
ODC 237.  4 ,174.75

Research Paper 73

December 1983

i

by H. CHEVIS

SUMMARY

Appl icat ions of  z inc are requi red for  the
satisfactory growth of Pinus tadiata on the Sr4an
Coasta l  P la in.  This  t r ia l  was in i t ia ted to test  the
hypothesis  that  z inc ox ide appl ied wi th Superphosphate
would pxovide suf f ic j .ent  z inc for  .P.  radjata on the
yel low and grey sands of  the Karrakat ta associat ran,
thus making fo l iar  spray ing unnecessary.  Super  Cuzn
r A t  ( 0 . 6 t  z i n c )  o r  S u p e r  C L I Z n  r B '  ( 0 , 3 8  z i n c )  w a s
appl ied wi th or  wj . thout  a 2 l  per  cent  z inc su lphate
fo l iar  spray"  Superphosphate (no z |nc)  was appLied
wi th a fo l iar  spray,

On the ye11ow sands,  what  are nornal ly  considered
adequate Levels  of  z inc in  the fo l iage for  opt imun
growth were only achieved by the application of a zinc
sulphate spray to the needLes.  Height .  growth rate of
the p ine,  however ,  was not  re lated to the levels  of
z inc in  the fo l iage.  ch loros is  occurrec l  vrhen z j .nc levels
in  the uppermos!  branches were less than 10 ppm.
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FORESTS DEPARTIUIENT
OF WESTERN AUSTFALIA

THE EFFECT OF TWO METHODS OF

ZTNC APPLICATION ON THE GRO\MTH

OF Pinus radiata D. DON ON SANDS OF

THE SWAN COASTAL PLAIN.

On the grey sands there were
fo l iar  z inc for  a1l  t reatments,
height  growth nor  ch l "oros is  were
of  fo l iar  z inc"  Another  factor
o n  t h i s  s i t e .



INTRODUCTION

Pinus radiata D. Don is being grorrn by
the  Western  Aus t ra l ian  Fores ts  Depar tment
on sone areas of the Swan Coastal plain
west  o f  Harvey .  The area  has  a
Medi te r ranean c l ina te ,  rece iv ing  an  average
ra in fa l l  o f  890 rn rn  per  year  (McAr thur  and '
B a r t l e ,  1 9 8 0 )  ( F i g .  1 )  .

P ,  xad ia ta  i s  g rown na in ly  on  the  so i l s
o f  the  Kar raka t ta  assoc ia t ion  (McAr thur  and
B a r t l e ,  1 9 8 0 ) .  T h i s  a s s o c i a t i o n  i s  t h e
eas tern  par t  o f  the  Spearwood dune sys ten
and j . s  d iv ided in to  two phases .  The so i l s
of the yellovi phase are leached yellow and
brown sands over ly ing  l ines tone a t  depth .
The grey  phase cons is ts  o f  g rey  sand
over ly ing  ye l low w i th in  one ne t re .  A long
the  eas ternnos t  f r inge  o f  the  Kar raka t ta
association there are r"/i nd blown deposits
o f  g rey  sand.  These grey  sands  are  h igh ly
leached and conta in  par t i cu la r ly  low
concent ra t ions  o f  n i t rogen,  phosphorus  and
potassrum (s toa te ,  1950)  .

The low nut r ien t  s ta tus  o f  bo th  the
ye l low and grey  sands  necess i ta tes  the
app l ica t ion  o f  some nut r ien ts  fo r  the
success fu l  g rowth  o f  P .  rad ia ta .  S toa te
(1950)  found tha t  lack  o f  phosphorus  and
z inc  l im i ted  the  grov / th  o f  p .  rad ia ta  on
severa l  s i tes  inc lud ing  the  coas ta l .  p la in
vres t  o f  Harvey ,  These de f ic ienc ies  rvere
cor rec ted  by  app l ica t ions  o f  Superphosphate ,
and e i ther  fo l ia r  app l i ca t ions  o f  z inc
su lphate  or  so l id  app l i ca t ions  o f  z inc
ox ide  to  the  so i1 .

Th is  t r ia l  was  in i t ia ted  to  tes t  the
hypothes is  tha t  z inc  ox ide ,  app l ied  w i th
Superphosphate  in  conmerc ia l  fe r  t i l  i  ze  r  s ,
wou ld  p rov ide  su f f i c ien t  z inc  fo r  the
growth of P. radiaxa on boLh the yellow and
grey  sands  o f  the  Kar raka t ta  assoc ia t ion ,
thus  mak ing  the  app l ica t ion  o f  expens ive
fo l ia r  z inc  sprays  unnecessary .

METHOD

The t r ia l  was  car r ied  ou t  a t  t r4 'o
s i tes  \ , , ' i th in  the  Harvey  Coast  P lan ta t ion .
Both  s i tes  were  w i th in  the  Kar raka t ta
assoc ia t iono one on  grey  sand and the
other  on  ve l low sand.

