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FORESTS DEPARTIU|ENT
OF WESTERN AUSTRALIA

FUEL REMOVAL, FUEL CONDITIONS

AND SEEDBED PREPARATION IN

KARRI SLASH DISPOSAL BURNS

by
P.  IONES

S U M M A R Y
The relationship between fuel removal and fuel

conditlons and between fuel removal and seedbed
preparat ion was invest igated dur ing '14 

s lash d isposal
burns in the 1975-76 burning programne of the Forests
Departnent  of  Western Austra l ia .

Resul ts  ind icate f i rs t ly  that  fue l  renoval  cannot
be gauged re l iab ly  by fuel  no ls ture content  a lone,  and
secondly that  fue l  renoval  does not  necessar i ly  corre late
wi th seedbed preparat ion.  The var ious factors re levant
to these conclus ions are d iscussed.

Evaluat ion of  the Departnentrs  s lash burn ing
prescr ip t ion shows that  i t  prov ides adequate ly  for
seedbed preparat ion.



INTRODLICTION

Slash ( regenerat ion l  burn ing has been
r-urder taken by the Forests Departnent  s ince
the ear l iest  days of  forest  nanagernent  in
ihe karr i  (Eucalyptus d ivers ico lor
F ,  M u e 1 1 " )  f o r e s t s  o f  W e s t e r n  A u s t r a l i a .

The object ives of  s lash burns are:

(1)  to  prepare seedbed sui tab le for  karr i
regenerat ion;

(2)  to  induce seedfa l l  f rorn seed t rees
( 1 f  p r e s e n t )  ;

f 3 )  1 o  d i s p o s e  o f  l o g g i n g  r e s i d u e  s o  t h a t
f i re  hazard wi th in the regenerat ing
forest  is  nr in in ised and access for
future nanagernent operations is
inproved.

Unt i l  recent ly ,  s lash burns have been
organised by only  a few of f icers,  and
thei r  choice of  techniques has been based
on personal  exper ience and judgenent ,  The
burns have been conf ined to smal1 areas
and have been in tern i t tent ,  t imed to
coinc ide wi th the per iod ic  karr i  seed
supply,

Howevern the recent expansion of trade
cutting fron pure karri stands to nixed
k a r r i - m a r r i  ( E ,  c a l o p h y l  l a  R .  B r . )  f o r e s t
h a s  p r o m p t e d  a  g r e a t  i n c r e a s e  i n  t h e  s c a l e
of  the Departnentrs  s lash burn ing
prograrnme. With areas in excess of
3000 ha to be burnt  annua1ly,  rnore prec lse
contro l  o f  the operat ion is  needed so that
optinum results are obtained at mininum

u r r r - L L u r r y .

Both ashbed and exposed minera l  so i l
are su i tab le for  the establ ishnent  and
developrnent  of  karr i  seedl ings,  and burn ing
is  the best  way of  prepar ing these seedbeds
wi th in cutover  forest  areas.  Slnce the

volurne of logging slash consurned and the
area of seedbed prepared by a burn appeared
to be re lated to the in tensi ty  of  the f i re ,
th is  s tudy of  s lash burns in  cutover  kami
forest  was designed to invest igate the
re lat ionship f i rs t ly  between f i re  in tensi ty
and fuel  condi t ions,  and secondly between
f i re  in tensi ty  and seedbed preparat ion.

METHOD

Fourteen separate burns were selected
for  s tudy,  8 in  the , 'spr ing"  (December
1 9 7 5  t o  J a n u a r y  1 9 7 6 )  b u r n i n g  p r o g r a r u n e
and 6 in  the autr .mn of  1976 (Table l ) ;
they inc luded burns in  a1l  three southem
div is ions (Pernber ton,  Walpole and Manj inup) ,
in pure karri stands as well as in rnixed
karri-narri and sorne karri -rnarri-tingle
(E.  gui l foy le i  Maiden)  forest  areas.

