increase in  d iameter  increment  for  a l l  ra tes of  NP,  but
th is  ef fect  rapid ly  decl ined,  The response curves
suggested that  approx imate ly  700 kg,ha- '  NP is  the
opt imum rate of  appl icat ion.  Response to N a lone
var iable;  the h igher  rates depressed growth whi le
l -owest  rate increased growth s l ight l "y .
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INTROD{JCTION

Pine p l "antat ions in  Western Austra l ia
a r e  p r e d i c t e d  t o  y i e l d  6 0 2  o f  t h e  S t a c e ' s
t i rnber  requi rements by the year  2010
(Forests Department  of  Western Austra l ia ,
1977) .  Monterey p ine ( l inus radiaxa
D. Don) is  the preferred species because of
i ts  potent ia l  for  rapid growth on fer t i le
soi l -s  (Raupach,  1967) .  In  l , Iestern
Austra l ia ,  on ly  l imi ted areas of  h ighly
fer t i1e soi ls  are avai lab le for  p ine
plant ing and consequent ly  large areas of
in fer t i le  so i ls  are being p lanted.  War ing
(1969)  showed that  n i t rogen (N)  and
phosphorus (P)  are key e lements for  gro l r th t
and neasured f ive- fo ld increases in
product ion of  P.  radiata in  Ner . t  South Wales
wi th addi t ions of  these e lements.

In  1973 a p lot  o f  four-Year-o ld
P.  tad iata growing on sandy soi ls  in  the
col1 ie coal  Basin appeared unheal thy.  As
the p ine was fer t i l ized wi th P at  the t ime
of  p lant ing,  i t  was presuned that  grcwth
of  these p ines was l imi ted by a def ic iency
of  N.  An exper iment  was designed to test
the hypothesis  that  growth of  the p ines
was l imi ted by e i ther  lack of  N,  or  lack
of  N and P.  A secondary object ive was to
determine the opt imum appl" icat ion rate of
fer t i l izer  and the durat ion of  the
f e r t i l i z e r  e  f f e c t  .

METFIOD
The experiurent rtas established in a

t r ia l  area 6 kn south of  Col - l ie ,  on a
later i t ic  podzol .  The area r , tas p lanted
w i t h  P .  r a d i a t a  i n  J u l y  t 9 6 9 '  P r i o r  t o
p l a n E i n g ,  t h e  a r e a  w a s  c l e a r e d  o f  n a t i v e
jarrah ( ruca-Zgptus natg inata )  forest ,
windrowed and d isc-p loughed.  One-year-o ld
P,  radiaxa seedl ings l rere Planted at  a
s p a c i n g  o f  2 . 7  n  x  2 . 7  m  (  1 3 7 0  s t e m s  p e r
hectare) .  The area was d iv ided in  four
sect ions and d i f ferent  fer t i l izers were
a p p l i e d  a t  p l a n t i n g :

(  l )  superphosphate 222 (  I  13 g Per
t r e e  )  ,

(2)  superphosphate 227" + O.337.  Crs +
A . 6 7  Z n  ( l 1 3  g  P e r  t r e e ) ,

(3)  super :phosphate 222 + 0.332 Cu +
0 . 6 7 .  Z n  ( 2 2 6  g  P e r  t r e e ) '

( 4 )  s u p e r p h o s P h a t e  2 2 7  +  0 . 3 3 2  C u  +
0 . 6 7 "  Z a  ( l l 3  g  P e r  t r e e )  +  r o c k
p h o s p h a t e  ( 3 4 0  g  p e r  t r e e ) .

There were subsequent  t reatments in
August  I970:

( l )  s tandard fo l iar  spray of  z i r 'c

su lphate.  (2.57 w/v*)  at  about
5  k g ' h a - '  Z n ,

( 2 )  h e r b i c i d e  2 ,  4 ,  5 - T  t o  c o n t r o l
nat ive scrub.

