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Anad whima : anudiudiddalawsinssinanumunvesnseitkasidurn
Audnanaiissenvessiniusliviulugneuwisnwilvg. ( Allometric
relationships between sapwood thickness and diameter at breast height of
dominant tree species in Khao Yai National Park) 8. fiUSnwndn : 541 A3,

NUSUT HOEU

NUITEUYLUUNITATIEaUN5TALaLUATN TENT9AMUNUINTENAULFURIY
L4 = v L4 ! o a U [ 1 a 1 a

Audnaaiigsenvoaiugliiviudiuiu 14 vlaiug ludugugiuazdmisgdl aneu
Wi lngdnanunuivesnseiiliuagiduiiugudnataiiesen uagldnaila
AATIEINIRNeY WengULuvaNn1simuizaulunisaseauni1sdalaunin na
nsanwInud sieiugldivarifinnununvenseilaemds 7.6 - 24.8 lufiumns Andu
46.7% - 99.3% ve3Ailvedd1Au Walnselaswenvliniug wudl auniseniaauay
aunsdunsuduaunisdalawednimunziueiiaiugiviinisfnwegrfidedfey a7
dudszansnisinaula (A Tt 0.46 -0.99 diA1 p UosnI1UI0WIIAY 0.04 wazLile
AnTgviveyannviiniugeniiu eradeu (Dipterocarpus gracilis blume ) Wud1a1u13a
aivaun1sdalawminieldiunnutianugld (7 = 0.86, p < 0.0001) lngdlsukuuauns
Al y= 0.57x* wananiidelinisnsirasuanumazanveaunsiinlagldnig
ATITALAMUGD (Residual analysis) tNoduduaMuLlUg1vesauns lagaunisoalaly

a A v v a =1 | ) H o & A !
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# # 6280089120 : MAJOR ENVIRONMENTAL SCIENCE
KEYWORD:  Allometric equation Sapwood thickness diameter at breast height
dominant species
Siriphong  Yaemphum : Allometric relationships between sapwood
thickness and diameter at breast height of dominant tree species in Khao

Yai National Park. Advisor: Assoc. Prof. PANTANA TOR-NGERN, Ph.D.

This study aimed to develop allometric equations between sapwood
thickness and diameter at breast height (DBH) for 14 dominant tree species in
primary forest and secondary forest in Khao Yai National Park. We applied
regression analysis to the measured sapwood thickness and DBH to develop the
allometric equations. Results showed that average sapwood thickness of the
dominant species ranged 7.6 — 24.8 cm or 46.7% — 99.3% of basal area. Regression
analysis showed that power and linear equations significantly explained the data
when being analyzed separately by species (¥ = 0.46 — 0.99, p < 0.04). Additionally,
a single equation significantly described the relationship for all species and forest
stages, except for Dipterocarpus eracilis blume (* = 0.86 p < 0.0001), has the

pattern equation y= 0.57x%%

. Finally, examine the allometric equation using
residual analysis to confirm accuracy of allometric equation. The developed
allometric equations will improve the estimation of canopy transpiration in Khao

Yai forest and may be used in other Thai forests with similar tree species.

Field of Study:  Environmental Science Student's Signature .......ccoccevieeennnn.

Academic Year: 2021 Advisor's Signature ........ccccovveennnee.
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A o £ 1 a % e‘d‘ <] = A 1 U a Q‘ v a A 1
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1.1 NuuazanudAgyvasdym

ninensi Wuunasgulnanazuilnandnvesdediddaluszuuiing lnedunasiied

v

anaryunanU bl TnedhlddiunuimddglunsyinliiAnanuauluusseinie wagneliminnu

<

1 %’ dyl Y 1 = go’ a ! A o Y1 1
HunsEuIunsAesEmeln yendniinlidunegaduirulufuiusnvesiiy vinlvdgy
¥u waznolmanurasnausadlldlufanssusng 9 (wawdng Indayhina, 2552) ue
Wasrenansenuatnnsasuwlasaningienieludagdudessuuial wu an1e

Y a A% 0o q Y a %] v ! v X A v | Y N a
udaeuIULazdvY v liAnnsaumevesulilud ldmateiun wisluliesisuinagil
Unlddugauanysal wuluwauguudiiueuzaeu Alasunansznull (Nepstad et al., 2007)
HaNTENUAINaeIdNaliuTual U llazaunsadeioliszuuiinalaisiianasla
Mnsaeigansvenin (Water Cycle) luiunfiunaguludietnld asiesdusenaunan
lawA wenuin (Precipitation; P) 1131nn15A1858Y (Evapotranspiration; ET) Wazu1il

(Runoff; R) TnguaniaduduiusiieaunissenineeAlsenaudina1inunannsaunain

[
Yo A

(Water balance) s18Ulansil (Hasenmueller and Criss, 2013)
P=ET+R (1.1)

MnaunsieRuaziuil mndSinaniWurionisaesemeasuulas dse1aldsu
mamwumﬂmiwﬁsmmmamwgﬁmmﬂ WU @N198Uas (Dai, Zhao and Chen, 2018) 9
denaliUsinanivinddeuulasmuluie Tnedvhezdauddyseddidinlussuuiiog
Foarldusslenilunmsguing vilae msldlunmsinuasuazgnavngsy TnemnUSuain
finswasunladilentezdmansenuseianssumaniild Tun1sdnwill avlianudda i
nrsmeszmedundn Wesaniianuisidesiudiaudie Tnsenizduldluszuudnali
Tneiluuda nsaneszme Usenaudie 3 nseuiunssaniu teun n1sanetinvesdulsl
(Transpiration) n133zmevestinuululdludousen (Canopy interception) wazn155ime
gaalufurieturssavlusazisidiunuuuitunulugi (Evaporation from soil and litter
layer) mmmi'5]’817'isj'1umﬁ7‘iﬁﬂm%’ayjamsﬂizLﬁuaﬁﬂizﬂawaqmimmzmafuaﬁzuu
Anedvhlan wuinnisaethandudadiuannia 90% wenisaessme Jasechko et al..
2013) 3901908171891 WniENsanTITLasRnnusasINIsAeT e ssEUUTneAUIlE A

A¥AIUT0ARANNLLNITNNNSUA UL UaIYeIUS U v F s Ul Ul ma e U nued sEUUtne



Jane anaruduiusiuandduannis (1.1) 14 iWesandnmsnmatauimanuegis
solfowmnuaniinnrindeyansgaieninendudeyatiugiuoguéa fadu anuvivnendn
FomsUssdiudanmaneihvesssuuiinalh fwiasededeyaiilailifinnsaintuoeie
WnInanY

Tuilagty wilduisdtenlflunmsussiumsaethlussuuinaln fo msfuinsng
nsmethyaaieusonanuanuIzninednsnsinarenit (Sap flow) kazANLMLITaq
A5ed (Sapwood thickness) Tngarnununwansydl Aodiuiiddlidnvendols finns
WiyAuTnegssvihadendulusazuauldl vimihfidwdesinielugifu damd 1.1 v

o Y A o

nihfadsnhngludsuiiunumdAyrenssuiunsmeuivesulivazosd mewmeil

(% '
s o U

nsgdisndumisfiwesidrfgylunisuszfiumsmeisiudunisinensinisinavesitluan

#u (Gartner and Meinzer, 2005)

uriula¥ nIeN

4

sy wden

wlden
sl dmuen

AN 1. 1 MNLERISNYraInUsEnavvanilalinaulalann (Gartner and Meinzer,
2005)

Tngn1susziunisaeunfleannisdazlvafwanadslsunainflvan untaniievss

v v v

AuUYeInsEATduiatuaUnsainsITnraan (GRANIER, 1985; Oishi, Oren, and Stoy,

9

[

2008) fatiu mndesnisdnsnnisinavesimesisiu dududesddoyanumuies
nszdianuavesiuliuassu Inesnanislnavesiwesfuliifisunnldandoyaao syai
seiialndifsstusnsinismetivesiulslugianamiefu (Bosch, Marshall, and Teskey,
2014) MnazUspdiudammanetivasulitmmalussuuinath Seududesiifeyany

wuwasnszivtusulinndu wesslaululdlunsiundnannle aglsinim nsuszdiu



Arumungasnszilusulinnduiudessnn dafesordyisnmsdsd 1un maialilaonsade
yi1n3finyn nsldgunsaiionsileldl (increment borer) uag n1slégunsal Electrical
Resistivity Tomography (ERT) tJudu T,ﬂsnmﬂﬁﬂuéfulﬁﬁgwumiuﬂwzﬁﬁﬂ%"«jwqa uag
sumudulsl sadenadesinisTauduldiommndn deldiluiidonvih duhisitedldlunns
Ussdlupnumunvesnseiiuduliinnsdeude nisadrsaunisidssalawnsndaduaunisuand
AudTuSsErInsaTwesnsERiiunn s inesiddasiaiwesdulsl Tnaoweduriy
Augnaaiieden (diameter at breast height; DBH) kazA3uge (Mitra et al., 2020) lng
assaumstinamandeyaiitaldnnduliifeswsduiigninninyuuiiugunsduden
V1eadR uenand UITeTHuLMUIEINSBssalawnsnildluntsiunaArLYes
nseiugulsiiy fenuuansnsiunustaiuguosuld was anmuindeu (Afss wWasw,
2555) uenanieuitedulngvinisinuiluiiufiunevsunazivavunn dediuglian
(coniferous species) Lﬁuﬁuﬁlﬁwﬁﬂ (Sellin, 1994:; Galvan et al,, 2012) 3ainda31inlu
nsUszdiuaunuvenseiudulilutndeu WesandwinaunisiBedalawnsnd
Tmnenzasdmnusiaiugiulilulneniou

