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ABSTRACT

	 A  census  was  carried  out  annually  for  16  years  (1984-2000)  in  four  permanent  long-
term  dynamic  plots  in  the  Sakaerat  deciduous  dipterocarp  forest  (SDDF),  northeastern  
Thailand.  The  diameter  at  breast  height  (DBH,  defined  as  1.3  m  above  ground  from  the  
stem  base)  was  measured  for  all  trees  having  a  DBH  greater  than  or  equal  to  4.5  cm  and  
growth  rates  of  all  existing  tree  species  in  each  period  in  these  stands  were  estimated.  
The  studies  revealed  that  all  tree  species  investigated  in  each  stand  had  different  growth  
in  terms  of  the  absolute  growth  rate  of  basal  area  (AGRBA)  and  the  relative  growth  rate  
of  basal  area  (RGRBA).  Several  common  tree  species  (Albizia  odoratissima,  Cratoxylum  
formosum,  Canarium  subulatum,  Lannea  coromandelica,  Pterocarpus  macrocarpus,  Shorea  
roxburghii,  Shorea  siamensis  and  Xylia  xylocarpa  var.  kerrii)  were  among  the  relatively  
fast  growing  species  in  all  stands,  whilst  Dillenia  obovata,  Diospyros  mollis,  Quercus  kerrii  
and  Shorea  obtusa  were  slow  growing  species,  and  overall,  these  latter  tree  species  showed  
a  greater  reduction  in  stocking  due  to  high  mortality  rates.  The  RGRBA  exhibited  the  same  
trend  as  the  AGRBA,  and  based  on  this  rate,  common  tree  species  in  all  four  stands  were  
classified  into  nine  different  groups  having  significantly  different  RGRBA  values.
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INTRODUCTION

	 Forest  management  based  on  the  
sustained  yield  concept  requires  information  
on  tree  and  stand  growth.  As  the  forest  
community  undergoes  change  over  time,  
the  living  tree  component  of  the  stands  
accumulates  organic  and  inorganic  substances  
as  the  result  of  physiological  phenomena,  
in  response  to  the  governing  environment  for  

sustaining  life.  Growth  expansion  from  this  
process  results  in  an  increase  in  size,  volume  
and  weight.  Often,  a  forest  community  is  
composed  of  several  tree  species  that  have  
different  responses  to  the  various  environ-
mental  conditions,  as  well  as  exhibiting  
different  forms  of  population  change  during  
stand  development.  Forest  management  for  
timber  yield  always  involves  an  evaluation  
of  the  tree  merchantable  volume  by  foresters,  
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which  is,  in  fact,  the  product  of  the  stem  
size  increase.  The  evaluation  requires  the  
measurement  of  both  the  tree  basal  area  and  
stem  height  of  each  commercial  species,  
whereas  ecologists  need  to  estimate  stem  
and  stand  biomass  regardless  of  the  direct  
and  indirect  usage.  Because  of  the  difficulties  
in  measuring  the  total  stem  height  of  standing  
trees  in  the  natural  tropical  forest,  usually,  
the  diameter  at  breast  height  (DBH,  defined  
as  the  stem  diameter  at  1.3  m  above  ground)  
is  measured  and  used  in  all  equations  applied  
for  the  estimation  of  stem  volume  or  other  
growth  indices.  Therefore,  diameter  increment 
measurements  have  been  used  to  examine  
the  dynamics  of  natural  forests,  as  well  as  
land  use  change  (Lea  et  al.,  1979;  Day  Jr.,  
1985;  Conner  and  Day  Jr.,  1992).  This  is  
indispensable  particularly  for  trees  in  tropical  
forests  where  tree  size  is  more  important  
than  age  for  describing  the  dynamics  of  
stands  and  the  forest  as  a  whole  (Enright  
and  Ogden,  1979),  especially  because  the  
age  of  trees  in  tropical  forests  is  difficult  
to  measure  accurately  (Chambers  et  al.,  1998).  
In  addition,  DBH  is  measured  readily  in  
the  field  without  the  risk  of  introducing  
non-sampling  errors.  However,  DBH  growth  
can  vary  substantially  between  and  within 
tree  species  and  also  in  relation  to  age,  
season  and  microclimatic  conditions.  Generally,  
instead  of  using  DBH  growth,  the  basal  area,  
which  can  be  derived  from  the  measured  DBH  
of  trees,  provides  a  more  useful  attribute  
in  explaining  tree  growth  and  tree  coverage  
of  ground  area.  Furthermore,  it  is  suitable  
for  further  derivation  of  tree  stem  volume, 
as  well  as  tree  weight  or  biomass,  by  using  
equations  that  may  include  other  parameters,  
such  as  tree  height  and  tree  stem  form  
factor,  etc.
	 Stand  growth  and  yield  of  tropical  
forests  have  been  studied  in  some  wet  or  