The study areas were cul1- fe l led and
scrub-ro1led before burn ing.  Al though
str ip  l ight ing was used in  a l l  burns,  there
were variations in the light-up times and
the l ight ing techniques.  f t  was assumed
that  these d i f ferences were not  s ign i f icant ,
however, and therefore would not influence
burn intensity rnarkedly.

Fi re  in tens i ty
Fire in tensi ty ,  which is  d i f f icu l t  to

neasure accurate ly ,  can be calcu lated
fa i r ly  re l iab ly  us ing Byram's (1959)
forrul a:

where
= Hwu
= calor i f ic value of  the fuel
= quantity of fuel consumed
= rate of consurnption.

The calorific value of the fuel consuned
in the different burns is assuned to be
constant; the quantity consumed and the
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TABLE 1

Slash burns ass es s  ed

Walpole Penberton Manj inup

Spring Autunn Spring Autuinn Autumn

Frankland 8 Weld 14
Frankland 6
Dawson 3
Walpole 1
Swarbrick 4
Keystone 2
Keystone 4

Boorara 2 Poo 1e
P o o I e
Weld 5
Weld 2

1 2
Gr.ay 1
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rate of consunption are the variables to
be considered.

Because slash burns nay be stationary
and nay continue to burn for several days,
the rcate of fuel consunption cannot be
neasured easi ly,  I t  would be nost
accurately gauged by nears of a
continueus ly recording weighbridge, but
sr-nce this type of equipnent was neither
avai lable nor pract icable in the
circunstances, intensi ty was calculated
by measuring instead the quant i ty of
fuel consuned.

Slash f ie l  quant i t ies were aSsessed
both before and after each burn using the
l ine intersect rnethod (van Wagner,  1968) :
a line of known length is laid over the
slash area and the dianeter of every
piece of woody natet ia l  at  i ts point  of
intersect ion with the 1in9 is recorded.
From these neasurenents, quantity (in
t .ha-])  is calculated using the formula:

= e l t -  Lc--=;-
d L

= weight
= wood dens lty
= piece diameter
= l ine length.

0n1y fuel ovet 25 rnn in diarneter was
recorded, in 25 run classes up to 500 nm
and individually over 300 run. The
quantities of fuel consuned ( < 500 rnm,
>300 rnn and total) were then expressed

as percentages of  the tota l  avai lab le
f u e 1 .

Fuel moisture content
Three categor ies of  fue l  may be

def ined:

(l) Exposed fine fuet - those leaves and
twigs at  the top of  the slash heap'

(2) Sheltered f ine fuel  -  those leaves
and twigs at the botton of the
slash heap.

(3) Heavy woody mater ial  -  p ieces over
100 run in dianeter.

Fine FueL - The noisture content of
sheltered fine fuel may be as much as
5e" higher than that of exposed fine fuel
(Forests Departnent, unpublished reports) ;
the reverse is rare but can occur
innediately after light rain. However,
because sheltened fuel is generally the
wetter it must be considered the liniting
factor, and for this reason the moisture
content of sheltered fuel was used as the
vaLue for fine fuel moisture content.

In general, noisture content was
deternined by destructive sampling: leaf
natenial was collected in tins and oven
dried, and moisture loss was expressed as
a percentage of oven dry weight. In some
cases, however, noisture content was
measured using a direct readlng Marconi
moisture meter previously calibrated
against the destructive sanples.

Heatsy FueL - The moisture content of
heavy fuel was gauged indirectly using
as an indicator the drought index
developed by Keetch and Byrarn (1968),
which is generally known as the Byrarn
drought index (BDI).  The BDI used for
each burn was that calculated on the day
of the burn at the headquartens of the
division in which the burn occurred.

To test the accuracy of BDI as an
indicator of heauf fuel noisture content,
the fol lowing trials were canied
the Forests Departnent rs Manj inup
station. Logs 100 r n and 200 nn

out at
Tesearch

Permanent sarnpling lines 100 n in
Iength were used, the nunber for each burn
(a minimurn of 5 and a naxinun of 10)
depending on the size of the burn area.
They were placed to give an even
d is t r i bu t i on  (F ig .  1 ) .

