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ABSTRAC]

Stem wolume ke of Seoolywus coneldwlenses was eonsiucted cowering the mnin plandarion arens of rhis
speivs i Toailazil, The daca oblained were 452 sample Ioses cooming Droin cenlmd, weslern, nonhern, ard mdariheaster
parrs of Thailans . Sualipdeanve meds was apolicd T teessticnte e s salene o e diaseier at beast Beighl (01
amd hight {HY of the iree, Apolicabion of ooe egquacion Ter 21l data showed sume deviacion in the bBigger trees. Thersfome,
the dala were separired immn e pans acearding 1o the sime ol e For sch pan the Falbawing aquarion was applied

Vo= s G HP Y g - ke
iTor the values £ 5000 cm’am in [FH]
Yo RIS (D HT M R = G 9RsesE
iFor ke valuer = 5000 emfomm in DFLD)

Hy using thess equarion, the srn soleme rable ol & cesimidaimons was canslmaeed

INTRODUCTION

In Thailand, some exolic Tasl wrawing
browd lewved iree species have ofen been plan-
e on denoded o cul over areas o promian:
reforestation. Among them, £ comaldilensis
= widely plioted sosd wrowes ncental, oortly
and northeastern pares of Thailand.  Ar present
Lhis species & 0l jreal Dmportance az a les
gpecices for reforestation in the main part of
Thailand, slihovgh. an overall silviculiurl
swaleinn Tor this species has nol yer heen 29
rablished. Asscasment of standing stock of £
vensseiefidensis on the bazis of sound merhodo
logy gives the first step for evaloating growth
andd development of £, camalafidonsts =lands
This could hring the hasis for doveloping a
well oriented silvicullural system of &) camelidi-
fnigis,

In this report, stem snd stend volume of
B cwmolgwlerss were assessad wirh emphasis
on rheir methodology, The report consists of
twn parris. e s feoconstiuct @ salwime table
from the data in wvarious aress. gearing to be
weed o main plantatien aress ol Thaoland,
Anather is to examine the method for cstimating
stand volome from the date of every free censes
onoa given sland,

MATERIALS ANTY METHODS

'be stern volume table of the £, caniin-
Fensis was ser g,

Collection of data

I'he cl:i.gi.nHJ data on heighe (H), diameter
ar breasr height (DRH) and stem volume (V) ol
ench ree were cellected Pfrom not only fizld
swrwey but also marerials which hiad been sur-
veved by others {kasctsart University, Rovyal
Fowest Deparinzeot wod Jopan Paper Assocacon|

In survewed areas, some samples of E
ceprilliaferans Dad been fellen and 1, DB aod
diameter of each sirata (O m, 0.3 m, 1.3 m,
231m above the ground levell were
measired.  The volume Tor sample irees wee
eslimated by Smalian tormula.

The areas surveyed were in Chang Mai,
Kanchanaburi, Ratchaburi, % Sa Ket, Brachin
Buri, Ma Khorn Mo Yok, Ma Khorn Sa Wan,
Lop Bur, Chon Buri, Chachoengsao, and
Fa Yang, sovering eentral, western, northern,
and northeastern parts of Thailand.

Fhe number of sample ieees aomcunted w
A58 rrocs.

U'be walues ol sample tress ramgged Erom
2.1 m o 26.5 m in height and from 0.8 em o
23.2 cmoin diwmeter ad breast henght, respestivels.
Thie age of sample frees was foom 0,8 year-ald
ta 7 year-old.

Choosing cquation 1o estimale stem yolume

1, Determining independent variable For
the cquation.

