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SUMMARY

Sanpl ing of  res idual  tops in  5-  and l t -year-o ld
Pinus radiata D. Don sLands showed that the biomass of
a top is  c losely  re lated to i ts  s ten d iarneter ,  This
re lat ionship is  used as the basis  for  a s inple and
precise method of  quant i fy ing the addi t ional  fue l
present  in  P.  radiata p lantat ions af ter  th inning.  Van
Wagnerrs sample l ine technique is  used to gather  the
daga frorn whicb the rreights of sten vrood, branch wood
and needles can be calcu lated.



INTRODUCTION in diarneter is placed in this categorv.
The least f lafimable fuel type is the stem

In  p lan ta t ions  o f  P jnus  rad ia ta  D.  Don '  wood,  wh ich  inc ludes  a1 l  woody mater ia l

res idua l  tops  are  by  fa r  the  grea tes t  compr is ing  the  s ten  sec t ion  o f  the

conponent  o f  f lash  fue l  and o f  the  to ta l  res idua l  top .
add i t iona l  fueL quant i t y  resu f t ing  f rom
both corunercial and non-corunerc iaJ- Both 5- and l1-year-oLd P. radiata

th inn ing  opera t ions .  s ince  the  vary ing  s tands  were  s tud ied .  S tands  o f  these ages
quant i t ies  o f  res idua l  tops  present  a  a re  the  most  vu lnerab le  to  f i re  because

range o f  f i re  hazards ,  a  neans  o f  they  conta in  la rge  quant i t ies  o f  th inn ing
quant i f y ing  them is  essent ia l  in  o rder  to  res idue and are  phys io log ica l l y  suscept ib le

be ab le  to  gauge the  hazard ,  to  f i re .

Th is  s tudy  a imed a t  deve lop ing  a  METHOD
prac t ica l ,  s imp le  and prec ise  neans o f
assess ing  the  b iomass o f  res idua l  tops  In  l l - year -o ld  s tands ,  t rees  were

by  seek ing  a  re la t ionsh ip  be tween the  sampled  on  bo th  h igh-  and low-qua l i t y .s i tes

basa l  s tem d iameter  o f  a  res idua l  top  and i r r  the  B lackwocd va l ley  (Tab le  l )  .
i t s  b iomass.  I t  was  reasoned tha t  i f  such  St ra tun  I  s tands  are  those wh ich  have a

a  re la t ionsh ip  ex is ted ,  then sampl ing  the  top  he igh t  g rea ter  than 17 .2  m ac  age 10 .

res idua l  tops  fo r  a  s tem wood vo lume us ing  wh i fs t  S t ra tun  I I  s tands  have a  top  he igh t

van wagner 's  (1968)  ne thod wou ld  g ive  a  be tween 14 .8  n  and 17 .2  n  a t  aqe lo .  For

re l iab le  ind ica t ion  o f  top  b iomass.  s tands  o f  ages  d i f fe ren t  f ron  th is ,  the
s t ra tun  c lass i f i ca t ion  is  ob ta ined f ron

Res idua l  tops  were  cons idered to  be  he igh t /age growth  curves .

composed o f  th ree  fue l  t ypes  based on  fue l
s ize .  The f i rs t  and most  f la rnnabLe o f  Sample  Lrees  were  se lec ted  to  be

these fue ls  i s  the  need le  component .  representa t ive  o f  the  c ro l rn  c lasses

Branch wood is  the  nex t  nos t  f lammable  normal ly  renoved under  the  Fores ts

fue l ,  and a l l  woody mater ia l  up  to  1 .5  cm Depar t rnent ' s  1974 th inn ing  prescr ip t ion

TABLE 1

Si te  qua l i t y  and sanp l ing  in tens i ty  on  9  sanp le
s i tes  i .n  l l - year -o ld  P .  rad ia ta  p lan ta t ions  in

