
Japanese Forestry Society

NII-Electronic Library Service

JapaneseForestry  Society

J. For. Res, 4: 57-59 <1999)

Short Communication

The Flammability of Shrubs and  Trees

Silica-free Ash  Content
in an  Acaciamangium Plantation Based on

Bambang  Hero Sahario"'T and  Hiroyuki Watanabe\X
='kLaboratory

 of  Forest Protection. Division of Forest Management Faculty of  Forestry, Bogor Agricultural University, Indonesia.
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Preliminary research  to understand  the flammabMty of  14 species  of  shrubs  and g species  of  trees  based on  si]ica-free  ash  content

was  done in order to recognize which  shrubs er trees  are  mare  fianimable. The resu]ts  show  that the silica-frce  ash content  of  shrubs

and trees ]eaves was  greater than  rhe  stems  ranging  between 1.7% and  1 1 .4E for leaf and  O,4% and  7,8% for the stetns.  The shrubs

Diuranvpteris linearis, Jnrpei'ata c}'lindrica,  Eupatori"n:pubescen.y, hatitatia c'amara,  Eugenia sp., Cl(ft}ria laurifi)tia, Pterospei'mLim

sp., Hibiscus similis,  Clidemia hirta and  7?ema orientalis  must  be considered  when  fire invades the  plantation as wel]  as  the tree

Paraserianthes,fatcataria, Eucal),ptus urophylla,  Catttiandra uallt)th.vrsus, and  Peronetna  c'ane.ccens.
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  Previous research  shows  that one  of  the reasons  why  so

much  an  Acacia mangium  plantation was  burned was  the

high level of fuel available  in the vcgetation  as a  result of  poor
maintenance  (Sahaijo, 1997b). In the case  ofA.  mangit{m,  fuel

load increases until the second  ycar and  then decreases sig-

nificantly  as  canopy  gradually tend  to close, In the second  year,
thc fiame temperature was  highest, resulting  in the  most  dev-

astating  destruction (Sahaajo, 1997a), Fire may  be defined as

the interaction between fuet, energy,  and  environment,  Thc

type and  magnitude  of  any  fire that  either  develops into a

destructive force or  into a usefu1  tool depends on  the supply  of

fuel (Shafizadeh, 1968),

  Communities with  a  readily  available  energy  source  wou]d

be characteristically  highly flammable and  would  tend te

have a frequent incidcnce of fire. The cnergy  [eve} sets  the

stage  for potential fiammability, but moisture-content  re.uimes

of p]ant communities  determine fire seasons  or burning peaks,
The structure  of  plant communities  is important in influencing
the availability  of  energy  and  rate of  energy  reiease  (Mutch,
1970).

  The  chemical  composition  of  plants and  fuels are an impor-

tant influence in fire behavior (Mutch, 1970). Fire severity  is

related  to thc energy  content  <gross heat of  combustion).

However,  the availability  of  energy  for combustion  can  be
inhibited by  certain  inorganic constituents  (Broido and  NeLson,

1964). These  inorganic constituents  are  minerals  found in

the ash  content  of fuels (Broido and  Nelson, 1964) and  specif

ically in the acid-insoluble  ash  (silica-free ash)  content  (Mutch,
1970). These inorganic cQmpounds  producc a catalytic  effect

that  inhibits the formation of  combustible  compounds  during

pyroiisis, Pyrolisis is the thermal degradation of plant mo]e-

eules  prior to combustion,  The pyrolysis of plant materials  pro-
duces the volatiles that support  tlaming combustion.  Increas-

ing the acid-insoiuble  ash  (silica-free ash)  content  minimizes

or  decreascs the net  pyrolityc reactions  leading to flaming

combustion  (Broido and  Nelson, 1964).