The native eucalypt forest r,Jas cleared'
and burnt  in  wind rows in  1970.  The
following year the sites were ploughed and
the planting lines were furrowed. one-
year-old P. radiata se€dlings were
transplanted into the fie.l-d in early wintet
I 9 7 I ,  a t  a  s p a c i n g  o f  2 . 7  m e t r e s  b y
2 . 1  n e t r e s .

Treatnents were arranged in a 5 x 5
Lat in  square at  each s i te .  Measured p lots
were approx imate ly  0.02 ha each.

The fer t i l izer  t reatments tested and
thei r  analyses are shonn in  Table I .  The
Superphosphate was applied in a circle
10 cm f ron the p lant  in  the spr ing.  The
zinc sulphate sprays were applied to the
foliage in the spring of the following
year .  There vras no ev idence of  ch loros is
a t  t h i s  t i n e .

Tree height  was measured one and two
years af ter  t ransplant ing.  No fur ther
measurernents were possib le af ter  the
second year .  Sanples of  fo l iage were taken
from the current  yearrs  growth on the
uppermost  branches,  two years af ter
t r a n s p l a n t i n g ,  f o r  n u t r  i e n t  a n a l y s i s .
Chloros is  of  the fo l iage of  the p ine was
assessed at  the sane t ime"

RESULTS

Yellow Sands

z inc  ox ide ,  app l ied  in  combina t ion
wi th  Superphosphate  ( t rea tnents  2  and 4 ,
Tab le  l ) ,  p roduced an  average fo l ia r  z inc
concent ra t ion  in  the  p ine  o f  less  than
7 ppn.  A  cor respond ing ly  h igh  percentage
of  t rees  w i th  ch lo ros is  were  observed i .n
these t rea tnents  (Tab le  2 )  .  Where  fo l ia r
sprays  o f  z inc  su lphate  were  a lso  app l ied
( t r e a t m e n t s  l ,  3 ,  5 ,  T a b l e  1 )  f o l i a r
z inc  concent ra t ions  rose  above 14  ppn
and no  ch lo ros is  was observed (Tab le  2 ) .

ch lo ros is  on ly  occur red  j .n  those
F lo ts  where  the  leve l  o f  fo l ia r  z inc
in the pine was less than 1.0 ppm
( r i q  "  2 )  .



Clitton

SITES

Plontotion3

aHoncy

Bunbury

b uodurartns
3.ndt tin.scon., ,1$ a

clppi.g of secondary c.IcrLe ov..Lr. by

Elnd {y.llo, PnM€,. b hirty
brd. !u!f.c. prrsing rnio

brrebe y.rld smd .nd often 01th lin.dton.

(gr.y ph6..), undstatlhg

lnd p.Gsing lnro
! r€trc, rhercone

rand6cap.; s.m Boir grofite
no riherton. b€ld.

K 1 3  t l r r y . n d  j r r . s u l a r  t . r r a i n ,  b l r e  r i m . r l o n e  a r
'.nd tsitb such ouecroP,

rrlr kliat. ,!th ntnor ridses and
.ralesr depresslorc ,!th .reFs or hk..; narine

rhe.toner rii]l a c.pplnq or seFndary
by .ltlcsls E$d

a rlght sr.y sub.oil,
y.11o, .!.d i.ELt,s directry 6h

rtre8ro.. !r 30-a0 d.

F i g u r e  1  :  D i s t r i b u t i o n  o f  s o i l s
s i t e s  a r e  i n d i c a t e d ,

of  the  Harvey  Coas t
McAr thur  and Bar t1e ,

v,'i thin part
Taken f rom

Planta t ion
1 9 8 0 .

. t ' ne  E r ta t



TABLE I:

Grey Sands

Those t rees  wh ich  rece ived bo th  z inc
ox ide  and a  z inc  su lphate  spray  ( t rea tments
L ,  3 ,  5 ,  Tab le  1 )  had h igher  concent ra t ions
of  fo l ia r  z inc  than those wh ich  rece ived
only the z j.nc oxj.de treatrnent (treaenents
2  &  4 ,  T a b l e  1 ) .  T h e s e  d i f f e r e n c e s ,
however ,  were  no t  s ign i f i can t .  and a1 l
concent ra t ions  were  above 20  ppm (Tab le  2 ) .
There appears to be no rel,ationship betlveen
fo l ia r  z Inc  concen+, ra t ions  and the
percentage o f  l rees  w i th  ch lo ros is  on  th j .s
s i t e  ( F i 9 .  2 ) .

