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SUMMARY
Fer t i l i z ing  p lan led  kar r i  seed l ings  on

grave l l y ,  ye lLow podso l ic  so i l s  in  the  south-west  o f
w e s t e r n  A u s t r a l i a  i n d i c a t e d  t h a t  " v i g r a n  9 ; 9 : 9 "  a n d
' rAgras  No.  1"  p roduced the  grea tes t  seed l ing  he igh t
growth .  However ,  a  superphosphate-ur  ea  n ix tu re ,  wh i , le
no t  p roduc ing  the  bes t  abso lu te  he igh t  g rowth ,  p roved
super io r  v rhen the  cos t -e f f i c iency  aspec ts  o f  fe r t i l i ze r
app l ica t ion  were  cons  idered .

The opt imal  fer t i l izer  regine for  naxin iz ing both
absol"ute growth and cost-ef f ic iency appeared to be 63 g
of  "Agras No.  1"  (5 g efementaf  P per  p lant) .

Tr ia ls  invest igat ing the t iming and p lacement  of
fer t i l izer  addi t ions ind icated that  fer t i l izer  should be
appl ied in  one or  two appl icat ions '  a t  most  four  weeks
af ter  p lant ing,  and bur ied in  a shal lovr  hole l0  cn
upslope f ron the seedl ing,

The refer t i l iz ing of  one-year-o ld karr i  p lanted
on low quality sites was not considered economic at the
appl icat ion rate used ( I0  g e lenenta l  P per  t ree) .
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INTRODUCTION
Karr i  (Euca-Zy pxus d ivers ico l "or

F.  Muel l . )  is  an inpor tant  commerc ia l
forest  species in  the south-west  of
Western Austra l ia .  Fol lowing logging '
k a r r i  f o r e s t  c o u p e s  a r e  p r e p a r e d  f o r
regenerat ion wi th an incense s lash d isposal
b u r n  t o  d i s p o s e  o f  l o g g i n g  d e b r i s  a n d
assis t  in  ashbed format ion (whi te and
U n d e r w o o d ,  1 9 7 4 )  '  S e v e r a l  r e g e n e r a t i o n
al ternat ives are then avaiJ-able;  one is
the hand p lant ing of  nursery-ra ised open-
rooted seedl ings wi th as soc i  a ted
fer t i l izer  appl - icat ions.

The response of  karr i  to  fer t i l izer
appl icat ion af ter  p lant ing has been
studied both in  pot  t r j .a ls  (Loneragan and
Loneragan'  1954)  and in  f ie ld  t r ia ls
( c h r i s t e n s e n '  1 9 7 4 ) .  T h e  f i e l d  t r i a l s
were located on red ear th so i l  types
c l a s s i f i e d G n  2 . 1 5  ( M c A r t h u r  a n d  c l i f t o n '
1 9 7 5 )  ,  I n  t h e  p o t  t r i a l s ,  p h o s p h o r u s  ( P )

and n i t rogen (N)  were the most  important
nutr ients increasj .ng karr i  growth.  The
f ie ld t r ia ls ,  hoh 'ever ,  ind icated that
phosphorus was nore imPortant  for
s t imulat ing ear ly  grovr th.  Barrow (1977)

and schuster  ( I979)  a lso found that
appl icat ions of  phosphorus increased
growth of  karr i  seedl i r rgs.

The advantages of  fer t i l iz j .ng other
eucalypt  species wi th n i t rogen and
phosphorus have been shown by l"lccrath
( 1 9 7 9 )  i n  w e s t e r n  A u s t r a l i a ,  b y  M a y  e t  a - Z
(1975)  in  Vic tor ia '  and by I ' lc ln tyre and
Pryor  (1974)  in  New South Wa1es.

This  paper  descr ibes concurrent  t r ia ls
in i t ia ted to determine the opt imal  regine
f o r  f e r t i l i z i n g  k a r r i  s e e d l i n g s .  T h e  t r i a l s
examined the type,  rate,  t iming and
p l a c e n e n t  o f  f e r t i l i z e r  i n  n e w  k a r r i
p lant ings on gravel ly ,  ye l low podsol ic
soi ls  where most  logging is  now concentrated.
Prev ious research had suggested that
fer t i l izer  appl ied four  weeks af ter  p lant i r rg
and buried 10 cm upslope fron the seedling
gave best  resul ts ,  A fur ther  t r ia l  on
f e r t i l i z i n g  o n e - y e a r - o l d  k a r r i  t r e e s  i s
a lso d iscussed.

METHODS AND RESULTS
The t r ia ls ,  us ing nev"  karr i  p lant ings,

were establ i .shed in  Nai rn Block '  L5 km
east-south-east  of  Pemberton,  whi le  the
refer t i l iz ing t r ia l  o f  one-year-o ld karr i
was in  Poo1e Block,  20 km south-east  of
Pember ton .

Both t r ia ls  were s i tuated on gravdl ly ,
ye l low podsol ic  so i ls ,  c lass i f ied Dy 3.62
(McArthur  and c l i f ton '  1975)  '  which
prev iously  suppor ted a mixed stand of
narr i  ( tuca-Zgptus calophgTla R,  Br . )  and
karr i .  These soi ls  are nutr j . t ional ly
poorer  than red ear th so i l  types.  The
average annual  ra infa l l  o f  the reg j .on

exceeds 1000 mm.

