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fsr i  arr  of  Corrrbuel ion Dff ic iencvin s Fore3t Cl€sr ing Dxperim.ni  in [hc Msnôu! Ret ion

( ì , r , . ,  l ,otr lP generôt ion r t le€ Àre Àmong lh€

r $, .  .  r  ì  |  r ìâr.rr ì ! l . re lo evslusle a[d quônt i ty

r r  LI  I ( , r f \ l  c lear ing processes on the entr '

. :  -  :  Ih. .€ rarcs tre calculated bÀe€d on lhe

{ i Ì rerr l  oí  lhe biom$s stìd lhe loüèl

qro'rrrd knowing ihÀi onìy ô cêr lôin

. : .  r  r  L.  .arborr reaòlg io côrbon dioxide and

',  r11" '*  |  , ic l ,ort iort  in bÀricsl lv the cornbrrsl ìon

: ,  \  rr  t l  r t t r  r t , ls orì  t le tv,É of Íorest,  on how

, , , . , ( , r f n  . ì r r  a Í ( l  l i l c d ' o n  l ' h í  r r r ô r e r i ê l s i z e  s n d

r l .  1 , i , , ' r  r . \  ( '  t l r l r c  c ( n l l e n t  Â t r r o r r S  o Ì r r e r 8

| .  L ì1, , ì  ;s i  rho!.  t l ì '  gírrnd per hcclÂre is

ì '  l i  r r  l , l l  , ,  |  \ r Í r r l ì l c  l o  ( l r r r r r r i f y  i r ì  o Í l ê t  l o  d c

,  '  , ,  f  Ì l  , r Í r "  l  (  ( ) 2  r n l ' x  l L  ! A r i e s  f Í o r ì  P l Â c e

r , ,  t ,  r , f  ì ' .  r , r *  l , , w " r  Í ) o r l i r { r i  o t  l Ì r '  l ' t r a r Í  ( Í r '

r r r  I  l ^ , A ,  Ì  , 1 , "  , ,  r {  r ) Í  w s l . r  ^ n o t [ o r  r l i l Í i c r r l t v  i i

I r r 1 ' r r r l  l v  r Ì r n  , " ì ì r h r r r t i o ' ì  e m c i e õ c v ,  w h i c h  i t  t h e

. ,  . , ,  . t  "  r r ' ' . .  , " n v , r r " r l  l o  g s  d r r r i n S  c o n È

l ' r ìsÌ  , , r  l Ì ' r ' r ì " i (1.  ( l Í192) reported lhal  lhe abov€

ÃrôLlr , l  l , rôÍ Ì ì^sa cnr iron releared lo lhc Atnrot0l ìere

hy l l ì .  (oDhirsl ion process during lhc frr t l  bürnrn8

is 2l ì .1ï ,  ̂ Ì , ,1 l ì l  bìolosicôl  d 'cÀv i !  69 0% Sei lcr

^n(1 (  fLrÌr . r ì  ( ì í180) stèred lhat,  consideÌ ing l rrrnk!

ro .orì larr  r Ì r)r .  lhan 90% of the bionìtuer '  lhe brrÍr-

ìns cí l ì i  ieÌ , .y in on the order ol  25% 
' lhe procedure

propos"r l  hr OIì(  l l )  (1991) indicôt" ô coÌnbrrDt ion c[ '

f icìàrc1'oí a5% â vÂìue thÀl Àccoun||  tor r€burnrn8

' lhis 
I ìÃtìcr ( l .3cr ih€Ê the retulüt of  I  [01e3l

cìcÂÌ rú.oft ì l ,Lrst ion exp€rim€nl '  pettormed sl  INI 'A' t

' I Ìorìr .âl  s i l ! lcrr l i r rre Dxperimêntal  Stâl ion Â on€

hccrãrc  ̂t .a wrls prepôr€d from Julv ro O' lobe! oÍ

l9Í ì l  ^ Ì '  hü.ned oI November 03 oí th '  6ame yeü

' l ' l r r  rora al ,ovn gr.rrrrd hiomâ, '  l resh snd dry l {€rthtB

som rrrrs,rrr l  Íor 20% oí this sres end l 'hc lotsl

a[ore grorrrr , l  h iôÍ ìn,s ! ,ei8hí c6lculâüêd by €xlrrPo-

lat  or i  S^nrt ler of  4? trunkr wrrc tal?ct 'd belote ônd

ÀlÌêr l [^ í ] rr  âÌ ì{ l  lheir  côÌbon and hydroS€n conlenl

d € t e ' Ì f i ' . d  i r  â  C l l l i  s n Â ì Y z ê r '

