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SUMMARY
Data were drawn from a thinning experinent and two

spacing experinents to exanine the silvicultural
problens in radiata pine (Pinus radi,ata D. Don.)
plantations posed by a wide-spacing silvicultural
systen that pernits continued grazing under the trees.
Radiata pine in such an agroforestry systen can
produce high-quality sawlogs and veneer-quality
tinber if pruning up to a height of l0 n on the bole
is strictly tined to prevent the formation of
excessively i .arge knots.



INTRODUCTION
Integration of livestock grazing and

pine s i lv icu l ture is  extensive ly  pract ised
in State radiata pine (Pirus radiata
D.  Don.)  p lantat ions in  Western Austra l ia
(McKinnel l  and Bat in i ,  1978) ,  especia l ly
those located on former farmland in the
Blackwood Val ley .

Thls rnanagenent system offers nany
advantages to the plantation manager.
Wi th carefu l  contro l  o f  graz ing i t  is
possib le to  reduce the f i re  hazard in  the
plantation, to reduce conpetltion fTon
the grass for water and nutrients, and to
improve t ree nutTi t ion through the
accession of  l ivestock nanure or
f e r t i l i s e r  a p p l i e d  t o  i m p r o v e  h e r b a g e
yie lds.  Appropr ia te graz ing can a lso
i m h ? ^ 1 , d  + h a  n t n r r a r  ( n - " ' f ^ ' l ; ' , -  c n ^ n i - - l
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conponent of the pasture, which increases
s l t e  f e r t i l i t y .

Against these advantages nust be set
the disadvantages of increased conplexity
of nanagement, sone tree damage, and some
soi l  conpact ion at  the stock canp-s i tes.

C r a z i n g  o v e r  m o s t  o f  t h e  p l a n t a t i o n
area in Western Australia is randorn,
ut i l is ing pasture pers is t ing under  young
pine stands.  In  the future a
propor t lon of  the p lantat ion wi l l  be
managed under  a s i lv icu l tura l  reg i rne of
v e r y  w i d e  s p a c i n g ,  w i t h  c l o s e l y  g r a z e d
pasture under the pines throughout the
rotat lon:  these areas wi l l  serve as a fuel -
reduced fire buffer for fire control, It
is ,  however ,  essent ia l  that  there is  no
serious decrease in tree production and
that wood quality is not Teduced to a
s  i g n  i  f i c a n t  e x t e n t  u n d e r  t h i s  r e g i m e .

T h i s  p a p e r  f i r s t l y  c o n s i d e r s  t h e
ef fect  o f  th inning on y ie ld by
exarn in ing the data fTom par" t  o f  a  long-
term th inning exper i rnent  that  c losely
approximates the silviculture proposed
for the fuel-reduced buffer areas.
Secondly,  the in f luence of  t ree spacing
o n  b r a n c h  s i z e ,  w h i c h  i s  a  n a j o r
determinant  oF wood qual - i ty  in  radiata
pine,  is  d iscussed on the basis  of  data
frorn two spacing experiments.

METHOD
T h e  p i n c s  i n  t h e  t h j n n i n g  e x p e r i m e n t

were p lahted in  1957 on a repurchased
farm at l,lungalup, near Collie. The site
has a deep red-brown soil that had
carried inproved pasture for sorne years.
Thinning was begun in  1965,  wi th  four
0.08 ha repl icate p lots  of  each of  6
th inning t reatnents.  A11 t rees were
low-pruned at  age 5 years,  and g iven an
lnitial high pruning to 5 m at age 7 yeats
and a second high pruning to 7.5 n at
age 12 years.

The experirnent included 6 different
th inning regimes,  but  only  2 of  these are

ffHiff ;"Ll"i;; ":i:,'li;il':1"'*:,1-.'' o
severe thinning. In Treatnent 1
in i t ia l  s tock ing of  110O stems per
h e c t a r e  ( s p h a )  w a s  n a i n t a i n e d  u n t i l  a g e
19.5 years,  when stock ing was reduced to
500 spha.  For  Treatment  6,  the f i rs t
thinning at age 8.2 years reduced 1100
spha to 500 spha; the second thinning at
age L2.6 years reduced stock lng to 250
spha;  at  age 19.5 years the p lots  were
th inned again,  leav ing only  125 spha.
Finally, standing volume on all plots was
measured at  age 20.5 years.  AI I  vo lume
data quoted represent wood volume under
bark;  th is  was calcu lated f rorn a t ree forn
nodel  constTucted f t  on samples of  t rees
taken fIon all main Western Australian
P. r'adtata plantations .