Femmrafindndiafunuided Sajaiufnwannadsalawnindmiuldmuam
anmuweInsyituduls WethlUldussidiusnsnsmetvesssuuinaliundou Tnold
NuRdnwlundasedsdn s?iqLi‘;JuLLﬂamnﬂuU'%L’gmqwmumeﬁmﬂmj wasiSudumils
984 ForestGeo Network dutduasAnsuiuivfvazidumsevisnvasidoaiuiilduvay
fantuaninuwinaeauvaslan (Brockelman, Nathalang, and Maxwell, 2017) 3e5iA21u
wnganludrunisiinisfnuiluiud Sniagueruuissiionlng duundesuaii
MaAnANENISTIn BN ses wazdn iU Tneuiidrnlnaidutafiuan (Tangpra-
sertsri, 2005) 'e'ﬁﬂﬁgﬂﬁluwéﬂéfuﬁwﬁﬁﬁcy PosutndmeAns dadunihaendnvessmin
uass1wdun fmsldusslomineninnunsldnaeaiedinu nisugndm Ugnitona uazdils
InganIzdIwast1Ilng ﬁﬁmaﬂgmﬁuaﬁ’wmummiuﬁuﬁ wazdinslgusslesunaesugia
dun msadranszualiiihandeuwsidhdnsaes PAAIMNTIUNITLUTFUNIINITINEAT NS
Uszaunindn 1wy sudsdnsliusslemdannudihdngaedunsldaulnauilnnvesgumy

Tuui Wnedusunanihiiaunsalduselovilananinign 1.2
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[ LY A

A 1. 2 wansUSunanihlu@eudnzasa@ugnuiaiuns) lWuseiuinseweun
AnUUlLEIRU W.A.2561 (Wiaenues) 2562 (Wriedan) wag 2563 (wisd
1717) Tugiusiuansdsgasulagaglugismguainy - gaiau (@andy

ANTAUNANTNYINTUT, 2563)

Mndeyaufinauhinnsmdisiuasdiuldi Yinarhinswdeuamnd Tasame
1 2563 fiflanuulsUsuresUinaniandign Ineluiafouuney aufafeususey &
USmnanhludeutiooniil 2561 wazd 2562 Fadunaaindouds (@uautingnninelne,
2563) denaliUsnanitlaimeldluded wlufeusaiau - furau vesd 2563 HuUTumih
Tuidoufiunnduni dfkunwasiadymdugnnde feadrsanudemeoiduniily

Wunyuvusruudnavaieidn (GISTDA, 2020) AukUsUTIwvaTdIunidee1alinau1n

ANULUIUTINAINNTAenvesnuldluiundamasonisaneseive LazUsunauvn adls
n1sAngi1vessuliazunnsiunuyiln engvesiuld wazanmwindeunsuldiiulneg
Aatu mnfeensUszliuladwinanU dssududesdinsdnviendiunismeiivestn

Tuiiunivesgneuie Aty Fadianuvainvatenslusulaseasiausousenueal wag

a

giauguasuld lnan1sadrsaunisdedalaun3nsenineanunuiveanseiibasiduniu
Audnaiissenveswruld lnsaunsaddalawniniinualunsuiuseduresnisinnisae

q

(%
o

[ [ o X A v a 1 [ (9] H o v a
UNANTLAUAULUUTEAUNUN LL@%ISU‘UigLiJu%"JiJﬂ‘U“UEJ%aﬂ’]'ﬁ')ﬂﬂ?il‘lﬁﬁﬂ@ﬂﬂﬂ‘ua'mu Tagytin

% %

wugsuldivinnnsfine asAndenainvliaiugliiviu 14 vlialuwdasdiny weldludunu
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[
v A 1

A o v v & X A & ' ) =~
yavlanugauliaualunug Usvlorinaininagsuannmsfneinsalife A1veannumn
dﬁl v ygj 1 a U a dl o v a
YaenseituauliniUiannaunismedalawns niwiunsay wazauisaunlulgusediunisane
uluszuvdvatiluiiufigneuwismiwn g ldegauiugu suuiadudunuudmsy
nsEnwInIsaetnlununnduszuuinaUINnsUseiuaunuveIn sy lusuliianie

d’lj dl o U 1 24 1 dl' = % = 4
PundrnsuUldiadulukauedensiuaandedlale

1.2 Inguszasd
iieasvaunTsdalawnsnseninennunuveineiiuas idurugudnailesanves

yipusliviulugneuwisnfiwlvg

1.3 YDULUAVDINUIY

1.3.1) Anwivuilinluwsgneruwisndnlng Useneumessuuiiaa 2 vila Ao U7
Ugugil (Primary forest) uag UrmAgnil (Secondary forest) Wazfnwrvilaiuginuluiui
= o a v s v A a v s d'u v s dy all Y o .
Anw1 91uu 14 vllaiug lneAndensianugainanudduimsyesnuiviide (Relative
basal area) kagyin1sduidendulilinsauaauIUIANINUATDINITNTEINUAIVOLAUNIY
Audnatsigantuylaiugnvinisiny

1.3.2) NMSWAILIENUNITOALALURSNTUNISUSEEUAMNUNUNIVDINTENALVNTAEN1SALAT I

n15anney (Regression analysis) lngldflandusniigs (Power function) wazilsidusuuuy

'
A

dunmsgauiutoya lnedidudsAner fie Anuvunvesnseivlusuld (Fudsniw) way du
1 LS a U a
HIUAUINANLNEION (AILUTDETE)

1.3.3) ‘W"mmammié’a‘laL:um%ﬂiszwmmmwaqmzﬁuazLﬁumu@ueﬁﬂamﬁmaﬂ Tot

s A v o

Januwunzausefiundnwiwazsianus WeilUldsiuniudsuasnsinisavesuirtunulsl

q Y
¥ (4

(Sap flow) lunsAnnanisaeinlussauiiundiusnuidetdasgaiiunisainsaunisoalaiy

manilunan edugiulunisreseanisuszdiunisaetluszaulsield

1.4 Uselavivaaulagy

1.4.1) aunsaunaunisoalawmsnias1svuldidlunsusefiuanunuiveansentugulsl
gj 1 dll P2 U ¥ [} go’ o 4 ‘ﬂl Y o goj 491} d‘ 1
M uieldsuiudeyadnsinisivavestiludsiu weldduiunismeuivesiunUaldly

NIV bAeY
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1.4.2) Adeihlunisadngiudeyavesrnuvuiveanseituduldlulisssuvdly
Uszwialne Fadunilsludeyaiuguiddylunsfinviferiuaudnvaziasnisnauaues

Ya3rulilutfan1sIUAs UL YA IENNLINA DL



UNN 2

L%

NUYNIUITTUNTTULAZITUIBTINYIVDS

2.1 wqa%mﬁﬂuizuuﬁmﬂﬂ'} (Water budget in forest ecosystem)

JURAY (Water budget) n3oaunatn (Water balance) Aonmsduinuiunaignsd
Inaiuarnaeenainszuuiing Taensnusunatid aunsalissdusanssnuainai
uwsUnuvesiunadeuvietanssuesywditreunanivlussuuing (Healy et al, 2007)
uananil MsnwIeuifisusugainlufiufiiunsieiu azdwlviszyransemuvesiiad

A9 9 WU SnwagAu YaRuge wardnyaemsiduselovianniiug endlinaseiginsves

v !
o o A

17la (Evans, 1996) lngniisluiunfdrfydenisuseslinsugatife ssuuiinedl Fessuy
A & o oa v 8 o =~ & & dda S A

Tnadnluwvanuiladuididsts saufsduiunndnisaeseivedaugusseiniauin oy
lunsussinsunainlussuuilnalidunesdianudilasenseuiunseng | veediginsud
Tuszuuiinedl saNsn1seviakazdseiiuUsuaivesesrlsenaun 9 Tudndnsd

dnmae (Calder et al., 2008)

2.1.1 Uszlewdlunsinwisugaunlussuuiivaall

Batchelor et al. (2016) land13l391 n1sfnwrsunauiaiunsaglslun1sInii

1
Y o

QAU (Water Accounting) Fsiiusgloviiluaun1seduienislain uaznandnylaainun

meluiunifiansan wansbiiuisaniunisaiilagUuluiiui wazaunsamnnisalifeaiu
anunsalverasiluswiaals yinlrtinsuimswardnn1smsnensuegiiuseansan
sudenanssum st lususing q wazsiitelimsiuduuimeanianunsausuusslunisidiily