Type and application rate of fertilizer
The fer t i l izers tested in  t -he t r ia l

are shown in Table l .  For  each fer t i l izer ,
the regis tered analys is  and cost  per  tonne
(october  1979)  are inc luded.  The rates of
appl icat ion were calcu lated at  three levels
af  e lernenta l  P appl icat ion (5,  10 or  15 g
per  p lant)  ,  to  a l low for  easier  compar ison
between fer t iL izers,  However,  th is  rneant
that in some cases the amounts of N and
potass iurn (K)  appl ied were not  uni form for
a l l  l reatnents.

Each of  the f ive fer t i l izers was
a p p l i e d  a t  t h e  t h r e e  d i f f e r e n c  r a t e s ,
i n c l u d i n g  a  c o n t r o l  ( n o  f e r t i l i z e r )
t reatnent .  The fer t i l izers l rere appl ied
four  vreeks af ter  p lant ing '  and were bur ied
10 cm uphi l l  f rom the seedl ing.

The t r ia l  des ign was a complete
randomized b lock '  wi th  three repl icat ions
of  each of  the 16 t reatments.  Each
treaement  p lot  rneasured 10 x 10 m (0,01 ha)
and conta ined 50 seedl ings in  f ive rows,
at a spacing of 2 m betrrreen rows and I m
wi th:. n rows.

This  t r ia l  was assessed in  August  1979.
14 months af ter  pfant ing.  seedl ing height ,
s tem dianeter  (measured wi th ca l ipers 20 .
above soi l  sur face)  and p lant  surv iva l
were neasured wi th in a centra l  sub-p lot  o f
24 seedl ings ( three rows of  e ight  p lants) .
Thi r ty- three per  cent  of  these t rees
were removed for  b iomass detern inat ion.

Results
The resul ts  of  th is  t r ia l  are

presented in  Table 2a (height  growth)  '
Table 2b (d iameter  growth)  and Tabl .e 2d
(p lant  surv iva l ) .  Data were analysed us ing

D u n c a n ' s  M u l t i p l e  R a n g e , T e s t  ( D u n c a n ,  1 9 5 5 )  '

" v i g r a n  9 : 9 : 9 "  a n d  " A g r a s  N o .  I "

genera l ly  produced the grealest  height

l rowth increment ,  excePt  for  "Agras No'  l "

a t  10 I  P Per  Plant .  In  mosL cases a l l

appl icat j .on rates of  the s low-re lease
f l i t i f izer  "Magamp" produced s i .gn i f icant ly



TABI,E I

Chemical analysis, costs and application rates (g per tree)
of  fer t i l izers used in  t r ia ls

(1) Superphosphate-urea and Superphosphate - "Agran 34" are mixed by the
Forests Depar lnent  of  Western Austra l ia  to  a lp :1N (e lenenta l )  raL io,
af ter  Chl is tensen (1974) .  The pr ice inc ludes g l0 per  tonne for
n ix ing the fer t i l izer .

(21 Registered analyses are f rom
A u s t r a l i a  ( 1 9 7 9 ) .

(3)  Cost  per  tonne is  based on pr ices ex C.S.B.P.  and Earmers Ltd. ,
P ic ton,  Western Austra l ia  at  t  October  79.  "Magamp" pr ice is  an
approximat ion.

Mater ia ls  only .

the Departnent of Agr icu.l-ture, Western

Fert i l izer
TyPe

Superphosphate-
u r e a  ( f )

Superphosphate-
I 'Agran 34"  { l )

"Magamp"
"Agras

No.  1 ' l

"v igran
9 : 9 : 9 "

Reg is tered
Analys is  (2)

7 . 9 t  N
7 . 9 8  P

7 . 5 9  N
7 . 5 8  P

7 . 0 *  N
1 7 . 8 8  P

5 . 0 8  K

I 8 . 0 8  N
7 . 9 8  P

1 6 , 9  t  S

9 . 0 t  N
4 . 0 t  P
7 . 5 t  K

Cost  per  tonne ($)
( 3 )

9 5 . 0 0 r00  .00 1 3 0 0 . 0 0 r 7 9 . 6 6 r 4 9 . 9 5

Application rate r
equiva lent  of  5  9
P per  p lant  (9)

6 3 . 3 5 6 . 7 6 3 . 3 L25

Cost  per  p lant  (C)
( 4 )

0 .  6 5 3 . 6 4 l .  t 3 r . 8 7

Appu.cation rate t
equivalent of l0 g
P per  p lant .  (g)

L26 .6 1 3 3 . 4 5 l ' L26 .6 250

cost per plant (C)
( 4 )

L . 3 2 7 . 2 8 2 . 2 6 3 . 7 4

Appl icat ion rate:
equiva lent  of  15 g
P per  p lant  (g)

1 8 9  . 9 2 0 0  . 1 t t { r t | : r . , 3 7 5

Cost .pbr  pLant  (C)
( 4 )

1  . 8 0 t  . 9 8 1 0 . 8 2 3 . 3 9 5.  5 r

( 4 )



