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SUMMARY
The effects of rock phosphate and superphosphate on

the growth of young Pinus radiata D' Don trees r,/ere
conpared to deternine a suitable initial source of
utilizable phosphorus.

Zinc oxide L'as evaluated to detennine its
effectiveness in supplying the initial zinc requilrenents
of P, radiata.

Rock phosphate was formd to be inferior to
superphosphate as an initial phosphate source. However,
the results suggest that it nay be a valuable source of
phosphorus during later growth, particularly when the
initial requirelnents are rnet by a more available forn of
phosphorus such as superphosphate. Applying zinc oxide
with superphosphate was only partially effective in
preventing zinc deficiency of P, 1ad1a!4. The trials
indicate ihat foliar spraying i!-? m6iG-effe ct i ve and
reliable nethod of providing zinc requirenents of
P. radiata in the Donnybrook Sunkland.



IIqTRODUCTION

In 1971 tr ia ls were establ ished in the
Donnybrook Sulkland to evaluate rock
phosphate as an alternative to
superphosphate,, and to dete'fmine the value
of zinc oxide as a source of zinc for
Pinus radiata D, Don.

The Donnyb::ook Srmkland has been
d e s c r i b e d  b y  M c K i n n e I l  i 1 9 7 6 )  a s  t h e  a r e a
south af Brmbury bounr,cd b/ the Uarling
and Dwrsborough Faults, the lllhicher Scarp
ard the Scot t  Coasta l  P la in.  I t  is  an
area of  low re l ie f  and poor  dra inage.

The soils of the area have been
descr ibed by Smith (195i ) .  The soi ls  on
the low r idges are poor  qual i ty  la ter i t ic
gr :ave1s in ter laced wi th la te i : j i ic  boulders
(Forest  Grove t )?e) ;  th is  so i l  t )?e is
c lass i f ied by the Forests Depart - rnenE
(unpublished data) as Lnsuitable for pines.
The soi ls  below thc r idges are main ly
grey sands and sandy loams which increase
in texture with increased .Jepth (Mtmgite
tvpe) .

T h e  s l i g h t l y  a c i c i  ( p H  5 . 5  -  6 . 0 )  s a n d s
and sandy loans whieh const-.itute the
m a j o r i t y  o f  t h 3  s o i l s  c l r " s s i f r e d  b y  t h e
Forests Department of ltlestern AustTalia as
suitable for pine plantation establishnent
require the addition of phosphorus, zinc,
copper, nranganese and probably nitrogen
for the establishrnent of P. radiata D. Don
(Forests Departnen t, unpuS'i-MEE-?Tt a) .

The ef fect iveness of  prcv id ing the
phosphoms needs in a slcw-release form
of phosphate \,ras investigated in order
to reduce the frequency of phosphate
refcr t i l isat ion cL{Trent ly  nccessary to
m a i n t a i n  a  p i n e  p l a n l a t i o n  l n  a  h e a l t h y
condition. A high percentage of the
phosphoms in rock phcsphate is in a
s low-re lease water- insoluble fo i : rn ,  possib ly
d icaLcium phosphate (Russel l ,  1975)  .

T%a nh i  ^ . f  i  v .  j  n i :  t h i 5  t r i a l  r . / eTeI  r r v  v u J u v e r r ! J  v !  w t .

twofo ld:

(1) To deternine the effec'c of the slower
rate of phosphorus release by rock
phosphate on the initial growth of
P. radiata, and to determine l^/he*iher any
iEsldua=t ereect clf the fertil iser is
apparent in later grcwth.
(2) To deterrnine wheiher zinc oxide applied
with superphosphate at plarnting supplies

fon the establishnent of

METFiOD
The t"ia1 r,ras located at three different

sites on the Sunkland. The soiLs at Site 1
and Site 2 are grey sands which become nole
heavi ly  textured wi th increased depth
( l r tungi te) .  The soi l  a t  S i te  3 is  coarsel l
and contains some lateritic gravel and
scattered large lateritic boulders (Forest
Grove) .

the sites were cleared and burnt in
1970 and doubJ.e ploughed and normded in'1971,  

Si tes were p lanted wi th one-year-oLd
P.  radiqta seedl ings in  June 1971 at  a
spacing of  2 ,7 n between nounds and 2.1 n
on the mounds ,

Table 1 shous the fer t i l iser  t reatner?
appl ied at  the in i t ia l  p lant ing,

TA3 LE 1

In i t ia l  feat i l iser  tTeatnents appl ied

adequate zinc
P" radiata.