The present  exper iment  was establ ished
af ter  def ic iency symptoms were not iced.
The design of  the exper inent  was a
randomized b lock wi th seven fer t i l izer
t reatments,  The t reatments were S

(  I  )  Contro l  (no fer t i l izer)  '
(2)  armonium ni t ra te (342 N) as Agran

3 4 : 0  (  0 . 2 5  k g  p e r  t r e e ) r
(3)  anmoniurn n i t ra te (342 N) as Agran

3 4 : 0  ( 0 . 5  k g  p e r  t r e e ) ,
(4)  ammonium ni t ra te (342 N) as Agran

3 4 3 0  ( 1 . 0  k g  p e r  t r e e ) ,
(5)  ammonium ni t ra te (242 N) and

armonium phosphate (10.52 P)  as
A g r a n  2 4 . 2 4  ( 0 . 2 5  k g  p e r  t r e e ) p

(6)  amnoniun n i t ra te (242 N) and
ammonium phosphate (10,52 P)  as
A g r  a n  2 4 2 2 4  ( o . 5  k g  p e r  t r e e ) ,

(7)  amrncnium ni t ra te (242 N) and
arunonium phosphate (  10.52 P)  as
A g r  a n  2 4 2 2 4  (  1 . 0  k g  p e r  t r e e ) .

The seven t reatments were repl icated four
t ines wi th in each of  the or ig inal  four
sect ions,  prov id ing a to ta l  o f  28 p l -ots .
Fer t i l izers were appJ- ied io  la te August
1973 when the p ines were four  years o1-d,
The fer t i l izer  was broadcast  over  a c i rc le
with a radius of one metre around each
tree.  In  addi t ion,  a so lut ion of  t race
elements was appl ied to a l l  t rees in
Septeutber  1973.  The solut ion consis ted of
z inc su lphate (2.57"  w/v) ,  manganese
sulphate (2,57"  w/v)  and copper  su lphate
(O.17. ' , t /v) ,  and was sprayed onto the t rees
as a mist  a t  a  rate of  approx imateLy
5 . 6  k g . h a - r  z a ,  5 . 6  k g . h a - r  M n  a n d  0 . 2 3
kg.ha- '  Cu respect ive l .y .  S) .mptoms of  Cu
def ic iency were noted in  the p lots  wi th NP
fer t i l - izer  in  Ju ly  1975 and a l l  p lo ts  were
resprayed dur ing the fo l lowing October  at_
a h igher  vo lumel  12 kg.ha- '  Zn '  12 kg.ha- '
Mn and 0.47 kg.ha- '  Cu.  The respray ing
corrected the def ic iency symptoms.

An in ternal  measurement  p lot  conta in ing
nine t rees was establ ished in  the centre of
each t reatnent  p lot ,  The d iameter  at
b r e a s t  h e i g h t  o v e r  b a r k  ( d . b . h . o . b . )  f o r
a l l  t rees in  the measurenent  p lots  was
measured annual ly  f ron 1973 to 1975.
Af ter  rout ine th inning to 750 stens per
hectare in  1975,  the oreasurement  p lots
were reduced to f ive to  seven t rees each,
which were measured annual lv  f roo 1976 to
1 9 7 8  .

* weight per volume
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FIGURE I: Diatneter increments (cn per year)
of  P.  radiata on in fer t i le  sands in  the
col l ie  coal  Basin in  w.A. ,  vr i th  d i f ferent
ratee of  appl j .cat ion of  NP and N fer t i l izers.
Figure I shows increments for the second '
th i rd  and four th year  resPect ive ly '  a f ter
the fer t . i l izers were appl ied to four-year-
old pine. Data nog having the same letter
are s igni f icant ly  d i f ferent  at  the

P  =  0 . 0 5  l e v e l .

T h e  m e a s u r e n e n t s  o f  d . b . h . o . b .  w e r e
used to calculate dianeter incrernents per
hectare.  A pre l in inary analys is  of
variance of the data showed that. there were
no i.nteractions between tbe initial and the
refer t i l izat ion t reatments.  Consequent ly ,
the data for  a l l  four  sect ions of  the t r iaL
were grouped together  for  fur ther  analys is .

