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F O R E S T S  D E P A R T M E N T
OF WESTERN AUSTRALIA

RESPONSE TO PHOSPHORUS

FERTILISATION OF Pinus radiata

GROWN ON THE DONNYBROOK

SUNKLAND

by
J.  F.  McGRATH

SUMMARY
The response shown by Pinus radiata D.Don to

superphosphate applied at pfanting depended on soil type.
The heavier loamy sands had a higher phosphate
requirenent for optinun growth tha.n the lighter sandy
loams. The optimul superphosphate application ranged
from 224 g per tree to 448 g per tTee. Pinus radiata
grew faster on the heavier loany sands than on the sandy
l o a n s .

The loarn soil on which P. radiata grew fastest had
the highest available phosphate content, and the
highest phosphate adsonption capacity in the surface
15 cn.

Broadcast  Tefer t i l isat ion of  3-year-o1d t rees wi th
200 kg.ha-1 superphosphate,  and of  4-year-o ld t rees
wi th 200 kg.ha-1 rock phosphate increased fo l iar
phosphorus-  concentrat ions.  A s ingle appl icat ion of
200 kg.ha-r  superphosphate to 4-year f -o1d t rees fa i led
to increase phosphorus concentrations, The double
refertil isation increased tree growth nore than the
single refer t i l isat ion d id.  I t  appears that  rates of
superphosphate greater than 200 kg.ha-r are necessary
when refer t i l is ing P.  r :ad iata on the Sunkland.



INTRODUCTION

The soi l  types c lass i f ied as sui tab le
for  the establ ishnent  of  P inus radiata
D . D o n  o n  t h e  D o n n y b r o o k  S u n k l a n d  a r e
m a i n l y  s l i g h t l y  a c i d i c  y e l l o w  a n d  g r e y
sandy loarns which becone heavier textured
wi th increased depth.  These soi ls  are
descr ibed by Smith (1951)  as Mrmgi te sands
and sandy loams.

T h e  n o o r  F e r t i  l i t v  o f  t h e  S u n k l a n d
soi  ls  necessi ta tes fer t l l isat ion at
p lant ing and at  regular  in tervals
t h e r e a f t e r .  T h e  i m p o r l a n c e  o I  e a r J y  h i g h
g r o w t h  r a t e s  o n  t h e  f i n a l  p r o d u c t i o n  o f
wood is  wel l  documented.  War ing (1974)
found that  delay ing fer t i l isat ion of
P .  r a d i a t a  u n t i l  t h e  f o u r t h  y e a r  a t t e r
pfant ing resul ted in  wood product ion which
uas only  hal f  that  produced by t rees
€ a r t i  l i  c a d  . f  n  l a n f i  n o  A  s h o r t : r o F  o  F

rn i11ab1e t inber  in  Western Austra l ia  nakes
rapid growth rates h ighly  desl rable in
order to provide the naximun quantity of
t inber  in  the shor test  possib le t ine,

In a rev iew of  fer t i l isers used ln
s i l v i c u l t u r e  B e n g t s o n  ( I 9 7 7 )  s t a t e s  t h a t
water-  so 1ub 1e phosphat ic  fer t i l isers such
as ordinary superphosphate and concentrated
( t r ip le)  superphosphate are more ef fect ive
sources of  phosphate for  p ine establ ishnent
than the less soluble ground rock phosphate
and calc ined rock phosphate.
Superphosphate was used in this trial as lt
is  a  so luble phosphat ic  fer t i l iser .

The aims of the trial ttere:
( 1 )  t o  d e t e r m i n c  t h e  p h o s p h a t e  r e s p o n s e
- , . - . , ^  f ^ -  n  - - r : ^ + -  - - t W n  O n  f O U rr .  r  a u r a L a  6 r ,

di f ferent  Sunkf  and-soi t  types;

(2) to deterrnine the optimulTt initial rate
of superphosphate required on each of these
si tes and to test  the refer : t i  l isat ion
requirenents necessary for continued high
growth rates.