  Our research  objective,  therefore was  to recognize  which

shrubs  or trees  are  more  flammable based on  silica-free ash

content  in an  A, mangi"m  plantation, in order  to prevent fire

lnvaslon,

Materials and  Methods

  Three saniples  of grecn leaves and  stems  from 14 dominant
shrubsi  Dicranopteris linearis, imperata c),lindrica,  Lan-

tana camara,  Eupatorium pttbescens, Melasroma mata-

bathricutn, ftema orientatis,  Hibisctts simitis, Clidemia

hirra, Ccijanus cojan,  Ruhus moluccanus,  Stach)'tacfheta

indica, Eugenia sp., Pteivspennum sp.,  and  Ctijioria taurij?)lia

and  tree species  : Schima wallichii, Ii7tex pubescens, Gmelina

arhorea,  Peronetna canescens,  Eucat}'ptus urr)ph>'lla,  A.

mangittm,  lhraserianthes .tinlcataria, and  Calliandra cal-

toth>'rsus in an  A. mangium  plantation were  analyzed  for the

total ash, silica content  and  silica-free ash.  These samplcs  were

taken  from one  indusnial forest plantation that was  located in

South Sumatra, Indonesia, in the period from August to Scp-

tember  1996.

  Tbtal ash  is determined by complete  combustion  of  a  2 g
sample  in a  murne  furnace at 573℃ for 3 h. Acid-insoluble

(silica-free ash)  is determined  by  boiling the total ash  sampte

in 5 ml  of 6 M  HCi (Keulen and  YOung, 1977) and  re-ashing.

The acid-insoluble  ash  (silica-free ash)  component  is the

emnount  that remains  after boi}ing and  re-ashing  (Kaufmann et

al.,  1988).

  This analysis  was  done in the wood  chemical  laboratory at

the Faculty of  Forestry, Begor Agricultural University, Indone-

sia,

  A  completely  random  desi.un of  variance  was  used  to test

for differences among  shrubs  and  trees at the lcaf and  stem

parts. To dctcct significant  differences among  silica-free ash

content (p <- O.05), the Duncan test (Steel and  Tonie, 1981)

was  applied.
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Table 1 Si]ica-free ash  and  total ash  content of  shrubs  and  trees t'or
leaves.)L'o.

 Fue] species Silica-freeash

    (%)
Total ash

  ( g,I )
1, Dic'ranol;teris iinearis

2, ftnpei'ata c.}'iindrica

3. Paraserianthesfalcataria
4. Ciifbria lattritbiia
5. Hibisc,tfssiniilis
6. C(u'antts c'tijan

7. Acacinmangium
8. Ettpaturictmptcbescens
9. Eugeniasp.
10. Vitexpubescens
11. Eucalyptus uroplrytla
12. Tremaorienraiis
]3. Peronema  canescens

14. Rubu,y nLolttccantis
1S. Calliandra callothsrsus
I6. Pterospenntitn sp.

17. Lctntan.a caina  ra

t8. Stac'h.vtacl]]eta indi['a
19. Gmelina athorea

2･ O. Ciidetnia hirla
21. rTfelastoma  matabathricttm

22. Schima  watlichii

  (1.7 ･ e2)il
  (2.2･ IO.2)a

  (3.4IO.2)h
  (3.4IO.1)h
  (3.S :, O.bltv

{4.]21 /
 o.oe3)bcd

  C4.1 ]  o, oi,cd
  (4.3 +- O,3)td

  {4.6 IO.  bdt
  (4.7 I  1 .2 )d.-
  (4.7to.1}ne
  (4.9IO.1)dt
  (5.] ･ o. bt
  {5.2IO.4),'

  (5.2 
-
 o. ot

  c6.0 I  O.11

cfi.666IO.eo3)t

  [7.4±O.3)g

  {7.5 ･ O.1),,
  (7.8 -u,5)g

  (10.8io.3)h
  {1],4±O.bh

  (6,O-O.D
  {6,: 

･
 e.2-}

  C3.7JO.1)
  (4.3±O.1)

 (6.S3 - O.02. )
(6.842. iO.O04)

  (4.3 O.1)

  (5.7-O.2)

{5.001:O.O04)

  {7.9.･ 1.4)
  (8,7･O.1)
 (10.9･O.4}
  (9.5I02)

 (6.45!O,5)

  (7.1:O.1)

  (7.6･O.[)
  (7.3r O,t)

 (15A±O,4)
 (8.9rO.1)

 {8.2IO.6)
 (12.0iOA)

 c13.IIO.1}

*
 Fuel speeies  with  bold type are  trees. lj' Means  are  sig.nificamtly  dit'-
ferent when  standard  errur  is fo11owcd by differcnt letters vJ tt- O.O)U).