FIGURE 1: Distlibution of fuel
assessment lines in Frarkland 8.

diarneter were cut fron tops of the
winterrs cutting and de-barked. A

an
previous
sect ion



cut fron each was left exposed in a
clearing, weighed, and then oven dried to
calculate its moisture content, which ivas
assuned to be representat ive of  the whole
l o g  '

Using th is  va lue as a base point ,  the
noisture content of the whole logs was
calculated at intervals throughout the
surnner  by weighing the logs.

These values were averaged and p lot ted
against  the BDI ,  and I inear  regress ion
equations and correlation coefficients
were calculated to deternine the stnength
of  the re lat ionship between the BDI and
log rnois ture content ,

Seedbed classif icat ion
Seedbed may be classi f ied into four

categories:

( l )  Ashbed -  the soi l  structure is
altered by intense heating, ash rernains
fron the burnt material, and the soil
i s  s te r i l i sed .

(2) Exposed top soi l  -  the mineral  soi l  is
exposed by the burning away.of l i t tet ,
but heat has not been suffiaient to
al ter the soi l  structure, to leave,ash
deposi ts,  or to ster i l iser the soi l .

(3) Disturbed ground - the topsoil is
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exposed and disturbed when the litter
layer is rernoved by logging or scrub
T o l l i n g . ,  l

(4) Non-product ive -  the soi l  is ei ther
unavailable (for exarnple, cover:ed by
a log) or unsui table for seedl ing
growth (for example, nechanical ly
conpacted).

fn order to c lassi fy the seedbeds
prepared by the burns, point sanples were
taken every 2 rn along the.fuel  assessnent
l ines and along a tTansect placed at
randon across the burn, Seedbed
categories were recorded, and each
category was th€n expfessed as a
percentage of the total nurnber of panples,

RESULTS

Figure 2 shows the noisture content
values of  the 100 nm and 200 nm logs
plot ted against the BDI '

The linear regression equations and

correlat ion coeff ic ients are as fol lows:

( l )  f o r  t he  who le  season

Y = - 0 . 0 3 4 x + 2 6 . 8
r  =  - 0 , 8 5 * * *
1 2 =  o . 7 2

(2) for BDI f ron 0 to 200

Y = - 0 . 0 5 1 x + 2 9 . 7
r  =  - 0 . 9 4 x * *
12=  0  .88
where Y = log molsture content '

x - B D I
r = coraelat ion coeff ic ient.

The calculat ions indicate that the factors
affect ing BDI bui ld-up are also closely
related to f luctuat ions in average log
noisture content,

Tables 2 and 3 give detai ls of  the
spring and autunn burns respectively,
i  nc luding in i t ia l  fuel  quant i t ies,
percentage fuel renoved, fuel noj.sture

TABLE 2

Spring burn detai  ls

TABLF 3

Autwnn burn detai ls

In i t i a l
Durn fuel

( t ' h a -  t  I

Fuel  removed (%) Fine fuel
BDI noisture

content (%)

Seedbed (%)

<300 nn >300 nn Tota l Ashbed Total

Swarbrick 4
Dawson 3
Frankland 6
Frankland 8
Walpole 1
Keystone 4
Keystone 2
Boorata 2

4 1 5
630
400
s78
399
606
322
728

32 36

48 49
39  43
29  59
s9 s7
8 2 2

28 3' l

44
6 1
5 4
64
5 0
45

258 8
3 1 5  1 6
2 4 8  1 3
2 1 7  8
2 1 7  8
1 8 4  1 I
1 6 1  ' t 4

1 0 3  1 4

23  79
30  81
31  80
33  84
28  87
1 4  8 1
2' t  76
27  82

Ini t ia l
Buan fuel

f t . h a - l l

Fuel removed (%) Fine fuel
BDI noisture

content (%)

Seedbed (%)

<3O0'run >500 nn Total Ashbed Total

Weld  14  .595
Poo le  4  410
Weld 5 321'
Poo le  12  377
Weld 2 433
Gray I  715

49 34 34
54 34 40
s4 34 42
50 s4  s3
64 ,  32  .37' 
72 47 s3'

481  1 t
430  16
412  15
4 I 0  8
.Jy4 |  U

320  14

40

32
4 1
23
2 7

94
89
90
80
87
83



content values and percentage seedbed
prepared .

