ODC 431.2:174.75

Research Pap_er'_60' |
1980

' FORESTS DEPARTMENT

QUANTIFYING Pinus radiata
'SLASH FUELS

by

N.D.BURROWS

——

SUMMARY

Sampling of residual tops in.5- and 1l—year—old
Pinus rad;at@” Pon stands showed that the biomass of
- L | a top is closely®related to its stem diameter. This

- Comsemaron ' relationship is used as the basis for a simple and
' precise method of quantifying the additional fuel
present in P. radiata plantations after thinning. Van
Wagner's sample line technique is used to gather the
- data from which the welghts of stem wood, branch wood
and needles can be caloculated. :
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INTRODUCTION

In plantations of Pinus radiata D. Don,
residual tops are by far the greatest
component of flash fuel and of the total
additional fuel quantity resulting from
both commercial and non-commercial
thinning operations. Since the varying
guantities of residual tops present a;
range of fire hazards, a means of
guantifying them is essential in order to
be able to gauge the hazard.

This study aimed at developing a
practical, gimple and precise means of
agsessing the bilomass of residual tops
by seeking a relationship between the
basal stem diameter of a residual top and
lts blomass, It was reasoned that 1f such
a relationship existed, then sampling the
residual tops for a stem wood volume using
van Wagner's (1968) method would glve a
reliable indication of top biomass,

Residual tops were considered to be
composed of three fuel types based on fuel
size, The first and most flammable of
these fuels is the needle component.
Branch wood 1s the next most flammable
fuel, and all woody material up to 1.5 cm

in diameter is placed in this categoryd,
The least flammable fuel type is the stem
wood, which includes all woody material
comprigsing the stem section of the
residual top.

Both 5~ and ll-year-old P. radiata
stands were studied. Stands of these ages
are the most vulnerable to fire because
they contain large quantities of thinning
residue and are physiclogically susceptible
to fire. .

METHOD

In ll-year~-old stands, trees were
sampled on both high- and low-gquality sites
in the Blackwood Valley (Table 1).

. 8tratum I stands are those which have a

top height greater than 17.2 m at age 10,
whilst Stratum II stands ‘have a top height
between 14,8 m and 17.2 m at age 1lO. For
stands of ages different from this, the
gtratum classification is obtained from
height/age growth cutves.

Sample trees were selected to be
representative of the crown classes
normally removed under the Forests
Department's 1974 thinning prescriptlon

TABLE L

Site quality and sampling intensgity on 9 sample
gites in ll~year=-old P, radiata plantations in
Nannup and Xirup Divisions, Blackwood valley

Location

Nannup Division

Lewana Bl
Lewana B6
Lewana B3

Kirup Divigion

Grimwade K11
Grimwade K12
Grimwade Kl4
Grimwade N1
- Grimwade N7
Kelly

Total

Bite No. of
quality  samples
(stratum)

1 10
1 5
2 15
1 6
1 1o
2 10
gore 6
5
8 .
; 75

()




{McKinnell, 1978). They were eilther
subdédinant or codominant trees. The
stems of felled trees were segmented
according to a geries of diameter classes
beginning with the O-4 cm diameter class
and continuing through to the 12-14 cm
diameter class at intervals of 2 ¢m. Very
little material larger than 14 cm diameter
is not utilised in P. radiata. ‘The mid-
point of each of these diameter classes
was then marked on the stem.

Diameter classes of 2 ¢m were used
rather than individual diameter
measurements because of the nature of
branching in P. radiata and the variation
in internodal length, which would not give
a continuous relationship between stem
diameter and biomass.  Thé use of classes
absorbed this varlatlon.-

Branches were pruned "from the tops

~and labelled according to the top and. the

particuldr stem diameter class from which
they came. For each branch, bubt diameter

- was recorded and the oven—dry . weight of

needle material determined. The oven~dry
weight of needle and woody branch material
was then determined for each stem

dlameﬁer class.

In addition, 100 sample trees were
taken from a 5-year-old stand of |

P. radiata, and the data wéie combined =~
with those from the ll—year«old trees to .

increase the reliability,of, the -sampling.,
No stratification of sampling by site
gquality was possible in these stands,
however, because at this age the trees

are not sufficiently deVLloped to express

site varlatlon. ; Vit :
RESULTS AND DISCUSSION
Branch butt diémeter and oven-dry
welght of branch wood are closely related:
(Fig. 1). The relationship between the
two parameters can ‘be described by the
following eguation: :

Lny = 2.614n% + 8,330

i

Where Y = oven-dry weighL of branch wood (g) :

iI

X branch butt diameter (cm)

cO-éfTic;eﬁt O détermiﬁation‘ & O, 92

(LT O T

Tahld 2 'dhbws mean” branch butt

diameters and mean numbers of branchesg per

top for each eﬁrthe stem-diametervclasses.