Before [ting the equation o the dars
availahle, independent variable was examined.
Recently. an attempl was made (0 estmale
the stem wolume hy using simple ¥ - DBH
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relagions, This was due to relatively low relia-
Rility in measuring height ol bigger tree. How-
ever, Lhis method would give an appreciable
crror 1o eRrimate stem volume which covers
different stunds estabhished in even the same
arcas. Fig. | and Fig. 2 showed the relationship
between ¥ and square of DBH on the log-log
coardinate Tor stands with different density in
the same area and for stands in different arens.
Lhe relation between ¥ and DBH was found o
vary among the stands with different densily in
the sz areas and aenong the siands in different
arens 1o some extent, suggesting invalidicy of
ficting one Tegression line o vanous slands,
Incompatibility of ¥ - DRH relations was aobser-
vied among many stands with difTerent growth
sligee {(Yoda, K, 19713 as well. This was duc
mainly to different heighe-diameter relations in
different stands. Lo addiiion 4o (hs, the % - DRH
relatioms an the log-log coordinates might not
be linear but curvilinear in a stricl sense, There
fore, it might not valid to approximate one
regression line between Voand DEBH over the
ricnge af data which conrain differene srands of
the same arcas as well as of dillTerent areas,
It can be said that the errar of che estimation
cansed by less exact measurement of heaghl af
larger trees may be much smaller than the errors
due to the application of simple ¥ - DBH re-
ErEsSIen,

Cin the contrary, independent variables
combining diameter with beight could give
a higher accuracy of estimating stem valume oo
a wide range of data which clude diffesen
stands not only in rhe same arcas bue also in
different areas. TheTe was no appreciable inter-
stamwl dilference concerning ¥ - DBH*H {[¥H)
relation in terms of ditfferent spacing (Fig 3)
and dillerent areas (Fig, ), This is due to the
fact that [¥H is a quantity closely related o
the stern volume,

These would show that height measure-
ment is indispensable for estimating accurately
stem wolume over the wide range of dara.

Therefore, in this caleulation, [FH was used

as an independent variahle for fitting the corve,

2. Fitng curve.

Thee moclels including Gnear, muluplicative
cxponcntial, reciprocal, and polynomial were
approsimiled Tor the relation belwesn ¥ - DFH
by the method of least squarcs.  Among tham,
Lhe multiphcative model gave the best filness
(R = {1.998365)

The eguation was given by:

V = 0.000D0BE DFHY B (D)

Huowever, equation (1 which was the best
fitted among the models could not cover the
whole range of data concerned. The estimated
vahie of stem volume for bigger rees (PH =
1000 e e from formuaka 13 was subject (o
be a hit smaller than abserved one. Relarive
error of the estimated values tended o be
deviated lower from 0 point in bigger *H
classes ([FH = 3,000 cm®=m), while relative
error wis almcal evenly searrered aronmd 0 poing
in smaller FH classes (FH < 3,000 cm?®«m),
as shown in Fig, 5, Thuos it would be reasonable
1o separate the data into two parts being more
than 3,000 cro®em in DETT and Tess than 3,000
crofem in YH.

Tweo parts of data were approximated
separately by multiplicative model.  The equa-
tion for each par was as follows,

Yo= 000084 TRAHMEPR R = 0ONEIE

R .|
iFar the values = 3,000 cm® «m in FH)

Vo= (LO00SY DPHMYTTR - (LYBS9SS)

S [3}

(Far the values = 3,000 cm®s m in D711

The relaiive error calealated from equarions
{2 and (Y] was seatrered evenly around O point
(Fig, 6}, Therelore, mstead of eguation {17,
equarions (2} and {31 were usod for estimaling
stem volume.

Takble 1 shows the wolume table caloulated
from equations (23 and {3). The voelwme able
caleulated here might cover the main plancation
arcas for £ comaidwiensty including narthern,
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northeastern, weslern, and central part of Thai-
land. Though, etfort should e made 1o revise
ihe vlume table by collecting moere data in an
cxtreme range of growth condifions in wirious
areies gocordng to the procedure described above,

RESULTS AND DISCUSSION

Estimation af the stamad volurme in @ given
stand is sometimes a tme-consuming task. In
this sectien, one simple method or estimating
grand volume s presented,