[

winznauiangsusng o Wiinuselowlt Wy venanifaslvnsuimdananlaainuity

(%
o w

A el n1sdavihtiy@dnasinnsanduunionssunisliteing 4 eeruanuuaniude
maduAssgEansuazmansinnsi wu ansnsliih slavemwadsyleninnmsli
uenand msnwsugatlussuuina Sielumadioudtihudaasiivion
Tnelddaynainangnioniner téun Uhnuheu uastogansaessmevosiluiui o
thandnuUiinud i wasmniintsensinegisoidondunan ornideyasseren

wAnwmuduiusvesUsinanim sudunanisiwinainunaul fuladeneglionnia



au 9 wieldaanisalnisildsulvasvestivinlueuian suaztislunisuszifiulazing

WHUN1TIANISEVan SutlUnlshduwnasduinlaegnafiuseansain (Van Loon, 2015)

2.1.2 Aansunussuuiiaada
Batchelor et al. (2016) lana1a1331 Ygdnsvesin ilunszuiunisnyuiisuves
Yo X d 4 N I y &
Wibuiunnds wu szuuiinadn lnglsuasudiiduanantuusseinieasgiulan wazlvald

Fauraainng 9 1w it nzia wmayns Wudu wenanil Usinadwuinnuiunsdiueg

N

szmenduiulugduussenialugluvuredled uazdeliAnuandunnasndnads lag
mAfeildaduinuiame T fnsvenidiAsates fussuuiinat vildifumunddailu
msdaasuipinsvesiliinsmuisuluszuuiinaldd Tnsmnfinrsanssuuiinadiums
wils aflosAusznaundnuesipdnat #ail neamindl (Precipitation) 1¢iun 1helu (Rainfall)

A a A ¥ v a ' a - | ) ' v
1198 Nu (Snow) LllEJ‘VTEJ’]@U’]ﬁ’]L‘ZJWQESU‘U‘L!L’MTJ’] U3UUID L1 N AT UNTIDE WU

e

'
%

Auldiarionssa Tudsd1udy 9 vesszuvineall wu au Juveslulduazeindunidniu

v A ]

auUUNUAY wardinduAudussenmatuguradlown dunseuIunsiig 9 laun n1sael

Y

(Transpiration) sulunszuiunisvaseletieenainiianssaniuiinlu nmssemevesiann
UINU8 A (Interception) BI9AITANUAULALTUNUALVBIBINDUNTI (Soil and litter
D

evaporation) kagvineiian Usunaumeniiiviaeayivasenainssuuiiag lnvenalvaasyg

waan (Runoff) Mseduadlanu (Infiltration) A9LaAAILLAINA 2.1

L4 2 4
V4 V4 7 Yiuamnelu g V4 V4

¥ ¥ 4 ¥ [ ¥ ¥

o & B

ﬂ’ﬂﬂ'l!lJ’l uﬂﬂn’l!!ﬂ“‘l!}\!’! AnFouven

AA 2.1 UaainsEuIunsvesininsvesilussuuiineal



2.1.3 dunssugauluszuuiiiaadl
lun1sAnwisunatiluszuuinall asiansanusunanmsiisuilasietues

N3EUIUNI9A9 9 Tudndnsun dell USuameinuafin (Precipitation) 1131nn15A8 5811

¥
[y

(Evapotranspiration) kag1i1 (Runoff) lngusunameualuszuuilnmasdueg fudnina

a8ty 919 Usensvesnulyd tassastevesduldl sruludsdnwalzasauyan
wanneunaurdelldnsnadenisasayivlnvesrulidnee (Gilmour, 2014) Tunas

1%

Usziliuaunaunazeduaun1sniseusny¥ula (Conservation of mass) 8814418AIEHUN5H

2.1 il
USmashidn - Usinanbeen + Usinansidsuudaseshiidniu = 0 (2.1)
MnaumstsuaansaUszgndlidnfusunavesilussuuiinaldfaunsd
2.2
P-(Et+R)+AS=0 (2.2)
1ng P = thannmeneitih (Precipitation)

Ft = 1131nn13meseive (Evapotranspiration)
R = 1191 wi1 (Runoff)

AS = Usnashiisniiulilanudiiuasuulas (Storage Change)

Toeyluual n1swasuniasvesusunainsnnulldauastdesunnidlameuiy
asRUsEnaUdu (Palmroth et al,, 2010) Al TumsAwinunavesluszuuilnaUladn

(%

THaun199g1990038un15N 2.3 Fail

P-(Et+R)=0 (2.3)
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mnagthaun1saunavesilussgnaldlunisussdiuysnaudmviien1suimsiani s

suiiUnlddunmasdui annsalddnguaunis (2.3) luddsaunsi 2.4

R=P-Et (2.4)

[

1n89LasU1889IAUSENBUVBIANNISN (2.4) el
2.1.3.1 ne1auf (Precipitation) LunszuiunisiuianussennIeann

1%

asgiuAnluguuuusng q loun lu fue gniu Wudu wiludssmelngasdulugduuuves
iy Lesneglungfienmaseutiu (1 ynde, 2552) uar Ulsiunumddnlunis
TAnmuFuluussena waselifndy dunssuIunismesemedn :nn1saetiues
fiuwssadlul uaznisssimeveaAveIndina Hufu saufuvdnilussuuinai agwn
yhnsiadsudinsanesemglufiuiivasiidinesaon 40 % vesTuatiduimuely

seuuiing fmegraty Unkauzeaulunivawinila USuiauiiry 50 - 80 % b9sUN19INANT

U 1 1 s

meUignszuIunsiied wardlddaldiudislunisgaduauseuainidniseniing

ynAINUAY vintraulilununinisaredIuINTudsNasaAuTUlUUITIINALAL DA

nanedury niinisgaydenunUiluassinalagnseiTliiduivsinaanaings 30 %

o
1Y

wazUSunauanuduluiuniTugussenimaziesas (Ellison et al., 2017)

2.1.3.2 4191 (Runoff) LﬁuﬂizmumiﬁﬂszmaﬁﬂLLaszaaﬁﬂaaﬂéuaﬂ

szuv v Ae Usunauhludisnsvseudiniinainiidu funszuisunisiuin o e

[ '
= 1

#19 q eluszuuilog uddssuieasgiunneudis (3u ey, 2535) laguvinil 913ns¥ane
Tdunaswing o uenseuudivam 91

- lranindu (Surface runoff) WANRUARNNKTN AUNTENIURURA

anasldanunsadusuifulaiu Ussneuduianuaiages il luduillvaasguiun

IngUsinaniluduilaviviinaunniigaluusunaim
- UnFueutuAu (Lateral flow) luinn@ueglufumietuiiuiia

1%

H & 3 a a U Yy A a a o Y ° v & = a ) A o
ﬁ]qﬂquUﬁiaquUN'ﬂﬂu@ﬂsﬂleq LN@@U@NWQVLTJW'JUU']LLa'Jﬂ"U3%N831ﬂ1u@uqluaﬂsﬁumaﬂﬁu KN

Y a =1 g 8. M g vee Y adad A a3 | o v v
guinaaznuidung llvgudululd lunsdindnunamdessdionslwaasgaisisla
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Usunahluduidivsunadesdiaiisudiuilvaniihu uazn1sfuriududiunng o azsduly

AUAIIULTBITN

(%
o

- 911@du (Ground water) LAnaNUINUARNAIN AT UAIRUTUD

£
o ] QJ

seauldfu (Water table) uadrsaufuinldnudaduunasingidid yazUdou1eendaisns

YY1 9 AADALIAT Prduiziduii AMAINANIINIEAIN Loy Sodundnennsumatin
UIgmsN fid ”@mdmﬁaﬁm%’uwwa‘
TaenatuwarUnlal Aunszurun1suIva asliauduNusTuLS 09
anwaen1sInae9vii lnganwasusiniilutiesyezainig 9 fuesseul Unldagyi
v A 5 v 8 ° S & Jvl a Ao ¢ a 1y a
wihdslulidinludsisnaennd Ntladryialananvauyselgs 019 Uidulen wae
VRLRRIEILY ﬁmuﬁmﬂaqmLﬂuﬁi’wmumrﬂwﬁaqﬁumaqqamu%gﬂLﬁuﬁ’ﬂl,miﬂu%’uawﬁuéw
gy Wnefiuvdungnaulifanduaululdlunmsasydulauaznisaiein wasdaaslvieui
& = a S v v Yo o @ A 2, |
Wiaea1nn1sgeEnvediu waznistiuivesiuld ssuielviudisisludnuasiaesidud eely
agalsimnuilogguiessudu sedvvenimhludisisanas anuuand1svedssiulvilug
snsfuseautlutuiu azdusndnaulminlufuszuielviuaisisegsaiiio
2.1.3.3 n13meszwe (Evapotranspiration) {unseuiunisildeuaniuy
Yoshanveavralnataule Janmsmessmeiiunuimseggleuivelndinfuluegiuin

a

= a H = Y a a Y] o v I3 I3
Luaﬂﬂ']ﬂﬂill']m1@u’]L‘VTﬁ’]u&la'ﬂusL‘WLﬂfﬂﬂ'ﬁL‘UaHumumaﬂqmﬁﬂﬂﬂqﬂﬁaublﬁﬂaqﬂLU‘NLEJUL‘WT]%

I3 g v o A o v 5 N o, 5
ﬂiS‘U'JUﬂ'ﬁF’\I’]fJigLMEJLUUﬂﬁSU'}Uﬂ’]iWI%@?’]@Ji@uLW@‘V]']IMU']Lﬂaﬂuaﬂquglfﬂuvlau’]