' I  |  .  Ârr . rrr i !  of  câtbon converled to 8a! $as csi_

cuìateLì corr ider ing lhat s l l  oÍ  thc lesvet Ànd the
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rmÀller brènche! (lho€€ whose rvertgc drtmcücrl Ìr'€t€

lower !hs| '  l0 cm) burned wi lh lOo% combusl ion em'

ciency The eÍf ic iêncv lor l tunks and lôrgcr brsnchci

was €nüimêled hom s carbon ma'cs balance beÍore arìd

sÍ l .er lhê tes[,  ì ry computing ihe Inar imum loÉ ofcâr '

bon thst coüld hsve occurr€d irr rhis clt€ Thr relul!'

are pres€nted in leÌms of môximunr possible ef l ic iencv

for the experir Ì ì€nl

'tôble I shows fresh and dfv weiShts o[ above'

grounrl  biornasn. l rr  r Ì 'e lable'  ó slôn( ls fo '  dierìr í r ler '

Ml lor smll l  l feet wi lh heiShls belo* |  Ín tn( l  M,l

for FrnÀl l  l , rees with diÀmêleru beìot{  6 ctr '  ' l 'h '  lo-

tâì  f resh and dry $€i8hh oÍ lhe Àrêr were 726'933

lg/ l {  ar ' ( l  a24,354 k8lhô, respecrivelv 
' I ì r" 'ks Àc'

mrrrr i  f , r r  ó9.6% ol lhe bioma.ss, whi lê brsrrclres ac'

.onüL lot ' )g 4%'lh 'nkt ènd largê brrnchet '  whrch

or€ oÍ ly sl ig l l ly bnrn.d dü r inS t le Ío '€t l  c loôr 'ng pro-

ce$, artl lo ?E.5% of lhe sbove-grorrnd biomr"

'llre carhon conl€nl,s o[ the compol|cÍ|! oÍ lh'

bionrn$ ( l rrrrrchee, buaher,  lcnver '  l i rüêt lnd l iürt i )

and t ,he rrrrxirnrrrrr  contr ibüt ion of c ic lr  !o thr cÀr-

bon coÍnl)usl,ion eílìcietìcy (n.) ôrc thowD it' 
'tlbl' 2'

ln lhe lêble, (.1' i3 lhe ev€rs8e cerbon conL'nl oÍ lhe

par0ic lsr corrrporrenl of  th€ l ree ( l tunÌ,  br3ncI '  êlc)

ônd C" is lhe perc€nüs8ç ofcsr l 'or in !hôl  Plr l icr l l f

coÍnpotr€nl i t r  relat ion lo the lotsl  eÌnounl oÍ  cÃrbon

in thc le6t si[ê {tor ürunk6 wiüh d > 30 cm, for 'xrm-

ple,50.37% = t02,604/203 '148)

For tb€ lrunks ónd large btanch€r, it wlt ob'

served ühsl lhe Insxir t ÌL|nì deplh Ôl lh€ burlred lsyer

wâs 6 mm. Therefore, êsliÍrslos of mèxiÍlum valucs

of n. in üh€ Prrtt werê compìrlêd conrid'rinÚ thôl ó

mrn were con8umed and t[rl all oÍ iham hod ditnl'

€lcrs of 30 cm (for lrunks dirm€ler' lÈr8" thtn 30

cm) Ànd lO cm (for l runk'  wi lh dism' l€r '  smdl ' r

lhôn 30 cm &nd bfÈrchet with diôÍnelcrr lrrgcr lhrn

l0 cm). Thc csrbon conlenl ol ssmPl'! !ik'n ffom

lhc rcleclcd ürunks ôfl?r !h€ ücsl rcmsincd Prrciicllly

unchanS€d i f  [h€ matet iaì  burned in lh '  oulr id '  lÃyer

were removed No deíinil,ivc eÍlimslc could b' mtde
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(  ar [ , f  , l iox i r ]e  genefu l ron rs le€ s 'e smong lhe

t ì i , )s l  (Lr{ r Ì , Í  f  ì  ì l  l ) ì râr ì r l ) lcr t  lo  evs lLrs le srrd qLrsnt i f }