Diameter  i .ncrements (cm per  year)  for
each year  f ron 1974 to 1977 are g iven in
Figure I .  The d ianeter  increnents for
L974/75 ( two years af ter  fer t i l izers i , rere
appl ied)  show a s igni f icant  response
( p  =  0 . 0 5 )  t o  N P  f o r  a l l  r a t e s  o f
appl icat ion,  and that  increasing rates of
NP produced an increasing response (F ig,  1) .
For  N fer t i l izer ,  on ly  the lowest  rate
increased growth,  hth i le  the h igher  rates
(0.5 and 1.0 kg per  t ree)  depressed growlh.
There vJas a large drop in lhe response to
N P  f e r t i l i z e r s  d u r i n g  1 9 7 5 / 7 6  ( r i g .  1 ) .
Ehe L976/ '17 d iameLer increments (F ig.  1)
show that  th is  decl ine cont inued unt i l  there
was no s igni f ican!  response three years
a f t e r  f e r t i l i z a t i o n .

The response curve in Figure 2 shows
basal  area values in  1978 for  the three
appl icat ion rates of  NP fer t i l izers.  The
curve has levelled off at lhe highest rate
o f  a p p l i c a t i o n  ( 1 . 0  k g  p e r  t r e e ) .

o25 0,5 1.O
Rdo of F..lll|t.r At lc.tbn (Np kg p.r trr€,

F T G U R E  2 :  B a s a l  a r e a s  ( m 2 . h a - l )  o f
P.  radiata on in fer t i le  sands in  the col l ie
Coal  Basin in  W,A.  F ive years 1ater ,
d i f ferent  rates of  NP fer t i l izer  r , rere
applied. Data not having the sane letter
are s igni fcant ly  d i f ferent  at  the same
P  =  0 . 0 5  l e v e l .
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DSCUSSION

The experiment showed that the addition
of a compound of N and P to four-year-old
P.  radiata increased growth.  This  response
increased wi th increasing rates of  NP'
suppor t ing the hypothesis  tested.  The
response curve (F ig '  2)  suggests that  the
opt imum rate of  appl icat ion is  about  0 '5  kg
per  t ree '  aPProxinate ly  700 kg 'ha- ' '  The
fact that N alone did not Produce a
s i g n i f i c a n t  i n c r e a s e  ( p = 0 . 0 5 )  i n  g r o w t h
rate suggested that  lack of  P rather  than
lack of  N r . ras l imi t ing growth '  This
corresponds wi th the f ind ings of  War ing
(1962) .  As there \das no t reatment  us ing P
only,  i t  is  not  possib le to  gauge the
degree of  response due to P and that  due
to the coxobined ef fect  o f  N and P'

The exper iment  a lso found that  resPonse
to the NP fer t i l izer  was shor t  l ived.
Dur ing the th i rd year  af ter  refer t i l izat iont
the growth rate of  fer t i l ized t rees droPped
considerabl-y, and by the fourth year there
was no s igni f icant  d i  f  fe  rence
betr reen the growth rate of  fer t i l ized and
u n f e r t i l i z e d  t r e e s  ( F i g .  I  ) .  T h e
transi tory nature of  the response is
possib ly  caused by the forms of  N and P
in Agran 24224 bei tg  h ighly  so luble.  RaPid
leaching of  these e lements would a lso have
contributed to naking N and P unavailable
to the p ine,  as h ighly  permeable so i ls  and
high ra infa l l  are features of  the t r ia l
a r e a .  O z a n n e  ( t 9 5 0 )  r e p o r t e d  t h a t  t h e s e
are key factors in  causing large leaching
losses.  Another  1 ike ly  contr ibut ing factor
is  the f ixat ion of  N and P in to re lat ive ly
unavai l .ab le forms (War ing,  1969 ) .

This  exper iment  ind icated that  NP must
be appl ied every two years to  rnainta in
maximum growth of P. tadiata. A larger
gro l r th  response couLd resul t  i f  NP t rere
appl ied at  the t ime of  p lant ing (War ing '

l97 l  ) .  I {owever ,  re fer t i l izat ion wi th
expensive NP fer t i l izers every two years
is  l ike ly  to  be uneconomic.  Therefore,
a l ternat ive sources of  N (sueh as legumes )
and s low re lease forms of  P should be
sought ,
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