Nannup and K i rup  D iv is ions ,  B lackwood Vaf ley

Locat ron S i t e  N o .  o f
qual i ty  sarnples

Nannup D iv i  s  ion

Lewana Bl
Lewana 86
Lewana 83

Ki rup  D iv is ion

cr imvrade K1I
Gr imwade KI2
cr inwade K14
cr irnnade Nl
cr irnwade N7
Kel ly

TotaI

t
I
2

IO
5

1 5

I
I
2
2
2
1

6
lo
10

5
8

7 5



(McKinne l l ,  1978)  ,  They  were  e i ther
subdominanc  or  codominant  t rees .  The
s tens  o f  fe l led  t rees  were  segmented
accord ing  to  a  ser ies  o f  d ianeter  c lasses
beg inn ing  w i th  the  o-4  cn  d ia rne ter  c lass
and cont inu ing  th rough to  the  12-14 cm
dianeter  c fass  a t  in te rva ls  o f  2  cm.  very
l i t t le  mater ia l -  la rger  than 14  cm d iameter
is  no t  u t i l i sed  in  P .  Lad ia ta .  The n id -
po in t  o f  each o f  these d iameter  c lasses
was then marked on  the  s tem.

Diameter  c lasses  o f  2  cn  were  used
ra ther  than ind iv idua l  d iameter
measurenents  because o f  the  na ture  o f
b ranch ing  in  P .  rad ia ta  and the  var ia t ion
in  in te rnoda l  leng th '  wh ich  wou ld  no t  g ive

a  cont inuous  re la t ionsh ip  be tween s tem
diameter  and b iomass.  The use o f  c lasses
absorbed th is  var  ia t ion .

Branches were  pruned f ron  the  tops
rnd labell.ed according to the top and the
par t i cu la r  s tem d j .ameter  c lass  f ron  wh ich
they  came.  For  each branch,  bu t t  d ianeter
was recorded and the oven-dry weight of
need le  mater ia l  de termined.  The oven-dry
we igh t  o f  need le  and woody branch mater ia l
was  Lhen de tern ined fo r  each s tem
diameter  cLass .

In  add i t ion '  Ioo  sample  t rees  v rere
taken f rom a  5-year -o ld  s tand o f
P.  rad iaxa ,  and the  da ta  were  combined
with those frorn the l l-year-old trees to
increase the  re l iab i l i t y  o f  the  sampl ing .
N o  s t r a t i f i c a t i o n  o f  s a m p l i n g  b y  s i t e
qua l i t y  was  poss ib le  in  these s tands ,
however ,  because a t  th is  age the  t rees
are  no t  su f f i c ien t ly  deve loped to  express
s i t e  v a r  i  a l i o n .

RESULTS AND DISCUSSION

Branch but t  d ianeter  and oven-dry
weight  of  branch wood are c loseLy re lated
(r ig .  1)  .  The re l "at ionship between the
two parameters can be descr ibed by the
fo l lo lv ing equat ion:

X - n v = z . a L L n x + z . z l
where Y = oven-dry weight  of  branch vrood (9)

X = branch but t  d iameter  (cm)
C o - e f f i c i e n t  o f  d e t e r r n i n a t i o n :  1 2  =  O . 9 2

Table 2 shows mean branch but!
d iameters and nean numbers of  branches Per
top for  each of  the stern d iameter  c lasses.

Tab le  3  g ives  the  nean oven-dry  we igh t  o f
need les  fo r  tops  in  bo th  s t ra ta .  A l though
there  is  a  t rend fo r  need le  we igh ts  to
b e  h e a v i e r  i n  S t r a t u n  I ,  a s  m i g h t  b e
expected ,  the  d i f fe rences  are  no t
s ta t i s t i ca l l y  s ign i f i can t  and the  da ta  fo r
bo th  s t ra ta  nere  poo led  fo r  fu r ther  use ,

