


orest fire 
Liana Christensen traces the 

interplay of nutrients and fire 

in Western Australia's thinned 

regrowth karri forest. 

A ustralia <:tands to benefit if 
recognised internationally as 
an ecologically-sustainable 

prod uccr of timber. However, 
re.Jching this goal requires continual 
,,,'H!~sment of environmental, eco­
nomic and social factors associated 
with the industry. 

A' part of this pn,cess, it is 
e ... <;ential to expand Qur ·cientific 
knowledge of forel>t management to 
prov1de a solid database to underpin 
operational, social and pol itical 
deci.,1on-makiog. 

Under<ilanding the effects of fire in 
".uri ([ucnlyplu~ dilK!TSicolor) regrowth 
... tands will lead to more effident forest 
m.magcment practices. Research in 
this area is being conducted by Dr 
Tony O'Conndl, of CSIRO'-; Division 
of Fore<;try, and Lachlan McCaw, of 
Wc~tcrn Australia's Conservation and 
L.1nd Management Department 
(CALM). 

An outcome of their work so far 
has been the development of options 
tor haz,ud reduction burns which will 
minimi~c the risk of wildfires while 
al;.o limiting disturbance to the forL>St 
nutrient cycle. 

Evcn -.1gcd eucalypt stands that 
regenerate after wildfires or clear­
felling arc an important part of the 
forest !'<;tate in We<; tern Australia, 
Victoria, Tasmania and south-eastern 
New South Wales. In such stands. 
commercial thinning is becoming 
more widely practised, even in young 
'otands. 

Fire management has always been 
~ part of fores try in Australi<~ . In WA 
especially, r..:gular fual reduction or 
'pre~CI'ibed' bums have been u.~cd for 
many years. The aim of thio; ~trntegy i~ 
to limit the build-up of httcr ,,nd other 
fueb to redu CL• tht• pu-;.,ibilily of 
uncontrollcd wildfire.., which m ay 
damage the forcsto; .1nd t'ndange'r 
human life .md propt•rty. Because of 
the '>en~itivity of young tree., to fire, 
however, burning operatiOns in 
rcgrowth .,land-. have u-.ually been 
delayed £or at Jca~l 20 } C.lf' after 
regeneration. 

Pnndple.., for fuel reduction 
burmng in the~e young (20-25 year ... 
old) .,t,lnU<, have bL>cn developed and 
te<;ted on ,,n o perational ..,,,,le in 
several St<lte!>, but arc not yet routinely 
applied. Re-;earch ai111cd at mtegr.thng 
silviculturill .1n d ftn• protection 
objectives in regrowth -.tand.., i'> 
therefore of interest to manager.., of 
eucalypt regrowth Auo;traha-widc. 

f n WA'~ k11rri fon·<;t, L11chlan 
McCaw has bccn cartying out 
experimental burn'> of slash left ilfte•· 
thinning to find the optimum timing 
for prescribl'd burn1ng in thinned 
•·egrowth ... tand~. To do -;o, he muo;t 
a'iscss fuel quantitv, fuel dryness, 
wind spt!ed, tree '>t.t.e and air 
temperature in order to reduce the 
fu el hM.ud, while preventing damage 
to retained crop trl'e'>. lt i:,, ,} delicate 
balance, rcyutnng a thorough 
knowledge of the fore<;l''- char,)C­
tcri .. tic;.. .....J 
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Th,• 'outh-wcst of IV A h,, .. l.•q:;e 
.HC<l~ nl regl.'ncratcd k.1rr1 for••, I , llHhl of 
which h,,.. bL•en e~l ~bli..,lwJ fo llow ing 
tlw hMvcMing ol ma ture stand~. Afkr 
C'h)(lrfL•IIing, .111 tl rC'Cl j.., rt'f;'-\ lh _\r.1l0d rrl'll1\ 

rc l il i n~d ~~l·d t ree~, ur pL1n tr.•d wi th 
nur .. cn·-!),rown stock. In the k.Hri lurc-.t 
regu>n there '' 3';-.JO 00() lwctMI!S tif 
•uch regruwlh, most of 11 le"' th.m 25 
' ··.u~ old. 