moist  forest  communities  (Wadsworth,  1987;  
Leslie,  1987;  Manokaran  and  Kochummen,  
1993;  Milton,  et  al.,  1994;  Herwitz  and  
Young,  1994;  Condit  et  al.,  1995;  Silva  et  
al.,  1996;  Poels  et  al.,  1998;  Finegan  et  al.,  
1999).  A  similar  line  of  study  is  scarce  in  
tropical  dry  forests,  especially  in  deciduous  
dipterocarp  forest  (DDF)  communities,  with  
the  few  studies  being  not  well  documented.  
An  understanding  of  stand  growth  and  yield  
is  essential  for  making  decisions  on  sustained  
yield  forest  management,  such  as:  1)  selecting 
tree  species  for  logging,  2)  identifying  tree  
species  for  protection,  3)  estimating  cutting  
cycles  and  4)  prescribing  silvicultural  treat-
ments  necessary  for  accelerating  the  growth,  
yield  and  regeneration  of  the  species.  The  
main  objectives  of  the  current  study  were  
to  estimate  the  annual  basal  area  growth  for  
each  tree  species  and  to  observe  the  growth  
patterns,  especially  in  the  DDF  community.  
This  report  forms  part  of  a  study  into  the  
long-term  DDF  dynamics  using  large-scale  
permanent  plots  in  addition  to  other  studies  
in  the  same  stands  of  this  forest  community  
type  in  northeastern  Thailand  that  have  been  
reported  in  six  preceding  papers  (Sahunalu,  
2009a,  b  and  Sahunalu,  2010a,  b,  c,  d).
 

MATERIALS AND METHODS

	 Four  permanent  plots,  each  1  ha  
in  size  in  each  of  the  four  stands  of  the  
Sakaerat  deciduous  dipterocarp  forest  (SDDF)  
community  were  used  as  described  in  a  
previous  report  (Sahunalu,  2010d).  The  DBH  
of  all  trees  greater  than  or  equal  to  4.5  cm,  
which  had  been  identified  to  the  species  
level,  was  obtained  from  repeated  measure-
ments  at  approximately  yearly  intervals.  
The  dataset  included  all  trees  that  had  died,  
living  tree  species  and  the  newly  recruited  
individuals  reaching  the  minimum  DBH  
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limit  of  4.5  cm  in  every  census.  The  DBH  
measurements  and  the  calculations  of  the  
basal  area  (BA),  absolute  growth  rate  of  
basal  area  (AGRBA)  and  relative  growth  rate  
of  basal  area  (RGRBA)  were  all  performed  
according  to  the  procedure  described  in  the  
previous  report  on  stand  level  investigation  
(Sahunalu,  2010d).  
	 The  total  BA  of  each  tree  species  
was  summed  for  each  period  using  four  
separate  pooled  periods  for  every  four years,  
totaling  16  years  (1984  to  2000).  These  
growth  parameters  provided  the  periodic  
total  BA  increment  of  each  tree  species,  
separated  into  two  groups  of  tree  species,  
namely  those  commonly  found  in  all  four  
stands  (defined  as  common  tree  species  in  
this  paper)  and  those  found  scattered  in  
only  some  of  the  four  stands  (defined  as  
uncommon  tree  species  in  this  paper).  The  
growth  rate  parameters  of  each  species  were  
confined  to  both  growth  indices  analyzed  
(AGRBA and RGRBA).  Kruskal-Wallis’s  multiple  
comparison  and  Nemenyi’s  test  statistics  
(Zar,  1999)  were  applied  for  grouping  and  
significance  testing  of  the  ranking  of  the  
growth  rates  of  the  SDDF  species.
 