1u l y  1 9 with chemical corposition shown

Treatment
i l o .

Fert i  l iser R.ate of
fert i l isat ion

(eltree)

( 1 )

(2 )

(3)

(4 )

r E  \

Superphosphate
( e . 6 %  P )

Rock phosphate
( 1 s . s %  P )
( r rnor  nnnna*

zinc "Ar l
( 8 . 7 %  P ,  0 . 6 6 e "  A t ,
9.6% zn)

( r rnar  nnr rna+

z i n c , , 8 , '
( 8 .9% P ,  A .33e"  A r ,
0.3e" Zn)

Special super zinc
oxide rnixture:
Superphosphate

plus zinc oxide
equivalent to
22.5 g Znl tTee

2 2 7

1 4 2

I
227

2 2 7

227

28

The zinc in treatnents (3) and (4) is
zinc oxide. Treatments were ananged in a
5 x 5 Latin Square on each site. Individual
p lot  s izes var ied s l ight ly  but  were
approximate ly  0.  02 ha each.



Height of al1 trees was neasured in
August 1972, July 1973 and Novenber 1974.
Plot top height was measured in March
1976. The three tal lest  t rees in each
plot were used to corpute top height for
the  1972 .  1975  and  1974  d ,aLa .

Diameter breast height over bark was
neasured in 1976 and 1977, anal  th is was
used to calculate basal  areas.

Two sanple trees per plot were
nonitored annual ly fron 1973 for nutrient
concentrations in the foliage. Sanples
were collected in early autum from the
youngest developed whorl and analysed for
phosphorus and zinc, Unfort$ately the
sanples had to be bulked by treatnent in

-  1975 ,  1976  a r .d  1977 ,

v
Plots showing needle chlorosis were

recorded in 1972. In 1973 the percentage
of trees on each plot showing needle
chlorosis was recorded.

RESULTS

The survival data presented in TabLe 2
show no significant differences in tree
survival between the five treatments:
nei ther the phosphate source nor z inc
oxide application affected survival in
the first year.

Although survival was not affected by
treatrnent, the 1972 top height data
showed that height growth on the rock
phosphate plots was significantly poorer
(p<0.01) than on the superphosphate plots.
This trend continued for the duration of

the  t r i a l  (F iS .  1 ) .  The  1976  and  1977
basal area neasurenents indicated that
diameter growth was also poorer (P<0,01)
for trees fertilised with rock phosphate
rather than superphosphate (Fig.  2).

The responses to treatnent were
sinj.lar on each plot and there was no
signifi cant interaction between sites
and treatnents, Height and dianeter
growth variations between the three sites
were not s igni f icant.

The application of zinc oxide with
superphosphate did not s igni  f i  cant ly
increase height or dianeter grovrth on any
o f  t he  s i t es  (F igs .  1  and  2 ) .

The resul"ts of the foliar analysis for
phosphorus (Tabfe 5) and zinc (Table 4)
did not show any statistically significant
results, probably because of the large
var iabi l i ty in the data. Stat ist ical
analysis of  the 1975, 1976 and 1977 d,a. ta
was not possible as the repl icates we?e
bulked before analysis.

The rnain trends evident fron the foliar
analysis data are as follows. Phosphonrs
concentrations in the first two sanplings
(1973 and 1974) were low on al l  t reatnent
areas, but lowest on the rock phosphate
treatnent areas. Following referti lis ation
in 1974 (Table 5) the 1975 phosphoms
concentrations increased on all treatnents.
fn contrast with the earlier resuLts the
1975, 1976 and 1977 foliar phosphorus
concentrations on the rock phosphate
treatnent areas wele equal to or greater
than the concentTation of the superphosphate
treatrnent areas.