TABLE 2 (a)

Effect of '""'i:::l 
::::,il;"'il".:i.;:'*:::11.:1,['8ht sro'th of

Treatrpnt* l{  Cl Bl C3 A3 R2 At D2 A2 C2 Dt E2 83 D3 E3 El

Meen height
i nc remen t  49 ,5  82 .4  88 .4  91 .2  99 .0  102 .0  102 .5  105 .4  t 08 .7  109 .4  113 .7  117 ,2  t 17 .6  126 .6  t 26 .6  t 29 .2

(cn )

TAALE 2 (b)

Effect of fert i l izer type and rate of appl icst ion on di.aortea groeth of
karr i  geedlings l4 months after planting

treatDent* X Cl Bl C3 D2 Dl 83 A2 A3 Al c2 E2 83 82 Et D3

Meen steD
d ianeter
i n c r e E € n t  0 . 6 1  0 . 7 9  0 . 8 9  0 . 9 4  l . l t  l . t 3  t , t 3  t . t 4  t . t 4  t . l 5  t . 1 5  t , 2 l  1 . 2 3  t . 2 5  L 3 O  t . 3 6
20cu ebove
ground (cD)

IABLE 2 (c)

Effect of fe!t i l izer type and rate of appl icat ion on above-glound biooass
production of La!r i  seedling6 l4 nonlhr after plantir lg

Treatoent* N Bl C3 Cl 83 A3 A2 82 EI D2 83 C2 R2 AI DI D3

Biooess above
s round  -  oven  l l 0 . l  235 .0  269 .4  280 .8  282 .6  355 .4  357 .1  386 .9  397 .1  399 .1  401 .3  402 .0  418 .3  42 t . 9  529 .1  5 t0 .4
dried (8a)

TABLE 2 (d)

Effect of fert i l i rer type and rate of appl icat ion on gurvival percentsge
of karr i  seedlings 14 months efter planting

Treatoent* E3 D2 E2 D3 A3 Dl A2 B3 Cl C3 N Al R2 Bl Bl C2

su rv i va l  t  72 .2  75 .9  75 .9  79 .6  87 ,0  88 .9  88 .9  88 .9  88 .9  90 .7  92 .3  92 .6  92 .6  92 .6  96 ,3  98 .1

g  N / t r ee  27  22  18  33  15  l l  l 0  21  3  l 0  0  5  14  7  9  1

Data undell ined are rot siSaif icaotly dif fe.ent at p '  .05 (Dutcan'o Uult iPle Re[8e Test)

* ! t  -  Control (ni l  .ppl icat ion) |  = 5 g elerentel P Per plant
A - Super.-uree 2 - l0 g ele@ntal P per plent
B - Super.-"AtlEo 34'r 3 '  15 8 eleDentel P Per Plent
c - "Ma8aop"

D - "Agrae No. l"

E  -  " v iS ran  9 :9 i9 "



tess (p = 0.05)  growth than corresponding
treatments of  the other  fer t i l izers.
However,  "Magamp" produced s ign i  f  ican t ly
greater  (p = 0,05)  height  grovr th than d id
the untreated contro l .

cenera l ly ,  increasing the appl icat ion
rate of  a  fer t i l izer  above 5 g P per  p lant
d id not  s ign i f icant l -y  lncrease height
growth. one exception nas the
superphosphate p lus "Agran 34tr  t reatnent ,
where every increase in  appl icat ion rate
produced a s igni f icant  increase
( p  =  0 , 0 5 )  i n  h e i g h t  g r o w t h '

To some extent ,  d iameter  growth
(Table 2b)  showed the sane t rends ev ident
for  height  growth.  General ly ,  the "Vigran

9 : 9 : 9 "  a n d  " A g r a s  N o .  I "  t r e a t r n e n t s
( p a r t i c u l a r l y  " A g r a s  N o .  1 "  a p p l i e d  a t
15 9 P per  p lant)  shoh,ed the fargest
. / iameter  growth.  The "Magamp" t reatment
and the contro l  (no t reatment)  resul ted
in l .ess d ianeter  groweh than nost  other
t reatnents.

The resul ts  of  the b ionass sanpl ing
are presenled in  Tab1e 2c.  The var ia t ions
in b iomass l r rere not  as great  as the
var ia t ions j .n  e i ther  height  or  d ianeter
g r o w t h .  G e n e r a l l y ,  t h e  " v i g r a n  9 : 9 : 9 "
and "Agras No.  1"  t reatnents (par t icu lar ly
"Agras No.  I "  appl ied at  5  g P per  p lant
and 15 g P per  p lant)  produced grgater
b jomass.  However '  few s igni f icant
d i f ferences ex is ted between these
fer t i l izers and e i ther  superPhosphate
plus urea,  or  superphosphate p lus "Agran" '

Two of the three "Maganp" treatments' as
well as the untreated control, showed
.e lat ive ly  smal l  b ionass record ings when

compared wi th other  fer t i l i  zers.