An O\ l'f'-1bund\ln\"t' of ""'")c.l"" i~ one of 
nature'., w.1ys of ensu nn~ };t:llt't lc 
... urvi\ ,,1. In the early stJge< of rl'gn>w th, 
y(>ung kJrri ~l~nd~ olr!• dt'llSl''~ ~ locked, 

ofll'n w >l h te ns of tllll u ''"'d" of 
"'tl~~dlin~~ 4' he-ctare. Over linu .. •, ,, h.•\\ 
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l."::..lahli ... h dtnllLnancc, c:lnd th~ rt•nt,,tt\tl~r 

- wcakt:r ur '"" l.wourably po"lHIIllo;.l 
gr<1du~ll) lkcli lll' •" "-' d ie. l\ la lurt· turt.''l 
t)ftcn con.,is t> uf fewl'r th~ '' 100 h't'•'' per 
h (•C't.-lJ't_". 

Wh,•n m.ln.lgl'd regrow th fore>h Ml' 
thi nned .l t ,lhtlul 20 yea rs, lhi< mimic~ 

and accel••r,1ll"' the nalur.ll prOCt'"'· thu, 
rncn.•., ..... n~ th\." rate at which n.\l.110t"'d 

domm,u•l tn·•·~ grow. I ha" 'ltlllt' 
milnilgeml•nl' cffl'clivel) ·'"""' ,, 
greJ lc r .1muunt l>f usil bk• wood lo be 
prt)duccd in a sm;~ ller area it d<ll.'' thi , 
in two \V ,1)''\: lh \? rota l iCH1 tin·n· b 
s ho rl l'llt'd ,lJl d , ,,wlogs arc p rod uced 
more q uack!\ Al .. o, ~ma ll ... uppr<•~scd 
tree,, "hid1 would o th,·n' i"• dt<' .md 
dl'C.J}, .Ul' "'" .1ged during thinning. 

I ' 'en bcforl' thanning, regro" th 
,land~ h.we lar~;c ,,mount> of lu,•l \l :w 
} ear,, ,1bout 10 tonne; per hc(' t.lrt' nf 
l1ller h .w,• .1-:cumul.Hed from kOHn ,1nd 
lhl' " ' ' '" ' ' 1111dNstorey s pecies w hich 
comnHH11y ~row in tiH~ f<) l'l'S l, for 
e \ umpl(', h.vd ( 1 ntmalwm jlm il11mdttm I 
,md tlw 11.1 t11 ,. legume shr ub" bpt'Cil'' of 
Acnno ,1nd Re~--m,·a). 

Alter thinmng, the 'mo1ll br,1nd11.'~ 
and lea\ c' tell on the fort':>l Ouor ,1dd to 
fnrt>'l fla1or lue ls. Because the fvrl''l 
c.1nupv '' mm•• a1pt!n, this fud drie' ()Ut 
more quacl..l y, JI1Cl'c,lsi l1g the fir•· hazard. 

Lighting a prescribed lire with a drip torch. 
During trials to be carried out in spring, 
helicopters will be used to improve the 
elficiency of lire lgntllon. 

Young I..Mn Ml' 'ulnerabiP to fin• 
unhl tht' lJ'Cl.' i, prllll'Cl<!d by,, ~ufh(ll'lll 
thicknc" of lMrk (uMt.l ll) when the 
stem i< ,1 t ),•,ht 20 cm in d iamct.or) ''"''" 
low in tens ity fi rl'> ltlol)' pmw r~ta l. l· il'l' 
t.l.\n1.1gt' to trt't.? to;t0n\s c;an incrcnse tht'tr 
~usccplibi l it ) to nN't'l ,) tt,lck and 1\'0lXl ­