RESULTS AND DISCUSSION

Growth of component tree species
	 The  growth  of  the  tree  species  in  
the  four  SDDF  stands  could  be  classified  
into  two  groups  (common  and  uncommon  
tree  species  found  in  each  stand)  expressed  
in  the  form  of  absolute  growth  rate  (AGRBA)  
and  relative  growth  rate  of  BA  (RGRBA)  
and  are  shown  in  Tables  1,  2,  3  and  4,  
respectively.
	 It  was  clear  that  there  were  large  
variations  in  the  growth  rates  of  tree  species  
both  among  species  and  stands.  The  common  
tree  species  in  the  four  stands  exhibited  a  
wide  range  in  mean  AGRBA,  with  values  

of  99.65,  51.53,  46.04  and  25.36  cm2 ha-1 y-1  
in  stands  1,  2,  3  and  4,  respectively,  
but  they  were  not  significantly  different  
(Kruskal-Wallis  test,  p<  0.05).  However,  
among  species,  there  was  a  tendency  for  
substantial  differences  due  to  the  large  
variations,  but  a  statistical  test  was  not  
performed  for  AGRBA,  due  to  the  large  
differences  in  the  initial  BA  of  each  tree  
species.  The  tree  species  that  were  not  
commonly  found  in  all  four  stands  or  
were  scattered  in  some  of  the  four  stands  
(defined  in  this  study  as  uncommon  and  
rare  species,  respectively)  also  exhibited  
large  variations  due  to  the  absence  of  those  
species  in  some  stands.  Some  tree  species  
were  recorded  only  in  the  last  census  period,  
so  that  it  was  not  possible  to  calculate  their  
absolute  and  relative  growth  rates,  nor  was  
it  possible  to  perform  statistical  tests  on  
the  variation  of  the  AGRBA  of  these  tree  
species  because  of  the  same  limitation.  
As  the  initial  BA  values  were  combined  in  
the  analysis  and  the  RGRBA  estimate  was  
obtained  for  those  common  tree  species,  
the  four  stands  with  27  common  tree  species  
were  significantly  different  (Kruskal-Wallis  
test,  p<  0.05)  and  could  be  categorized  into  
two  groups,  with  group  1  consisting  of  stands  
1,  2  and  3  having  mean  RGRBA  values  of  
0.053,  0.073  and  0.072  y-1,  respectively,  
that  were  not  significantly  different  using  
Nemengyi’s  test  at  p  <  0.05  (Zar,  1999).  
The  second  group  was  composed  of  a  single  
stand  (stand  4)  with  a  mean  RGRBA  of  only  
0.042  y-1.  There  was  a  highly  significant  
difference  (Kruskal-Wallis  test,  p<  0.0001)  
between  the  mean  RGRBA  values  among 
the  common  tree  species,  which  could  be  
classified  into  nine  groups  as  shown  in  
Table  5.
	 The  two  tree  species  with  the  highest  
and  lowest  mean  RGRBA  values  were  
Canarium  subulatum  and  Shorea  obtusa,  
respectively  (Table  5).  Other  tree  species  
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Table 1	 Mean  AGRBA  (cm2  ha-1  y-1)  values  of  common  tree  species1  (DBH  ≥  4.5  cm)  
	 in  the  four  stands.  (D)  =  disappeared  species.  SD  =  standard  deviation.  
	 Disappeared  species  were  treated  as  having  a  zero  change  in  basal  area  in  
	 the  mean  value  calculation.  Mean  value  of  those  species  that  appeared  
	 only  in  one  stand  was  not  evaluated.  Time  interval  used  for  BA  growth  
	 calculation  of  the  newly  recruited  species  varied  accordingly  to  the  year  
	 when  those  tree  species  were  found.
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Table 2	 Mean AGRBA (cm2  ha-1  y-1) values of uncommon tree species1 (DBH ≥ 4.5 cm) in 
	 the four stands. (D) = disappeared species. SD = standard deviation. Disappeared 
	 species were treated as having a zero change in basal area in the mean value 
	 calculation. Mean value of those species that appeared only in one stand was not 
	 evaluated. Time interval used for BA growth calculation of the newly recruited 
