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SUMMARY
A four-year-o ld s tand of  montet :ey p ine ( .e inus radiata

D,  Don) in  the Donnybrook Sunkland of  Western Austra l ia
d e m o n s t r a t e d  t h a t ,  a t  a  s t o c k i n g  o f  l l 0 0  s t e m s  p e r
h e c t a r e ,  s e l e c t i v e l y  p r u n e d  c r o p  t r e e s  ( 1 2 5  s t e m s  p e r
hectare)  d id not  recover  d iameter  growth at  the same
rate as crop t rees in  a to ta l ly  pruned stand.  The main
factor  responsib le for  reducing the rate of  d iamecer
growth of  se lect ive ly  pruned t rees was thei r  l "oss of
dominance.  This  loss appeared to be absolute.  In
compar ison,  crop t rees in  to ta l ly  pruned p lots  increased
thei r  ra te of  growth,  such that  af ter  four  years the
basal  area equal led that  of  the unpruned crop t rees.



INTRODUCTION

Standard  procedure  in  p lan ta t ions  o f

monterey  p ine  (P iaus  rad ia ta  D.  Don)  in

w e s t e r n  A u s t r a l i a  i s  t o  P l a n t  I 1 0 0  s t e m s
per  hec tare ,  then lh in  to  l tas te  when the
t rees  are  aged four  years ,  and prune the
rerna in ing  t rees  (nomina l l y  750 s tens  Per
h e c t a r e )  t o  a  h e i g h t  o f  t w o  m e t r e s .  w h e n
t h e  t r e e s  a r e  s i x  o x  s e v e n  y e a r s  o l d '  1 2 5

s tems per  hec tare  are  se lec ted  and pruned

t o  a  h e i g h t  o f  f i v e  m e t r e s .  T h e  f i r s t
conmerc ia l  th inn ing  is  schedu led  when the

t r e e s  a r e  l l  y e a r s  o l d  ( a p p r o x i m a t e l y  2 0  m

i n  h e i g h t ) .  A l t h o u g h  i t  i s  g e n e r a l l y

accepted  tha t  th is  reg ime max imizes  growth

i n  s e l e c t e d  t r e e s ,  o p p o n e n t s  c l a i n  t h a t

t r e e  f o r m  i s  s a c r i f i c e d  b e c a u s e  o f  i n c r e a s e d

b r a n c h  s i z e  c a u s e d  b y  e a r l y  w i d e  s p a c i n g .

I t  i s  a l s o  a r g u e d  t h a t  a  p o t e n t i a l  s o u r c e

of  va luab le  rouud- log  mater ia l  i s  was ted
t h r o u g h  e a r l y  n o n - c o m m e r c i a l  t h i n n i n g .  T o

s a t i s f y  t h e s e  o b j e c t i o n s  i t  w o u l d  b e
n e c e s s a r y  t o  r e t a i n  t h e  s t a n d  a t  t h e  i n i t i a l

s tock ing  un t i l  a  cornmerc ia l  opera t ion  were
f e a s i b l e  ( a p p r o x i m a t e l y  l 2  y e a r s  o l d ) .
S i n c e  t h e  u l t i m a t e  o b j e c t i v e  o f  t h e  F o r e s t s
Depar tment  i s  to  g row h igh  qua l i t y  sawlogs
( F o r e s t s  D e p a r t m e n t  o f  W e s t e r n  A u s t r a l i a ,
l $ / / ) ,  p r u n i n g  o f  a t  l e a s t  1 2 5  s t e m s  p e r

h e c t a r e  i s  n e c e s s a r y .

The demonst ra ted  loss  o f  dominance in

se lec t ive ly  p runed P.  rad ia ta  by  Sut ton  and

C r o w e  ( 1 9 7 5 )  a n d  B r o w n  ( 1 9 6 2 )  r e l a t e  o n l y
t o  s t a n d s  i n  e x c e s s  o f  1 7 0 0  s t e m s  p e r

hec tare .  I t  i s  a rgued tha t  in  s tands
p l a n t e d  a t  1 1 0 0  s t e m s  p e r  h e c t a r e '  u n e q u a l