Results and  Discussion

  Table ] shovt's that silica-free  ash  ot' shrubs  for [eavcs
ranges  between 1.79f and  le.8%, and  at the  trcc  sta.ues

bctween 3.49, and  1 1.4%･. The most  flammable ]eaves of

shrubs  had thc lowest sjlica-frec ash;  D. Iinearis with  1.79- and
L c.vtindrica  with  2,29}, AL the rree sta.ue. R.falcataria had a

content  of  3.49E, The highest silica-free ash  of  shrubs  for
leavcs was  M. tnalabthriettrn  with  10.8gl, ttnd ar the tree sta.ge.
S. wallichii  with  i 1.49･.

  Tota] ash  content  of  shrubs  i'or lcayes was  bctween 4.3ff in
C. taurifbtia and  15,4% in S, indica. In trees, tela] ash contcnt
was  between 3.7q･ in R.fal('ataria and  8.9% at  S. vt,allichii.

  Tab]e 2 shows  thal silica-frec ash  content  of  shrubs  for
stems  was  betwccn O.4%  and  6.3%, and  for tree it was

between 1.49f and  7.89t. The  Iowest silica-frec ash  contcnt  of

shrubs  t'or stems  was  for D. tinearis with  O.4Q and  the high-
est was  M. malabathrictim  with  6.3va. At  the trce stages, thc

lowest siljca-free  ash  contcnt  i'or stcms  was  R .fatcataria
with  1 ,49t  and  the highcst was  S, vvaUichii  with  7,8q  ,

  Ibtal ash  content  (ri' shrubs  fer stems  was  betwecn 1.0%･ in
D. Iit]earis und  6,49t, in M. niatabathric'Ltm.  For trees. totat ush
content  for stcms  was  1.8`% in R falcataria and  7,9% jn S.
}vallichii,  The  totat ash  content  of  shTubs  and  trees t'or stems
can  be said  to be between l.09t to 7.99i,.

  It secms  that the silica-free ash  content  for stems  of  shi'ubs

and  trees was  lower  than for ]eavcs. Siliea-t'ree ash  eontent  ot'

shrubs  and  trees for stems  was  betwecn O.4% and  7.89e,
while  for leaves it was  between  1.7q, and  11.4%. These
rcsu]ts arc quite similar  to the data of  Philpot (1970), where

siliea-free ash  content  for leax,es was  higher than  for stems.
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Table 2 Silica-frce ash  and  totul ash  content  ot' shrubs  nnd  trees tbr
stenls.Ne.Fuel

 species Sillca-frcc ash

   {cO
Tetul aKh

  [Cc)

1. Dic'ranopreris iinearis
2. Paraserianthesfolcataria
3. Eucalyptusurophylla
4. Catliandra callothyrsus
5. Peronemacanescens
6. Etfimtvi'iumpiibesc'ens
7. Ltmtanacatnai'a
S. Et{s;enia sp.