Table 3 gives the mean oven-dry weight of
needles for tops in both strata. Although
there is a trend for needle weights to '
be heavier in Stratum I, az might be
expected, the differences are not
statistically significant and the data for
both strata were pooled for further use.

From Tables 2 and 3 it can be seen
that the quantities of the three fuel
types in tops (needles, branches and
stem wood) age proportional to the stem
diameter. If a relationship can be’
established between stem diameter and stem
wood weight, and also between stem wood
weight and the other two fuel weights, then
all three fuel components can be estimated
from diameter data obtained by Van Wagner 5
(1968) method of sampling forest fuel. "In
this technique the tops intersected aJeng
a sample line are tallied into their '
respective diameter cdlasses and used to

.~ calowlate stem wood volume per hectare.

Knowing the average basic density of the
timber, thisg volume can be converted to
weight, - .

Sampling tops’ from this area gdve &

. mean wood bagic density of 357 Kgem~3

which is in the range typical of juvenlle"
wood of the species. [From-this sample,:

(g’

wood

Oven—dry weight branch

- Brangh  butt diameter (cm)

FIGURE 1% - Relatlonshlp between branch
butt diameter and ovenmdry weight of’
branch wood (based on' 5= and: 11myearmold
gamples) i v Faoodno g alewpeliag ,J.



TABLE 2

Mean branch butt diameters and mean
- nhumber of branches for different
stem diameter classes

- Btem -
diameter _ = :
clags (cm) Y X cv, Xy~ Cvy o
0-4 T -
4=5 40 - " 0.90 10.6 12 17.4
68 40 1,55 17,3 34 27.6
8-10 . 40  1.84  15.4 - 49  38.0
10-12 50 1.89 - 16,2 68  33.0
12 50 2,07 19.2 83 45.4 |
N = totai'numbér of tops sampled
X, = mean branch butt diameter (cm) L
cV, = co~efficient of variation: for Xl (%) S -i '>c?'}

X, = mean number of branches 4 4
CVy m-co~efflclent of varlatlon for xz:(%f
TABLE 3 S b

Mean oven~dry weight of needlesg for dtfferent '
stem diameter classes, Strata T and II

Stem ‘Stratum I = St:atqmrll":
diameter . - o
clasgs (cm) N X 8 N X g
0~4 30 0.26 0.11 30  0.23 0,07
4~6 30 0,50 0.12 30 0,50  0.14
6-8 39, 2,22 0.52 36 1.89 . 0.43
8-10 39 3.75  0.86 36 2.20 0.5 |
10-12 35 5.68 1,15 35 . 5.30 0.80] .
12-14 35:. 8,19  1.11 - 35 7.65 - 1,19 N
" N = total number of tops sampled
E m-meanfoven—dry weight of needles (kg)
5 = gtandard deviation

stem diameter was found to dectease 1.2 cm . &ach dlameter class was found by. div1d1ng

per metre. increase in:length.. The volume, the total weight of stem wood for each
hence the weight of wood in one .top. can class by the average_wexght of stem wood
be calculated for. each diameter class. . in one top, S

The mid-point of each class was used in the - . o e
calculations, , The weight of branch wood for each

_ stem diameter class was then found by
The total number of tops per hectare in  determining the mean weight of branch
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COPIGURE 23 - Oven-dry weight of needles . . o
# teha™!) “for various numbers of tops
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FIGURE 331 Oven~dry welght ofubﬁanchhwdod
(tehda~l) for-various numbers of itops:. !
intercepted by a 100 ‘sample: line.: :The
relationship is shown for: each ‘top:
diameter class (cm}. Lot g

L8]

A

: - 12=14
: jsﬁ; 

’i .o

g

£

s

-

-

.g

5,

E

L)

Lod

w

0 ¥ . L) lv 1
5 10 15 20
Number of tops :

‘FfGURE 4: - Oven—dry wéight of stem wood
(t=ha™!) for various numbers of.teps
intercepted by a 100 m sample line. The

‘relationship is shown for each top
dlameter class

{em) .

wood .in.one. top, (using..the. mean branch,
butt diameters . .given.in Table .2 .and the:. ..~
graph in:Figure:)).:and then wultiplying:. ..
thlS by the number of tops ;per-hectare,.