(Prueger et al, 1997) uananil Sanuinidulnaluse Uuunmumamaamiﬂﬂumi

¥
= a

Aoszive Taofiufindanuuiudsliffsnaquituiu Wedunnasn 100 % ¥ieraseive
nanewule 95% (Huxman et al,, 2005) TusugAnunUldaziinisaesewelusiaws 40-
95% p9USNuUIRUTINA  nszulunswalinluusinansaesemglununszuuing
Ynilgan1saeseiedindg (Carswell et al., 2002) lnsn1saneseinevosdianszuuiina
v o &
aansauenlady 2 nszuaunis fadl
- A1532WeUn (Evaporation) LJunsyuiunsiasuaninain
vaamainaneiluledn ndudngussennia lnsunlasundsmnuauiaunvinliussiga

serindlaanavesdrusiuuiidianasuinnisvaaasegdussenia uazdidadenig

g fleainenmieites laun 8nSnaven1sunssdInalweIfing gaumiivete1nia aumy
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1911 AUEIaY karALsUUSIENNIA (Brutsaert, 2013) TuszuuiingUn dn1sseimetiain

¥ [
& a Aa

WURIAY (Soil evaporation) #4agAiuagiuaurulufiu iefukazaNaINsaluNITaNN

¥
a N =

17 Judiu Aundnisinafuvesmnudugsazsemelanin Tlunmssiudwfuifiieveuiinig
Inagulatininasiinissewmeanniafulates (Chen and Hu, 2004) wananni A1S¥eMetn

TuszuuinaUl 919570091552 81NEwNNTINIaNTUaNTUULR LAWY IneTuia

v 6

wianilfe wiwluld Aclal wsewnite ¥1ndw (Litter evaporation) Tuiiudl Fagvimniiadie

[% 1
[y o o

AuuwusazaeduipulIusdunaufsiiuiafu (Schaap and Bouten, 1997) saudied3una

Wy Fun1gegaulu v3e d1auvesity laeisennszuiunisidn driivda (nterception)

lnsuadnvaiiazsewmelugusseinialuguvedlouraunun (Klaassen, Bosveld, and De

(%
a

Water, 1998) agwiulainluszuuilinaUndnnsseineaniaisunas wAliaannuumailoy
semeliegnedn 9 wavdinissemeldunn wsizuawanliauisadesasunielaiisme
=~ i v Y] P & X 4 a W a v I
Wewndlulduads wasliSouseananetu wavlununszuuinaUidonimyuisud iy
lumganuruanangmarilyilvszvuinaligadsunlusluuureinisaieuivesiiy
1711171 (Benyon and Doody, 2015)

- N13ANBUIVBINY (Transpiration) WunszuIunIsNiggau1an
Au druaduauiddy wagddesinluguvedlatieannsuinlulugussernia winfaud

¥
v @

ANNYUBYUIN BNTINIYAUIVBINYILTUBLAUBNTINTAI8UY Tunmenseiudruminaulald

& = & v Y] - X Y a T A v a
AINUVUY mamwmuuaEJamﬂmimauwzﬁuuagﬂuﬂiuwmu'}mwm@mimmﬂ@u (Pallardy,

(% s

2008) WBNINY ANTANUITIFUNUSAUUTTYINIALALTDU RINBINIALAINTDLAITUTU

v v

FURNSA NI NyBain1sA18UININTUNIEY (Federer, 1979) Tagluszuufiiiadltuy

[

Asaretniiuddaduegiann TnefnUssunaunnds 90% Guaqmizjq;l,?imfwm
ASEUIUANTANESEIY LD niiAuaIniansvesianssa wazseusenldsunasinenss
Mnnsefind suddduituiviianudusuann ildivannsadanlflaiud (wei et al,
2017) warnisAeinazdIfiuautuluussenanelfAnduan Tufiufl Yiuouzyou
USunautindly 40 - 80 % LﬁmmmjzyL?{&JﬁfwmmsmumﬁmaﬁwLﬂmmzmumilﬁm
(Batchelor et al., 2016) G’f’JEJLﬂ@ﬁmiﬁ’lﬂﬁ”ﬁ\‘iLﬂu{jﬁlﬁJﬂﬁ’lﬁEﬂUﬂﬁﬂizLﬁumiﬂ’migL‘VIEJI‘LI

syuutnaUn
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2.2 Hademsanmgfianafifidniwaraasdusznaundnvassunati

2.2.1 anaglanfau (Global Warming) wanefis nsfigaumailulaniiudugs laitae
Fuvsnuiuiolan vieguugiluumiauns Fadunanssnuainnisidfinduresiedou
n3zan 1Wu fAeansueulaeenlest Aeiinu Wudu Tnensifiugsvesieideunszanildiumn
9INAINTINAN 9 TesuyEd WEBaINsIINIIRIES HanTENUMANYeIMIiLTuTe i Eou
nszanluduussena Aenstnifuidvesnefingfimsasieundueenluluuiunail
wangay dawaligmgilandos 9 galu Usingnsaifinandsansznulasnssdeuiing

a a

waudalan Afluwdadnaguidudiwiunin inldAnnisazatevesiiudanasinli
[y H & ! = s v v v A [ <
JEAUNIMEZLEgWU naonIudwanIENUitesRYsEnauveigdnsuidy q ludnasilunis
szimevand UTunavin Usunadialy ilinisidsuudaslianniay dsluinenanizdma
nsznulunnsiuvesaunaidieglulan (nsuasieninen, 2561)

L4

2.2.2 Usingnrsalioaiilyuazariayy (EL Nifo and La Nina) neusingnisaliiu

Usngnisainssssunaniduufduiussenininmuuisurean s nia Lagnsyuai
Tuimaynshuuiuivommaymswaglfumanyms fiRatuuinunould demadiaide
Benagradunanisinsingnisaliould (EL Nifo Southern Oscillation, ENSO) Fomneis
nsAsuuasiiAntutsnmuasnsuIfneeuld Usingnisalieailadulsngnisald
nszuaandufng fusenseuiidunazivdsuiianisdaginainumayswudiinas fuan
(Western Pacific) wauilanivioileldaumaymsuddiinag fueen (Eastern Pacific) uau
yefaniewinild dmaliianszuaiiguluunuiinszuadnusilvuinuesiiomiy
ouinldlagiamzegduauussmas wagtonned daduuvasiissuuindlivomsia
fianugeuanysalaniaeanuingnisalfng1n aaenauiacuantn wazuluAuasy
Tnslamzedsdmnsumilevomivewinld Tuvnsfivsamelunauumayynsudaiin
niuanadausemalnglasunansenuanmanITalAukaIeg19guLTs Hunntaedy
deunnnUinunissemvevesinanas adunannnseuathaugnitanludilaumayms
WaRnezusen fvenuiunngnsaieailyfndufounn 3-7 U wazenmaxinfnseiiy
vanelFouddamanssnusoanmgiionnauaziasugiavilan nanldiusngnisalieaiisy

LYNMAANUANNUNNIP DU TLDVDINIUBLUS N T ALAZLAAAITU LIRS b UL AUNTULDLT Y

nziuraniedls lunanduiuusingmisalardgrasyiiiinenuuiudimimeunilorss
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o
a o ]

Ivewdnle iaduanninuazanndelunaunivieduns Tueanidesld egslsna Maeatl
lyuazarfgynluanunnduvenssuaeinialanuinandugudgasmiloumaumswudiin
(nsugalleainegn, 2561)

2.2.3 aunsgy (Monsoon) Aeauuszs1gg \uauuufieuazaiaue FauAntuane
vipadunila 9 WWuuinanhuasduauiiaduszosnauiuounasagguesmnaiglng) 9

AnannauuanaIessninganglivesiuAutasiul lugguungumnglivesiufudundi

[% (% [
o = = 1A

gaunilvesthluimayns emamiefiuindslgamiiginiuazassdidugilesuu onie

9 Y

= a2 | A o gva 9 = ¢ % a a
wilenIugagunilvaliunud ilviAaduauinesnainniy wetlaggiougumgiivesdiu
L oy 3 & v a 9 a v oo o
aanunIvTeuniniluumayns iWuwms lifsauialufianimsedny auusaundidaus
Nan laun auusauiliialuuinuniald wagarangiueenidedddvemivields dmsu

UsziwAlngegneladvisnavesauusgy 2 viln fe
U a L U a Y U
- aunsauagiunndesls avusguazTuanidedainunaguussmealnesening
A = A = 1 o a a =
nawsuNguAIANTINa1Rounaau lagdiuvasiidaainuiunanuneeiniegaudnlan

Tiusnaumaymsduie Jaineenaingudnarnluaunyiuesnideds wazwiswluay

(%
a [

nrunnideddilionndiuduaudgns 15auil 22011189 1ATUIINUMALNTBURBUNG
Uszinelve vlidwaunuasiugninlilnewnizegsdewnuuinumeilmsiaiagiiionian
P ) ~ ' a =
ANUSUALALLRULINNINUSIUDU
- auusguezueanlywnllonaanundninaveusauaruanidelanda
Uszanaunaisfounaipuaziiusaungusenilesanieninuneguusewmelngauiisnalaseu
NUAINUS wsaudiiuvasnndaainuinaaunaeiniagauudnlanmilawaulseinag
wadlnideuaziu IninneiaonadukazwinuasiLdadunUnaguussmelngyi
Tnoainluse o1nanudu wazwiawasilulaelaniznamiowazninns Jusanide 9-
& 1 ¥ = SJI v d" a’lj o dy 1

wille drunaldasiiluynlagianznialatwme fueaniliosnusguiiinnnuruaingilng
Wnnunagu MstuduLazaugausguitassinenaduiUstuanundlaluisasd (YasAs
Uy, 2562)