METHOD

T h e  t r i a l  w a s  l o c a l e d  o n  f o u r  p l o t s
of  d i f ferent  so i l  t lpes on the Sunkland.
The soi l  character is t ics of  the s i tes are
as fo l  lows :

S i t e  I  L j g h t  y e l l o w  a n d  l i g h t  g r e y
sandy 1oam, becorning heavier
t e x t u r e d  w i t h  i n c r e a s e d  d e p t h ,
sur face pH 6.  O.

S i t e  2  S u r f a c e  v a r i e s  f r o m  g r e y  t o
brown to ye l low loany sand,
heavier  textured wi th increased
d e n t h  .  s r r r f a c o  n H  5 . 6 .

Si te  5 Coarse yel low sand over ly ing a
f e r r r r p  i  n o r r s  q r a v e l  a t
a p p r o x i  r n a t e  l y  7 5 - 8 0  c m .  s u r f a c e
p H  6 . 3 .

Si te  4 Coarse l ight  grey sand over
I ' r - a r i  r - i .  d r . l r a l  T h a  , ' l a ^ f  h  f ^

t  ho  o  ra r re  I  l r  r  i  as  f pgp  lQ  16

80 cm, but  at  sone locat ions
w i t h i n  t h e  p l o t  t h e  d e p t h  o f
s a n d  i s  g r e a t e r  t h a n  1  m ,
s u r f a c e  p H  5 . 9 .

The pLots were cleared and burnt in
1970, and double ploughed and rnounded in
I97L.  Plots  were establ ished in  August-
Ser tenber  1971 wi th one-year-o1d P.  radia
s c e d l i n o c  s n a c c d  a t  '  7  t n  b e t w e e n  r n o u n d s

and 2,7 m on mounds.

Superphosphate was applied at five
d i f f e r e n t  r a t e s :  5 6 ,  7 L 2 ,  2 2 4 ,  4 4 8 ,
8 9 6  g  p e r  t r e e .  I n  a d d i t i o n ,  e a c h  l r e e
received an appl icat ion of  28 g of
"Minorels", a cornrnercial rninor element rnix
c o n t a i n i n g ;  C a l c i u n  5 . 0 % ,  C o p p e r  1 . 0 % ,
Zinc O.7%, Manganese 2.25e",  Magl les iun 3.3%,
I r o n  3 . 5 % ,  M o l y b d e n u n  0 . 0 4 % ,  B o r o n  0 . 1 % ,
Arurnlnlrrrn 1. {._l; _

TTeatnents wete arranged in a 5 x 5
L a t i n  s q u a r e  o n  a 1 l  s i t e s .  P l o t  s i z e s  v a r y
but  are approx inate ly  O.02 ha each.  Each
neasurenent plot is surrounded by a two-
r o w  b u f f e r  z o n e .  R e f e r t i  I i s a t i o n  a n d
s i l v i c u l  t u r a l  p r o c e d u r e s . . . l t j : d  o u t  s i n c c O
e s t a b l . i s h m e n t  a r e  s h o w n  i n  T a b l e  1 .

H e i g h t  o F  a l . l  t r e e s  w a s  n e a s u r e d  o n  a l l
s i tes in  August  1972 and Novenber 7974,  of
all trees on Sites L and 2 in July 1973 and
o f  a l l  t r e e s  o n  S i t e s  3  a n d  4  i n  A u g u s t
1973.  Plot  top height  was measured in
March 1976.  Top height  for  the 1972,  7973,
1974 data was calculated by using the mean
of  the three ta l lest  t rees per  p lot .
Diameter at breast height over bark was
neasured in  March 1976 and March 1977.