9. CliforialattrVbtia
1O. Ptetvspertmmt sp.
I ] . Hihisctts ,giniillis
t 2･ . llitex pubescens
B. Acacin  mangium

14. Ctidemia hirta
15.Rubttsmf)lif('c'antt,s'
16. Trema orientatis

17. Gmetina arborea

18,iLfetastoniamcttahathric'tim
19. Schima wattichii

{O.4IO.bu

Cl.LIO.o)h
C1.6･O,1)L
(1.8-O,2.)L
C1.9 t- O. bt
(22･ I02]J

{3.0LO.lf
{3,2iO.])ei
C,.3 .1 o.3')]g'
c3,3 i O.(i),LJ

(3 .4 ± o. r, )g
c3.4+o.2)g
(3 .4 : O.3)･,

(3.g:o.blt
f3.gIO.b],

(5.3IO.)')･
fj.7 I O. 3. }
(6.3 - O.8)i
{7.S ･ o.{))i

 t1.e-o.I}

 {1.8 .: O.1)
(1.70IO.05)

 (2.0± 02)
 (2.] /･ O.[)

 {2,.9lO.6)

 (3.1+O.3)

 C3.2･ +O.  t)

 (3,5tO.3)

 (3.SIO.5)
 i13.4-O.3)

 f3.6:O.2)

(3.60 ･ C).04･F
 {4,IIO,]1)
d4.10IO.04)

 {6.C}-O.[)
 {6.0-O,.3)
 (6.4:O.S}

 c.7.9±O.9)
"

 FucL  species  wi[h  botd type  are  trees. *"
 pt･leans are  significantl}'  dif-

ierent "'hen  standard  error  is fo]]owed b.v･ ditTerent letters (p ' 
'
 O.05).

  At  shrub  sta.ue, D, tinearis stems  wi[[ burn first when  fire
invades the ptantation because it has the ]owest si]ica-1'ree ash,
It then  continues  to L c.ylindrica leaves, E. ptthesceiTs steins.
L. c'ainara  stems,  Eugenia sp,  stcms  and  C, laitrijbtia stems.

It was  suspected  also  lhat thc last shrub  thLtt would  be attacked
was  il4.  inalabathric'ttin  because it has the hjghest silica-irce
ash  content,  At the tree stagc,  P  .ftttcataria will be lhe most
devastated by fire invadcs, as happened in 1994 in this reseurch
sitc (Suhaojo, 1999). One  of  the reasons  for this was  bccause
ot' the high 1'uel load stored  in the plantation. deminated by  I,
c.ylindrica  and  alse  caused  by {he lcaves and  branches  ot'

R .ftilcataria with  thc lowesr siliea-frce ash.  The  next  trees that
would  be attaeked  arc E, tctvph.ylla,  C. c'aiiothi't'sits.  and  P
caJlesc'etls.

  Based on  the silica-t'ree  ash  contcn[.  shrubs  that shouid

be considered  when  fire inNades thc plantation are: I), linetiris
(stems), L c.i'lindrica  (]eaves), E. pubescens Cstems), L. c'ajrta-
iTt (stems), Eit.oenia sp.  (stems), C. Iattrij?)lia (stcms). Pte,ws-
petw;um sp,  (stcms), H. simitis  (leaves), C. hirra (stems). Jnd

Z  orientalis  (lcaves and  stems).  At the trccs stagc: R .fl'tt-
('ataria,  E. utvph}/Ua,  C. c'aUoth.),rsits,  and  ll c'ctirorscens.

Conclusion

  Silica-free ash  ean  be used  as an  indieator to recogni7e

which  part of  the shrubs  or trees ure  morc  fiamn]able. L`caves
are highcr than stems,  and  the  contcnt  were  bctween 1.7or and

1 1 .4Ci2/ t'or leaves, and  between  O,4q- and  7.89/ ['or the stems,

  Bascd on  the silica-frec  ash  eontent,  shruhs  that should

be taken into attention in order  to prevcnU'ire im'asion tu'ea/ D,
lineat'is (stems), L c.vliftdrica  (teavcs). E, ptfbeseens (stenis).
C. taurijblia (stetns), Pteft)sperintun sp.  (stcnis.). H, siinilis

0eaves), C. hirta (stems), and  7J orientatis  (leavcs and  stcms).

Trees easily  attackcd  by firc are:  R.fhlc'ataria. E. itteph.ytla.  C.
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calioth},rstts, and  Rcanescens.
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