TA3 LE 2

Mean per cent tTee survival in first year

Fertiliser treatrnent

Site
phosphate cu zn ,,A,, cu zn ,,B,1

Rock
phosphate

Super
ZnO

1
2
3

9 4 ,  8
9 7 , 8
9 8 .  3

9 0 .  5
1 0 0 . 0
9 7 . 4

o ?  o

9 8 .  r
9 6 .  8

9 9 . 4  9 4  . 4
9 8 . 8  1 0 0 . 0
9 7  . 0  9 6 ,  1

Mean
aggregate 9 7  . 0 9 6 .  0 9 6 . 3 9 8 .  4 9 6  . 8



E N D

Rock phosphate

Superphosphate
Super coPPer zinc A

S u p e r  c o p p e r  z i n c ' B '

Specia l  Super  z inc ox ide

l97 2 197 3

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

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

FIGURE 1: Mean toP height

LEGEND

f] nock PhosPhate

ffil SuperphosPhate

S Super coPPer zinc 'A'

N Super copper z inc 'B'

l2 Spccial Super zinc oxide

1976

+* L.S.D p <0 '01

* L.S.D p <0.O5

FIGIJRE 2: Mean basal

m t x

t971 \ 9 7  5

(  t - .S.O = Least  s ign i f icant  d i f ference )

for  the three s i tes (1972 to 1976)
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TABLE 3

Foliar phosphorus concentrations (per cent dry weight) 1973-1977

Fertiliser treatrnent

Site Year Rock
phosphate

Super-
phosphate

Super
cu Zn l|A"

Super
cu zn ||B|'

Super
+ Zno

Mean

1 197 3
197 4
1 9 7 5
1976
1977

0 .  068
0 . 1 0 0

NS
n  l t o

o . ' t o2

0
0

0
0

081
1 0 9
NS
1 2 3
112

0
0

0
0

0 8 1
1 1 3
NS
t z o

1 0 1

0
0

0
0

069
1 1 4
NS
1 1 9
097

0
0

0
0

060
I  L J

NS
1 0 3
102

0
0

0
0

071
1 1 1
NS
I  z z

1 0 3

2 197 3
197 4
1 9 7 5
t : r / o
1977

0 .  052
0 . 1 t 6
0 .  t 4 1
0  , 1 2 3
0 . 1 0 2

0 .  068
0 . 1 3 8
0 . " t37
0 . 1 1 5
0 . r 0 0

0 . 0 6 6
0 . r 5 6
0 ,  1 0 4
0 . 1 0 2
0 .  1 0 0

0 .060
0 , 1 3 0
0 , 1 3 0
0 . r 0 5
0 .  088

0 .063
0 .  1 4 3
0 . 1 3 9
0 . 1 1 0
0 . 1 0 1

0 .066
U .  I J J

0 .  | 3 0
0 . 1 1 3
0 . 0 9 8

5 197 3
1974
197 S
1976
1977

0.  056
0.  091
0 .  r 4 8

NS
NS

0
0
0

071
i l3
1 5 4
NS
NS

0 .  | 0 4
u .  t 5 5
0 . 1 8 5

NS
NS

0 . 0 8 5
0 , 1 1 2
0 , 1 6 2

NS
NS

0 , 0 8 6
0 .  1 0 6
0 . 1 8 1

NS
NS

0 .080
0 , 1 1 1
0 .  1 6 6

NS
NS

Mean
aggregate 0 . 1 0 3 0 , 1 1 0 0 . 1 1 3 0 . 1 0 6 0 , 1 l 0

NS = not sanoLed

TABLE 4

Foliar zinc concentrations (ppn) 1973-1977

Feltiliser treatnent

q i  + a Y ear Rock
phosphate

Super-
phosphate

Super
Cu Zn lrArt

Super
cu zn rBrl

Super +
Zno

Mean

I 1973
1974
1975
1976

t 5
2 1
NS
31
38

1 7
1 8
NS
34
t t

22
z )
NS
JY

J +

' 1 5

Z J

NS
38
5 l

1 7

NS
36
39

z4
NS
36
36

2 I ] , I J

197 4' t 975

1976
1977

1 2
1 5
50
56

3 l

'