Foliar sanples were taken annually in
early autllnn (March) from 1975 onwards.
The sanples were analysed for phosphorus
and various other nutrients. llnfortunately,
repl icates were bulked by t reatrnent  in  1975,
' 1 9 7 6  

a n d  1 9 7 7  s o  n o  s t a t i s t i c a l  a n a l y s i s
of  these resul ts  was possib le af ter
L 9 7 4 .



Fert i l iser

TABLE 1

and silvicultural treatrnents subsequent
to initial establishnenr

Fert i l iser Rate Appl icat ion
(kg .ha -1 )  da  te

Fol iar Rate* Appl icat ion
sprays (per cent) date

Pruning
detai ls

S i t e  1 Super-
phospha te  2OO 26 .8 .75

5
5  2 2 . L 1 . 7 4
o , 2

Zn
I,tn
Cu

A l l

were

low

pn.med

( 2 .  I  m )

in

August

19 75

S i t e  2 Sup e r:-
p h o s p h a t e  2 O O  2 6 . 8 . 7 5 2 . 5  7 7  . L 1 . 7 5

0 .  r

Zn
I\frr
Cu

S i t e  3 Super-
phosphate 2OO 16. t .7  4

Rock
phosphate 2OO 7 .LO.ZS

Urea 2OO 7 . lO.7S

( 1 )  ( 2 )  ( 1 )
Z A  2 . 5  5  S . l 2  . Z  3

rlh 2.s t ,*.ltr).ro
C u  O . 2

Site 4 Super-
phosphate 200 t6. I .74

Rock
phosphate 2oo 7 .Lo.7S

Urea 2OO 7 . tO.7S

( l )  (2 )  (1 )
z n  2 . 5  5  5 . L 2 . 7 4

r,rn 2 .s t ,o .l?t., o
C u  O . 2

" per cent weight for weight of

I l )  First  fert i l iser t reatment
(2) Second fert i l iser t reatnent

the appropriate sulphate in aqueous solution

in i t ia l  establ ishnent
in i t iaL establ ish ent

R E S U L T S

Average plot top height increased
signi f icant ly  (p < 0.01)  wi th increased rate
of superphosphate on Sites l, Z and 3 in
a l l  years (F ig.  1) .  There were no
responses to increased Tates of
superphosphate on Site 4 in 1972 and 1973
and only a very small response was evident
in  the 1974 and 1976 top height  data.
There were no significant increases in tree
top height where fertil lser applications
were above 224 g pet tree on Sites I and 5
or  above 448 g per  t ree on Si te  2.

When plotted basal area neasurernents
(Fig. 2) gave growth response curves
sinilar to those for top height. The

subsequent to
subsequent to

Four random soil profiles were sarnpled
4r  each s i te  in  1977.  The prof i . tes weie
! .v ided in to three r rhor izons ' r :  0-15 cm;

16-50 cn;  31-45crn.  Tota l  and avaj - lab le
phosphorus were deteflnined for each
profile and phosphate adsorption isotherms
were deternined for two profiles on each
s i t e .

Total phosphorus was taken as the
phosphorus extracted from the soil by
b o i l i n g  i t  f o r  4  h o u r s  i n  H C I .  A v a i l a b l e
phosphorus was detennined using the
nodified Bray extraction procedure
descr ibed by Arnold (1947) .  phosphate
adsorpt  ion isotherns were detern ined
using the method of 0zanne and Shaw (1967).
Phosphorus concentration in the extract
solutions was measured co l orinetri cally
us jng the method of  Murphy and Ri ley ( i962) .



di f ferences between s i tes and fer t i l iser
treatments were nagnified by the basal area
data, indicating that basal area is nore
sensitive to growth conditions than is ton
h e i g h t .

Figures 7 and 2 show that growth varied
between the four sites (significant at
p < 0.01) .  The best  growth occurred on the
yel low-grey sandy loarn on Si te  2 ard the
worst on the coarse light grey sand on
Site 4. Height and di.ameter growth on
Sites 1 and 3 ranged between those on
Sites 2 and 4. Frorn the increnent data
presented in Table Z it appears that after
refer t i l isat ion in  1974 ana fgZS d i f ferences
between annual growth increnents on the
four sites were reduced.