dt•ca~ ing fun~'· both of which tk!(r.ldt• 
the timber l tuw, then, can \tlu 

ma\imi,l! \\Ood productiun "halt• 
minjm,~ing fm• h.liMd and maintainm~ 
ut her fnn.•..,t \ ~1luc"? 
You c~nnol d!> '''without a broad focu, , 
D r Ton y O'C.:onnc ll h~~ bl•t•n 
in vcs tig.ll tn).; tilt' .. ub t lc intcrpl«v ,,r 
((lret-1 IY\.111,1~\.'tl)t'11l, (."~pc-da l ly firl~, ,11'd 
nutrient cycling I k h,,, found that a lot 
of the thinning -.la~h ~~ nulnl•nt -r" h 
compan•d \lllh th•· normal leal litter 
th,ll f~ll< e,l(h ~umnll'r. (\\ 1lh ordmM\ 
senescence, nutrtt..•nb are withdril\\O 
from leaves bdorc they ,,h~ci't') In 
particu l..r, lt' .1 " •'~ in , )ash have a high 
cunccn i r.l i inn of m t rog<•n .111d 
phosphoru.,, t lw lwn most import.mt 
nulri<?nls tor lorc't growth (Fi~urt• I) 
r\, the 1,•,1, ,., de.-omposc. thc'l' 
nulncnt.. arc rcn dl'd 111 thc ,oil and 
used b)' the rl't.mwd lrt'<?". 

O'Conn<!ll'; wvrt- h.1 .. <hown th.11 
the r a te• .11 w h i.-h lc,wes in thinning 
s l.1sh d cc.w ~nd rl'i cJ~c l h l.'ll" nutrien t> b 
rela ti vely r.1pitl n•mp.1rcd wi th the r.llL'' 
for normal littl'r. I hi~ b p.1rtkul.1rly .,n 
fur und,•r ... ttlr•'' 'pecies, which h~' c 
both high nutn,•nt contt•nl and r.1pid 
rates of dl'CilnlJ><NIInn. 



\\'hen litter and ,l,"h .ue burnt 
clunn); fud reduction burnm);. much of 
tlu.' n ulrtl'lll~ they contain .,r..._, depn~itcd 

lll1 t lw 'oi I s u rface in a~h l lowo:v<: r, 
~om0 •'u l rit.~nh- notably nitrns:;cn - t1rc. 
n11wo:rto:d tu ga~. tho: amount of w h ich 
,,,., bt• prt•dicted 1""'"'''1) from th~ 
<111\0unt of fuel con'iumcd (Figurl' 2) 

Althnu~h the .1mounh nf nilrngen 
\"o1,1tlli..,cd durin~ ~tny .. in~Jc fire ,1rc 
'111olli l\1111J1MO:d with lhl' ol1lH1l111l Of 

nitrog.:n in the o;oil, the cunntlative 
t•ffc•l'h olf m,~ flY fir.:' nMy a(f~l' t tht> tota l 
c.otore o( nu trients in the eco,y~l~1n. 1t is 
thi• •''P<'cl which claim-. the .lltt•nllon of 
O'Cnnndl. Together with McC.1w, he i;, 

n..''t'.lrdung '"ayo.;: to undl'r--.tanJ th1' 
pn>ee-.-., .md thus manage th,• nutricnlo; 
(<''l~'<'i,llly 111trogen) on -.it,•. 

l:~po:rimcnls dunng 19'.11 .1nd '92 
prnv~tlcd b."cline data about llw cffl·ct' 
ol fir<: on nutri o:n ts and o n trc<:,. After 
~n ('>.pt·rimc•1 tal fi re , ()'Colln (• ll found 
nutri,•flh and fuel may be: 

rl·d,..tnbuled from lllle p.~rt of the 
littl.'r 1.1ycr to another, (ior c'ample, 
'otnl' nulri~nb end up Ill lhl' lc,lf 
.111<1 t" 'A fraction in the lower 'I rata 
olthc fud bed); 
tr,,n,pnrted to the ,oi l ,ul'f.1ce, in the 

form uf '"h; 
mov,•d o u t<ide the ~omp l in~ ,H'cJ, in 
the lorm of ~sh or ~mokl•; or 
vol.ltili,ed and rclc~'t.!d to t he 
,1tmu,plu·re as ga' (pMiicularly 
llllrug,·n .1nd -.ulfur). 
Wh,H, then, arc the opllon< for 

Far lelt: Fifteen-year-old karri regrow1h 
before thinning . 
Lelt : A 23·year-oid Karri regrowth 
stand alter thinning. Thinning allows a 
greater amount of useable wood to be 
produced In a smaller area. 

h.-.z~rd r.:duction burns that manul'IISC 

lht' ri,l.. of wildfire-; whilt> al,n limiting 
di-.turb.lll(t• to the nutrient cydc? 