	 species varied accordingly to the year when those tree species were found.
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Table 2	 (Cont.)
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Table 3	 Mean RGRBA (y-1) values of common tree species1 (DBH ≥ 4.5 cm) in the four 
	 stands. Dash (-) = non-dominant tree species in those stands. (D) = disappeared 
	 tree species. SD = standard deviation. Disappeared species were treated as 
	 having a zero BA change in mean value calculation. Mean value for those 
	 species appearing only in one stand was not evaluated. Time intervals used for 
	 relative growth rate in BA of the newly recruited species varied accordingly to 
	 the time when those species were found.
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Table 4	 Mean RGRBA (y-1) values of uncommon tree species1 in the four stands. Dash 
	 (-) = non-dominant tree species in those stands. (D) = disappeared tree species. 
	 SD = standard deviation. Disappeared species were treated as having a zero BA 
	 change in mean value calculation. Mean value for those species appearing only 
	 in one stand was not evaluated. Time intervals used for relative growth rate in 
	 BA of the newly recruited species varied accordingly to the time when those 
	 species were found.
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Table 4	 (Cont.)
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Table 5	 Mean RGRBA (y-1) values of 27 common tree species1 in the four stands 
	 studied. Order is according to the mean rank from the Kruskal-Wallis multiple 
	 comparison test (Zar, 1999). Mean values with the same superscripts are not 
	 significantly different (Nemengyi’s test, p<0.05). SD = standard deviation.
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that  could  be  grouped  as  having  remarkably  
high  mean  relative  growth  rates  in  BA  were  
Bauhinia  sp.  and  Lanea  coromandelica,  with  
Cratoxylum  formosum  being  intermediate  in  
this  group.  The  tree  species  having  relatively  
low  mean  RGRBA  values  were  Dalbergia  
cultrata,  Shorea  roxburghii,  Quercus  kerrii  
and  Diptrocarpus  intricatus.  The  other  17  tree  
species  could  be  grouped  as  having  moderate  
mean  RGRBA  values,  as  they  were  not  
significantly  different  from  trees  belonging  
to  the  fast  and  slow  growing  groups  (Table  
5).  The  difference  in  RGRBA  is  attributable  
to  the  specific  genetic  characteristics  of  the  
species  and  the  ability  of  trees  to  survive  
in  the  relatively  harsh  environment  of  the  
northeastern  region  of  Thailand,  which  has  
a  long  dry  season  spell  and  prevailing  poor  
soil  conditions,  in  common  with  other  tree  
species  in  tropical  rain  forests  (Swain  et  al.,  
1987b).
	 The  RGRBA  values  for  each  common  
and  uncommon  tree  species  in  all  four  stands  
(Tables  1  and  2)  demonstrate  clearly  that  
these  dominant  tree  species  in  SDDF,  especially  
the  legumes,  such  as  Albizia  odoratissima,  
Pterocarpus  macrocarpus,  Xylia  xylocarpa  
var.  kerrii  and  Sindora  siamensis  (Sahunalu,  
2009a),  all  exhibit  a  notably  high  RGRBA  
value,  in  the  range  0.03-0.05  y-1.  On  the  
contrary,  several  tree  species  that  are  the  
major  trees  found  commonly  in  a  DDF  
community,  such  as  Shorea  obtusa,  Shorea  
siamensis,  Shorea  roxburghii,  Quercus  kerrii  
and  Dipterocarpus  intricatus,  all  have  relatively  
low  RGRBA  values,  in  the  low  range  -0.0003  
to  0.003  y-1,  although  these  tree  species  are  
all  large,  light-demanding  species,  and  co-
occur  as  the  major  canopy-layer  trees  in  
this  SDDF  type  (Sahunalu,  2009a).  Tropical  
forest  tree  species  growing  in  relatively  moist  
regions  are  reported  to  be  light-demanding  
species  and  usually  have  greater  relative  
growth  rate  values  than  other  tree  species  