Both Sites

No d i f fe rence in  the  ra te  o f  he igh t
growth of the pine vras observed between
l rea tments  on  e i ther  s i t -e  in  the  year
fo l low ing  app l ica t ion  o f  the  fo l ia r  sprays
( T a b l e  2 ) .  O v e r a l l ,  t h e  p i n e  w a s  g r o w i n g

much fas te r  on  the  ye l low gand than on  the
g r e y  s a n d  ( T a b l e s  2  a n d  3 '  p  <  0 . 0 5 ) .

The fo l ia r  z i .nc  concent ra t ions  were
h igher  in  p ine  growj .ng  on  the  grey  sands
than in those growing on the ye1low sands
( T a b l e s  2  a n d  3 ,  p  <  0 . 0 5 ) .

Fert i l izer  t reatnents,  and thei r  chemical  composi t ions,  apPl ied to
P.  radiata on a grey and a ye l low sand s i te .  The suPerphosphate (super)
was applied when the pine was planted. The zinc sulphate spray was

appl ied one year  la ter .

FERIILIZER

TREATMENT

ANAI,YSIS
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PIIOSPHORUS

I
Z INC

I
COPPER

l. 113 g,/tree S'rp€r Coppe! Zinc

z]rt Zinc Sulpbale splay

8 . 2 0 . 5 5

2. LL3 g/Vee Super Copper zinc 8 , 2 0 . 5 0 . 5 5

l- r3 g/ t ree Super Copper rBr

2lt zinc Sul"Phate sPray
8 , 4 0 . 3

l. U3 g,/tree super copper zinc 8 , 4 0 , 3 0 , 3 3

5.  113 s/ t ree super
2! l  z inc Sulpbate Spray

9 . 1

l
I
i
-1.

!!!!!!

Irr e/!re. super cuzn A
2lr zrnc sorphaLe sPray

lrr q/tr€e suPer cuzn A

1rr g/tee sup€r curn B
2t1 zlnc surphate 3pray

1rr q/tree super cuzn

21. zi nc surphaL. spray
o-

N

o.

N

Figure  2  :  Fo l ia r  z inc  leve1s  and
percentage o f  t rees  w i th  ch lo ros is  o f
two year  o ld  P .  - rad ia ta  g rowing  on  (a )
ye l low sand and (b )  g rey  sand.  F iguxes
are  fo r  ind iv j .dua l  p lo ts .

|boge of lEG. wilh dldtlit



TABLE 23 He ighC growth ,  leve ls  o f  fo l ia r  z inc ,  and ch lo ros is  o f  P .  rad ia ta  in  response to

app l ica t ions  o f  phosphate  h ' i th  so t id  and fo l ia r  app l i ca t ions  o f  z inc .

TREATMENT

YELION SAID GREY SAND

lilean
sei9ht

G )
Fol ia!  z inc

(pp')
se19h!

(o")
chlolosis

( r )
Foliar rjnc

(pPn)

I .  I l3  g, / t ree supe! Cu?n,Al
zrr t  z lnc sulphate spray 3 r . l o" r4ub {9"b

2.  I l3 g, / ! ree supe! cuzn 'A ' 3 3 . 0 2l- 1 8 , 4 47-

3.  I I3 g, / t ree Super CuZn rBl

2!t zinc sulphate spray 3 3 . 0 o' 23- 1 7 . I 39

4. 113 g, / l ree super cuzn rBl 2 4 . 5 47- s' l lub 20

5, l l3  g/ t ree supe! 221
2+i zinc sulpbate spray 2 7 . 5 o' st' 22

N .  S . p  <  0 . 0 5 p  <  0 . 0 5 N .  S . P  <  0 , 0 5 N .  S .

Height growth v,,as neasured between one and two years after transplanting.
le t te rs  ind ica te  non-s ign i f i can t  d i f fe rences  a t  p  <  0 ,05 .

N .  S .  =  N o  s i q n i f i c a n c e .

TABLE 3:  Analys is  of  var iance labLes for  height  increment  and fo l iar
concentrat ion in  response to phosphate and z inc appl icat ions
on a grey and a ye l lovr  sand s i te .

Common

tlet9h! Inclenent (cln)

tr{sDfs5 a slgn

Sl te

lreatnent x St te

Besidual

Tolal

1 " 1 9 , 5  4  2 9 . 9  0 , ?  N . S "

2 4 0 2 , 5  I  2 4 0 2 . 6  6 0 , 6  p  0 . 0 0 1

5 1 . 0  4  1 5 . 3  0 . 4  N . S .

1 5 8 6 . 0  r l 0  3 9 , 5

4 1 6 9 , 2  4 9  8 5 . t

Folia! Zinc Concentlatj.on {ppm)

S i L e

Tr€atmen!  x  s i te

Res idua l

Tota I

2 4 3 0 . 9  4  5 0 7 . 3  5 . 1  p  0 . 0 1

2422.1 1 2422.1 20.4 p 0.001

2 6 9 , 7  4  6 7 , 4  0 . 6  N . S .

