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FOREWORD

This report has been prepared by survey teams from Kasetsart
University as a contribution to ASRCT Cooperative Research Programme
No. 27: Tropical environmental data (TREND) - Ecosystem study of

tropical dry-evergreen forest.

The research is being conducted pursuant to ARPA Order 917 under
the management of the Earth Sciences Laboratory, U.S. Army Natick
Laboratory (NLABS), Natick, Massachusetts, U.S.A. Dr. Lester W. True-
blood is Director of the Earth Sciences Laboratory. Dr. Paul Dalrymple
serves as Project Supervigor, Mr. Frank Barnett as Project Manager, and

Mr. George Immisch as Deputy Project Manager.

The research programme is being carried out by the Applied Scien~
tific Research Corporation of Thailand through its Environmental end
Ecological Research Institute in collaberation with other agencies of
the Thai Government: the Department of Meteorclogy and the National
Statistical Office (Office of the Prime Minister), the Royal Forest
Department and the Department of Rice (Ministry of Agriculture), the
Department of Land Development and the Department of Mineral Resources
(Ministry of National Development), the Chulalongkorn University, the
Kasetesart University, and the Military Research and Development Center
(Ministry of Defence); and with the SEATO Medical Research Laboratory,
Bangkok.
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PRIMARY PRODUCTION IN DRY-EVERGREEN FOREST AT SAKAERLT,
fMPEOS PAK THONG CHAI, CHANGWAT NAKHON RATCHASIMA
I. ESTIMATION OF BIOMASS AND DISTRIBUTION AMONGST VARIOUS ORGANS

* * ¥
By Canga Sabhasri, Choob Khemnark, Sanit Aksornkeae,

and Padoem Ratisoonthorn®

I. INTRODUCTION

‘The present investigation is part of an ecosystem study of a dry-
evergreen forest at the Sakaerat’ Experiment Station in Amphoe Pak
Thong Chai, Changwet Nakhon Ratchasima in the north-~eastern region of
Thailand. This report is concerned wiih en initial examination ¢f the
biomass (weight of living plant material), as one step in assessing the

primary production in the forest. .

Estimates of ' rimary productivity in various habitats throughout
the world are of major importance in relation to the global potential
for food production. This topic is prowinent in the International
Biological Programme (IBP) and the present study will form part of Thai-
land's contribution to IBP.

An accurate and detailed knowledge of the standing crop of a plant
coumunity is the necessary biological basis of any attempt to control
the productivity of that community. The results of the present investi-
gation will provide a reference framework for evaluating.changes that
have occurred through disturbance of the vegetation in other parts of

the study site or which may be induced in other experiments.

The investigation has also been concerned with establishing cor-
relations between the biomass of & tree and its height and diasmcter, '
wvhich can be used in rapid estimations of total biowass and stem volume

of an individual tree from the measurement of only one dimension.

* Faculty of Forestry, Kasetsart University.

* Faculty of Science and Arts, Kasetsart University.
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11. PRINCIPLES INVOLVED

Methods of estimating primary production by terrestrial plant
communities have been reviewed by Kire et al (1967). These depend on
either a harvest technique, in which repeated biomass measurements are
made at specific intervals, or a photosynthetic technique, in which the
photosynthetic rate of a singie leaf is linked with vertical distribu-
tions ci leaf area and light intensity. Most of the work on this topic

has been based on the harvest technique, which was elaborated with

A special reference to forests by Boysen Tensen (1932).

In essence, harvest methods depend on estimating biomass at the
beginning and end of a given period of time, and also the losses by
respiration, by death and by grazing and parasitism. Kira et al (1967)
concluded that, especially for non-seasonal communities such as tropical
forests in which growth ring analysig ig difficult, gross production
crn best be estimated by calculating the increment of biomass derived
from repeated estimates of biomass of the same gtand, subtracting the
losses by litter-fall (measured with litter traps) and by grazing and
paragitism (they regard these latter sources as of minor importance)

and adding an estimate of community respiration.

The exact estimate of biomass is an especially troublesome task
in the study of forest vegetation. Direct measurement by weighing of
& reasonably wide area of forest is quite unrealistic and impracticable
(Kira and Shidei 1967) and recourse has to be made to relationships
between tree weight and other parameters which can be measuring in a
large stand (Sabhasri and Wood 1967).

Relationships of this kind, termed allowetric relationships, were
first formulated by Huxley (1932, cited after Ogino et al. 1964) and
Teissier (1934, cited after Ogino et al. 1964) as

y = .‘\Xh sees 0 (1)
or log ¥y = log A + h log x cene. (2)

where y, x are measured quantities of a particular individuval and A, h
are spoecific constants.