(Lang  and  Knight,  1983;  Swain  et  al.,  1987a;  
Felfili,  1995).  Nevertheless,  these  canopy  
trees  occasionally  may  grow  very  slowly  and  
have  high  mortality  (Swain  et  al.,  1987b).  
Many  studies  have  emphasized  the  importance  
of  crown  illumination  in  the  determination  
of  growth  increment  in  tropical  moist  forests  
(Clark  and  Clark,  1992;  Silva  et  al.,  1996)  
and  Finegan  et  al.  (1999)  interpreted  this  as  
light  availability  (illumination  and  presence  
of  lianas  on  tree  crown)  and  the  capacity  of  
trees  to  utilize  that  light  (crown  form).  It  
has  been  suggested  by  Wyatt-Smith  (1995)  
that  heavy  hardwood  group  species  have  
less  ability  to  respond  to  increased  light  
levels  with  increased  diameter  growth  than  
the  red  meranti  species  group  (Shorea  spp.)  
in  lowland  dipterocarp  forest.  However,  in  
an  open  canopy  forest  community,  such  as  
in  SDDF  in  the  present  study,  light  availability  
is  not  a  limiting  factor  in  controlling  the  
growth  of  tree  species,  as  there  is  little  overlap  
in  most  of  the  tree  crown  (Sahunalu,  2009a).  
Associations  with  some  microorganisms,  such  
as  mycorrhiza  and  other  symbiotic  bacteria  
living  inside  and  around  the  roots  of  most  
leguminous  tree  species,  are  probably  the  
growth  promoters  for  these  tree  species  
in  a  relatively  dry  climate  with  poor  soil  
conditions.
	 Working  on  the  prediction  of  growth  
in  Shorea  javanica  forest  in  Java,  Vincent  
et  al.  (2002)  reported  that  crown  form  was  the  
most  effective  predictor  of  growth,  but  initial  
girth  and  crown  position  only  increased  
marginally  the  percentage  of  variance  
accounted  for  in  the  growth  prediction.  
On  dry  sites,  Rautiainen  (1999)  reported  
on  the  growth  and  yield  prediction  of  sal  
(Shorea  robusta)  forest  plantation  in  Nepal  
and  noted  that  the  competition  index  was  
a  variable  predictor  of  diameter  increment  
of  the  stand.  Importantly,  the  current  analysis  
demonstrated  clearly  the  density  effects  
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among  trees  of  the  same  species,  generally  
known  as  intra-specific  competition.  However,  
tree  composition  in  a  natural  forest,  as  opposed  
to  an  artificial,  monospecific,  cultivated  stand,  
entails  numerous  species,  with  competition  
among  individuals  of  different  species  known  
as  inter-specific  competition,  which  is  always  
more  severe  than  among  the  same  species  
for  a  given  habitat.