TABLE 2

Annual growth increnents
as a percentage of the Site 2 increnent

concentrations increased significantly
(p < 0.05)  wi th increased in i t ia l  phosphate.
a p p l i c a t i o n  a t  a l l  s i t e s .  T h i s  t r e n d  

-

continued throughout the trial (Table S).

The phosphorus concentrations in 1975
were low on a l l  s i tes,  even on the Dlots
w i t h  t h e  h i g h e s t  r a t e s  o f  a p p l i c a t i l n .
The h ighest  phosphorus conclnt rat ions in
1973 were on Site 4, the plot where growth
was slowest: throughout the trial Site 4
showed the slowest growth and the highest
phosphorus concentrat ions.  This  ind icates
that phosphorus is not the limiting
nutTient on this site; growth factors other
than phosphorus probably linit growth. 0f
the other three sites the fasteit growing
plot  (Si te  2)  had the h ighest  fo t i i r
phosphorus concentrations,

Refertil isation on Sites 3 and 4 in
1974 (superphosphate )  and lqTs r rn.k
phosphatL) was reruectea-i;"; ;" ' i ; . ;"ur"f
phosphorus concentrations in the 1975 and
1976 analyses.  Refer t i l isat ion of  S i tes 1
and 2 in 1975 seened to increase the
phosphorus concentrations of the
treatments that received the higher initial
rates of phosphate. The effects of
refertil isation on phosphorus concentrations
weTe t ransi tory,  as two years af ter
refer t i l  isat  i  on the fo l iar  phosphorus
concentrat ions were the same as-before
refer t i l isat ion.  The double refer t i  l isat ion
on Sites 3 and. 4 prolonged the increase in
phosphorus concentrations. Three years
af ter  refer t i l isat ion the phosphorus
concentrat ions were s l ight ly  h igher  than
b e t o r e  r e f e r t i  l i s a t j o n ,  b u t  w e r e  b e l o w  t h e
adequate concentration.

Year Site 2 S i t e  I S i te  5 Si te 4

*  r 9 7 2 - 7  3

797 3-7 4

7974-76
* *  I 976 -77

r00

100

100

IO0

65

8 5

9 7

to4

70

73

95

98

64

62

74

r09

*197.2-73,  7973-74,  1974_76 dara f ron top
height increnents

**7976-77 data f ron basal  area increments

The total and available phosphorus
levels  nrere very low for  a l l  the soi ls
(Table 4J.  Si te  2 has the h ighest
available phosphorus content in the surface
hor izon.  Both the sandy soi l  types (Si tes
3 and 4)  have s igni f icant ly  (p <-0.01)  lower
tota- l  .and avai lab le phosphorul  levels  than
t h e  t t n e r - t e x t u r e d  c l a y  s o i l s  o n  S i t e s  I
1nd 2. The phosphate adsorption isotherns
(Fig.  3)  show that  the soi l  on Si te  2 has
a h igher  adsorpt ion capaci ty  than those on
t h e  o t h e r  s i t e s .  O n  S i t e s  1 ,  J  a n d  4  t h e
phosphate adsorpt ion capaci ty  decreases as
depth increases r r ih ich ind icates that  the
organic matter in the surface horizon of
the profile is inportant in deterninins
the phosphate retent ion abi l i ty  of  theJe
soi ls ,  In  contrast  wi th  the other  three
:ites-tle phosphate adsorption capacity on
Site 2 increased with incieasing iepth.