Kittredge (1944, 1948) was one of the first to apply allometric

3




relativnenips to the estimation of forest biomass, making usc of a
relationshin between the weight of leaves and stem diameter. Allowmetric
relotions were used by Maruyame and Sata (1953) in estimating foliage
and stands in the Akamateu of Iwate District, Japan. Orington and
Madgwich (1959) used such relationships in their studies on the distri-
bution of organic matter and 'plant nutrients in a plantation of Scotch
pines. This technique has been followed in previous work in Thailand
by Ogino et al. (1964) in estimating the standing crops in forests in

- north-castern Thailand, and by Ogawe et al. (1965) and Ogawa, Yoda,

et ale (196%) in studies on three main types of forest vegetation in
Thailand, including a stand of dry-evergreen forest near Doi Inthanen
in northern Theiland. Ogawa, et al. (1965) reviewed a number of allo-
metric relationships in connection with the data they had collected.
Following Shidei (1960, cited after Ogawa et al. 1961), they concluded
that there was better correlation between weight of & tree and D2H
(wvherc D is the diameter of the tree at breast height (1.3 u) and H ias
its hgight) than between weight and diameter at breast height.

They also concluded that it is reasonable to assume that the
allometric reletionships between the different measures of a tree is
approximaetely indepondent of species for tree species of similar life
form in the same hebitat. They derived (for a saumple comprising trees

of Dipterocarpus alatus and Pentacine siamensis) the following relation-

ships:

= 0.06851 (p2)0+8396 ceess (3)
1046230

Lf

W= 0.04518 (0%

where WC ig dry weight of stem and branches in kg,

cenee (&)

WL ig dry weight of leaves in kg,
D ig diameter at breast height in cu,
H is height in um.

They used these relationships to arrive at biomass for the above
mentioned stand of dry-evergreen forest, the total biomass being
290.6 tonnes per hectare, stems and branshes of trees contributing

270.9 tonnes per hectare, and leaves of trees 19.5 tonnes per hectare.




Ogawa, Yoda, et al. (1965) and Kira et al. (1967) have used these

and other alloumetric relations in estimating biomass in the forest types

: z.retdy wmentioned. In their work they used the following relation-
é ships:
. L o Q3% 9,021 ceees
% g = 0.0396 (1)211)0‘9326 cesse (6)
2 Wy, = 0.006002 (p%m)**0%7 cenes (7) |
; W, = 0.0264 (0%)0+775 ceees (8)
7: L = -l-l'—zz + 00025 ceoose (9)
: W W
: L S
where W_, ¥/, V., W. are the dry weights of stem, branches, roots, and

§' 'B? R' 'L
leavas regpectively in kg, and D, H are as before,

ITII. STUDY MATERIAL

; The present inveatigatiod was located in the ASRCT Sakaerat Experi-
ment Station situated on Route 304 from Nakhon Ratchosiva (¥horat) to
Chachoengsao abtout 60 ku south of Nakhon Ratchasima. The stand was in

relatively undigturbed dry-evergreen forest, adjacent to the open tower

of the wmicro-ueteorological installation, approximately three kn south-

wost of the Gtation living quartors. The trees were felled during the !
process of onlarging an existing clearing around the base of the open ;

tower.

The nuuber of species which constitute the stond is large, and
wore than 100 species wero counted including trees, shrubs, climbers

and herbage. Details are given in other reports in this sories’. The

* “Species composition of dry-evergroen and dry dipterocarp foreats at
Sakaerat, Pask Thong Chai, Nakhon Rotchasima. I. Variation of floristic
cowposition along a transect through dry-cvergreen and dry dipterocarp
forests" DLy Sanga Sabhasri, Ath Doonnitee, Choob Khemnark, and Sanit
Aksornkomse. Report No. on Research Project No. 27/1. (ASRCT un-
pablished report,) “Iaventory of vegetation in omc hectare (100 o x
100 m plot) cemtred on forest tower, ASRCT Sakacrat Experinent Station
(Amphoe Pak Thong Chai, Changwat Nakhon Ratchasiua)® by Tenm Smitinand,
Chunari Chaiyanand, /inand Nalawphun, and Thawatchai Santisuk. Report
No. 3 oun “esearch Project No. 27/1. (ASRCT unpublishod roport.)
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najor species with high frequency of occurrence are: (1) Hopea ferrea

Pierre, (2) Hydnocarpus ilicifolius King, (3) Walsura trichosterion Mig.,

and (4) Memecylon ovatum Sm. Other species of sporadic occurrence have

been grouped as "associate species".