Ì l i .  1 , ,  Ì r  Ì  , ) i  l , r n r r  t l e à r r r E  p r o c e $ e s  o n  l h e  e n v i '

f L ) r  . . i , Ì  ' r , , e P  t ^ r . s  a r e  c ã l c u l s ! e d  b a € 3 d  o n  l h e

, , , r  1p Ì  ô f  lhe b iom&s€ snd rhe to la l

' . 1 . '  1  |  l .  a r . L r i L ( l  k n o s Ì n 8  l h a !  o n l v  s  c e t l s ì n

. : . ,  ,  r , .  .Âr ì rô |  fesc ls  !o csrbon d iox idê Ènd

; ' .  '  I  r  F i ) r ( rôn r i  ha i ics l lv  lh€ combust ion

-  '  ' ì '15 or i  r ì re l lpe oÍ  fore i l "  on how

'  1r  ' l  Í '  ì r r ( l  on lhP r r rs tef ie ls izc snd

- '  i r  rê  'or r le t ì l '  s t r rot rS o l lerÊ'

:  ,  x"  ^hov '  l ì re  SIorr r ì ( l  ler  heclère is

-  I  r  , r r r r | ì l c  t o  r l r a r r t i l v  i n  o Í l ê r  l ' o  d c

" ,  
L l  (  ( ) ?  t A l r *  l l '  ! Â t i €  f í ' m  P l È c c

r ì i  r  '  ,  Ì -  l ' ) { " r  l ì o r l i r ' r r s  ( ' Í  l | | f  t ' f Ì À r r r  c o r r '

, ,  ,  ) r r a ,  L , ,  I  r c  r ) Í  w s l ' r  ^ r r o l l n r  d ì l Í i c r r l l v  r F

i , . s ' , 1  l , r  r l .  , " Ì r r h r r s t i o ' ì  e m ' ì e n ' v '  w h i c h  i s  l h e

r . . , ' ,  ,  r  '  . , " q  . a r ' ç c r r ' J  t o  8 a Á  d r r r i n s  c o n r

ì , i s r  , , r  l f , , r r r s l r l .  ( l Í 1 9 2 )  r e p o r r ' c d  l h ô l  r h e  À D o v €

qr | r r r  ì  l ,L"n r ts  "ar l 'on 
re lcaaerì  lo  lhe Âl r ' rGphe'e

r , )  L  .  , , i i r ì1 ,  rs Iorr  pÌo 'ess dur ing l lP f i r r l  hr r rnrng

is 28 1% arrr l  |v  h io logical  dccav i r  69 0% Sei ler

^ n í l  (  r  r z P r r  L l g s í ) )  , r â r ê d  l h â ü '  c o n F i í l € r i n g  t r t r n k B

Ì o  . ô r r r Â r  ,  Ì ì ! r Ì '  r ì r a Ì ì  9 0 %  o f  l h e  b i o n ì Â ' $ '  I h e  D  r n '

i r g  r Í Ì ì ,  i c r r  a  ô r ì  ì ì r ' o f t l e r o f 2 5 %  l h e  p r o c e d u t e

l ì r o t ) . r ^ , 1  Ì i Ì  O l l (  l )  ( 1 9 9 1 )  i n d i c ê l e Ê  À c o r n h r r s t i o n  e f '

n . re, r .v  o l  15% Â !aÌue lhs l  âccorrn l i  for  rebuÌn ing

l l ì  \  l )â t , r f  ( ì 'scr iher  rhe resul l t  o f  â torc8l

c l .^r  ,s  ' , ) r , r l '  rs t ion exner i Í Ìenl  Per formed s l  lNl '4  3

Í r o 1 ,  r a ì  S i ì r  . L i l ì ' r f '  E x p e Ì i n ì e n t â ì  S l ' s l i o n  A  o n o

l ì f . Ì r ' r  a , . r  4 â ç  p r ' l ' ã t e ( l  í r o m  J u l v  t o  O c l o b e r  o Í

l Í ì ! ì l  â ì  I  h ì r ' r ì . ( l  or ì  November 03 ot  lhe nème vear

t  [ .  r l ) Ì^  â l ! i ! .  gr í ) r ] l |d  h iomeqsfrë i r  and dry werSlr l ' t