The 1973 and, 1974 foliar phosphorus

Top height and basal area data show
t)?ical phosphorus growth responses to
i111e3sed rates of  phosphate.  Wi thout  the
acdl t ron o- t  phosphorus p.  radiata does not
grow on the Sunkland soi - Is  l i .u .  l tcKinnel i .
p e r s o n a l  c o m n l r n i c a t i o n ) .  I n  v i e w  o f  t h e
low levels  of  to ta l  and avai lab le
phosphorus in  these soi ls  (Table 4) ,  and
the known h igh.nutr ient  requi renent  of
r ' .  r a d t l t a ,  f l r  i s  r  c s u l t  i s  n u t  s u r p T i s i n g .

The opt.irnut initial application rate of
superphosphate indicated by the top height
and basal .area growth curves is ZZ+ g p6r
tree on Sites 1 and S and 448 g per irie
on Site 2. These predicted opiimum rates
nay not be accurate because of the great

D I S C U S S I O N



S I T E  I
l o

9

8

I

o

5

3

2

- f i t
, ) '  * *  +

,/
a.

56 lt2 2245 6  l l 2  2 2 4

o

o)
E

'o)

448

S u p e r p h o s p h a t e :  g r a m s  p e r  t r e e

Legend,  ^ - - - - {  Top he igh t  a t

H Top h  e igh t  a t

a|----{ Top height at

H Top he igh t  a t

FIGURE l: Mean plot top height
4 different Srmkland

March 1976

November lgz4

July  -August  l9z3

July 1972

(1972-1976)  p lot ted
s i t e s .

S I T E  4

t2  224 444

S u p e r p h o s p h a t e :  g r a m s  p e r  t r e e

rF 'F ,  L .S.D.  p< O.Ol

*  :  L . S . D .  p <  0 . 0 5

N.S.D.  '  No s igni f icant  d i f ference

against initial superphosphate rate on

56 2  224

- / - * - . - - _ - - - J ,
t  L L

r  * *  *
3

I r

S I T E  2

o)

L a
'0') 

^

5 6  l l 2  2 2 4



1 1

, G  
, ,

_ c  . -

- l O
q)

o ^

o

{J
o

t0

0

c

q)

q)

o

c)

.,

G

S I T E  3

l

s6 112 224 418 89&'

S u p e r p h o s p h a t e  :  g r a m s  p e r  t r e e

S I T E  2

56 112 224 448

S u p e r p h o s p h a t e  )  g r a m s  p e r  t r e e

S I T E  4

t2  224 448

S u p e r p h o s p h a t e  :  g r a m s  p e r  t r e e

superphosphate rate

l 6

t 4

1 2

r  l 0
I

8

2

0

I ^

r  l 0
I
t

8

T
: 6

S I T E

I/-"- I
a,rt * *

,/
/  - -=^-/ .'"' I

^/

56 lr2 224t 2  224  449

S u p e r p h o s p h a t e  :  g r a m s  p e r  t r e e

L e g e n d  '  e  B a s a l  a r e a  p e r  h e c t a r e  M a r c h  l 9 7 Z

H  B a s a l  a r e a  p e r  h e c t a r e  M a r c h  1 9 7 6

* : t  L . S . D .  p  < 0 . 0 . 1

*  L . S .  D .  p  <  0 . 0 5

N.S.  D.  No s igni f  icant  d i f  f  erence

Mean p lot  basal  areas (7976-1977)  p lot ted against  in i t ia l
on 4 different Sunkland sites.

56 l l2  224

F I G U R E  2 :



Plot  Year
Superyhosphate Rate (grans per tree)