compet i t ion  caused by  l i ve  p run ing  w i l l  be

min iu r ized ,  as  the  t rees  are  no t  exPected  to
be under  conpet i t i ve  s t ress  a t  the  t  i rne  o f
f i rs t  p run ing .  A l  te rna t  i ve  l y  '
i nd isc r im ina te  p run ing  o f  a l l  t rees  in  the
s tand main ta ins  the  dominant  s ta tus  o f
f i n a l  c r o p  t r e e s .  H o w e v e r ,  i n  t h e  a b s e n c e
o f  t h i n n i n g ,  t h e  c o s t  o f  t o t a l  p r u n i n g  i s
i n c r e a s e d .  I t  i s  n e c e s s a r y  t o  P r u n e  a t
age four ,  fo r  soon a f te r  th is  the  branches
b e c o m e  t o o  t h i c k  f o r  e a s y  p r u n i n g '
Fur thermore ,  p run ing  a t  four  years  o ld
r e s t r i c t s  t h e  t r e e r s  k n o t t y  c o r e ,
rnax in iz ing  the  amount  o f  kno t - f ree  wood.

Th is  s tudy  was under taken to  tes t  the

h y p o t h e s i s  t h a t  l o v l  p r u n i n g  o f  1 2 5  s t e m s
per  hec tare  wou ld  no t  cause loss  o f
dominance and normal  recovery  wou ld  occur
i n  f o u r - y e a r - o I d  P .  r a d i a t a  s t a n d i n g  a t
l l00  s tems Der  hec tare  in  the  Sunk land.

MAIERIALS AND METHODS

Study area
The exper iment  l ras  conducted  in  a

four -year -o1d s tand o f  P .  rad iaxa  loca ted
on grey  saods  in  the  Donnybrook  Sunk land,
approx i rna te ly  230 kn  south  o f  Per th .  Th is
area  was se lec ted  because the  p iues  had
exh ib i ted  good growth  and there  \ re re  no
s i g n s  o f  n u t r i t i o n a l  d i s o r d e r s .

Experimental procedune
A s  t h e  s t u d y  a r e a  w a s  p l a n t e d  a t

1 7 0 0  s t e m s  p e r  h e c t a r e ,  i t  w a s  n e c e s s a r y
t o  r e d u c e  t h e  s t o c k i n g  t o  l l 0 0  s t e m s  p e r
h e c t a r e  b y  r e m o v i n g  e v e r y  t h i r d  t r e e  i n
the p lanted l ine.  This  th inning was not
expected !o af fect  the response to
t reatnent  as i t  was unl ike ly  that
compet i t ion had occurred in  the four
y e a r s  s  i n c e  p l a n t i n g .

A randomized b lock design was selected
al lowing for  s ix  repl ieates of  the
fo l lowing t reatments:

( t )  t o t a l l y  p r u n e d  ( a l 1  t r e e s  p r u n e d
t o  2 .  I  m ) ,

( 2 )  s e l e c t i v e l y  p r u n e d  (  1 2 5  s t e n r s  p e r
hectare se lected and pruned to
2,1 m and the remain ing 975 stems
n a r  h A . f . r a  i  a f t  r r n n r r r n a r l  )

( 3 )  c o n t r o l  ( a 1 1  t r e e s  l e f t  u n p r u n e d ) .

E i g h t e e n  0 , l 0  h a  p l o t s  e / e r e  e s t a b l i s h e d
a l low ing  fo r  an  in te rna l  measurement  p lo t .
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FIGURE l :  Mean basal  area increment  of
P.  radiata in  the Sunkland fo l lowing
pruning.



o f  0 . 0 5 6  h e c t a r e s .  S e v e n  d o m i n a n t  t r e e s
(  1 2 5  s t e m s  p e r  h e c t a r e )  w e r e  s e l e c l e d  i n
each measuremenr p lot  and permanent ly
marked.  DianeLer  neasurements at  breasl
h e i g h t  o v e r  b a r k  ( d , b , h . o ' b . )  w e r e  r e c o r d e d
for  each selecEed t ree.  PIot  means were
calcu lated and ranked in  order  of  nagni tude '
The ranked l is t  was then d iv ided in to s ix '
s e c t i o n s  ( r e p l i c a t e s )  a n d  t r e a t n e n t s  w e r e
r a n d o m l y  a l l o c a t e d  w i t h i n  t h e s e  r e p l i c a l e s .
T h e  m e a n  d , b . h . o . b .  f o r  t o t a l l y  p r u n e d ,
select ive ly  pruned and contro l  p lo ts  \^ /as
l l . l  c m ,  l l . l  c n  a n d  l l , 2  c m  r e s p e c t i v e l y .

Pruning us ing shears was completed in
D e c e n b e r  1 9 7 5 .