The weight of need]es was calculated
for .each stem diameter clage by .. .o ..,
multiplying. the mean.values. for needle e
oven~dry weight .(Table 3)- by the number P
of tops per hectare in. the gtem, diameter,h
classe - el R I

Flgures 2 3 and 4 have been i
constructed uging this method of fuel
quantification. For each of the stem.. .. .
diameter classes they relate the weight
per hectare of each of the three fuel types
to the number of tops: transected by sample
lines lOO m 1n length -

;Having establlshed a relationshlp

= i

stween stem diameter. and -the biomass of
the ~various -components of. the £OD., 1:1’195___:-.,i
quantity of thinning glash can, easily be .
determined if the number of thinned stems
per hectare is known. : '

R



TABLE 4 g,
. o
Amount of thinning slash (t¢ha™!) produced on basis of
number of stems per hectare removed in commercial and non-commercial

thinning operations (for both Strata I and II)

Stand No. of Non~commercial thinning Commercial thinning
age  &tems —
(years) removed Aerial Light Heavy Aerial Light Heavy ' . ..
per ha needles {hranch) {stem) Total needles (branch) {stem) ‘-thal
wood wood ‘ wood wood 5
5 1200 4,4 6.6 :50,5 61.5
1000 3.7 5.5 42,1 51,3
950 3.5 5.2 39,9 48.6
850 3.1 4.7 :35.7 43.5
750 2.7 4,1 31.6  38.4
600 2.2 3.3 25,2 30,7
400 " 1.4 2.2 20.5 24vI -
11 : 800 6.8 7.8 8l.6 96.2 6.8 T8 17.5 32,1
700 5.9 6.9 71.4 B4.2 5.9 6.9 15,3 28,1
600 5.1 5.9 6l.2 T2.2 5,1 5.9 13.1 24.1
500" 4.2 4.9 - BL,O 60,1 SR T A 459 - 10,9 .7::0:20.0
400 3.4 39 ‘40,8  48.1 3.4 3.9 B P AR ¥Rt
300 2.5 2.9 Y3046 36.0: 2.5 2.9 TN TR N
200 .7 1.9 20,4 24,0 o ~d:a9 . 4s4: 18,0
Foy" S fivewyearAOld gtandy an' -average - predictions would doubtless be increased
residhal“ﬁép bitt: diameter of ‘9 ¢m-wag “ . ¢ ‘since a reliable assessment of fuel
used: tovéaléllate the thinning slash. gquantities is achleved by this method, ..
welght and: for-an ll-year-old stand, an - N 3 .
average residual top butt diameter of 14 em -  Although the study was conducted in
was ‘used: ‘The commercially thinned 11~ stands 11 years old, it is possible that :
year~old stand has'a reduced component of the quantification technique could alsol , |
stem wood following the extraction of légs be applied succegsfully to stands of other
down td a small-end dlameter of 8 cmi. - .  ages because of the more or less constabt
The small-énd-dianeter of extracted logs - size of the residual tops.
is highly wvariable, 8 om being an average.- S
The likely quantity of fuel following : _ REFERENCES
thinning at various' intensities 18 shown S { .
in Table 4 for typieal 5- and ll~year~old VAN WAGNER, C.H. (1968) The line transect
stands. method in forest fuel sampling. quest
: ’ - e ’ R o B Science 14, 20-26. . ?
R MoCORMICK, O, (1973}~ Assessing mariﬁime
(ZC)PQ(SLIJSI()PJS R ] pirie fuel quantity. Research Paper 7,
Agsessment of the amount ‘of additlonal Porests Department df Wéstern Australia. .
. fuel present in P. radiata stands using McKINNELL, F.H. (1978). Sawlog.

the technique developed during this study ghlviculture in West Australian pine

1s ‘hot ‘6rly accurate but also easy, so it iblantationsw‘-IUFRO Project Group2:02
that the cdst of quantification by this it Procegdings: of'.the .0alo meeting, "June
'method would be reasOnables o e 1976 ;- Paculty of Porestry, University

P of Stellenbosch, South Africa.
The preci51on of fire behaviour SR 50~-55,