Stund volume was calcolated by use of
couations (2 and |3 according 1o the size of
the trees in varous £, comaldlensiy stanils wilh
different areas,  The data coneerned included
the srands of Ratchabori, Somdet and 51 5a Ker.
This alata ranged rom Q3 m =i m o dm *
4 m in spacing and from one year t0 5% years
inostanal ae. A positive relation wie Tound (0
exdal between stand volume (¥} and basal wrea
{b} * mean height of stand (h) oo log-lew cor-
dinate (Fig. 710 The regression ling of stand
volume on basal wesa * mein height seemed
10 be separated into two lines acconding to the
spacing of the stand, being less than 1 m * 2 m
and tmare than 2 m * 2 m in spacing (Fig, 7).
Far ecach group, the following equation wis
[tte,

o = G061 (hahyt 10

(R = M.954066) |

(For the group less than 1m®* 2m in
qracing. ]

v, = [LEDGATS (hah’ #4072

(R = QOTREDLY e (%]

(Lor the group mare than 2m =2 m in
spacing.}

Repardless of the difference in growth
stage, site condirions for cach areas, the regres-
sion was approsimited well 1oone Tine in the
stands with similar spacing.

In peneral Torm. eguations (4] and (5}
WErE giw;‘ﬁ |1-_'.-'!

v, = as{luh)" N |

a1s a vonstanl aod b s g coelfidenl, In
eguation LB), », Skl omght denote mean Breast
height form factor.

Mean breast height Torm Factor of a given
stunc 15 expressed as lollows (shaded, el al.,
(RN

Irlivizhual stem velume is

¥ = (& AeFeIFeH

Voo Ingividual siem volume

F:  breast height form tactor

L DB
H : Heighr
Theretore

v M= (IE ((n ¢ d)=FaT*H)
- (LS hbebe [z /4120
= [.E ({r 7 4}

f: mean hreast height form factor

Thus :

w, = feheh iy}
Al

f: v /(heh} T T ]

In the case thar powsr b s egual (o oo in
egquation (A1, cquation (&) is equivalent ro cqua-
tien {7, showing that coelficient @ s the mean
brepsl heiglt Torm factor fequation (8]}

Since power boin eguations (41 and (5] 5=
regarded as nearly ooe, coefficient a in equatinns
(4 and (%) is approximately the sarme s mean
Bredst height form facter, Breast height form
factor is equivalent to stem form. 1 s wadely
aceepled thal sterm Torm is easily changed by
spacing. This sugeested that the mean breast
heteht forme Faclor was affected hy spacing of
grand, being smaller in the stand with wider
spacing,  Uherelore, 10 is inferned (hat separation
of the regression line berwcen the stands with
wider spacing aml with nacrower spacing coild
e cauwsed by difference of stem form due to the
different spacing. 1t might be, (herelore, rea-
sonable that the v, - beh relarfion was scparated
according Lo the spaciog of stands,

Power boin equations {4) and (5) was ac-
rually a bit smaller than eoe, Thas anplies that
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the mean breast heighe form factor became
somewhat smoaller as the stand bacaime Targer.
[n fact, the breast bheight form factor is known
1o berome smaller with tree growth.

From these Tindings, i might be coneluded
Lhat although couarion (G is an smpiocd eoe,
this ecquation could be ralionally  explained
by meshification of stem farm (breast heaghi
fori Factor) caused by stund denstly sl prowch
stage of stamd,  This justifics in using the
eguarions (41 and (31 o estinace 2l volume
from basal aren and mean height of the stands
with, similar spacing.

The data used here 35 rather limited.
[herefare, equarinns (4] and (3) may be pre-
liminary oncs,  In (oloee, coefficient a and
pawer b in Ue egquations and grouping of equa-
tien according to the spacing will be revised
atter more data are galhered.