Using a s tandard 80 per  qqng 3s 6n
operat ional ly  acceptable p lant  surv iva l
percentage,  four  t reatments were
u n a c c e p t a b l e  ( T a b l e  2 d ) :  " V i g r a n  9 : 9 : 9 "
a n d  " A g r a s  N o .  l "  a p p l i e d  a t  I 0  a n d  1 5  I
P per  p lant .  A l l  o ther  t reatments
gave acceptable surv iva l  , :a tes.  a l though,
as the appl icat ion rate of  a  Par t icu lar
fer t i l izer  increased,  the p lant  surv j .va l
genera l ly  decreased.

Although the grovirth increments
produced should be considered when deciding
upon a par t icu lar  fer t iL izer  regime,  the
operat ional  cost  is  aLso important .
"Vigran 9:9:9"  and "Agras No.  I "  (both at
5 9 P per plant) were among the best

t reatments for  growth promot ion.
However,  Table I  ind icates they are a lso
the nost  expensive.  Fur lhermore,  "Vigran

9 : 9 ; 9 "  i s  r e q u i r e d  i n  l a r g e r  q u a n t i t i e s  t o
correspond h'ith the elemental P contents of
the other  fer t i l izers.

To s inpl i fy  the cost-ef f ic iency
aspects of each treatnent, some simple
measures of  growth per  uni t  cost  of
nater ia ls  ra 'ere devised.  These were crn/cent
( h e i g h t ) ,  c m l c e n t  ( d i a m e t e r )  a n d  g / c e n t
(b iomass) .  Each neasure iJas obta ined by
div id ing the growth increnent  for  each
facLor  (height ,  d iameter  and b ionass)  by
the cost  per  p lant  for  mater ia ls  (Table l ) .

The cost-ef f ic iency values in  Tables
3a,  3b and 3c ind icate that  i t  is  only
econornic to use the lowest rate of
appl icat ion for  each fer t i l izer .  For
every fer t i l j .zer ,  the comparat ive benef i ts
decl ine as the appl icat ion rate is
increased.

For  a l l  three var  iab les,
superphosphate plus urea, superphosphate
plus "Agran 34"  and "Agras No,  I "  (a11 at
5 g P per  p lant)  produce the greatest .
benef i ts  per  uni t  cost .  Superphosphate
plus urea at  5  g P per  p lant  is
consis tent ly  super ior  to  the other
fer t i l izers a l though i ts  ef fect  on the
plantsf  growth (Tables 2a,  2b and 2c)  is
in fer ior  to  r rAgras No.  I ' .

"Magamp" at  a l l  appl i .cat ion rates is
re lat ive ly  cost  inef f ic ient  when conpared
w i t h  a l l  o t h e r  f e r t i l i z e r s .  " v i g r a n  9 2 9 2 9 "  t
while producing the best absolute gror.rth
overaLl ,  is  a lso conparat ive ly  expensive
at  the appl icat ion rates tested.  This
resul ts  in  the lorv  f igures for  "Vigran

9;9:9"  shown in  Tables 3a,  3b and 3c,
with only the 5 g P per plant application
rate being conparable to the best three
treatments,

Place of application of fertilizer
This t r ia l  was designed to determine

the most effective placenent of
fer t i l izer  re lat ive to  seedl ing posi t ion.
The options tested were surface applications
i n :

( f )  a  c i rc le  of  30 cn radius around
the p lant  t

(2)  a spot  10 cn uphi l l  and
(3) a spot 10 cn downhill
F - ^ -  t s ! , ^  - 1  - - lr ! v u  L r r s  P r 4 r r L  t



TABLE 3a

Cost  e f f i c iency  o f  he igh t  g rowth  o f  kar r i
seed l ings ,  fo r  each fe r t i l i ze r  and

app l ica t ion  ra te  tes ted

TABLE 3b

Cost  ef f ic iency of  d ianeter  gror , r th  of  karr i
seedl ings for  each fer t i l izer  and

appl icat ion rate tested

TABLE 3c

Cost efficiency of above-ground biomass
product ion of  karr i  seedl ings for  each
fer t - i l izer  and appl icat ion rate tested

Fert i l i .zer

Cost  e f f i c iency  o f  he igh t  g rowth  a t
va l ious  app l icaL ion  ra tes  tes ted

(expressed as cm/cent)

the

Super .  -urea

Super. - "Agran 34"
rMagamptr

"A-qras No.  I [
" v i . 9 r a n  9 ! 9 : 9 "

59 P per  p lant I0g P per plant I59 P per  p lant

l .  9 0

1  . 1 9

0 .  1 8

1 . 1 7

0 . 8 7

0 . 8 1

0 .  s 1

0 . 3 7

0 .  s 6

0 . 5 9

0  . 0 8

o  . 4 7

Type of
F e r t i l i z e r

Cost  ef f ic iency of  d iameter  growth
var ious appl icat ion rates tes led

(expressed as cm,/cent)

a t the

Super .  -urea

S u p e r . - " A g r a n  3 4 "
"Magamp"

"Agras No.  I "
t r r r i  ̂  r . h  o . o . o o

59 P per  p lant 109 P per  p lant 159 P per plant

2 . 0 3

0  . 2 7

L . 0 2

0 . 6 9

0 . 9 4

0 . 1 5

0 . 5 0

0  . 3 2

0 . 6 4

0 . 5 8

0 . 0 8

0 . 4 1

o . 2 2

Type of
Fer  t i  1 i  zer

Cost efficiency of increased shoot weight
at  the var ious appl icaCion rates tested