Fron  Tab les  2  and 3  i t  can  be  seen
tha t  the  quant i t ies  o f  the  th ree  fue l
types  in  tops  (needtes ,  b ranches  and
stem wood) are proportional to the sten
d i a r n e t e r .  I f  a  r e l a t i o n s h i p  c a n  b e
es tab l i shed be tv reen s tem d iameter  and s ten
wood weighl, and also betvreen sten wood
weight and the other two fuel vreights. then
aL l  th ree  fue l  conponents  can be  es t imated
f ron  d iameter  da ta  ob ta ined by  Van Wagner rs
( 1 9 6 8 )  m e t h o d  o f  s a m p l i n g  f o r e s t  f u e l .  I n
this technique the lops intersected along
a sample  l ine  are  ta l l ied  in to  the i r
respec t ive  d iameter  c lasses  and used to
caLcu la te  s ten  wood vo lune per  hec tare .
Knowing the  average bas ic  dens i ty  o f  the
t imber ,  th is  vo lume can be  conver ted  to
w e i g h t .

sampling tops from this area gave a
nean wood bas ic  dens i ty  o f  357 kg .m-r ,
wh ich  is  in  the  range typ ica l  o f  juven i le

wood o f  t l re  spec i - .s .  F ron  th is  sample ,

FIGURE l :  Relat ionship between branch
butt dianeter and oven-dry $reight of
branch vrood (based on 5- and ll-year-otd
samples ) .
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TABLE 2

Mean branch but t  d ianeters and nean
number of  branches for  d i f ferent

stem diameter  c lasses

N = total nunber of tops sampled

Ir  = mean branch but t  d iameter  (cm)

c v l  =  c o - e f f  c i e n t  o f  v a r i a t i o n  t o r  x ,  { * )

i2 = mean number of branches

cv2 = co-ef f  c j .ent  of  var ia t ion tor  I ,  
, * ,

TABLE 3

Mean oven-dry weight  of  needles for  d i f ferent
sten d j .ameter  c lasses.  Strata I  and I I

Stem
diameter

c lass (cn)

Stratum I Stratun f I

o-4

4-6

6-8

8-10

IO-L2

L2-L4

N X

3 0  0 . 5 0

3 9  2 . 2 2

3 9  3 . 7 5

3 5  5 . 6 8

3 s  B . 1 9

N = total nurnber of tops sampled

I  = r "an oven-dry weight  of  needles (kg)

S = standard deviat ion

sten d iameter  was found to decrease 1.2 cm each d iameter  c lass was found by d iv id ing
per metle j.ncrease in length. The volune, the total weight of sten nood for each
hence the weight of wood in one top, can class by the average weight of stem wood
be calculated for each diameter c1ass. in one top.
The n id-point  o f  each c lass was used in  the
calculations. The weight of branch wood for each

stem diameter class was then found by
The totat number of tops per hectare in determining the nean weight of branch

cVr x2 cvz

1 0 , 6  L 2  L 7 . 4

1 7 .  3  3 4  2 7  . 6

1 5 . 4  4 9  3 8  .  O

L 6 . 2  6 B  3 3 . O

L 9  . 2  8 3  4 5  , 4
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FIGURE 23 oven-dry weight  of  needles
( t .ha- l )  for  var ious numbers of  toPs
intercepted by a loo m sample line. The
relat.ionship is shown for each toP
dlaneter  c lass (cm) '

5 1 0  1 5
N u m b e r  o f  t o D s

FIGURE 33 Oven-dry weight of branch wood
(t .ha- l )  for  var ious numbers of  tops
intercepted by a loo m sanple line. The
relationship is shown for each toP
diameter  c lass (cm).

lo
N u m b e r  o f  t o p s

FIGURE 4: Oven-dry weight of stem wood
(t .ha- l1  for  var ious numbers of  tops
intercepted by a loo m sample line' The
relationship is shown for each top
diameter  c lass (cn) .

wood in one top (using the nean branch
but t  d ianeters g iven in  Table 2 and the
graph in  F igure 1)  and then nul t ip ly ing
th is  by the number of  tops per  hectare.