5 6

o . 0 6 8
o  .090
NS

0 .  1 0 8
0.  o90

0 . 0 5 4
o. o85
0 . 1 5 1
0 . 1 0 0
o . o 7 4

0  . 0 5 2
0 . 0 7 1
NS

0 . 1 5 1
0 . 1 0 4

t 1 2

0 .  059
0 . 1 0 4
NS

o  . 7 2 3
o . 0 9 8

o .  063
0 .  108
o .  150
0 .  1 1 1
0 .o83

0 .05.s
o .094

NS
0 . 1 3 6
0 .  1 1 0

0 . 0 8 2
o .  164
o . 7 4 2
o . t 6 7
0 . 1 3 9

0 .060
o .  1 1 0

NS
0 . 1 3 8
0 . 1 1 0

2 2 4 448 896

0 . 0 8 1  0 . 0 6 2  0 . 0 6 3
0 . 0 9 8  0 . 1 3 4  0 . 1 1 6
NS NS NS

o . L 2 4  0 . L 2 6  0 . 1 4 3
0 . 1 1 1  0 . 1 0 1  0 . 1 3 8

0 .o80  0 .065
o .  1 3 5  0 .  1 7 1
0  .  141  0 . I72
o . t 7 2  0 . 1 4 1
0 .085  0 .09  7

0 . 0 6 7
o. r12

NS
o . 7 7 4
o .  1 r 4

o .05  7
0 . 1 0 4
NS

0 . 1 5 6
o . 7 2 0

Annual
Mean

197 3
7974

Si te 1 19 75
t976
1977

0  . 0 6 7
0 .  1 0 8
NS

0 .  1 2 5
o .  1 0 8

I97 3
I97 4

S i t e  2  1 9 7 5
7976
7977

o .069
o . 1 3 3
o . 1 3 5
o  . 7 2 6
o  .096

1973
r97 4

Si te  5  1975
7976
7977

0 . 0 5 8
o.  o98
N S

0 .  1 5 1
o . t t z

L973
197 4

S i t e  4  1 9 7 5
L976
r97 7

o . o 7 2  0 . 0 7 9  0 . 0 7 8  0 . 1 0 0  0 . 1 1 0
o . 0 9 r  o . 1 0 0  0 . 1 2 2  0 . 1 1 5  0 . 7 2 4
o  .728  0 .  129  0 .  131  0 .  135  o  .  1s  1
0 .  146  0 .  15s  0 .  195  o .  193  0  .216
0 . 1 5 3  0 . 1 1 6  0 . 1 1 9  0 . 1 4 6  0 . 1 3 1

o  .088
0 .  1 1 0
o .  1 3 5
o  . 7 7 7
o .729

Treatnent
rnean O  O q 7  n  r n <  ^  1 1 ^ u . t r +  v . l - 2 6

TABLE 3

l,lean foliage phosphorus concentlations (per cent dry weight)

7 9 7 3  L . S . D .  p <  0 . 0 1  =  0 . 0 1 4
L . S . D . p < 0 . 0 5 = 0 . 0 0 9

7 9 7 4  L . S . D .  p <  0 . O 1  =  0 . 0 2 5
L . S . D . p < 0 . 0 S = 0 . 0 1 6

NS = not sampled

TABLE 4

Mean HCI extTactable phosphorus and nean available
phosphorus concentrations

Depth
( cm)

Si te 1 S i t e  2 S i t e  5 Si te 4

HCl
extracted
phosphorus

(ppm)

Avai 1ab 1e
phosphorus

(ppn)

H C 1
extracted
phosphorus

(pprn)

Avai l ab le
phosphorus

(ppn)

HCl
extTacted
phosphorus

(ppn)

Availab le
phosphorus

(pptn)

HCI
ext1.acted
phosphorus

(pptn)

Avai 1ab le
phosphorus

(pprn)

0-  15

I ) -  J U

30-45

1 6  . 2 0

7  . 8 3

6 .  8 8

1  . 5 0

0 .00r
o .oo1

1 4 . 3 5

6 .05

8 . O O

2  .O7

o . 0 0 1

0 .001

/ . 5 J

3 . 6 3

0 .001

o .  1 8

0 .oo1

9  .20

4 . 7 3

5  .30

o  . 5 2
0.001

0.oo1

L
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difference between the ini tial
superphosphate rates, The rate of
phosphate necessary to produce maximrn
growth depends to sone extent on the
supply of other nutrients available to the
trees. The plateau in the growth curves
i_s reached when phosphoms is no longer
the liniting growth factor; if other growth
factors are found to be liniting and ian
be renedied then the phosphorus
Tequarenent nay change.