Fine fueL moi.sture content and fuel
remoxaL. The data do not indicate any
relat ionship between these two var iables.

BDI ctnl. fuel renouaL. Men the
percentage values of total fuel renoved
were plot ted against the BDI,  their
relationship was found to be weak
(Tz = 0.02).  However,  the two lowest
BDI values clearly correlate with the
lowest values for total fuel renoved
(Keystone 2 and Boorara 2).

Fttel remoual md seedbed prepdration. In
all burns, percentage values for total
seedbed preparation were very high,

indicating conplete renoval of the fine
fuels to expose the top soi l .  I t  is
therefore not possible to infer from the
resul ts any relat ionship between fuel
rernoval and seedbed preparation.

In contrast,  however,  ashbed fornat ion
varied narkedly. The percentage of ashbed
forned was plotted against the total
percentage of fuel renoved (Fig. 3) and
against the percentage of fuel over j00 run
in diameter remoyed (Fig.  4).

With the exception of one anonalous
point, ashbed fornation in spring bulns
shows a weak but positive correlation with
increasing fuel. renoval for both of these
fuel classes. In the autunn burn data,
however, no such conelation is apparent.
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DISCUSSION

As the BDI accounted fot: 72% of the
variation in the average noisture content
of the sanple logs, i t  rnay be considered
an accurate indicator of the drying trend
of large dianeter woody nater ial .  However,
the rnoisture content of sarnple logs is not
necessarily an accurate neasure of fuel
noisture content in the f ie ld;  because
the sanples were short  pieces with cuts at
both ends and because their bark had been
removed, i t  is  possible that they dr ied
rnore rapidly than would otherwise be
expected. The BDI is therefore val ld for
ranking burns in tenns of heavy fuel
drying but not of actual fuel rnoisture
content.

40
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The lack of  corre lat ion between the
fuel noisture content of both fine and
heavy fuels and fuel renoval rnay perhaps
be accounted for by one or a cornbination
of  the fo l lowing points .

(1)  Fons (1961)  and McArthur  (1967)  have
shown that increased fuel noisture content
decreases the rate of  spread of  a f i re ,
This ,  however ,  does not  necessar i ly  inp ly
a s igni f icant  reduct ion in  the quant i ty  of
fuel consurned by the fire, Ponpe and
Vines (1966)  used a f low calor ineter  to
dernonstrate that the noisture content
of fuel does not alter the amount of heat
re leased by a f i re  but  rather  the rate at
which i t  is  re leased.  Apply ing d i f ferent
moisture regines to similar anounts of
fuel, they found that complete consunption
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resul ted in  an overa l l  s imi lar i ty  in  heat
output but a difference in the time
required for cornplete evaporation and for
heat ing of  the fuel  to  ign i t ion
Ienperature.

(2)  Fur thernore,  Brackebusch (1975)
concluded f rom the resul ts  of  a  log-dry ing
study conducted over a period of lS yeirs-
that except after long periods of drying,
water  in  the inner  sect ions of  a  1og
seldom escapes;  nois ture gains and losses,
which usual ly  involve the log 's  outer  shel l
on ly ,  are consequent ly  presented in  fa lse
perspect ive i f ,  as in  the present  s tudy,
change in  weight  of  the whole log,  which
inc ludes a constant  water  load,  is  used
as a measure.