\ r . i ,  ! r .  ì .  r l r l  iô I  20% of  th is  ãreÂ Ènd lh€ lo lÈl

â1. \e É ' , ì , ,  Ì  l ) ìo t Í rÂr t  w€i8ht  (aìc ì r ls ted bv ex l râp(>

l^1ì . , ì  \ r Ì Ì  Ì ,1 .s  . í  47 l l  nkt  were selec led b€for€ and

a l Ì . r  Ì l ì r  l l f ,  r i r ( l  t h c i r  c Â Ì b o n  s n d  h v d Ì o g e n  c o n l e n i

( 1 P r . r ' 0  , , . a  r r  a  C l l N  À n ã l Y z e Ì

I  t  
"  

, t , , , ' , , , "1 n i  carbon conver led io  gâ3 \ 'vas cèl '

cr la te, l  r0r .  r ler i r rg lh&l  a l l  o Í  the l€èves Ànd lhe

smsllet brônchet (tho3e whose average dtametere were

loweÌ !hÀr '  l0 cm) bürn€d wirh 100% combuation €Ín'

c iency. The emci€ncy for ! runks and largeÌ brancncs

\pa, ettimsted iiom a carbon ma$ bÀlsncê bêÍore snd

sf ler lhe lesl ,  by compul ing !he r ì ìsximum lossoícEr_

bo'r  lhst could have occutrê( l  i r r  lh is câse ' I 'h€ r€! ' r l13

are pre!€nted in l€rms of rneximunr Poleible eÍì ìc iencv

for l [c exPeri Í ìent.

Tabl€ I shot{s frc6h Ând dtv weighh ot above'

8r(n| |( ì  biolr ì43s. l r r  rhe !ablc '  d slÂn(ìs for diêtr Í i ter '

Ml tor smôl l  t rees with heiShts below I  rn ar ' ( l  M2

lor srnÀll l,reet wilh diaÍnel€re belo* 6 crn 'flre lo-

Lr l  f resh anrt  <lrv weights of lhe ôrea wcrc 726'933

kg/ìrn an, l  a24,354 kglha, resP€cl ivclv 
' l Ìunls Âc-

(ìu 'r [  nÌ  59 6% oÍ lhe bìoíìa 's i '  whi l '  brÀnclet êc-

.<)rr t . lot  ' )g 4% ' l Ì ' rnts Ând latgc brânches'  whrch

nre or ' ly ' l rglrr  ly Ì )urrre' l  d u rrnB rhe toÍcst c l 'sr ing pto-

.csr, ôíld to 78.6% of the sbove-Srorrnd biomr!€

'the cerbon corrlelrls ot lhe comPorretrts of ülx'

l ) ionìr | , ,3 ( l ì r Í rrrch€s, brrsheB, ì€sves'  l i r |er snd ì iôJlã)

snd the 
"rs)r i ' r ' r r ' Í '  

con{r ibrr t iorr  of  eÂclr  lo l Ie côt

bon cornl ,rrs l iorr  el l ìcìencv (n.)  are ihow in ' tÂblc 2

ln ühe lâbl€, ( l '  is lhe sverâ8e carhon conLenl ol  lhe

psrt iculêr corì ì l ,o ' renl  oÍ  lh€ rree ( !runk'  btÀnc[ '  elc)

ônd C" is lhe pcrc€nlaga oÍ csrbon in lhâl  Pàr[rc ' rrât

coÍnponent ìrr  relst ion l 'o lhe tol ' r l  ÂrrÌorrnt oÍ  cÀrbon

in rhe |esr si le ( foÍ  t .  nks wi[h C > 30 cnì '  for exsrn'

ple,  50 3?% = 102'504/203'448)