The higher superphosphate application
necessary to produce maxinum growth on
Site 2 is probably due to the higher
adsorpt ion capaci ty  of  th is  so i l  (F ig.  J) .
The better: initial growth on Site 2
Telat ive to  the other  three s i tes could be
due to a better supply of nutrients in
t h i s  s o i 1 .

- The slow growth and lack of a
lhosphorus response to applications above

56 g per tree on Site 4 indicate that the
plateau stage of the response curve has
been reached and that phosphorus is not
l in i t ing growth.  This  conclus ion is
supported by the corparatively high foliar
phosphonrs concentrations and by ihe
increase in phosphorus concentrations with
increased superphosphate application which
are not acconpanied by an increase in
height or dianeter growth.

, The poor response to phosphorus
fer t i l isat ion on Si te  4 could be due to a
high leaching loss because of the low
phosphorus adsorption capacity of the soil.
However, this is rmlikely because Site g
has a sinilar low adsorption capacity but

Dponds to phosphate app li cations . Growth
Vt Site 4 is probably limited by either
water availability or anothetc nutTient
deficiency. Until the factors liniting the
growth of  P.  radiata on th is  so i  l  type are
defined an d-TernE?lTed, planting u"a-"- 

*-"

f ler t i l is ing would be unecononi  c .

The initial growth advantage obtained
by the higher phosphate applications was
maintained for the duration of the trial.
Not- only do the height and dianeter growth
ref lect  in i t ia l  fer t i l iser  appl icat i ;ns
aFter  s ix  years,  but  the fo l iar
phosphorus concentrat ions also renain
higher  on the p lots  in i t ia l ly  fer t i l ised
wi th h igh Tates of  superphosphate.

Refetctil i s ati on increased phosphorus
concentrat ions in  the fo l iage and

increased g"owth on the poorer sites as
shown by the increase in increnent as a
percentage of the Site 2 increment (Table 2).
Refertil isation with superphosphate at the
rate of  200 kg.ha- l  in  1975 had no
significant effect on foliar phosphorus
concentrat ions,  This  lac l t  o f  resDonse nay
be e i ther ,  because of  an inrnobi t isat ion of
phosphate by adsorption, or, because the
phosphorus concentrations of the trees were
below the suf f ic iency level  o f  0 ,17%
(Raupach et  a1. . ,  1969) ,  in  which case any
adsorbed phosphorus would be used for
increasing growth rather. than increasing the
foliar phosphorus concentTations .

The double refertil isation on Sites 3 and
4 (Table 1) increased growth relative to
Sites 1 and 2 which received only one
r e f e r t i l i s a t i o n  ( T a b I e  2 ) .  T h e  i n c r e a s e d
growth rates on Sites 3 and 4 are probably
due to the h igher  phospho*,  .on." i l t "a t ion s ,
Dut by autunn 1977 the foli ar phosphor,r.rs
levels  had dropped towards the cr i - t ica l
level  o f  0 .12%. I t  appears that  the s ingle
superphosphate application of 200 ks.ha-I
on Si tes I  and Z is  inadequate to s is ta in
the phosphorus requi renents of  p .  radjata
and a h igher  rate of  refer t i l isat ion- is-
probably necessary.

The short duration of the response to
refer t i l isat ion on a l l  s i tes ind i ia tes
that  e i ther  the quant i t ies of  fer t i l iser

lPPlied are inadequate or the applied
fer t i l iser  is  not  being used ef l ic ient ly .
Inef f ic ient  ut i l isat ion of  fer t i l iser
could be due to nutrient irnbalanc.: or
deficiency that has not yet been defined or
nay be due to poor function of the
nycorrhizae on these sites. Work is
continuing on the definition of nutrient
requirenents of P. Tadiata on these soil
Eypes .
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