Since no observations of branch
developnent were made in the Mungalup
trial, data were drawn fron two spacing
tr ia ls  of  d i f ferent  ages,  The f i rs t
was p lanted in  1968 at  Bussel ls
p lantat ion on a h igh-qual i ty  pastured
si te  very s in i lar  to  the Mungalup s i te .
T h e  s p a c i n g s  w e r e  1 . 8  x  1 . 8  m ,  2 . 4  x  2 . 4
3 . 0  x  3 . 0  m  a n d  3 . 6  x  3 . 6  m  i n  f o u r
repl icate Dlots  of  0 .O8 ha in  a Lat in
square deslgn.  A11 t rees were low-pruned
ro 2.1 m at  age 5 years but  were not  h igh-
pruned. At age 10 years, five doninant
t rees r :andonly se lecte i l  in  each repl icate
plot  were fe l led,  and the base d ianeter
over bark of all branches greater than
I  cn in  d ianeter  ove:r  the 2.1 to  10 rn
sect ion of  the stem was measured.

n ,



TABLE 1

Conpari.son of yleld data,
Treatnents 1 and 6, Mmgalup experinent

The second spacing trial was
unrepl icated,  wi th  in i t ia l  s tock ings of
250,  500 and 750 spha in  p lots
approxinately t ha ln area. The trees
were p lanted in  1973 on a h igh-qual i ty
pastured s i te  in  the Blackwood Va11ey.
Tree growth was so good that 1ow ptuning
t o  2 . 1  m  w a s  p o s s i b l e  i n  m i d  1 9 7 7 .
Basal diameter over bark of all pruned
branches was measured for ten randornly
sel .ected sanple t rees on each p lot .

It should be noted that the term
- r . r ' t  ^^c  -^  F^- -  +^  t  ^ - -  n rar t r r ra r l  f rnm
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stands older than 16 years that have
a snall-end ninimum diameter under bark
of  20 cn,  Peeler  logs are sawlogs
sui table for  rotary peel jng to produce
veneer.  Pulpwood is  the par t  o f  Lhe
tree between the 20 cn and 7.5 cn
dianeter points, and is used in Wester:n
Australia for particle board manufactuLe.
Sorne overlap of these 1og classes occurs in
practice; for example, a 1og greater than
20 cn in dianeter nay be dorrngraded to
pulpwood owing to crookedness or
excessive branch s ize.

RESULTS

pulpwood s ize (Table 1) .  A f i rs t
thinning at this age is unusually ear1y,
even for radiata pine; however, growth
was such that the codorninant height on
the exper imenta l  area at  th is  age was
18-19 rn, and this is the normal stand
height at which first thinning should take
place to ensure good stabi l i ty  against
wind and to avoid growth losses due to
nois ture def ic iency.

A t  a 8 e  1 2 . 6  y e a r s  t h e  s e c o n d  t h i n n i n g
produced a usefu!. yield of pulpwood,
and by age 19.5 years,  the stand was able
to y ie ld both h igh-qual i ty  sawlogs and a
snall quantity of pulpwood.

At the final measurenent at age 20.5
years,  there aenained standing 504 T" 'ha- '
o f  s a w l o g - s i z e d  m a t e r i a l  a n d  1 7 . 5  m ' ' h a - '
of pulpwood. The total volume of tinber
produced over  the^20.5,years was
t h e r e f o r e  7 4 5 . 6  m "  ' h a - ' ,  g i v i n g .  a  n e a n
annual  increnent  of  36.4 n ' .ha- ' .

In Treatrnent I the first thinning at
1 9 . 5  v e a r s  v i e l d e d  1 I 4 . 5  m " ' h a - '  o f
p u l p w ; o d  " n i  s g . s  m 3 . h a - I  o f  s a w l o g s ,
and the standing volurne at age 20.5 years
was 110^m3,ha-1 of  pulpwood and
4 2 9 . 3  m " ' h a - '  o f  s a w l o g s .  T h e  t o t a l
vo lume product ion was 71s m3'ha-1,
virtually the same as that frorn the most
severe thinning treatnent.