Diameter  rBeasurements were recorded for
each of  the crop t rees at  annual  in tervals
over  four  years.  Heights of  t rees were
a l s o  m e a s u r e d  i n  1 9 7 5  a n d  1 9 7 7 .  T h e s e  d a t a

ere anai ,yzed by analys is  of  var iance.

Crop l rees \ . rere assessed for  re lat ive
staEus and inc idence of  mal format ion at
n ine years of  age and the resul ts  analyzed
by the chi -squared test ,

RESULTS
one year  af ter  t reatment ,  there \ ,7ere

s i g n i f i c a n t  d i f f e r e n c e s  ( p  >  0 . 0 5 )  b e t w e e n
the d iameter  increments of  a l1 t reatments
( T a b l e  I  ) .

In  the second year  af ter  t reatment ,
crop t rees in  to ta l ly  pruned pLots
regained normal  growth rates,  ind icat ing
lhat  the decl ine in  growth caused by th is
pruning t reatment  was ef fect ive for  one
year  on1y.  Mean basal  area increment
( F i g .  l )  r e v e a l e d  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  i n  t h e  t h i r d  y e a r  f o r
t r e e s  i n  t o t a l l y  p r u n e d  p l o t s .  S e l e c t i v e l y
pruned t rees grew at  a s lower rate than
t r e e s  i n  o t h e r  t r e a t m e n t s .

IABLE I

G r o w t h  d a t a  f o r  P .  r a d j a t a  c r o p  t r e e s  (  1 2 5  s t e n s . h a - l  ) ,
in  the  Sunk land,  fo l low ing  th ree  prun ing  t rea tments .

Data not  having the same let ter  are s igni f ieant ly  d i f ferent  at
P  =  0 . 0 5  l e v e 1 .

TABLE 2

s t a t u s  o f  c r o p  t r e e s  ( 1 2 6  s t e m s . h a -  )  o f  p .  r a d i a t a
in the Sunkland,  four  years af ter  pruning.

Date not having the same
s i g n i f i c a n t l y  d i f f e r e n t  a t  p

l e t t e r  a r e
=  0 . 0 0 1  l e v e l .

Treatment

d . b . h . o . b .

t9- t  5 /7 6 t976177

incrernent  (  cm)

t 9 7 7  / 7 8  t 9 7 8 / 7 9

Diameter  4 Basal  area 4
years af ter  years a f ter

t reatment  t reatment
(  c m )  ( q r . h a  r )

Tota l ly  pruned

S e l e c t i v e l y

Unpruned
( cont ro l )

3

a

l 8

t 7

2

I

2

I

0 ( a )

8 ( b )

3 ( c )

9 ( a )

6 ( b )

9 ( a )

o ( a )

5 ( b )

9 ( a )

8 ( b )

4 ( a )

7 ( a b )

8 ( a )

4 ( b )

9 ( a )

5 8 ( a )

9 e ( b )

5 8 (  a )

I

I

I 8

Treatment

S t a t u s

Dominants Othe r  s
(  s t e n s . h a - t  )  ( s t e m s . h a - 1  )

Tota l ly  pruned

Select ive ly  pruned

Unpruned ( Control )

8 9  ( a )  3 5  ( a )

3 6  ( b )  8 e  ( b )

8 0  ( a )  4 s  ( a )



F o u r  y e a r s  a f t e r  p r u n i n g ,  7 l Z  o f  t h e
select ive ly  pruned crop t rees had lost
thei r  dominant  s tatus,  compared wi th 292
for the totally pruned treatnent and 362
for  the unpruned t reatment  (Tabl -e 2) .
This  loss appeared to be absolute.  Tota l ly
pruned plots and unpruned plots nolr had
the same basal  areas.  The basal  areas in
select ive ly  pruned p lots  were s igni f icant ly
lower (p > 0.05)  than the other  two
t r e a t m e n t s  ( T a b 1 e  l ) .

Pruning appeared to have no s igni f icant
effect on height grovrth of crop
trees at  e i ther  four  or  s ix  vears o ld
( T a b l e  3 ) .

Melfamation
Select ive ly  pruned t rees had more

stem mal format ions than t rees in  e i ther
tota l ly  pruned or  unpruned t reatments
(Table 4) .  Forks and nul t i leaders were the
ura jor  form of  s tem i r regular i ty  and i t  is
l ike ly  that  apica l  d ieback was the most
probable cause.  Seventy- four  per  cent  of
observed mal format ions occurred in
co-dominant  and sub-doninant  t rees.