Field work was carried out from July to November 1967 during the -
rainy season apd the beginning of the cool season. Details of rainfall,

temperature and hunidity are given in another report in this geries” .
IV. METHOD

A group of trees was selected and neasurements were wade of various
parameters to establish allometric relationships.

The aia in selecting trees was to esteblish similar nuubers within
a series of classes based on DH (D is diemeter at breast height (1.3 )
in cm and H is the height of the tree in m), these classes being chosen
to provide an even distribution of class intervals on a logarithumic
scale: 0-100, 101-300, 301-500, 501-700, 701-1,000, 1,001-3,000,
3,001-5,002, 5,001-7,000, 7,001-10,000, 10,001-30,000, 3%0,001-50,000,
50,001-70,300, and 7U,001-100,00C. Claas vanges were deternined by
first establishing that the volume of a tree approxinmates the volume of
a cylinder (cf. Yoda 1967) with diameter D and height H, which in turn
can be directly related to the biouass of the tree.

Diaueter was obtained by ueing & caliper, and height was ueasured
by using & regular metre taps on the felled trecs.

Befors cutting, each tree was measured at ground levol and at 10 cu,
30 én, and 130 om above the ground. The purposc of these ueasurcments
was to caloulate base taper. To obtain the weight of the tree, the
stetr was out into 2-o sections, leaves were picked by hand, green and
dead branches were reunved, and all were weighed and recorded., A couoon

balance scale of 500 kg capacity was wounted ou a platforn at the tree

* “Prelininary study of evapotranspiration in dry-evergreen forest at
Sakaerat, .mphoe Pak Thong Chai, Changwat Nakhon Ratchasina® by Sanga
Sabhasri, Knseu Chunkeo, and Chooupol Ngaupongsai. Report No. 2 on
Research Project No. 27/5 (in proparation).
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g8its for uwue In tle wcasurements. Weights were recorded to the nearest
tenth of o kilogramme., It was deterumined that the weight of sawdust
was not suificient to merit the difficulty incurred in saving it for
weighing.

The following items were measured and recorded for each sample
tree:

‘H = total height of the tree

H, = comnercial height or height of the trunk up to the first
living branch

D00 = digoeter at ground level
D10 = diawmeter at 10 cu above ground level

D1 3 = dianeter at 1.3 n above ground level, which is analogous
to diaweter at breast height (DBH)

D2 = dianeter at 2 uw above ground level, and fron this height

upward, dianeter at the height of every 2 u to the tip

C = crown length

We = green weight, being the suu of the weights of every 2-n log
wa = weight of green branches

WL = woight of greon leaves

WT = totel weight of green astew, branches, and leaves.

Heights and orown length were recorded in uetres, diameters in centi-
vetres, and weights in kilogranues.

Saupleos of gtems, branches, and leaves were collected and dried
in an oven at 105°C for 24 hours to deternine moisture content, and
these values were then used to correct the green weights to oven-dry
weights, the latter bLeing represonted by WS, WB, WL, WT for aten weight,
weight of branches, weight of leaves and tetal weight respoctively. The
etoen volune of each troce was calculated by using Smnlion's foruoulae

(Bruce & Schuwacher 1950): The nuuber of trecs in each D2H class for
each specics is shown in Table 1.

Frow these wossurcuents allouctric relationships were calculated
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Rewriting equation (2) with y = W (total weight) and x + D2H, the equa-

tion becoues
logW = log A + h log (D2H) vesss (10)

For a gseries of trees this becones

zlogw = Zlog h +h Zlog (D2H) vesss (11)
and E(De}l) logW = J':(D2H) log A + h t(Dzﬂ) log (D2'H) .o (12)

] : The constants log A and h can be calculated from these foroulae, and in

this way regression cquations for weight against Deﬂ, weight againat D,

g~

‘ g - and voluue cgainst Dzﬂ wvere obtained. Samples of the calculation are
given in the Appendix. The values were used to prepare graphs for each

relationship.

For the study of bionnss per unit area, a saople plot of 20 o x 200

'{ , wags laid out and the following items were weasured and recorded:

(1) Troe species of wore than i nm in height were recorded and

ueasured os mnentioned above.