2.2.4 wrgnyuwnau (Tropical Storm) vanedis Wignyuiinduivilensianse

a A

wmaynslulunTaudeeysening azigni 30 sarmileds 30 aerld Tunenieuinelald

U

dnsnTanasgalndgudnaangiiewdsszinnnienyuwnieuduinniionsianse

waynsluwaiou wiguyuwaiauduusingnisalsssumanunaquinuiinindusey
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a = 1 Y a < a v a = 1 d"

Alawns Janelifanansenuiduuiinniig lnsenglusiunusnanaudnalmigadou
H1uAglasunansEnuaINan ANUEMIeNRATULEEIINNIELUTHUAILAIINTULIIVDS
W1y Wengdiauwsslutumsatuanudsmediulvngasiintu lngnnglunanuinuag

[

v aa d' A o £ g Y a P ° ) o PN
Q‘Wﬂﬂ‘EJVlLﬂW‘UUG]"IlIﬂJW LﬂJ@‘Wf]Qllﬂ'] \‘1LLi\TGU‘UL‘Uu‘W']Eﬂ"’(jﬂi'@u%ﬁalmﬁ}!u ﬂ']VﬁUW']EJ‘VTi;IULSUGWSUVI

d‘ Y 1 1 [ a Y ~ J o ! =
wasudgUszmalnedngdunigiiusaty wWesnnmgdoumamenauissenalng

9 9

drundndwsuaniglyusounseldduilentawmisudgusemalnedos nansenu

Wesanwieinauseleviuazing wgiseufdaadufsatu dusslovdluninineliin

FlunNUSHNNATeYIEARAANEN1IEAMUWILAY LazanunsadniuiBinuunasiniiudn
#n9 9 dieldlurieniinudes Tudundulnwemiefiusadufognnieduinfetundsand

Hlusnutindoriind (qvie masiniu, 2554)

2.3 MINT2TNBIAUTTNIUNANVIIIUAAUN

2.3.1 NM15A5299AUS N Y

353 AUSu e dun stvuaUsu Ul Ut a il azkandNaty

. - y g e/l L\ s ¥ . - -
PUIVDIAUANVDIUINUNANAIUUNUN 1A8DoIUSH I ULRINSEINewaTaAIINEN
aliane AseupquIuilagldaniingiadinfinseaieiu audnuausvesiun (8aisa 1%
N1, 2545) Ussmalnedaniiaumuaseurauluusazdomnin Tunsiadsunauruaziey

l9mspiianall

= = o o & ) Y

- 1A39319NF TN ULUUSITUAT NIBKMULNINTFIU Tnendluazdsenoudiy

nszvenfiuiluTwidigesa3an wiewin dvarevuinanugiiuandieiu wazdnieduin

[
A a

wazIrURLLAS viseliaduns wanadaau aunsalasaggninamileiuiy aunsandcladng
warliifdsfinunerseguuaosiaUiaidusuuteusden Fienaazdsmanoninuusiug)
Tuns¥neUTunanitey U’NéugﬂNa(ﬂLﬁ@ﬂ’]imﬂLLGiQ‘ﬁuﬁﬂﬂEJu@ﬂa’]ﬂﬁ LAZU19TUB1ATEE
syfuvenUimanivuelngiteliieseniseunnszerlng lnawniedieludazUssna
oailunsgiuiidisiueenly udiindnnisieadudelddmiunisinaudnvesulurag
SEevIaInie (AaN1s WIKULA, 2555)

~indeetadsanidusuuiiensean wiestaunduLuuEensean (Tipping
Bucket Gauge) SldnwazUsznoudieiisesiutieu (Receiver) nse3utindu (Funnel) d7e

nsgan (Tipping Bucket) d9tAui (Reservoir) warnszuannaainin (Measuring Tube)
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a

PANNITVNUVDUATDNIAUNHULUUAENSEANAzUaa el MuNUNA N AN N UN S UL LA

Inaasiunsivasginenssaniill 2 19 Weuwulraasdienssandandeuaunosmaniely

Qe

19 0.25 Tadwuns wsamalausuiumuniualunsasintilureswsasusen Tuvazduay

ibiAnanmldaunadunalitisnszandreiliniiasgnssuennie vaeieatudiensean

[ 1%
o o

nd19faztunsu N uLn Ul usEuUasuliEesll Gan1sNdiunTeanLAarASIAATY
19950 i lianguinnadeuiuazduiinasuunseaynsmiiuegseunseinseueni

VYUAINTRNT (0IF3 WY, 2546)

v IS

- ASRITAUS UMUK UL UUTIUINULN HaN¥UeUSENBUN8NTDISULUNEUY
(Receiver) 8amsaun1uuan (Outer Case) N5285UUHY (Funnel) aat9uuniin (Bucket)
ww3aededmiln (Weighing Mechanism) U1nna (Pen arm) kagnsanszusnviyunsaunsw

(Revolving Drum With Chart) #tdnn1svn9uteaasesiniiruluutadnmin Asllanunnas

[

WIWUNTBFUUIY UaENTITUUT Auazasgiedalmin uasavauUSuaenniusey q vi

1 v a X 4 44' O 3 o A oA Y a & 1 o 44' v =
1 UINNUNLANNYULIIZ AN ITULAIDIVIUINUN WL‘U@MIBQﬂUi%UUﬂ@iﬂﬁ‘UN FINDAULAIBDIUUNN

doya Usuimdiny lneiivarguinniagduiindeaya asuunszaiensiniiueyseu

KV Y

= < a a
Wﬁﬂﬂﬁ%UGﬂVIMHUWWNL‘UNUWWﬂW (AN WINANU, 2555)

d o a 5 gy v A o 3 .
- 1ATDIIAUIN UL ULUUGNADE NaNWazUTZNDUAINNTEITUUINY (Receiver)

[

ns203uti L (Funnel) i (Chamber) gnasy (Float) iendmin (Siphon) U1nn1 wag

'
1 I

n3anszuanuyunIeuns vl dndnnisvinaume edwunndiuisesuidukagnsigiu

v v v v '
[ ) =< oELSU aa Y ! (% v =

Peluasdanasunely Y ludesvdneuazasiu vilanassniiniusanuuinnifazuinuaas

Y Y Y

= a &

nymifiiueg seuNINTTUaNINyUANlIINRN MRl ity WeseAutgeiiadiuuugnuas

1% 1% 1%
o [y o v o

vienanu Waglnasenandedmuruienidny seduinludaidulzanas gnasvaseas

¥
I =<2 a

Uangiinniazansyiuasauisganssuuienidndmearinanusysuiludauiiuag aadudn
I3 1 dyl ) v [ a % % a [ 3
Wursaswudaoly vinlwaiunsaindSuiauduasauniunatlanudeanis @nen nined
s34, 2551)
d' v a sg 1 I3 d' [ a %:’ d' o

—wSarinusunasnelukuuleiau WA 93Ul UL U UNINIFIUN Y119
a a a daé a a Y o ¥ I d{' = [ goj [ uat:{' [
fUsgansnmATInsuentsudinelaiunlduasiluniesdioinumuwuusnludfinaiuisain
U%mmﬁmuiéfmamL’;afﬂlmaﬁé‘fﬂwmzL“f]ugﬂmqmzuaﬂgaﬂizmm 1.2 WA 1vaenwnIne

yuvsevia ke 1WeseIsulHuld 10 TadumTwalazang i HuNamImannwiRarILlng
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anwazvatlieuszgaiililnasenaindsgnaseiliodunnasnaududavzvilienniadui
90NUIMNIIRMUEN wazdlninlraaseanandignasevuneinianazivadiuwnuivinla

wisadlaoungavinaulaeiui (Unen nivedilsad, 2551)

v
° ]

2.3.2 N150529IAUINN

1 i [l v
= I 14 1Y Y o

lun1snsrainuivi dnduiiazdesinteyaiiugiunddny lawn doyaszauin

el Y

v v
o [

AMULEINTZUALT FR51N15L1aU091191991N 1052197 A LA ASILAEITNITAIUINM SIND

USunauvea Jallswavidunasuly dil

1% (%
v o | = v o 1

- mytavinlegldvuase JuigmsinuninedisheuasUsendnisnsmilesadu

1% [% '
o 1 £ v IS v

nsUszanuvseInuvinwuulimawins 19317095 n15lReaNAeIldnwuL A UTN19RT

v
] o

fnihdnaiuiadaue inydwseluaiuyamie ae3snsnligendudeunasd
Alddnelilasnn FJamngauiunisiausinanivivluiunauimily (auwe seus1w wag

A, 2555)