1 6
49
30
27

1 7
J I

48
36

1 4
. ,4

47

zo

t 6

30

4 1
J d

1 A

Z J

49
36
3 l

3 1973
197 4
1975
1976
1977

l 5' t4

47
NS
NS

l 0

A '

NS
NS

1 7
20

NS
NS

l (
' 19

46
NS
NS

t 8
26

NS
NS

1 <
l 9
48
NS
NS

Mean
aggregate 2 7 26 J I 29 J+ 29

NS = not sanpled



TABLE 5

Fertiliser and silvicultural treatnents

Site Superphosphate
appl ication

Foliar sprays **Pnrning
date

Quantity
(kelha)

Date *Quantity
(per cent)

Date

' t  z u u
i

'  2  
'  

2oo
i

5 400

i l
I
l l

26

26

' t2

August 1974

August 1974

Febnrary 1974

Z n : I t n : C u
5 . 0 :  5 . 0 :  0 . 2

Z n : M n : C u
2 , 5 : 2 . 5 :  0 . 1

Zn : l,tn
)  \ .  )  <

Z n : l " l n : C u
5 . 0 :  5 . 0 :  0 . 2

22 November 1974

I  /  Novenber  rv l5

'I 2 February 1974

| |  uecenDeT rvl4

August 1975

August 1975

J t m e  t v / J

* Per cent by weight of Zn, l"tn, Cu sulphates in aqueous solution
** Low pruned only at this stage (2.1 n)

Foliar zinc concentrations were
narginal to deficient in 1973 and 1974
(Table 4);  the lowest z inc concentrat ions
were observed on the plots receiving
treatnents excluding zinc. Foliar zi'nc
concentrations rnote than doubled between
1974 and 1975 at Sites 2 and 3 (no data
was available for Site 1) after
refertilisation and following the
application of a foLiar zinc spray (see
Table 5). The zinc concentTations
decl ined sl ightLy in 1976 ar ld 1977.

The low zinc concentrations in the
ninus zinc plots were reflected in the
occu?rence of needle chl.orosis in 1972
and 1975. In 1972 needLe chlorosis was

evident on some superphosphate (rninus zinc)
plots at  each si te '  (2 plots at  Si te 1,
2 plots at  Si te 2,  3 Plots at  Si te 3).

Table 6 shows that in 1973 needle
chlorosis was evident to some extent on
all plots. The percentage of trees with
needle chlorosis was significantly higher
(p<0.01) on the ninus zinc plots than_ the
pLus zinc plots, and corresponded to the
lower zinc concent?ations formd in the
ninus zinc Dlots.

DISCUSSION
Initial growth is depressed when

phosphorus is supplied as rock phosphate

oTABLE

<  0 . 0 1
=  0 . 0 5

=  1 8 . 5
=  l J . o

p
p

(L.S.D. = least s igni f icant
difference)

Mean percentage of trees shSlni4g needle chlorosis (

Fert i l iser
treatments

Sites Mean
aggregate

1 2

Rock phosphate

Superphosphate

Super Cu Zn "A"

Super Cu Zn I'B"

Special super
ZnO nix

64

4 8

25

30

J+

t o

76

2 3

5 8

8 1

56

59

53

71

68

55

48

L . S . D .



rather than superphosphate. The initial
depression i.n growth remained throughout
the experinent even though alL plots were
refertilised with super?hosphate in 1974
(Table 1).  This coincides with Waringts
(1976) findings which indicated that the
ini.tial growth stages are nost inportant
in deternining the ul.timate plantation
y ie ld .