(expressed as g/cent)

Super .  -urea

super . - "Agran 34"

"Magarnp"

"Agras No.  1"
"v igran 9 :9  :9 ' l

59 P per  p lant I0g P per  p lant 159 P per  p lant

7 1 3 . 5

t o . v

4 ' 1 7 . 8

z L ' - Z

3 0 1 . 7

292 .3

r 8 0 . 2

r20,2

2 0 0

L42

17r

7L

t

4

5

7

I



Bur ied appl icat ions were p laced:
( f )  l 0  c m  u p h i l l ,
(2)  20 cm uphi l l  t
(3)  l0  cn downhi l l  and
(4)  20 cm downhi l l
! ! e r u  L r r c  P r q r r L .

The amount  and type o f  fe r t i l i ze r
se l -ec ted  was f26  g  o f  "Agras  No.  I "  ( I0  9
P per  p lan t )  .  "Agras  No.  I "  was  used fo r
i t s  h i g h  N  c o n t e n t ,  b u t  t h i s  m a y  c a u s e
burn ing  and mor ta l i t y  j . f  p laced too  c lose
to  the  p lan t .  A l l  p lan ts  in  the  t r ia l  were
p lan ted  in  June L978,  and the  fe r t i l i ze r
app l ied  four  weeks  la te r .  Th is  four  week
lapse had prov ided the  bes t  resu l ts  in  a
prev ious  t r ia l .  The bur ied  app l ica t ions
were  p laced in  a  ho le  l0  to  15  cm deep '  and
l igh t ly  covered w i th  so i l .

The t r ia l  des ign  was a  compLete
randon ized b lock ,  w i th  bhree  rep l j . ca t ions
of  each o f  the  seven t rea tnents .  Each
p l o t  m e a s u r e d  1 5  x  1 5  r n  ( 0 . 0 2  h a )  a n d
conta ined 75  seed l ings  in  f i ve  ro i . rs ,  w i th
a spacing of 2 m betr,i 'een rows and I m
vr i th in  rows.  He igh t  a t  p lan t ing  was a lso
measured.

The t r ia l  was  assessed in  August  1979,
14  rnonths  a f te r  p l -an t ing .  seed l ing  he igh t
and p lan t  surv iva l  were  assessed in  a
cen l ra l  sub-p lo t  o f  33  seed l ings  ( th ree
rows o f  e leven p lan ts )  w i th in  each
p l o t .

Results
The resu l ts  o f  the  assessment  fo r

seed l ing  he igh t  and pLant  surv iva l  (Tab le
4)  were  ana lysed us ing  Duncanrs  Mul t ip le
R a n g e  T e s t  ( D u n c a n ,  1 9 5 5 ) .

A l though no  s ign i f  i can t  d i f fe rences
in  he igh t  g rowCh increment  appeared
between t rea tnents ,  bury ing  the  fe r t i l i ze r
10 cm uphil l or 20 cm downhil l from the
p lan t  p roduced s l igh t  inc reases  in  he igh t
and p lan t  surv iva l ,  On ly  the  sur face
app l ica t ion  I0  cm uph i lL  f rom the  p lan t
produced s ign i f i can t ly  lower  (p  =  0 .1 )
surv iva l  percentages .

Time of application of fertilizer
This t r ia ]  vras in i t ia ted co determine

the most  appropr ia te t ime for  fer t i l - izer
appl icat ion reLat ive to p lant j .ng t ine.
The t ines of  appl icat ion tested were:

( 1 )  a t  p l a n t i n g  ( P )  ;
(2 )  two weeks  a f te r  p lan t ing  (P

weeks  )  t
(3 )  four  weeks  a f te r  p lan t j .ng  (P

weeks  )  t

+ two

+ four

( 4 )  e i g h t  w e e k s  a f t e r  p l a n t i n g  ( P  +
e igh t  weeks  )  t

(5 )  a t  p lan t ing  and four  weeks  a f te r
p l a n t i n g  ( P  a n d  P  +  f o u r  w e e k s ) t

(6 )  a t  p lan t ing ,  and e igh t  weeks  a f te r
p l a n t i n g  ( P  a n d  P  +  e i g h t  w e e k s ) ;

TABLE 4

Ef fec t  o f  p lacement  o f  "Agras  No.  1"  fe r t i l i ze r  on  he igh t  g rowth  and
surv iva l  o f  kar r i  seed l ings  13  months  a f te r  pJ .an t ing

sur face appl icat ions Bur ied appl icat ions

Distance f rom plant
(cm )
Posi t ion*

3 0 IO

U

10

D

10

U

2 0

U

IO

n

2 0

Height  growth
increment  (cn) 1 5 4 . 8 ro'1 .4 L46.2 1 6 8 . 7 L37 .2 1 6 2 . 2

Surv iva l  percentage 6 3 . 0 b 8 4 . 0 4 8 '1  .7 -

Data notated wi th the same let ter  are
(Duncanrs Mul t ip le  Range Test) .
No s igni f icant  d i f ferences in  height

*U = uphi l l
D = downhill
C = c i rc le  around p lant

not  s ign i f icant ly  d i f ferent  at  p  = 0.1

growth were noted.