CONCLUSION AND
RECOMMENDATION

	
	 The  tree  species  in  each  stand  in  the  
Sakaerat  deciduous  dipterocarp  forest  (SDDF)  
community  had  different  expressions  of  
growth  in  terms  of  absolute  and  relative  
growth  rates  in  basal  area  (AGRBA  and  RGRBA,  
respectively).  The  AGRBA  of  the  component  
tree  species  differed  among  species  and  
among  stands.  Several  commonly  found  
tree  species  growing  in  the  four  stands,  
such  as  A.  odoratissima,  C.  formosum,  C.  
subulatum,  L.  coromandelica,  P.  macrocarpus,  
S.  roxburghii,  Sindora  siamensis  and  X.  
xylocarpa  var.  kerrii,  were  among  the  
relatively  fast  growing  tree  species  in  all  
stands.  In  contrast,  Dillenia  obovata,  Diospyros  
mollis,  Q.  kerrii  and  S.  obtusa  were  found  
to  be  the  slow  growing  tree  species  and  
overall  these  latter  tree  species  showed  a  
greater  reduction  in  stocking  due  to  high  
mortality  rates.  The  RGRBA  showed  the  same  
trend  as  for  the  AGRBA  and  therefore,  based  
on  the  RGRBA,  the  tree  species  found  
growing  commonly  in  all  four  stands  were  
classified  into  nine  different  groups  having  
significantly  different  RGRBA  values.  C.  
subulatum  and  S.  obtusa  were  the  tree  species
having  the  greatest  and  lowest  RGRBA  
values,  respectively,  together  with  a  few  
tree  species  that  tended  to  belong  to  both  
extreme  groups.  The  remaining  majority  of  
trees  species  were  classified  as  another  group  
having  intermediate  RGRBA  values.

	 Based  on  the  results  of  the  analysis  
of  change  in  tree  species  growth  over  the  
period  of  16  y  in  SDDF,  it  would  be  possible  
to  recommend  management  of  this  forest  
type  on  a  sustainable  yield  basis,  depending  
on  which  alternative  was  desired.  For  tradi-
tional  forest  management  purposes,  the  
growth  of  the  major  tree  species  in  this  
forest  type  implied  the  possibility  of  yield  
regulation  within  the  growth  rate  limitations  
of  the  species.  However,  the  formulation  
of  yield  tables  using  volume  tables  that  
are  necessary  as  a  guide  to  the  commercial  
harvesting  operations  would  need  additional  
details  and  analyses  that  were  not  included  
in  this  study,  but  would  be  available  from  
basic  information.  Nevertheless,  the  major  
tree  species  in  this  DDF  type,  such  as  
S.  obtusa,  S.  siamensis  and  D.  intricatus  
that  used  to  be  of  commercial  value  did  
not  have  substantial  value  for  timber  or  
fuelwood  production,  as  they  are  quite  
slow  growing.  An  exception  in  this  regard  
considering  other  possible  commercial  tree  
species  were  those  belonging  to  the  leguminous  
tree  group,  also  of  high  value,  such  as  
P.  macrocarpus,  Sindora  siamensis  and  X.  
xylocarpa.  These  species  have  potential  for  
commercial  timber  or  fuelwood  production,  
whichever  is  more  preferable  in  this  forest  
type.  However,  the  maintenance  of  the  
structural  and  species  composition  of  this  
forest  type  should  be  taken  into  consideration  
whenever  operations  involving  commercial  
harvesting  are  planned.
	 For  conservation  purposes,  all  fast  
growing  tree  species  in  this  forest  community  
can  provide  genetic  material  for  future  
propagation  in  plantation  forestry,  for  example  
as  mother  trees  for  seed  collecting  and  as  
a  genome  for  tree  tissue  culture.  In  fact,  
in  situ  gene  conservation  of  all  these  tree  
species  is  likely  to  be  most  promising  at  
this  site,  as  this  forest  tract  is  considered  
to  be  one  of  the  well  protected  areas,  
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composed  of  a  majority  of  dominant  tree  
species  of  DDF  and  being  the  last  piece  
of  DDF  in  the  northeastern  region.  On 
the  other  hand,  rehabilitation  of  degraded  
the  DDF  type  should  be  initiated  using  
these  fast  growing  tree  species  early  in  forest  
ecosystem  restoration.  Slow  growing  species  
are  found  mostly  in  the  degeneration  stage,  
due  to  their  high  mortality  rates.  Management  
options  for  these  slow  growing  species  could  
involve  commercial  selection  harvesting  
and  at  the  same  time  the  promotion  of  
regeneration  of  these  species  by  a  coppicing  
technique.  Both  coppicing  of  slow  growing  
tree  species  and  artificial  regeneration  by  
planting  fast  growing  species  could  be  
undertaken  separately  or  combined  to  achieve  
the  goals  of  management  strategies  for  both  
timber  yield  regulation  and  plant  genetic  
conservation  purposes.  
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