4 7 4 9 . 2  4 0  1 1 8 . 7

9 8 7 r . 9  4 9  2 0 1 . 5

SS = Sun of  squares
Df = Degrees of  f reedom
M S  =  M a ^  h

F  =  F ,  r a t i o
S ign  =  S ign i f i cance



DISCUSSION
r F h A  1 6 ^ , r i r a m 6 h l - c  ^ €  r : ^ ^  h v  D  7 . d ; 2 r ^

were adequately supplied by zj.nc oxide
applied wj.th Superphosphate on the grey
sands,  b l l t  no t  on  the  ye l low sands,  judg ing

frorn the concentration of zinc in the
upper rnos t  whor l  o f  b ranches .  A  c r i t i ca l
leve l  o f  10-12  ppm is  genera l l y  accepted
tor P. radiata (Mccrath and Robson, j.n

press ;  H i l . l  and  Lamber t ,  .1981) .  on  the
yel-low sands, very .Low concentrations of
z j .nc  were  found in  the  fo l iage  where  on ly
z inc  ox ide  was app l ied .  Features  o f  the
yeL low sands o f  the  Kar raka t ta  assoc ia t ion ,
such as  h igh  i ron  concent ra t ion
(Have1,  1968)  nay  be  l . in i t ing  the
ava: lab i l i t y  o f  z inc  to  the  p ine  

'

( L o n e r a g a n  e t  a L . ,  7 9 7 9 ) .  A  s p r a y  o f  z i n c
su lphate  app l ied  to  the  fo l iage  jus t

adequate ly  supp l ied  the  p ines '  needs  on
t h i s  s i  t e ,

The ch lo ros i .s  o f  the  fo l iage  o f  p ine
growing on the yellow sand appeared to be
re la ted  to  de f ic ienc ies  o f  z inc-  The
chlorosis, so comrnon in P. radjata on the
grey  sand,  was no t  re la ted  to  the  fo l ia r
z inc  conten t .  I t  appears  to  be  due to  the
Iack  o f  some nut r ien t  o lher  than z inc .

There  was no  re la t ionsh ip  be tween the
fo l ia r  concent ra t ion  o f  z inc  and the  he igh t
growth  o f  the  p ine  on  e i ther  the  ye l low
or  the  grey  sand.  Mccra th  and Robson ( in
press)  observed a  reduc t ion  in  the  he igh t
gro i r th  o f  P .  xad ia ta  when the  concent ra t j .on
of  z inc  in  the  uppermos l  b ranches  fe l l
below l0 ppn. The pine growing on yellow
sand wh ich  d id  no l  rece ive  a  fo l ia r  spray ,
d i d  h a v e  d e f i c i e n t  l e v e l s  o f  f o l i a r  z i n c ,
and a  reduc t ion  in  g rowth  wou ld  be ,expec ted .
The v isua l  s lmptons  o f  ch lo ros is ,  however ,
on ly  became ev ident  in  the  year  in  wh ich
the  he igh t  measuremenls  h rexe made (Frem1in ,
persona l  conrnun ica t ion* ) ,  I t  i s  posEib le
tha t  insu f f i c ien t  t ime had passed fo r  the
def ic ienc ies  in  z inc  co  cause a  reduc t ion
in  the  growth  o f  the  p ine ,  The z inc
concent ra t ions  in  the  p ine  growing  on  the
grey  sand were  a l l  g rea ter  than the
def ic iency  leve l  so  no  d i f fe rences  in
grolrth betneen treatnents vrould be expected.

*  R .  F r e n l  i n .
T e c h n i c a l  O f f i c e r ,  F o r e s t s  D e p a r  t m e n  t
o f  Western  Aus t ra l ia ,  Busse l ton  W.A.

The pine was growing much slower on the
grey sand lhan on the yellow sand. This,
and the symptons of chlorosis rarh ich were
not  re lated co fo l iar  concentrat ions of  z inc,
suggest  that  other  factors are l imi t ing the
grorrth of the pine. tt nay be that there
are def ic ienc ies of  the major  e lements suctr
as phosphorus,  n i l rogen and potass ium. I f
lhese were corrected then it is possible
that  a minor  e lement ,  such as z inc '  may
also become def ic ient  on the grey sands.

CONCLUSIONS

on the yellow sands foliar sprays of
zinc sulphate are needed to adequately
supply  the p ines requi rements for  th is
nutr ient .  On the grey sands appl icat ions
of  so l id  z inc ox ide were suf f ic ient  in
th is  exper iment .  I towever ,  o ther  nutr ients
are l imi t ing growth on th is  s i te  and
correct j .on of  these def ic ienc ies may a lso
necessi ta te the addi t ion of  more z inc in
sone form.
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