Fof lhe t funks and lsrS€ btÀnch€r '  i l  Ì {ãr ob'

ser! i rd thst the Inaxirr ì t r tn d€Plh o[ Lhe burrr td raver

w&q 5 Í ì Í Í  Thet€tore'  csl ' inrÂnrs of maxiÍrom valuc8

of n. in the parls werc corf iprr led considering lhsl '  5

mm wer€ consum€d ônd lhôr âl l  of  l 'hcm had draÍrr '

e lers ol  30 cm (tol  t ruÍks diâmelers larger lhên 30

cm) snd l0 cm (for hunlí  wi lh diãmeters 3m3ìÌ€r

than 30 cm Ènd brsÌ 'chcc wit Í  dìÂIn€lert  lÀrger lhÂt l

l0 cm) Th€ calbon conr 'en! of  sanrpler taken fronr

ihc selecled l Ìunks Àf leÍ  lhe les! remBincd prtclrcsl ly

ünchanged i l  lhe msler iâl  brrrned in lhe o'rr l id '  lôv€r

\{eÌ€ removed. No deÍ ini ! ivc et l i r Í tate could bê made
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Tabl€ 1. FÌesh and dry wcrshts ol  test s lre biomÀss.

Table 2 l \ íaxirnrrrn conlr ibut iorr  ofcacI biornss conrt ÍJ ent to cârborr giLsi | ì .ãl jor êmc.crcJ

C'
(7") íkclha)

c'
(7a (Ta)

T runks ,d>30cm 48.53 102,50450 37
Tru r ì k r , d<30cm 48.53 20,284 997 098

B r a n c | e c , d >  I 0  c m ,18 53 38 9 r9 t9  t3 r .87
Brônch€€ ,d<10cm48  53 2 |,634 10 .63 r0 63

[ ' l l , H < l m 46.54 222 0 . l l O I
N Í 2 ,  l l > l n Ì , C < 5 c m 46.83 4 ,614 2 .27 2 . 2 7

50 .41 2,482 L.22 t 22
Li l ter 39.30 10,082 495 4 . 9 5
LiÂnô 48.53 I 35
Total 203,448

Fresh w€ight
í k í l h a )

II r0
(7a\

Dry weight
í k { / h â )

ry wcrr j l ì i .
("/o\

] Ì unk r , d>30cm 342 330 383 2n 2 t8 40
' l i r r ì I  , ,  < 30 cm ô8.85{l 303 4 t 7 9 6

I J r A | . h c s , d > l 0 c Í n l3i ì , í i í i0 4 0 0 80 196 l 8  Ì l
I ì r a , L c l r e s  d <  l 0  ( n l 7 6 , 4 6 3 4 1 7 14,5i8 t0 ',0

I t l l . I I  <  I  m 1 ,057 55 .0 476 0 . I  i
I l 2 ,  Ì l  >  I  m , C < 5 c m 16 ,559 40 .5 9,852 2 )2

10 ,2J5 51 .9 4,923 Ì 1 0
Lit lcr 68 34Cì 62.5 25 655 605

I433 400 5  660 r3 ì
' I  otêl 7 26,9tl 424 354
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on snral l  hranchcs anrl  l iÈnÂ snd' thereÍore'  lh 'y ì+tr '

eorìsi , l . rc( l  {o l ì rLrr ì  , roÌ Ì ì l ) le lc lv Le&vcs ÀÌd l i l 'üer were

ohscrvr(1 ro hrrr ì  alnrcsl  conìplet€lv '

' Ì l r"  l ,a\ i r ì ì rrrr ì  conìhrr3l ìon cf l ìc iencv ofIhê l€sl '

calcuÌarerì  ar l . t i r rs lhe em.i€ncy oÍ eech individusl

psr!  wêt 25 05%, which is vcrv clod€ üo lh€ 25% re'

port .d l ,y SelL.r t  f ,nd Cíutzen (19E0) Í lowever,  in

lheir  i l r ( ly Ahoìr l  90% oÍ th€ biorna$ war concen-

rrãú' , ì  o, ,  rrL, , ìka ( in contrâ51 üo th '  506% of lhc

[1furhIs l .sr s i l . )  ' lLè smouní ot csÌbon €rni t t 'd

ro 1l ,d r l r i ì , , r t , ì r ,  r .  1,v l l ì , '  burrr i r ì8 l roc€5s is,  theí-

lb, ,  , ì  , , , , !  i  I r l  5rr ,U75 k8/hA (0 2505 '  203"188

k g / l r â ,  i ,  I  l ì r ' 1 ,  2 J
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