[

- Ialilnensaannldinsziuariugaresuivinludisis (Staff cauge) 1unis

¥ [
o A o

Usziliuauving lnaluaisisanniunduinfluacnuiunnindauessasirnandakUasbng

Y

[ o

JUseAsRl agslsiiny Wesananhgesiiinuaniuiduiuwiazsuiadegiluduuun
dawavinlvianugnasslunisusziiiuanivivludsns axdedddaudszanalunsinaunsesile
utadeya waridsulunisiuindeyadiuiuuin (@idesuindnineysnduasdnnis

i, 2554)

(%
o

- MIAUINYTIUYRINIM NaUNTANRAUT (Water budget) Iaglddayaann
Usunauely wazn1saesemglunuiuuseiudsunain Tnawnnigssuuidnalinaoadinig
A5 USUIUAYTELREAINNNUN kasUSunaueuag19maLilad (Wolock and McCabe,

1999)

2.3.3 MIAsIIanmsAgsegluszuutivall

Aad Y

Tutlgtiu $38n1smsaianmsaessmenannvaisds luild azendiegnauneisd
fealld ol Busnfe nmamTrvindaegUnanl ysimeter Fufiuniostiofiidnuasdufmu
‘ngﬁhagisluﬁuﬁmwLL;Jua‘J"]mﬂ’Luﬂ’]ﬁmé’mm’ﬁmaizmmf'] 1ng lysimeter 9694l
éfmymﬂﬂﬁlﬁmﬁ’uamwassmwamﬂﬁqm nafe desdlvunluguaziierdndymiies

HANTENUIINNITRTYRUINYRIIIN AnaudRnisniennvesiuiiegnely lysimeter fas
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IndiAgeiuAuiiegneuanlvuiniign wazdurusunaly lysimeter Aoslindnuvuiwiy

(%
| o

wihriufiufseu o dunismusuianisaessvety alivanluisAuinsugaii 38015l

IR
A aaAa

winzauduiuiiunagulaefivawndn wazlimuzdunisfnenisaessmeveailuiug

v
o a

duin Wesmnanmglivseimalnnuadududou wasviiniusvesruliundanvasduduld
Tngiszuunnanuasdudeuninttuanmildluaansadnuilagld lysimeter 16 agnalsinig
= v v 4 . & v 5% a [ o 18 & aada v
fawdnisadreaunsal lysimeter & gdadldiunuas waviadoudeaiuin uwindulsnieuld
1999710 HANUTNALABIANINATIVDITLUUAN Y warA1INIsAIesELetNAnsadalauusindey
len1saeuisuAuisnTs azuuInelun1TANBINITIZAYIZIBUIAIBT50U 9 (@11A1 LA
Asslay wagAy, 2560)

1 a U fa s ¥ 1 = a U 10’

AU Ung NI9AILsY (2551) WWnanidunatan1sInNI1sAN8SEMgENaIN
anuulufiu ilmngdwiuiunndidefuaiianenaennuin wazszaudilaaueg
Ni1RRULN F5N1TinilagnsmauTuluAunauLasnaINS IR NATY LALD19RBY
° v a | i v 8 A v a Y o o & a o |
yinsiaidluglananildlalmiienie Tneunfazdedlin1sinaNuIUANNTUYIRUFIDEN

Judnnunniaglamazideauazgnsias Ansaesemeaiunsadinldainaunis (2.5)
ET=12(0,-6,) As + P+ Wi At (2.5)

Tnei ET fa msaesewgludisnan At
0, - B,), A nashswessuALTUlUALsSE NS TS ausnuasaSmdsidu
AU i
As, Ao mnumunuture Uy
P Ao Usnaiirudidnanlufiu
W, A sununnuiuiduasnsnosnly

At 79 178158 NNISLAUFDE AU IASS

nsUsziunsAesemeinlngedenisidinesile Lysimeter Lagisinauay
Tupu dudnlngaglduszdiuluiuiivladidersoiiunfnvauadnuinnu ldaseunguiiug

YA lnegy
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pinUseiunisaieseieluiuissuuinaUiiisnteuldms madaniy

WU3U59U SauwUUMLUIU (Eddy covariance technique, EC) tnawmafiaiiunisnsiaiadiu

a

gadeudnerluseaugagiionnianangaludagdu Wnedeuldlunisianisuaniufeuing

9 Y

Arsvuaulneanlen 1ot LasndIUsEnINTUUSIEINIALaLLSausanvaIU laense Tu
ANSANYINUY AERAMIBIRANUNTUTBIRwAsUaUlneanlen wazusualau i lussuu

Ua suddnasdaesesinainuiiay wagfiavisauwuu 3 37 vuafifianuaaniiensany

(%
a e

v3elTouganvaIivluiiunfiinsiny mewnil FFitawnsaldindnnnisuaniuaeuves

s v

fingarsueulaeanled wasUsuialauinseuaguiniunauialug wonaini 3508y

A4 A A A o =

Isiieniinisnsradalaegnesiasa faulisenisilasunuasuesdenvinnisanen i

¥
v v A [

ANUYNADIAUUEIES UATNUNIUABAULUTUTIUVRIENINLINGDY BNNSEeTIN1TATIT
nagalal Milianansaianisaessmelussuuiinadalisg1sdeillosuazdwilinsuis
Anugaubmvesssuviadneladsaninuindeuuaznsiisuudasmmeanimgienniala

(WuAiAW nwaUNINg uazan, 2559)

gunsalnIInTIvin

CReee==¢

fiAnI9au

’ MIANIZALUT l

o
X
X
X

d' a aa LY a ' 14 a £
2R 2.2 a8u1gIsnsaTIadianisaesewglussuuiinaln lneldmaiianisnsiaia

LUUMyuIU (Eddy covariance technique, EC)
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1
o

YaNANT FeanunsauseiiunsanesegluiunUIn1ewau B1un1sIanIsAeun
v99U1 Weasannnisaesemelussuuinelilsenaumenisateinesndudiuinn fan

naMlULAIT9AU

2.4 A1599N15A8UN lsTUUTIaAUY

2.4.1 walians3ansaetinvast
Tunsianismerivestniy axdenldisinnnslnaveitlugulsl (sap flow) fu
AuMNYeensEil (Sapwood thickness) WdaANT @B AU URE33AS scaling
up Uwﬁugmmaqaaﬁ (Oishi et al., 2008; Tor-ngern et al., 2017) duilazosunendnnis

maamﬁmé’mwm'ﬂﬁaﬁuaaﬁﬂué’uhﬁmé’q WU LazILLUUIIUALLDYAVDIAUNUIVDINTEN

LY

[ ' = [ v = v a &
aZNTINAN LUB9NUUAILUTAN VAN UBIIUILU

2.4.1.1 mslnavewnludulsl (sap flow)

A3 ¥ansluavesia (sap flow) DunsTadasnisinaveaitluniae
USnassenanludduvesity Tnsamzduldl (Tree) Sasnnsinaveniaglésudninasin
Hadoundonnansilady iwu guupiuasansdulueinia Fuinldranuuansisweai
sulosemindlunazussennia (Vapor pressure deficit) iusunuanuzaudulueinie
arunduuaseniing erwiuluiu Snuasnisdugiuinemesiuldl wu ndnval n13Seash
vaane$ (Pore) tudfu (Granier, Loustau, and Breda, 2000) Tnewildhuisidesldnnislug
vesiide msedendnnsnsyateaufou (Heat dissipation) Faenisasaaiaauiou

dulsznaume Thermocouple 31U 2 Wadn W luludiuvesnseil (Sapwood ) Tuwuans

'
=

P9AUUSEUIM 10-15 WURLUAST WITATNDEAIUUL 980N 1TAINSDUBENIMBLTDINY

Y Y

[
a

nszudlnigeu q dwiiafiegiuanasgniaeslninaungive snseiinuaauduas

Y

(Lu, Urban, and Zhao, 2004) fiauanslunmi 2.3 Teyadnsinisivavestiiazgnasivineiu

ANULANANYeIRMUTsynINaeiIinl Faezildsuwdatlumunnuiivesnisinaves

a A

| v U & an & Vg a a H o v i o
NIURIINNIE DY jﬁuaqﬂqiﬂiﬁﬁﬂwqﬂqﬁLﬂaﬂuLLU@Q%@QUiquuqiua’]mum NYINUANIT

WwigAvle wazUszansnimnislguivesaulyl udsannsaldlunisusziiunisaeunlu

[

sgauUn Wensiuanunuivesnseilusuldluliveanun (Tang et al,, 2006) Fsivadin
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o & v ad a qy ¥ DR v 3
a1eUsen1s wazdludemnisussiiuanuvuivesnseiludulivialn dvinguszasdves

[y

I

. 1] e

s
Ji

000000008
k

i

rnoln

dl o/ s nO’ L3
N7 2.3 UaRdTEUUTRINTINgnIIN1snavesil (Sap flow) wWuuawysal

(fiakUasann Lu et al,, 2004)

WadnAonsnnisiravesinlanal aunsailuldduiusnsinisaneun

[

YaenaUnle Asauns (2.6) 8819918 A9d

. (Snsnsivavesir X fuiveanseitluduli)
dnsnsAeuvesll = -
=] a1
WUNU

(2.6)

(%

Ingaunsiazdiguuuuwnndneiuly Jusgiuisnsususeu (scaling up)