Fire options 
One pos~ i blc solution is to defer 
burning unti l most of th~ thi n ni 11A 'il.l!>h 
ha.., d'-'COrnpu..,l!d: O'Conndl', l't:'..,carch 
h.h -.hown th,lt 60·90'.';, of till' nut nt•n t· 
rich lc.1f m,,.., dccayo:d within two"""'' 
(l'igurc 1) Once the leafy rom~~1ncnt of 
thl· ''·"h ha-. dl.'compno;ed, the fuel bl•d 
i-. le" vul,1tdc, ,md not -.<.> lil..<:ly to 
<corch tlw crown5 of tht' tree<. i low••vcr, 
'''oodv traction< that remain in th.: ' '"'h 
dec.1y -.lowly, d e layi ng the rclc.l<c o f 
IHJ tril•n t-. into the fo re>l 'oil (Fi g u r·t• •I ). 

1 hl''!: Wl>ody remn.mt~ br.1 11 chc-. 
larger than 'iOmillimclr<"' in dimnl'lcr ­
c,1n remain in the fuel bed for up to 10 
yeM'> (unle,, it b burnt, of cour,l!). 
Bec.lu'<' of thi,, a firt' dunng dry 
cundil l<llh (t·vcn at fairly luw level, of 
fire cian~er) will a lmost certain ly 
danu1gc f'-'loined crop l i"CCt; "'cv~re l y. 
Altho ugh pn~lpnning bu 1'11 111A .1 fl~r a 
t hi nning opcr.1tion lwl t"' rclnin 
nutrient.. on 'itc, it can only be u.,cd 
who.'rc the ri.,l.. of wildfire i~ low, and 
never in -..1,1nd"t lhat are near lowrh or 
v,\luabk• •''"tl'l't. 

I ho: other possibility ·~ to burn 
undt•r very 'pccific condition,. You can 
,afcly burn i11 th inn"d k.~rri regrowt h 
~antJ m inimi~c n utrkn t lo'"'· Jli'CJV Idt:d 

)'t.\\1 knvw huw nnd when. 
Mild ~pring conditions arc optirn~l. 

The fuel mu~l be sufficiently dry in 
order In ""t,un fire ~pread, but not ..o 
dry ,,, tu .lllll\\ a high levd ,,f fu,•l 

con,umption rhere 111U'l bl' no .,lrung 
wind~. The.,.., conditions lavour both 
controlled burning and reduced nu trient 
)0.-.S\H~, 

r hc I'Coi,On for this i-. lh;o i til l' fine, 
portly dc(ompo~~d li tl<:r that occur~ 
toward-. tho: ba-.e uf the fuel bed i-. ,1 nch 

'""''of nulnent.., e-.pecially 111lrogen 
and pho.,phoru,. For example, although 
(on averag<:) the fine lillcr and twig' 
m.ll..e up only about 30% of fuel weight 
they con t .lin more tha n 1\0~~ of the 
nitrog('fl (Figlll'<' 5). Fi re rc•ginw-. w h ich 
lc«vc t hi ~ idyt•r ond i<t u rbo:d hdp tu 
1naintllin nutl'icnb on site. 

During 'JH111); this fine m.llc•nal 
rl'm,lin' tlH)f'.,l and with 'uitftbl~ f1rc 
prc,criplil>n' will remain largely 
unburnt during fuel reduction 
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Figure 1 : The co-tralion of nitrogen In 
different components of thinning slash from 
kani and undefslorey species ( Trymsllum 
and nallveltgumes). 

Figure 2 : The relationship between the 
proponlon of fuel consumed and the 
proponion ol nitrogen In fuellhal was lost In 
volatile forms during eight experimental 
fires conducted under a range of different 
bumlng condlllona In regrowlh kani forest. 