The foliar phosphonrs concentrations
in 1973 and '|,974 were lower for the rock
phosphate treatnents than the
superphosphate treatments, indicating
that the poor initiaL g"owth on the rock
phosphate plots was probably due tci
phosphorus deficiency. Rock phosphate
was formd to be an inferior source of
phosphate for P, radiata establishnent
in the Donnybrook Sunk l and,

Wil l  (1965) showed that fo l iar
phosphorus concentrations of P. radiata
are a good indicator of tr"ee FhGnEorus
status. Wi l l  deternined a cr i t ical
phosphorus concentrat ion of  0.11% in the
needles of  the top whorl .  This is
simi lar to the cr i t ical  phosphorus
concentrat ion of  0.10% establ ished by
Raupach et al .  (1969),  who also suggest
that an adequate concentTation i-s 0.17%
or greater.  At a cr i t ical  level  of
ei ther 0.1 or 0.11% the phosphorus
concentrations of all treatnents were
below the def ic iency 1evel in 1973. This
suggests that the initial superphosphate
application of 227 g per tlee may not
be adequate for optinun initial growth.

The highest phosphate concentrations
were formd at Site 3 in 1975 following
refertilisation with 400 kglha of
superphosphate in 1974 (twice the rate
used at Si tes i  and 2).  These
concentrations (see TabLe I) were close
to the adequate concentration of 0.17%
suggested by Raupach et al.. (1969). The
higher concentrations at Site 5 conpared
with those at Sites 1 and 2 are probably
due to the higher rate of superpirosphatl
applied at the 1974 referti lisation.

Refertilisation with superphosphate
on al l  p lots in 1974 (Table 1) thTee
years after initial fertilisation did not
reduce the difference in height grooth
between the rock phosphate and
superphosphate treatnents. Following
refertilisation thd rock phosphate
tTeatnents tend to have higher foliar
phosphoms concentrations, As aock
phosphate has a residual effect (Russell,

1975J the higher phosphorus concentrations
nay be due to the residual. effect of rock
phosphate or to the slower growth of these
trees causing a concentration of nutrients
in the fol.iage.

Although rock phosphate is not a good
initial phosphorus source it could be
useful  as a slow-reLease.fert i l iser when
the initial phosphate r€quirenents are
provided in a more available forn such as
superphosphate or Agras 18-18 (18% N,
7.ge"P) ,  Tr iaLs have been establ ished to
deternine the effectiveness of rock
phosphate as a slow'release fertiLiser when
used in conjrmction with superphosphate.

ALthough zinc oxide appLication had no
significant effect on height or dianeter
growth at any stage of the trial, the 1973
and 1974.folia:r zinc concentrations of the
plus zinc treatnents were generally higher
than the concentrations of the ninus zinc
p lo t s .

If the zinc concentration of 14 ppn is
taken as the c"itical foLiar zinc
concentration (Hatch, personal cornnunication),
then the zinc leveLs of the ninus zinc plots
were narginal  or def ic ient in 197J on al l
sites and narginal on Sites 2 and, S in 1974.
The zinc concentrations of the lowest zinc
treatrlent (Super Cu Zn ',B'') were narginal
in 1973. The lower zinc concentTations
formd on the rninus zinc plots coincide with
the higher percentage of needle chlorosis
(Table 5), thus at least sone of the needle
chlorosis is attributable to zinc
deficiency. Application of the zinc
sulphate spray to the foliage resulted in
the disappearance of the needle chlorosis.

Between 1974 aid, 1975 the foliar zinc
concentrations at Site 2 and Site 3 nore
than doubled. T?re increase at Site 3 could
be explained by the application of the
foliar zinc spray in Novenber 1974.

Site 2 did not receive a zinc soray
until Novenber 1975 and this nakes 

^the'

increase in zinc levels difficult to exDlain
in terns of foliar zinc application.

The results of the zinc exDerinent are
inconclusive concerning foliar spraying;
howeverc, as spraying rernedied the needle
chlorosis it is recomnended as the best
nethod of preventing zinc deficiency at
present. Zinc oxide application with
superphosphate at planting seerned to be only
pa"tially effective in preventing zinc
def ic iency.
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