DISCUSSIOII
I t  is  unl ike ly  that  se lect ive pruning

of  crop t rees,  in  the absence of  th inning,
can be just i f ied.  To min imize the ef fect
of  loss of  dominance,  7 lZ rnore t rees than
requi red should be selected for  in i t ia l
pruning to t r ro netres.  However,  as 367" of
crop t rees in  the unpruned contro l  Lost
dominance,  i t  can be assumed that  the loss
of  doninance on only  352 of  se lect ive ly
pruned f rees can be at t r ibuted to pruning.

As there is  l ike ly  to  be a change in
re lat ive dominance,  the pr inary basis  for

s e l e c t i o n  s h o u l d  b e  s t e m  s t r a i g h t n e s s .
The second considerat ion should be the
condi t ion of  the apica l  shoot  and the
th i rd,  the crop t ree 's  dominance (Sut ton,
t973)  .

Mal fornat ions can be expected in  30
t o  4 O 7 "  o f  s e l e c t i v e l y  p r u n e d  t r e e s ,  b u t
conf ined main ly  to  co-dominant  and
sub-dominant  t rees,  A s in i lar  resul t
w a s  o b t a i n e d  b y  S u t t o n  ( 1 9 7 3 ) .  T h i s  n a y
b e  a  p h y s i o l o g i c a l  c h a r a c t e r i s E i c  p e c u l i a r
t o  t r e e s  o f  t h i s  s t a t u s ,  o r  d o m i n a n t  t r e e s
may be more capable of  out-growing stem
i r r e g u l a r i t i e s  t h a n  t r e e s  o f  l o w e r  s t a t u s .
Therefore,  to  a l low adequate select ion,
ensur ing a f ina l  crop of  125 acceptable
stems per  hectare,  500 sterns per  hectare
s h o u l d  b e  s e l e c t e d  f o r  i n i t i a l  p r u n i n g .
This  nurnber  may need to be increased i f
th inn ing is  delayed beyond the f ina l  s tag(
o f  p r u n i n g .

The rapid recovery of  growth of  crop
trees where a lL s tems are pruned is
s u r p r i s i n g .  M c K i n n e l l  (  t 9 7 4 ) ,  i n  h i s
study at  Brunswick,  Western Austra l ia ,
concluded that  increnent  loss caused bv
pruning was absolute.  A l though t to  "put i f i "
e x p l a n a t i o n  f o r  t h e  g r e a t e r  r e c o v e r y  i n
the Sunkland ex is ts ,  the answer may l ie
i n  t h e  d i f f e r e n c e s  b e t w e e n  t h e  t w o  s i t e s ,
The nain l in i t ing factor  for  successfu l .
growth of  P.  radiata in  the Sunkland is
n u t r i e n t  a v a i l a b i l i t y ,  S o i l s  i n  t h i s
region are predominant ly  heavi ly  leached
sands wi th an inherent ly  low nutr ient
s t a t u s ,  a n d  r e q u i r e  f e r t i l i z e r s ,  I n
contrast ,  so i l -s  at  Brunswick do not
requi re the addi t ion of  fer t i l izers to
susta in growth.  Therefore,  in  the Sunkland
i t  is  possib le that ,  when a l l  t rees are

TABLE 3

Heights of  crop t rees of  P.
Sunkland,  fo  l  lowing

.radiata in the

Treatment
Height  a t  He igh t  a f

age 4 age 6
Years  (m)  years  ( rn )

Tota l ly  pruned

Select ive ly  pruned

Unpruned (Control )

8 . 9  1 3 . 3

8 . 8  1 3 . 4

8 , 8  1 3 , 5



TABI,E 4

Number of  mal formed crop t rees (125 stens.ha- l  )
o f  P,  radiaxa in  the Sunkland,  four  years af ter

low pruning.

Treatment
No.  of  na l forned No.  of  normal

t rees t rees
( s t e m s ; h a - l )  ( s t e r n s . h a - l )

Tota l ly  pruned

Select ive ly  pruned

Unpruned (Contro l  )

l 8  ( a )

4 2  ( b )

l 5  ( a )

1 0 7

83

I  t 0

( a )

( b )

( a )

Data no!  having the same let ter  are s igni f icant ly
d i f f e r e n t  a t  p  =  0 . 0 5  l e v e l .

pruned,  the resul - t ing s lash contr ibutes F0RESTS DEPARTMENT, Western Austra l ia
s igni f icent ly  to  the amount  of  recyc led (1977) .  General  work ing Plan No.  86
nutr ients,  especia l ly  as a l l  the mater ia l  Par t  l .
removed was act ive and r ich in  nutr ients.
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