N

. : (2) The undorgrowth including trees less tham 4 m in neight,
shrubs, herbs, and grasses wos cleaned from the plot, and the ateus and

branches wore separasted from the leavus and weighed.
(3) Cliobere were collected and weighed,

Sagples of all watoerial were collected and oven-dried to deteraine
woieture content, and these values were used to correct the green weights

59
A

to ovea-dry weighta,

The weight and voluwe of the standing crop was then deteruvined
using the specific values of elle~etric relationships avrived at frou

the earlier sets of weasurewents.

The value of 32H wos calculated for each tree and the weight or
velupe detorwined uwsing uhe graphs of appropriaste ollouctric relatiou-
abhips. VYhere particular relationships had been deteruined for the
specics, those were usoed, otherwise the relationships for “all specivs®

vag used.

In those cases where it wos difficult to oeasure tree height and

this occurred often in this dense etoand where the top of & tree 7 :uld

9
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hardly be seen from a distance the relationships connecting D with
weight or volume were used.

V. RESULTS sND DISCUSSION

Table 2 summarizes the data for the 214 trees in the selected group
of trees. The four major species already mentioned were the only ones
which occurred frequently enough to be included in more than six D2H

clagses, Data for all trees measured are averaged in the summary under

the heading “all species”.

Table 3 regroupe the data under D2H classes, information being
given in each clasa for the individual apecies in the sanmple,

Figures 1 to 7 display the allometric relationships as follows:
(1) Total green weight (WT) againat D3N,

(2) Total dry weight (VT) againet b2H.

(3) Stom weight (vS) ageinst %M.

(4) veight .of branches (va) ageinst D%H.

(5) Weight of leaves (vL) against 2.

b2}
(6) OGtem volume against D H.
(7) Total dry weight (vT) against DDH.

In cach cose the relationabips are given for each of the four

major apecies and for all of the apecics taken together.

This informa-
tion is restated in Tables 4 to 9.

Here h is the slope of the resgrossion

line and log i 1la the value of y vhen x =« 1, The values of r2, the

coefficient of determination, indicates that the regreseion equations
n
for the relationships involviag DN are undouktedly strong.

Tablz 10 suvamarizes data for the 20 @ x 20 & plot showing the con-
tributions of the varicus parts of the tree to total weight {(greea and

oven-dry), and also the stem volume, for the 14 tree species above 4 wm
high and ior the undergrovth and cliabere.

Table il gives wore detailed inforwmation for all the plants in the
plot.
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All specice

log vy = 0.93461 1log »’u

ﬁopcn ferrea

log vg « 0.93322 log p3n

Hydnocarpus ilicirolius

log v, = 0.88227 log DM

S
Waleura trichostemon

o

log Vg - 0.34300 log DTN

Nemecylon ovatua
log v, « 0.93213 log D2

1

¢

]

1.19984

1.18289

1. 08465

1.17647

1.33776
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1 All species
© log wy = 0.75614 log DR - 1.91033

2 Hopea ferrea

log v = 0.77223 log D°

H - 1.96460

3 .ydnocarpus ilicifolius

log w, = 0.51882 log D°H - 1.37536

Walsura trichostemon
log w; = 0.61606 log D°H ~ 1.43453

Memecylon ovatum

log Wy = 0.63940 log D

H - 1,39836
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Figure 7. Allometric relation between total dry weight and DBH.

1 All species
log wy = 2.37617 log DBH ~ 0.58797

[

Hopea ferrea
log Wp = 2.25891 log DBH - 6. 36600
3 Hydnocarpus ilicifoliug

log Vg = 2.17279 log BBH -~ 0.45541
4 Walsura trichostemon

log Vo = 2.52663 log DRY - 0.67088
5 Memecylon ovatum
log Wy = 2.73136 log DBH - 1.14624
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L e