( 7 )  a t  p l a n t i n g ,  f o u r  w e e k s  a f t e r
p lan t ing ,  and e igh t  weeks  a f te r
p lan t ing  (P ,  P  +  four  and P +
e igh t  weeks  )  .

The amount  and type o f  fe r t i l i ze r
used was 126 9  o f  "Agras  No.  1"  ( l -0  g  P
per  p lan t )  bur ied  10  c rn  uph i l I  f rom the
p lan t .  Th is  p lace  o f  app l i ca t ion  proved
nost  e f fec t i ve  in  a  p rev ious  t r ia l .  when
a sp l i t  app l i ca t ion  was used,  the  to ta l
anount  o f  fe r t i l i ze r  app l ied  (126 q)  was
constan t !  i t  was  app l ied  e i ther  in  two
appL ica t ions  o f  63  g  o r  th ree  app l ica t ions
o f  4 2  g .

The t r i .a l  des ign  was a  comple te
randomj .zed b lock ,  incorpora t ing  th ree
rep l i ca t ions  o f  each o f  the  seven
t rea tnents .  Each p lo t  measured 15  x  15  n
( 0 . 0 2  h a )  a n d  c o n t a i n e d  7 5  s e e d l i n g s  j . n

f i ve  l ines  a t  a  spac ing  o f  2  n  be tween
ro l i , s  and 1  m wi th in  rows,  The seed l ings
vrere  p lan ted  and the i r  he igh t  measured in
J u n e  1 9 7 8 .

An assessment  o f  these t r i .a ls  was
made in  August  1979,  14  months  a f te r
p lan t ing .  Seed l ing  he igh t  was  measured
and p lan t  surv iva l  assessed in  an  in te rna l
sub-pLot  o f  33  seed l ings  ( th ree  rows o f
e leven p lan ts )  in  the  cent re  o f  each
Lreatnent  pLot .

Results
The resul ts  of  th is  t r ia l  (Table 5)

w e r e  a n a l y s e d  u s i n g  D u n c a n ' s  M u l t i p l e
R a n g e  T e s t  ( D u n c a n ,  1 9 5 5 ) .

The most  e f fec t i ve  app l i ca t ion  t ines
appeared to  be  P +  four  weeks ,  o r  P  and P
+ four  weeks .

Progress ive ly  l -a rger  he igh t
rncrernents  resu l ted  f rom increas ing  t ime
between p lan t ing  and fe r t i l i z ing  f rom zero ,
to  two,  to  four  weeks .  However ,  when the
t ime betneen p lan t ing  and fe r t i l i z ing  \a ras
increased to  e igh t  weeks ,  no  improvement  in
growth  was seen cornpared w i th  g rowth  a f te r
f e r t i l i z a t i o n  a t  p l a n t i n g .  T h i s  w a s  a L s o
the  case fo r  the  P,  P  +  four  weeks  and P +
e igh t  weeks  t rea tment ,  wh ich  produced no
lncrease over  the  P and P +  four  weeks
t rea tment .

Refert i l iz ing of one-year-old karr i
This l r ia l  was in i t ia ted to determine

the potent ia l  for  inprov ing growth of  one-
year-o ld karr i  ( fer t i l ized at  p lant ing
ni th  60 g of  superohosphate-u rea mixture)
wi th a fur ther  fer t i l izer  appl icat ion,  The
f e r t i l i z e r s  c h o s e n  w e r e  " A g r a s  N o .  1 "  a t
1 2 6  g  p e r  t r e e ,  l r v i g r a n  9 : 9 ; 9 "  a t  2 5 0  9
per  t ree,  and the s low-re lease fer t i l izer
"Magamp" at  56 g per  ! ree.  These
appl icat ion rates are equiva lent  to  l0  g
of  e lementa l  P.  The fer t i l i .zer  was bur ied
in a spot  I0  to  15 cm uphi l1  f ron each
tree in  ,Ju1y 1978.  A contro l  wi th  no
fer t i l izer  was inc luded in  the t r ia l .

The t r ia l  des ign was a complete
randonized b lock wi th four  repl icat ions
of  each of  the four  t reatments.  Each
treatment  p lot  measured 2Q x 20 rn (0.04 ha)

TABLE 5

Ef fec t  o f  t in ing  o f  l rAgras  No.  l "  fe r t i l i ze r  app l i ca t ion  on  grovr th
and surv iva l  o f  kar r i  14  nonths  a f te r  p lan t ing

*  P = t ime of  p lant ing
Data notated wi th the same let ter  are not  s ign i f icant ly  d i f ferent  at
p = 0.01 (Duncan's  Mu1t ip le Range Test)
Where two or nore application times were tested, the same total anount of
fer t i l izer  r { 'as used as in  the s i .ngte appl icat ion.