The weight  of  needles was calcu lated
for each stem diameter class by
nul t ipLy ing lhe nean values for  needle
oven-dry rl 'eight (Table 3) by the number
of tops per heclare in the stem dianeter

Figures 2,  3  and 4 have been
constructed using this method of fuel
quant i f icat ion,  For  each of  the stem
diameter  c lasses they re late the weight
per hectare of each of the three fuel types
to the number of tops transected by sample
l ines loo m in length.

Having establ ished a re lat ionship
between sten diarneter and the biomass of
the various components of the top' the
quant i ty  of  th innj .ng s lash can easi ly  be
determined if the number of thinned sterns
Der hectare is knoritn.
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TABI,E 4

Amoun t  o f  th inning s lash ( t .ha- I )  produced on basis  of
nunber of stems per hectare removed in connercial and non-cofiunercial

th inning operat ions ( for  both Strata 1 and I I )

Stand No.  o f
c  t a n e

(years)  removed
per ha

Non-corunercial thinning conmerc ia l  th inn ing

Aer ia l  L ight  Heavy Aer ia l  L ight  Heavy
needles (branch)  (s !em) Tota l  needles (branch)  (s tem) Tota l

wood wood wood r,rood

5  1 2 0 0  4 . 4  6 . 6  5 0 . 5  6 1 . 5
t o o o  3 . 7  5 . 5  4 2 . L  5 1 . 3

9 5 0  3  .  5  5 . 2  3 9 . 9  4 8  . 6
8 5 0  3 .  t  4 . 7  3 s  . ' 1  4 3 ,  s
7 5 0  2 . 7  4 . 1  3 1 , 6  3 8 . 4
6 0 0  2 . 2  3 . 3  2 5 . 2  3 0 . 7
4 0 0  L . 4  2 . 2  2 0 . s  2 4 . L

1 1  8 0 0  6 . 8  7 . 8  8 r . 6  9 6 . 2  6 , 8
7 0 0  5 . 9  6 . 9  7 L . 4  8 4 . 2  s . 9
6 0 0  5 . 1  5 . 9  6 L . 2  7 2 . 2  5 . 1
5 0 0  4 . 2  4 . 9  5 1 . O  6 0 . 1  4 . 2
4 0 0  3 . 4  3 , 9  4 0 . 8  4 8 . 1  3 . 4
3 0 0  2 . 5  2 . 9  3 0 . 6  3 6 . 0  2 . 5
2 0 0  r . " 1  1 . 9  2 0 . 4  2 4 . O  L . 7

7 .8  I l  . s  32 .L
6 . 9  r 5 . 3  2 P  L
f  . Y  - L J . l '  .  t

4 .9  rO .9  20 .O
3 . 9  8 . 7  1 6 .  O
z . v  o . )  L L . v

L . 9  4 . 4  8 . O

For a f ive-year-o ld s tand,  an average
residual top butt dianeter of 9 cn t'tas
used to caLculate the th inning s lash
wei .ght  and for  an l l -year-o ld s tandr  an
average res idual  top but t  d ianeter  of  14 cm
vras used. The corunercially thinned 1l-
year-old stand has a reduced comPonent of
stem wood following lhe extraction of logs
down to a snall-end dianeter of B cm.
The small-end diameter of extracted logs
is  h ighly  var iab le '  8  cm being an average.
The l ike ly  quant i ty  c f  fue l  fo l lora ' ing
th inning at  var ious in tensi t ies is  shor , "n
in Table 4 for lypical 5- and ll-year-old
s t a n d s .

CONCLUSIONS
Assessment  of  the amount  of  addi t ional

fuel  presenL in  P.  tad jata s tarrds us ing
the technique developed during this study
is  not  only  accurate but  a lso easy,  so
that  the cost  of  quant i f icat ion by th is
method would be reasonable.

The pxecis ion of  f i re  behaviour

predic t ions would doubt less be increased
since a re l iab le assessment  of  fue l
quant i t ies is  achieved by th is  method.

Although the study was conducted in.
s tands l I  years o ld,  i t  is  possib le that
the quant i f icat ion technique could a lso
be applied successfully to stands of other
ages because of the more or less constant
s ize of  the res idual  !ops.
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