TAELE 4

ALLOMETRIC RELATIONS BETWEEN D2H AND WEIGHTS
OR STEM VOLUME FOR ALL SPECIES

RN

WT wT ws wB VL VS
h 0.85335 | 0.97309 | 0.93461 | 1.09172 | 0.75614 0.92973
log A | ~0.94026 | ~1.17469 |-1.19984 |-2.27676 ~1.91033 | ~4.09641
r 0.9143 | 0.9243 | 0.9270 | 6.8533 | 0.8390 0.9959
re 0.8359 | 0.8543 | 0.8593 | 0.7281 | 0.7039 | 0.9918
TABLE. 5
ALLOMETRIC RELATIONS BETWEEN D°H AND WEIGHTS
OR STEM VOLUME FOR HOPEA FERREA
WT . Vip ws wB wL VS o
h 0.96651 | 0.97644 | 0.93322 | 1.26695 | 0.77223 0.96042
log &4 |-0.99501 ;-1.20160 |-1.18289 |-2.84233 |-1.96460 -4,21281
r 0.9917 | 0.8814 | 0.9290 | 0.8476 | 0.8559 | 0.9974
r2 0.9835 | 0.7769 | 0.8630 | 0.718% | 0.7326 0.9948
TABLE 6
+~LLOMETRIC RELATIONS BETWEEN D°H AND WEIGHTS
OR STEM VOLUME FOR HYDNOCARPUS ILICIFOLIUS
: !
Yy ¥ ¥g g vy, Vs
h 0.88054 | 0.88582 | 0.88227 | 0.95023 | 0.51882 0.92602
log A | -0475799 |~1.20959 | -1.08465 |-1.93983 ~1.37536 |-4.11179
r 0.9660 | 0.9810 | 0.9775 | 0.9793 | 0.9074 0.8041
re 0.9352 | 0.9624 | 0.9555 | 0.9590 | 0.823% | 0.6466
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TABLE 7

LLLOMETRIC RELATIONS BETWEEN DQH AND WEIGHTS
OR "TEM VOLUME FOR WALSURA TRICHOSTEMON

?{T w,r ws VB wL VS
h 0.89202 | 0.932%1 | 0.94300 | 1.05623 | 0.61606 | 0.97274
log 4 | =0.69231 | <1.01555 | ~1.17647 | -2.08532 | ~1.43453 | ~4 14826
r 0,97%3 0.9875 0.9978 0.8734 0.6371 0.,9942
ré 0.9493 | 0.9752 .| 0.9956 | 0.7628 | 0.4059 | 0.9884
TABLE 8
ALLOMETRIC RELATIONS éETWEEN D%H AND WEIGHTS
OR STEM VOLUME FOR MEMECYLON OVATUM
WT wT ws wB wL VS
h 0,95095 | 0.91463 | 0.98213 | 1.00287 | 0.63940 | 0.9470%
log 4 | ~0.92234 | =1,22805 | =1.33776 | -1.97380 | ~1.39836 | -4.15150
r 0.,8007 0.8006 0.8011 0.7979 0.,7696 0.9989
r2 06411 | 0.6410 | 0.6418 | 0.6366 | 0.5923 | 0.9978
TABLE 9
ALLOMETRIC BELATIONS BETWEEN D AND v, FOR
FOUR MAJOR SPECIES AND ALL SPECIES
Hopea Hydnocarpus | Memecylon Walsura All

ferrea | ilicifolius | ovatum |[trichostemon | species
I 2,25891 2,17279 2.73136 2,52663 2,37617
log 4 -0 .36600 «0.45541 ~-1,14624 -0,67088 -0,58797
r 04,9530 0.9745 0.7584 0.,9655 0.9627
re 0.9082 0.9497 0.5752 0.9322 0.9268
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On the estimation of standing crops per unit area, past results
shoved a wide range of total weight among sample ﬁlots. Total weights
(green) of standing crops collected from two sample plbta in a nearby
area as reported by Ogino et al. (1964) were 220.9%4 tonnes/ha aud
403,77 tonnes/ha. Difference in total weight for such plots of the
same sige was believed due to the unusually big sized trees which hap-
pened to occur in one sample plot. Ogawa et al. (1965) reported a sum
total of 291 tonnes/ha (oven~-dry) for monsoon forest. Our attempt on
the estimation of total weight per unit area is summariged in Table 9.
The total green weight of trees, climbers, and undergrowth in a 20m x 20m
sample plot is 14,611.60 kg or 365.29 tonnes/ha, while the correspending
. ] oven-dry weight is 9,505.65 kg or 237.64 tonnes/ha. The total green
3 3 weight is between the figures given by Ogino et al. Such an estimate,

3 therefore, may be taken as representative of foreat production for this

RTINS Y

forest or for those of similar type.
VI. PROPOSALS FOR FURTHER WORK i
The present study will be extended to include dotermination of

root biomass in the near future. If a suitable kiln becomes available,
additional largoe tree parts will be kiln dried and the results compared

with those from the presont technique of reoducing green weights by
oven-drying of samples. It is aleo intended to use the information om
allometric relations to calculate biomzss of the vegotation on a one
hectare plot which has been eurveyed in an asscciated study.

The work will be cxtended to provide other inforsation needed for

E’ - an estimatc of primary productivity in this forest haditnt,
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