Figure 3 : Comperison of the rates of deeay 
(lime to !oat hall of inHial weight) of leaves 
and bark ol karrt and leaves ollhe main 
undtrstorey pt1nts In regrowth karrl foreat. 
Senescent karrlleaves are those that occur 
during normal summer llllerlall. Other leaf 
and barik samples came from trees and 
shrubs trtmoved during thinning operations. 
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Figure 6 

Figure 4: Comparison of rates of decay (lime to 
lose one quaner of welght) of woody realdues from 
karrl and the main understorey plants In relation to 
the diameter of the woody material. 

Figure 5: (a) The distribution of weight between 
different fuel fractions, expressed as a percentage 
of total fuel weight. (b) The distribution of nitrogen 
between different fuel fractions, expressed as a 
percentage of total nitrogen In fuel. 

Figure 6: The relationship between the proponion 
of nitrogen lost from fuel and the moisture content 
of the liner layer during eight experimental fires 
conducted under different weather conditions in 
regrowth karrl forest in 1991·2. 
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operat ions, thus minimis ing n it rogen 
n•mova l (Figure 6). ll would be unus ual, 
h owever, ll> gel id ea l burning con ­
dition~ for more than ten or fifteen day~ 
in a vcar. Therefore, considerable effort 
is ndw focused on how best to use this 
limited time. 

McCaw's ,·esearch has es tablis hed 
t h ~i low intcns it)• fires in spring will 
significantly reduce the illllOunt· llf fuel ~ 
up to 25 mm in diameter, witho ut 
scorching the crow n or damaging the 
butt' t>f reta ined cmp trees. Trouble will 
arise, however, if the fire take~ hold of 
slash greater than 25 mm, or large log~ 
or 'ihtmps <JrC ign ited. For thi' re.1so11, 
the pattern of lighting must be carefu lly 
p lanned and scrupulous ly supervbcd to 
a void flare-ups i 11 h eaped s lash, or 
extensive upslopc fi re runs. 

In s ho r t, pos t-th inning burn' ~re 
constrained for three reasons: the need 
for idea l wea the r cond i tions; a 
requ ire me n t ft1r ca refull y contro lled 
ign itin11; a11d .111 awarctH!ss nf the need 
to mainta in the nul rient balance. 

L.trgcr·scalc tria ls caoTied out in the 
spring of 1993 altempted to ov~rcomc 
the probleon of controlled ignition, by 
using helicop ters. Twenty hecta res were 
• ucccssfull y burnt. A< the trial~ nrc 
sca led up th is sp ring, t lw u;.e of 
hel i torc hes menns that favo urable 
wea th er cond itions can be fu lly 
el< ploi ted. 

Eventually the ll'ials wi ll provide 
s u fficient da ta to ge nera te su itab le 
b urn ing p re<cr iption< for thinned 
regrowth karri. During that process, the 
scientists will be looking for answers to 
sevt!ral que::;LiOn$: 

b the full comple ment of 11 ulrients 
being conserved on site? 
Ca n we refine fuel dcscriptors so 

tha t they mo re accurate ly reflect 
fuel flammab ili ty wilh l ime after 
thinning? ror examplt', breakdown 
of elevated fi ne fuels grl•atly altc" 
the ca~c o f ign ition of slash fuels, 
but is 11 01 c urrently re(lec ted in 
rnea..,u ren1ent~ of total fuel, or even 
of murc sped fie fuel fractions. 
Do live fuel~. ~uch a~ ~hoots fmm a 
,lump deve loped after th inn ing, 
affect the overall flammability of ,, 
~land ? 

• How dfective arc different levels of 
fue l reduction in m itigating the 
potenti~ l ciamage of wildfire in 
thinned <land>? 

A 23-year-old thinned stand tollowlng 
low-intensity prescribed fire. When litter 
and slash are burnt during tuel·reduction 
burning, much ot the nutrients they contain 
are deposited on the soil surface as ash. 



Thinning slash following burning. 
PosHhlnnlng burns are constrained by 
the need to maintain nulrienl balance. 