Var iab le

T ine  o f  app l i ca t ion  (weeks  )

Pt( D + 2 P + 4 P + 8 P

P + 4

P

P + 4

P + 8

Height  g rowth  (cn)

surv iva l  percentage

r z b . 6

7 7 . 8 '

ab
r 4 8 .  3

8 4 . 0 4

1 0 5 . 6

9 r . 4 a

t66 ,7

9 C . r

t ^

r ] 7  . 4

6 2 . 4

L66 .4



and contained approxj.nately 50 seedlings
at a spacing of 4 m between ro!,r's and 2 n
wi th in rows.  In  sone pLots t rees had d ied
in the f i rs t  year  of  growth,  before the
second appl icat ion of  fer t i l izer ,  teading
to s1 ight  var ia t ions in  numbers of  t rees
per  p lot .

This  t r ia ]  was assessed in  Apr i l  197,9,
us ing a centraL sub-p lot  o f  18 t rees ( lhree
rows of  s ix  p lanLs)  in  each t reatment  p l -ot .
The var iab les assessed were height  gro l r th
and surv iva l  a t  the t ime of  fer t i l j .z ing in
1 9 7 8 .

Results
The resul ts  of  th is  t r ia l  are shown

in Table 6.  The height  data represents the
height  incrernents for  each t reatment
between refer t i . l iz ing and assessnent  at
,ge two years.

Al l  da ta  were  ana lysed us ing  Duncanrs
M u l t i p l e  R a n g e  T e s t  ( D u n c a n ,  1 9 5 5 ) ,

O f  t h e  f e r t i l i z e r s  s t u d i e d ,  o n l y
" V i g r a n  9 ; 9 : 9 "  s i g n i f i c a n t l y  i n c r e a s e d
(p = 0, I )  growth increment  over  the
contro l .  A l l  l reatments shoh'ed greater
than 95 Per  cenl  surv iva l  in  th is  t r ia I .

DISCUSSION
The object ive of  the t r ia ls  was to

def ine the opt imum fer t i l iz ing regi .ne for
establ ish ing karr i  seedl ings.  The a in of
establishment techniques should be to
achieve maximum gro!.rth and high survival
Ievels (Woods . L976').

AI I  t reatments tested in  the t r ia l  o f
f ive fer t i l izers at  three d j . f ferent  rates,
to exanine type and rate of  fer t i l izer
appl ied,  produced s igni f icant ly  greater
i .ncreases (p = 0.05)  in  aI I  parameters
(height ,  d iameter  and b ionass)  than the
untreated contro l .  This  has been conf i rmed
for other eucalypt species by Mccrath (l-9791 ,
May et  a-Z (1975)  and Mclntyre and Pryor
( L 9 7 4 r .  C h r i s t e n s e n  ( 1 9 7 4 )  a c h i e v e d  a
s i m i l a r  r e s u l t  w i t h  k a r r i .

c e n e r a l l y ,  b o t h  " V i g r a n  9 : 9 : 9 "  a n d
"Agras No.  I "  produced greater  growth than
the other  three fer t i l izers or  the contro l
In  most  cases there was l i t t le  gain f rom
increasing the appl icat . ion rate of  any
fer t i l izer  above the Lowest  rate (5 g p per
p lant)  appl ied.  This  observat ion is
suppor ted by Chr is tensen (1974) .  However,
Mccrath (1979)  found that  the height  growth
of  f ive eucalypt  species increased wi th
increasing appl icat . ion rates,  though not  in
a I inear  re lat ionship.

Survival Levels ra'ere acceptable
(min inun 80 per  cent)  in  af l  t reatments
e x c e p t  " V i g r a n  9 : 9 : 9 "  a n d  , , A g r a s  N o ,  l ' , ,
both at  10 and 15 g p per  p lant ,  cenera l ly ,
surv iva l  levels  decreased as appl icat ion
rates of  N and P increased.  This  corresponds
wi th the resul ts  of  Chr is tensen (19?4)  and
Mccrath (1979)  .  rn  th is  t r ia l ,  which
assessed rate and type of  appl icat ion,  the
fer t j . l izers wi th the h ighest  N levels ,
" A g r a s  N o .  I " ,  1 8  p e r  c e n t  a n d  ' , V i g r a n  9 : 9 r 9 , ' ,
9  per  cent ,  produced the h ighest
morta l i t ies.  Consequent ly ,  great  care
should be taken when applying N to karri
seedl ings in  an operat ional  s i tuat ion.

TABLE 6

Ef fec l  o f  re fe r t i l i za t ion  on  he igh t  g rowth  o f  one-year -o ld
p lan ted  kar r i  (assessed a t  tv ro  years )

F e  r  t i  1 i  z e r Control "Magarnp" "Agras  No.  I " " V i g r a n  9  : 9 : 9  "

Rate of appL i-
cat ion (g/ t ree)  * 0 5 6 ]-24 z ) u

Height grovrth
rncrement  (cm) 1 0 8 . 2 b

h
1 0 4 . 0 - 1 0 6 . 3 b

* al1 application
Data notated h'ith
P  =  0 . 1  ( D u n c a n ' s

rates are equivalent to
the same let ter  are not
Mul l ip le  Range Test . ) .