Volume production
For
8 . 2

Treatnent 6 the fiTst thinning
years produced only logs of

Age Treatrnent 1 Treatnent 6

8 . 2

L 2 . 6

1 9  . 5

spha Yield (m3 .ha-  1)

Pulp Saw
spha Y i e t d  ( m 3  . h a -  1 )

Pulp Saw

1108

1108

s00 l _ 1 4  . 5  ) v  .  J

500

250

L25

7 6 . 6

1 8 . 0  1 9 6  . 4

Standing volune
at  age 20.5 years
( n 3 . h a -  1 )  1 1 0 . 0  4 2 9 . 3 1-7 .s 304.O

Total volurne
produced
lm ' .ha -  t ;  224 .s  488 .6 245 .2  500 .4

age



IABLE 2

Branch developnent between 2.1 n and 10 n on the bole,
Dussel l  s plantat ion spacing experiment

For aI l  pract ica l  purposes,  these
two very different approaches to
silviculture did not differ with regard
to the total volune of timber produced
and the pr:oportion of pulpwood to
sawlogs.  Clear ly ,  nanaging radiata p ine
on a regine of wide spacing such as this
wi l l  not  resul t  in  an overa l l  loss of
production, at least under the clinatic
and soi l  condi t ions of  l4ungalup.

However, although Treatment L
produced a similar volurne of sawlogs to
Treatrnent 6, the value of this volune
was nuch lower. Treatment I produced no
logs large enough to be c lass i f ied as
peeler  logs,  which at t lact  a  considerably
higher stunpagQ than ordinary sawlogs,
w h e r e a s  3 8 . 1  m ' . h a - '  o f  t h e  s a w l o g s
produced at age 19.5 years in Treatnent 6
were peeler  s ize.  Mean sawlog volune per
t ree at  age^20.5,years for  Treatment  1 is
only  0.86 rn ' .ha- ' ,  conpared wi th
2.43 m' .ha- '  for  Treatnent  6.  As a
further point of cornparison, nean tree
diameters over bark at breast height at
age 2Q.5 years were 33.4 and 48.4 cn
respect ive ly .

Branch development
In the 1968 spacing exper.inent, the

mean nurnber of branch whorls per tree
and the nunber of branches per whorl did
not vary appreciably between treatments,
but there were rnarked differences in
branch size, which was measured by branch
dianeter over bark and bv basal area
( T a b l e  2 J .

Mean branch dianeter over bark
increased with increased spacing between

the tTees, Branch dianeter for the 3.6 m
spacing was approximateLy 50% greater
than that for the 1.8 m spacing, but the
di f ferences in  d ianeter  were stat is t ica l ly
s igni f icant  (p = O.OS) for  the two
extrene spacings only. Using radiata pine
grading rules (Radiata Pine Association of
Austra l ia ,  L977) ,  t } le  c lass i f icat ion of
average knot size was therefore increased
fron nedium to large. It must be expected
that the observed differences in branch size
would increase with tine, in the absence of
pruning.  Very wide t ree spacing
(approxinately 5 n x 5 n), which is
necessary to naintain pasture vigour in
agroforestry, will result in even greater
branch devel.opment. The position is
exacerbated when the pasture has a high
legune conponent, leading to a high
nitrogen status in the soil; this has been
observed to prornote branch developnent in
P.  t :ad iata (Wi11,  1971 ;  Wi l l  and Hodgkiss,
rs77)  .

The data in Table 2 tefer to mean
branch dianeter over bar:k between 2.1 m
and 10 n above the ground. Close
exanination of the data indicated that the
relative branch diameters were the sarne
over  the whole sect ion of  the bole,

For each spacing the rankings of mean
branch dianeter over bark by whorls were
conpared us ing Kendal l rs  coef f ic ient  of
concordance (Siegal ,  1956) .  The coef f ic ient
W was 0.928 (p < 0.01) .  We nay conclude
that the relationship between branch
dianeter and spacing is deterrninistic.

The 1973 spacing experinent, although
crude in  design,  suggests that  spacing

Spacing
Sterns per
hectare

Mean branch
basal dianeter
over bark ( cn)

Mean branch
basal area

(cn-  J

1 . 8  x  1 . 8  m

2 . 4  x  2 . 4  n

5 . 0  x  3 . 0  n

5 . 6  x  3 . 6  n

5086

1736

1 1 1 1

772

2 . O 8

2  . 4 5

Z . O J

5 .  0 6

3 . 6 5

5  .06

6 .  9 3

8  . 4 5



wi l l  not  ser ious ly  af fect  branch s ize in
the zone of low pruning, between 0 n and
2,1 n above the ground (Table 5) .

This difference is probably because
up to the stage of low pruning the tTees
were all virtually free-growing at these
spacings.  Branch s ize at  that  s tage of
growth was nore likely to be influenced by
site factors such as nitrogen availability
than by spacing. Although the branches
were not  large (Table 3) ,  they cer ta in ly
would have grown much larger had they not
been pruned: in radiata pine plantations,
it is connon for the edge trees, which
frequently do not receive pruning, to be
conplete ly  unusable as sawlogs,  owing
sole ly  to  excessive branch s ize.