(3)  The re lat ionship between the BDI and
heavy fuel noisture content was inferred
on the basis  of  average values for  the
moisture conteht  of  sanple logs;  however ,
s ince these logs do not  prov ide a
necessar i ly  exact  ref lect ion of  fue l
rnoisture content affecting combustion in
the f ie ld ,  i t  is  possib le that  the BDI is
not  so accurate an ind icator  of  moisture
content  as the resul ts  of  th is  s tudv
s e e m  t o  i n d i c a t e .

(4) It seens that the anount of fuel
consuned in a burn is related to fuel
arrangenent, greater heaping apparently
resulting in rnore conplete fuel
consunpt ion.  Indeed,  Fahnestock (  1960)
Teports on a slash burning trial where an
i n c r e a s e  f r o m  7 . 5  t o  2 0  t o  3 2  t o n s  ( 7 . 6 5
t o  2 0 . 4  t o  3 2 . 6 4  t )  i n  t h e  l o a d i n g  o f
coni fer  s lash over  a f ixed area ra ised
the percentage of fuel consumed frorn 56
to 72 to 79.  However,  no such t rend was
evident  in  the present  s tudy,  the two
extrenes (Boorara 2 wi th 728 t .ha- l  and
W e l d  5  w i t h  3 2 1  t , h a - l )  s h o w i n g  a  t o t a l
fuel renoval of 31% and 42% respectively.

] loreover ,  because 7 of  the j4  burns
studied involved tota l  fue l  quant i t ies
c l o s e  t o  4 0 0  t . h " - ] ,  t h e  r a n g e  a n d
consequent ly  the re l iab i l i ty  of  any
conparison made on the basis of the
study I  s  resul ts  are l in i ted,

There are various other factors
re levant  to  fue l  consumpt ion,  inc luding
the surface area to volune ratio which
affects residence tine and burning rate
of a fuel bed considerably (Anderson,
1969) .  However,  s ince these factors
were not investigated during the study,
the v iew presented here is  inconplete.

Whilst the preparation of optirnum
seedbed is  dependent  on f i re ,  the
re lat ionship between the two is  not  l inear ,
F igure 5 i l lust rates the probable
r e l a t i o n s h i p ,  w h i c h  r e s u l i s  b e c a u s e  m o s t
of  the ground is  covered by f ine fuels .
Al though they represent  oniy  a smal  I  par t
of  the tota l  fue l  weight ,  the i r  compl l te
consunpt ion dur ing a burn g ives naximurn
ground exposure; this occurs even thoush
tota l  fue l  consumpt ion nay be low.
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FIGURE 5:  Probable re lat ionshin
between percentage fuel  renoved ( to ta l )
and percentage seedbed prepared.

The burning of heavy fuel contributes
to seedbed quality thaough the formation
of  ashbed.  There is  a l imi t ,  however ,  to
the area of ashbed that a buLning 1og can
produce:  whi ls t  conbust ion of  a  cer ta in
proportion of the log will yield enough
heat to forn ashbed around it, no more
ashbed wi l l  resul t  unt i l  the 1og
disintegrates cornpletely and nakes the
ground it was covering available for
seedl ing establ ishnent ,

I t  is  therefore c lear  that  the tota l
anount of fuel removed does not indicate
with any accuracy the amomt of seedbed
prepared by a burn.

CONCLUSIONS

The high figures for seedbed
preparation recorded for every burn studied
indicate that the curTent prescription for
slash burns, which was applied in atl study
areas and which requires conditions where
the noisture content of fine sheltered fueLs



is less than 18% aad the BDI is greater
than 150, can provide for the preparation
of adequate seedbeds in the karri forest.

However, slash burns cannot be
evaluated in terns of seedbed preparation
alone. Burat intensity nust be modified.
to ensure that the fire is both
controllable and safe for lighting and
suppaession crews; the optimun burn is
that which is nost intense within the
prescribed conditions but which can also
be safely controll"ed.

Investigations ained at identifying
the mininurn conditions required for a
successfuL burn will concentrate in
particular on the relationship between
heavy fuel noisture content and the BDI.
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