I0  g e lementa l  P per  t ree.
s igni f icant l -y  d i f ferent  at



The I  j .n i ted  cos t -e f f i c iency  s tudy
ind ica tes  tha t  e i ther  superphosphate  p lus
urea a t  63  g  per  seed l ing ,  o r  superphosphate
p lus  "Agran 34"  a t  67  9  per  seed l ing  are
the  op t imun t rea tments .  However ,  bo th
combina t ions ,  espec ia l l y  superphosphate
p lus  "A9ran 34" ,  p roduced s ign i f i can t ly
poorer  g rowth  than "Agras  No.  l "  a t  63  g
per  p1ant .  Th is  s tudy  has  no t  cons idered.
the  labour  cos ts  o f  apF l ica t ion ,  bu t  as
they  are  approx imate ly  $25 per  ha  (1980)

fo r  an  app l ica t ion  o f  70  9  per  pLant ,  the
v i a b i t i t y  o f  t r e a t m e n t  r a t e s  h i g h e r  t h a n
th is  wou ld  dec l ine  cons iderab ly .

The t im ing  and p lacement  o f  fe r t i l i ze r
app l ica t ion  are  impor tan t  because a
modera te ly  rap id  up take  o f  nu t r ien ts  i . s
necessary  fo r  op t ima l  g rowth .  A t  the  sane
t ime,  i t  i s  essent ia l  to  avo id  roo t  burn
and the pronotion of conpetj.ng species
( w o c d s ,  1 9 7 6 ) .  I n  t h i s  t r i a l  ( u s i n g  1 2 6  g

o f  "Agras  No.  l " )  s ign i f i can t  g rowth
increases  were  ga ined by  rnak ing  a  sp l i t
app l j . ca t ion  a t  P  ( t ime o f  p lan t ing)  and
P +  four  weeks .  However ,  a  s ing le
app l ica t ion  a t  P  +  four  weeks  a lso  produced
acceptab le  g rowth  ra tes ,  and wou ld  be  more
feas ib le  opera t iona l l y .  than a  sp l i t
app l i ca t ion .  App l ica t ions  a t  t ime o f
p lan t ing  produced re la t i ve ly  poor  g rowth .
as  d id  a l l  app l i ca t ions  a t  P  +  e igh t  weeks .

The success of the P + four weeks
app l ica t ion '  a t  the  beg inn ing  o f  spr ing ,
cou ld  be  caused by  inc reased roo t  ac t i v i t y
resu l t ing  f rom warner  so i l  tempera tures '
and by the emergence of the seedling fron
pos t -p lan t ing  shock .  Th is  shou ld  make the
p lan t  nore  e f f i c ien t  in  nu t r ien t  up take .
The fa i lu re  o f  the  app l ica t ion  a t  p lan t ing
nay  be  < iue  to  vo la t i l i za t ion  o f  N,  and
leaching of N and P away fron the plant'
be fore  ac t ive  up take  o f  nu t r ien ts  had
b e g u n .

The poor growth responses to the P +
e j .gh t  weeks  app l ica t ion  may have resu l ted
f rom the  p lan ts r  lack  o f  nu t r ien ts  a t  the
beginning of the growing season, !,rhen
they were recovering from post-pl-anting
shock .  The P +  e igh t  weeks  app l ica t ion  was
nade after the growing season connenced.
woods (1976)  observed a  s in i la r  resu l t
w i th  P inus  rad ia ta  (D.  Don)  seed l ings .

The optimun place to apply ferti l izer
appeared to be j.n a shallow hole I0 cm
ups lope f rom the  t ree .  However t

d i f fe rences  be tween t rea tments  were  s l " igh t .
OnIy the surface application 10 cm upslope
from the seedling produced poor growth and
unacceptab le  surv iva l  Leve ls .  Th j .s  cou ld
be a t t r ibu ted  to  the  fe r t i l i ze r  wash ing
d i rec t l y  on to  the  seed l ings ,  caus ing
m o r t a l i t i e s  o f  s e e d l i n g s  b y  r e l e a s i n g
I a r g e  q u a n t i t i e s  o f  N  ( " A g r a s  N o .  l "
con ta ins  l8  per  cent  N)  near  the  base o f
the  seed l  ing .

No econonic advantage can be seen in
re fe r t i l - i z ing  one-year -o ld  kar r i  w i th  any
of  the  op t ions  tes ted .  Hoh,ever ,  th is
shou ld  no t  p rec lude fu r ther  research  as
Lhe techn ique is  used e lsewhere  in
Aust ra l ia  (woods,  1976)  .

CONCLUSION
I t  is  ev ident  that  any appl icat ion c

fer t iL izer  can inprove the ear ly  growth or
karr i ,  whi le  in  most  cases not  s ign i f icant ly
j .mpair  ing p lant  surv iva l ,

F o r  f u t u r e  k a r r i  p l a n t . i n g s ,  a n
appl ica l ion of  63 9 of  "Agras No.  I "  per
seedl ing should ensure acceptable growth
and surv iva l .  The fer t i l izer  shoutd be
appl ied in  one or  two appt icat ions.  at
most  four  weeks af ter  p lant ing,  in  a
shallow hole l0 cn upslope from the seedling.
The hole should be covered to prevent wash
and the excessive mortaLi ty  of  the karr i
seedl ings which would resul t .

None of the options tested for
refer t i l iz ing one-year-o ld karr i  p lants
produced any great  increase in  p lant
growth.
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