Can we m o n i I or the moisture 
content of woody rcsid ues which 
pers is t in the litter layer for many 
yea rs, whether it is burnt or not? 
How, exactl y, does fire behave in 
thilmcd rcgrowlh condilion•? lt wil l 
be diHcrcnl in •ignificant way• from 
fire in other forest types. 
What effects do fires of cti ffe rcnt 
intensity and frequency have on soil 
bio logical proce~ses importan t for 
nutrient cycl ing and foresl growth? 

Continued rc~c~rch i~ inlcndcd to 
answer these t]UC~tion 5. 

More about forests and fire 
Christcn<en I' & t\bbott I (19~'1) l mp<~ct uf fire 

on the eucalypt tore .. ••,_l \..'COS)''l~ln uf 'outh .. 
wc .. tcnt Au.,.tr.1Jia: .:.s crit ic,d review. 
Au.tr .. timt fc>l'c$lry 52: J03-t21. 

McC.1w WL (19!:i6} Bt!haviour ~nd shorl·tcrm 
effect> Of two fires in regcnrrMt•d k•rri 
fore<:!<. CAI.M TcchniQf l<epnrt No 9. 

O'Conndt AM ( 1987) I iller dynamics in karri 
([ucal.lft>lus ofit•.:rsiculor) forc•L> of >Outh· 
we,tern AuMralia . /llumnl CJ/ Ecology 75: 
78t-796. 

O'Connell AM (1989) Nutrient accunuat.1tion 
in and relea<e from the litter layer of k.1rri 
([umlyf!lus rlwemtnlvr) fore•b of >Oulh· 
western Australia. ron~~t f.culu'<y tmd 
Mn>Jn)ltmt>JI 26: 95·1 11. 

O'Conncll AM & Grove TS (199 t) Processes 
contrlbutlons:t to the nutrition.ll resil ience 
or vulnerabili ty or j.trrah (ore~ls in 
\•Vco;;tcrn Au"l:trnlin . In: J7roclurtwit.v iiJ 
l'rrspcrtw.: (lld I') Ryan). ppHl0·197. Pa·oc. 
l hird Australian Fores t ~o il s and 
N ulrition Con re r~nc(!. F'oreo;trv Com-
n~iS<ion of NSW, Sydney. · 

From physics to forests 

Dr Tony ()'Con nell. originally a phy>i<:.isc. 
joined CSIRO in 1973 when he come lO 

im~rall a ;m x:·ray fluoreM .. encc spcctromctcr for 
rhc: Division of Soil>. In 1975 he bec.LI11C pan of 
rhc fo rcsr soils grouf> in 1 he newly-formed 
l)ivision of Resources ~~:mag~mcm . 

O'Conndl 's rcse:arch hus focused on 
nurricmt cycl ing in d1c karri and jarrah foreM~. 
In 199 1. in line with du: im.:rc;lSC of plant::HiOil 
forcsrs. he 1urncd his atteucion to nutrient 

cycling in Eutt~lyptus glulmfus pl:uuatiOn>. 
Hi, pr<scnt work began in 1989 " 'ilh an 

in vcsr igacion inlo dH.~ com po:.ition :111<J 
dccomposiriun or slas-h residue. This W:tS 

fnllowcd in 1991 by the joim r~seorch wilh the 
\XIes1crn Australian Ocp:urmcnt ofCon>crv:~lion 
and L,.lC( Managcmem inro 1he dfec~> of fi re on 
nurrienr cycling in regrowlh k3_rri. 

Lachlan McCaw ha~ been with the 
Dcparrmenr of Con>crvat ion and L.lll<l 
Managcmcnr since 198 1. Ourirag thm cirnc hi~ 
work has concentrntcd on on various aspects or 
fi rc· rd:ucd rcse;,rch in forcso. and ,}uul>l .mds. 
He has bt:cn working on rhc forest projecl wilh 
O'C'.onncll si nce I 991. 

Or Tony O'Connell 

l achlan McCaw 

Low-Intensity prescribed fire In karrl thinning slash. Scientists are researching the eHects that fires c 
different intensify and frequency have on soil biological processes. 
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