Y] Y vl o

Y83A1803 N5 bnavesininanauld wazanunuivenseiiluduldnialaonauldndy

o
v A I

A & aa A a Y1 v A a o - ! I3
La@ﬂ‘Uu‘WUi’]um’Naﬁm Luadﬁ]’mﬂ’lu’sf\]EJuVLJJbngﬂLuum%UizLmuaﬁﬁ’m’liﬂﬂsmsuax‘lﬂmﬂu

(% =

nan F9veesurendnn1IAs1y 9 Yaditiliiigwinil e lugialadAyvesuide

nanfAe NMsiaAnunuIveanseituaulyl Fauiuindadunuddenives lnsanizeg19dslu

YU au
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2.5 N5IAANNRUIVRINTZN (Sapwood thickness)

2.5.1 AIFINAMNUNUIVIINTEN
el Ao diuvewiedndes (Xylem) Nfldinvesiulyl agludiunansveaileliin

finsasivlegseritaddentulukasunuld vimdhidandesiineluddiu wasiunum

v

dAunansruIunsateuvesrulsiazyeatl (Gartner and Meinzer, 2005) 9A 1WA 1.1

<

vy sz ~ a . 19 Y Y}
nslddeyannanuruvenseiidunidunmsineslunis scaling up Toyanltnainnsin

nsbravesianssavaulufsszau anumuveanseitludulddndainuunnsieiu duey

[y

funanedady 819 dnwuzueses Inewindu ring-porous wood azviwmiinfiands aile

= 1

ANTLLD991NTAMNAINNLINATINOIANWULDU & (Swanson 1994) uag AUNINUDINUN

o o g = o S va .
atada I@EJ‘Vi’mﬂi%WiJﬂ']']ll‘Vm']ll’]ﬂ%%ﬂﬂ?iﬁ%ﬁﬂ\‘iﬂ@ﬂﬂ’ﬂﬂﬂﬂ']'] (Gartner and Meinzer,

2005) winaunuuesnseiazineadadnenssiunisinavesdnluduld wezdanudiaglu

(% '
<~ I

15U UM IN15ANEUUBIUNRINa Rl ULAY waluranefiundandkilasunisdsiangng

(% '
= =

Wigane 1ie997nilvedtnnaedsznis Wi n1snessdaduliiifintrdaiufiundnuineuiyii
% dﬁld! U 1 Y Y o 1 gj 1 QI d’l dl 1
n13inAnunueInseidainaglilasusygialminguiy lneanisagreddununli

[ [y

¢ Y W Y oa A < v & s o o &
@H Ny UUigﬂ@‘U@?EJ‘U']@QL@NV]EﬂQJJ"Iﬂ LalUULUAINNLAUAITUDUEN fqufU@QIﬁﬂ UBNINU

o a1 Y [ =

WAL T AIUARVINVDIBIAUNILAL NITAMUAANNNUIVBINTENAD LT WS99 nLY U Y
] < Ly} Y v} a o n:’{l 2
ag1alsfiny Tudagtu latinsimuimadialunisnmuaninunuivednssivls 2 Ussian
Town wAtANITIAANUMUIVBINSEIA8YiNN1SYinateaulsl wagmeadan1sInANUNUINTZAN
Talvinaneaulsl sl
2.5.1.1 WALANISINAIUNUIVDINTLNIABINN1SVInae AUl

1) nsdalagnseanveulsl Wnewmatatazidunisaaduliinladuviou
ndudmeulidluudluaisazany (0.1% indigo carmine) agnatiae 4 ¥alus w3vaunNIa
fourfnasuuiuRvawviaulyl WeddauAnuuRmtnveswiaulialasin1sinAnunuIves

& 1 Y o ~ . aa s [ o & A

nsziiuazwnuld danmi 2.4 (Aparecido et al.,, 2016) lngTsilmsnziunsyiluiiuidiugn

TawnngAurnlusuldsssumfmsizdaainnislauauliiiielglunis@nw Feildesndalunig

VYUY INNBYINNTANY YU
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MW 2.4 uansisanwazvewiiageignantauaunanaull waziunsdoud (0.1%
indigo carmine) AW N wanwdansei wazwAuldluauld nw v uansds
MegemaIINN1Idond

(Aparecido et al., 2016)

2) n151435 Computerized Tomography Scan; CT scan Wuwnafinad
ondonmsindulilnenss uaglduukuliinihdnvosddu lunsimseianumuinsed uay
T1A309 CT scan Tunisusiiudiudsyneuvesls TngefoAnnunuiniy wagaInugy
sywaunuliiuaznseiuansrsfulunsimses 3adlddeadufitouiosandesingu

uUsean LLasqﬂﬂ’iiﬁ (Lubczynski, Chavarro-Rincon, and Rossiter, 2017)

A9 2.5 uansdieanwaziegaignyinluds Computerized Tomography Scan;
CT scan

fnUasann (Lubczynski, Chavarro-Rincon, and Rossiter, 2017)
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3) myinananatenelll wadatilunisareamaineeldniiniswnseu

¥
a Y v A (% v

vide Taulnivn Tnetuneuusnazinnisdnlngldidesiioldituiinindniauaueiu udmn
Thuasfisluszana 2 Weounslifasdsuddmalidueansed wazunulsdiaiuogsdniau
ndurhnstenusiardruvesnelsl danfesfinrgs 1.7 wesimilonuiu anduldusdy
FNAUVUIAFUHIUAUGNANG 12 L9URIUAT Mnil3fumelsiftonianin andun il
3iA51ilneldTUsLATY ArcGIS WafuaAunUTeInseiuasfiufinalsl danwd 2.6

(Jaskierniak et al., 2015)

()

AT 2.6 MNLERIIDE19R lIRYINITTRleldATANISENEAIM AW N) WARID
19 lUuNLANUNFR999 B lNYINN1SANEY AW V) LARIDINUNNTGRND
NHUNITIATIZIILAR

(Jaskierniak et al., 2015)

2.5.1.2 WALANISINAMUNUINS SN bivnanedulsd

1) Myinandregrawnuldl Inegldaunsalianziiioldl (iIncrement borer)

1.1) Mydalagassaindegrsunuld Wuwmelediugiulunisnsiade
AMUNUIYBINSERlnswmAaTalazldasealia Increment borer 11l UUSEUIUATIAY
Winlrnawnull wazuisag1anuliaanuvinn1sANEIV UL VBIANUAUNIVBINTEN TnLaL

wualu 3 du leun wWienld (Bark) nsedl (Sapwood ) wazuAuldl (Heartwood) fan1nil

' | dy 'Y ' [ dy A

2.7 Ingazns19daaulnudunnaind anosuninazidunsei wazanuninazdununusany

(%
I

131 (Mitra et al,, 2020) wadafideuldiusianusiwuaendwnuldnunseiag19tmay widl

9

Fodnnturdanugiiliaunsaiiuanuuvesnseitlasgadaiau
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Wianld ASEN wAuld

AN 2.7 wansdnwaziuveswsnedsnulsl Tnewuslamdu wWaenls (Bark) e
(Sapwood) wazuAuld (Heartwood) %aﬂ‘dﬁﬂﬁuﬁ: Tectona grandis

(G. Yang et al., 2020)

1.2) msteud \umeiaidedldlunisinaumuuesnseiiilosmnd
510190 warlivihlidulidenisuiniduly Sunsunsnarldindosdiogunsalinnsiilels
(Increment borer) lumstarzdllugduvessuliifivinnisinunfissszanudnuszuiu
A3vidlwesdndy 91ty Yiunuliifiengld indeuseddeusunnmes Tnsddeuazyimini
LenALLANATENINeN SR (Sapwood) FuwAuldl Tnelunsefinasvunulfezden pH 7
A9 U w%famﬁgﬂuﬂizﬁﬁﬁﬂuamuLLazﬁLLﬂaasauagmﬂﬂ'jﬂLLduIﬂ sadsluwnuliddnig
avauveunuiy wazdniy A sasuafisnety ddeuiildiivarnvas Toun Methyl
Orange (Burgess and Downey, 2014), Safranin (Lubczynski, Chavarro-Rincon, and
Rossiter, 2017), iodine solution (Kutscha and Sachs, 1962), Red dye (Reyes-Garcia et

al,, 2012) tudu a1ndusitnisiaaunuuesnsei (Sapwood thickness) Ingldiaesiiles

39LUTIVIA Aanandlun1ng 2.8

d' U d’l v U ! Ve YV
MR 2.8 LanINTInUIAANUNLITBINSERLas S nvsasmeg1anulllng s daw

WaeeLsud 0.1 % (Burgess and Downey, 2014)
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ANULANANURINsEikazkiuldnelALaseindvsenaaiien Tudruvsanseiiazinnulusa

1% [% 1%

wasndndarusnuliiiiesannsgndunluaduuazduadniiuld saudeanungunis

(Quinonez-Piion and Valeo, 2018) @fﬂLLmﬂumWﬁ 29

) C—— R — o W Syl it il i B 4&.",:
wWianlfie > |« & |<_> wienld
N3N wrilf # ngEn

a ) ) | Y] a ) Y a
A 2.9 wanadnuazvasnaganulilnelmneilanisinnaldnasaindlae
LY} 1 Y o Y & =2 1 v dy a [y} I3
fograwnulyl viliiutnuliuasnseil veswilniug Pseudotsuga
Menziesii