ACKNOWLEDMGEMENTS

W wish o express owr sincere thanks to
D1, Pangsak Sahunely (Kasetsarl Universicy),

133

. Thiti Yisaratana {Roval Forest Department)
and Mr. Sombocn Kiniprayoos (Roval Farest
Department) lor allowing es 1o wse the oryginal
dara. Owir thanks are also due 1o the Japan
Paper Assoctation For permitling us to use cthe
dara. We owe much to Dr. Ryosuke Kato
(Research and  Lrasing i RealTorestation
project, Roval Forest Department) for his kind
review and advice in preparation of the manu-
A1 ipl-, Lo [h, Seiichi Chahata (Kvoto Llniversing
for his reading of the manuscnpt, Mro Bunchoob
Bunfawee (Roval Forest Deparmment)  and
Mr. Wichien Sumantakul (Royal Forese Depart-
ment) lor their kind suppert [or this research,
and o Mr. Somboon Boonyuen for his oo
operation in figld waork.

REFERENCES

Shidei, T., er @/, 1974, Tapanese cvpress forest.
Chikyusha, Tokvo, 375 p,

Yoada, k. 1971, Forest Ecoloey,
Shokan, Tokvo. 331 p,

Tsukiji

13 1
] T R
ST ® Jmedr Trecam -| #
E ‘“E M
¢ ]
]
A =
"a
B
5"_ 001
(o ] -
] {11
+
] L j
0.0 +—— L R B o e o | T T T T TTTI T
10 1000
dguare of DBH [cm? )
Fig, 1, ERelatlonshiszs belwsern stem valume and DEH in the stands

with different spacing.



134 I TIUFIAAT 8 ; 129-139 (2543)
15
g
0,14 % _
" ]
o
]
I pmA
3 E
- -
g i -
& n
0001 | -
anh
U.D'I]JT-—-—|—-|---- La T T TT1T T T
1 140 100
Fguare of DEE [cmd )
w ChiangMal + Ratchabur = Khon Kasn
Fig. 2. FRelationship between stem volume and DBH in the different
locality.
1 aci Lok A0 -
il
01 it
i ik
a M
g
§ 001 m«i"
A E
. N #'.' |
q 4_,,dn-'I'* i
o gl |
o |
|
0,001 +— T L e B e ] o T
1 10 100 1000 10300 100000 1000000 1000000
0*H {cm®-m)
T m 05mK0Sm  + O75MxD.7SM = mxim
. 1.5x1.5m = 2rm2m A Jredm
f ’ £ )
Fia. 3. BPRelationship between stem wolume and D8 in the stands

with different s

nacing.



MIAITIUATAT 9 ; 129-130 (2535} 185

Lol

: fmd )

Stem wolume

QL0 T T T T —r T

1 10 1 100H] Lol
H [ca?-a)

|: G'niang Mai = Ratcheburi * Knor Kaen

o cals P ST
Fig. 4. helationship between stem wolume and [TH in the sifferen

localley.

1040 .
B P
§ED
5
B4
"
)
&
% + 4
T SE O ' .
o
5
g
- B
]

-B0

Ao+ . e T . , )

0 o 1 B B 10 12 14
(Thousands)
FH {ca2-u)
Fig. 5. FRelatlonship between relative error of stem wolume

’ 1
calenlated f£rom egualtion (1] and O H.



136 TIMTIUAART 9 1 120139 (2533)

10[}— -_— - —
|
g oo
v AD
F 1 B |
-]
B
0 + 4
? e + +
g . .
n |
1
v
i
=
=l
¥
=
-H#1
|
p——— i SRS S : r R |
2 4 ] 8 10 12 14
[Thousands)

Fig. 6. Relationship between relative erropr of stem velume

2
caleulated from equation (2}, (3} and D H.

i

fmd Fha. |
o
o

Stand volupe
w
=

10 H14 R acuo Rk =]

Bagnl arca f mean heighl |= fha.)
D rEpEeing (9.5 F 0.5m - 1,0 = 2,0%!

W mpusing [2.0m ¢ Z.0R - 4.0n ¢ 4. 0m)

*
Fig. 7. Relationship between stand veolume and basal area mean

height.



Tahle 1. Volume table of Eucalvptuys camaidulennis (m?)

V=0.000084 (12 H)0-B8258) {r=0.998184)

(For the values £ 3000 cmi-m fin DEI)

V=0.000050 (D)o 940713 (r=0,385955)

(For Lhe values > 3000 em®+m in DIH)
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