DISCUSSION
The Murlgalup thinning experinent has

shown that nanaging P. xadi,ata according
to an agroforestry nanagenent system need
not reduce total timber yield conpared with
that of a nore conservative silvicultural
systen.  However,  the y ie ld in  the
experiment is probably greater than would
be obtained elsewhere since the site was of
very h igh qual l ty .  A poorer  s i te  n ight
produce s in i lar  y ie lds i f  the pasture
received regular  appl icat ions of  fer t i l iser .
However, there was no attenpt to encourage
the pasture in this experlnent, nor was
there any planned gta.zing, even though
the pasture returned to the site after the
f i rs t  th inn ing and remained present
thereaf ter .

Tt  is  of ten held that  a very h igh
growth rate is undesirable, particularly
in  p ines,  as the wood produced is  of  1ow
quality, having low wood density and
therefore poor strength and relatively

hi.gh shrinkage. In fact, this is not so
except for the central. core of juveniLe
wood that occupies the first LO to L2
growth rings fTon the pith at any point on
the tree bole.  JuveniLe wood is
intr insical ly of  Low qual i ty,  for i t  has
narked spiral grain, low density, high
shrinkage and low strength. These
properties are affected in a minor way by
rate of growth. The quality of rnature
wood is not affected by rate of growth
(Turnbul l" . ,  1947; Sutton and Harr is,  1974).

The butt logs fron the 19.5 year
thinning of TTeatnent 6 at Mungalup were
sent to a plywood factory and rotary
peeled for veneer,  y ielding veneer of  a
very acceptable face quality. The
remaining sawlog-sized logs were sawn
into boards and franing tirnber.
Unforttmately, since no grade study was
carried out on this naterial, it was not
possible to confirn the detrinental
effect of the siLviculture on knot si.ze
that was suggested by the results of the
1968 spacing experiment.

Nevertheless, i t  is  c lear that the
natural response of the trees to the
greater growing space, which is a feature
of an agroforestry nanagenent systen, is
increased branch developnent. Branches
will grow vigorously for perhaps 10 years
instead of the usual 3 to 4 years, thus
inevitably forming larger knots on the
bole.  In terms of their  ef fect  on t inber
strength, knots are equivalent to a hole
in the timber, hence the larger the knot
the greater i ts ef fect  on wood qual l ty,
Therefore, strictly tined pruning of the
l imbs on the lower part  of  the bole,  up
to approximately 10 n frorn the ground, is
necessary to produce high-quality
wood. Since this is far hisher than

TABLE 3

Branch developnent  in  the low-pnmed zone (0 m to 2.1n)
Blackwood Val ley t r ia l

Spacing
Stens per
hectare

Mean bTanch
basal diarneter
over bark (cn)

Mean branch
basal area

( . r ' )

Mean
nurnber of
branches

6 . 3  x  6 . 3  n

4 . 5  x  4 . 5  m

3 . 6  x  3 . 6  n

250

so0

750

2  . I 5

2  . 3 6

2 . L O

4 . 7 3

5 . 7 7

4 . 7 9

38

58

33



the present  level  o f  h igh pruning in
Western Australia, techniques for
pruning to such heights need to be
developed.

There have been manY theoretical
studies of the value of pruning and the
possib le y ie lds of  c lear  t inber  ( for
exarnple, Rowan, 1963) , Undoubtedly, the
production of sorne clear tinber is
worthwhile as there is always a narket
for a good product, but in recent years it
has been real ised that  the cost  of
intensive pruning in conventional pine

si lv icu l ture cannot  be just i f ied only  on
the grounds of production of clear tinber,
The real  va lue of  pruning l ies in  the
prevention of the fornation of large
knots and especia l ly  of  loose knots
(Brorm, 1974) ,  In  agroforest rY the
si tuat jon is  somewhat  d i f ferent .  High
pruning is necessary, or otherwise the
t inber  wi l l  cer ta in ly  conta in excessive ly
larcge knots. An additional benefit
f rom th is  pruning wiJI  be a tendency
towands wood of higher density
( C o w n ,  1 9 7 3 ) .

High pruning is also necessarY for
optimum pasture pr:oduction in agroforestry'
s ince l  ight  in tens- i ty  at  the ground
surface is an inportant factor
influencing pasture production in this
nanagement system.
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