(Quinonez-Pindn and Valeo, 2018)

1.4) msldndesganssaudianaseu walaildunisinaumuives
My oo ) v o ° Ay v v
nsgiilausdugn Ingrunauusndewinnisiunulinlaainnisiaie leeld Increment borer

UIMINTHALLIVING 1sasuudlan wasdoudnled safranin, methyl-blue a1nTUEINN

o

nsraaeulagldndaiganssaiuuudianasouninnuuwiugias anlduenauuanaesening

Y

¥ ¥
[

dy 1 4 =1 = < 1 ad A 1 2/ a1 1 @
nsei wazunuld tnenseitasdidnuwasiluvonads Tuvasiinuiunuliasliiiviesguazifuly
mvlnlag (Burgess and Downey, 2014) asanslunni 2.10 lnawadadlilasuaiuile

wnnLllesanidsianiigs
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1 uALIAT

MW 2.10 uanidnwazvasiisg o sinlagldndaganssmivuudianasou

(Burgess and Downey, 2014)

2) N5l Electrical Resistivity Tomography (ERT) DHuwmadedldnszua-

I Tun1sasiaauAunuIrRInseilngadanisienasonigludauvasdulsd Wumeile

[V Y}
v v

fisumuduliiiosiian Ineweadatasfndedalniuinuazauduglidszesshaiiusoudu
Tnenszualnfinnuis (8 1/3 Ho) asgnasiiuduastalndi wasvinisiaidugseuduld
Tnsnsuathaglnaniulesouveniludiodemelusiulsl uasuansdennuunnssiuluiiui
fiflenutugdlunssi unzanutuslufufivesunulsl lagldnisldsedud 14Tusunsu Dcad

Tun1s3esedina (H. Wang et al,, 2016) Ine3sdldlluifiouiiiasanisnafias wazdodld
g Y

wInadlanizlunisin

Radial distance in m

-0.15 -0.1 -0.05 o 0.05 xm 0.15
Radial distance in m

250 320 400 500 630 790 1000 13001500
[f2m]

Ad 2.11 anwaiengludaueaanulyl Ineanusanuawmudeg1ainau dU1kude
nseilal (Sapwood) dunisdirasaduiunimasezivasuduwnuldd
AunauananafiuAnnulsl (Heartwood)

(H. Wang et al.,, 2016)
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3) mydareilagldgunsainis¥ast (Lintap) wadeilumaiinildin
aramuasnsedilsl Tngldgunsainisinied fegunsaitaziinnuuduggauandunistai
odls anunsavildvisluukulsifidalnenssand iy wazunuldiildangunsalansiidold
Tnglunslinsiesinrumunvesnssiivazunuliinsldmsulusunsy TSAP 3dliresldsu

Auflenitiosaniivedninltuisesgunsal (Y. Wang et al, 2019)

2.5.2 N1585196UN59ALALUASN

N1500A50atansnUIUTEL I UNIS IR e SR UldUY JwulAnuanAs n1g

aaa =

Lﬁ]’%ﬁylﬁﬂmmaaéwﬂmﬁy’wmﬁuaqﬁwmmmmmé’mﬁuéﬁumam’%ﬁyLauimsuaaai’mﬂ@ai’mz
MiU09319N78 FazuaniiuaNduTusludndamanssenindnsnsasyiulaves
$umetamun wazdnsinsiivlnvessdeazais Tasfiaunsnainuareguuuuiigninunld
o3UNeANLELTLEL Tnefin1sAnwIves Pruyn, Harmon, and Gartner (2003) fia$19aunns

[ '
[ = [

TusduuumsliasgiaunisiendinuudgailomuInANUuIYeINseNAEuN1sh 2.7 il

ST = a+(1- e”P5") (2.7)
Tnefi ST Ao Auvunveanseilugulst
DBH  fg Ldusugudnanaiiusen
a uay b fis AAsTivesauns
wonand Seinsinwmatsnuisefiadrsaunisdsalawsnifiodnsziaing
nuwoinszdl lnsendeanuduiusidsndamanslusluvuilsidusndiddunisasng
AUNTE AR AL AU AN LN INSER AT FEAL AT ST IAUML VB

[

nszillasiduumudnaiiendsaunisi 2.8 lassil

ST= a*DBH® (2.8)
g ST fie fuivesnseivtuduld
DBH  fe duruAudna1aiivsen

a kay b AD ANAINVDIENNIT



29

v ad v a dy Y
PNNANNITVBNIDDALAUATN FN1TOUTEUIUANUNUIIBINTEN Ialneldsunys

' v
Vaa 7 v s

dasziduruinvesaiuizeedulinianuduiusfuanunuvaInseanuavaad ulil 1ae

yunvee e iilfdudulsdaszdnilumitinlaing wu duriugudnaiaiisasn Augs

1
v A

s Al Y ¢ @ v ° i o a A o
EUU‘WU‘V]I‘U Lﬁumqu@uﬂﬂaqﬂﬁ@ugaﬂ WUy ‘U'ﬂfdLLWUﬂqﬁﬁiuaNﬂqiaaIaLllﬂiﬂ LNDATUIE

RJAQ‘SJ 1 1

5 o Y] ¢ q & aAa Y]
ANnunuvenseiiludulindesnimauaely lnsduduaudnaiaiiesenilunideuin

[
v 6 (%

wINNIuNsIndenan uarianuduiusiuanumuivenseiigs duneuida

[

UVDINALA

o

= U

i @0 nrsadeaunissalawnsn lnefindnnisaonisadreaunisannos (Regression
equation) S¥WIIAMUMUNTRINTER (FauUsny) warrniwmesidddaswadmesduls (7
wUsdasy) 1nfegnaduliifinsuaunduseuns ?}aé’aashaé”mlﬁﬁqﬂdnmaﬁwmaﬁuﬂm
finsounquunaduseuswesuliiualufuiifisnfesnisussanaenunuvesnse il
dielvaunsdaruuiugdwsunmsldssannnnumnesanseMuguldlutidy q winfiae
(AAST WU, 2555)
salawmsniasilinmsUszanamenumunvesnseitluguliludwhldhowss
avanuntu lnewfissuainuuindusinugunaafissenasiulinndu wduimay

nuvInsEiluiulduAasAumMeaUAISOalAMASA NNUY FINITTINAINNURUIVDINTEN

Tugulinduluiunirnviansnwuazandudadiuseiunvell weasldmunuives

1 v

& | & A =~ awv 1 Y A vee d' Y} o o a 1
NITNADUUIYNUN Iﬂﬂﬂﬂ']u’lﬂﬁﬂau%u’]mlﬂﬂﬂ@']LﬂEJ']ﬂ‘Uﬂ'WiﬁTNallﬂ']ﬁ@aial&miﬂ U

§aaun faumed wazane (2559) Anwinisuszanaunuld waznisininuaisuay
vosliinggdluiiui aotuidenyd fmfauassedun lnsnisaieaunisdalawninain
aruduiussErimnsfwesiddasats ey arwdiiusvesiufivosnssiiiuidusiy
gudnanafivsen uavanuduiusvesuuliifuduinugudnanadiosen Tneiliaguszasdiile
afrsaunisdalawninidieldlunisuszfiuiiufivosnszfinazunuld Aarunsaldlung
mansaluIaaiueudifniiuludunzgs (Dalbersia cochinchinensis) lunisifiusaoens
wihnsdadulilnensaiievnnisinfiufivesnssiiuazuaulsl :nnsfnwildaunisdalai
PENRIMTIT 2.1

Vertessy et al. (1995) Ainwauduiusszuinsiiufivesnsed dukiugudnans

= 2 v 901 v v cg{j Q‘I 1 a U o 2 ¥ a
ievenvesrulydl waznsaneinvesiuld Tuundganadda lnevinnisnaaesdduauld 2 vie

ﬁus: A8 mountain ash (Eucalyptus regnans) way silver wattle (Acacia dealbata) die
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UNA 3

AT HUNISIAY

3.1 WuNAnE

Tunsfnwassilvinnsfinwluiungneuwianiiuning dadutifueidseglunud

A a

Jmdauassvdnn Useinalne lngegiifidn 14°26 31" wile, 101°22'55" agiusen Ay
a4 700 - 800 wnsvileszduineia quugiiade 224 svriwadea fUmaiHuads
2,100 fiadwns lnewdudoyasznined 1994 - 2014 goelusgluriafounguniauiufiou
naAu uaziinquiseglutiafeungednisufafouuwou Tuiufigneuuisfuilvyd

n13nsengveslsinUiagie 9 siunisiasullatuivasssuuiing 91wy Unugy

Q31 (Primary forest) kagUAugil (Secondary forest) N1018A19AUANDIYLALVUIAVDY

3

auldl (Brockelman, Nathalang, and Maxwell, 2017) Tun1s@nwiaseilistladnidanuuas

79y 2 uwnsaun1silasuulasunuvesszuuing lnuuuaidsuniusnie wladisuus

¥
av A

A49ln TYu1aNun 30 wanwns leowladidetidudiunilaves9ifng ForestGeo Tuniigauy
YamenmansUildiiwndau (CTFS) apvduidswnsouaisiaitou wazidunsevisuladiae

nulnldhazAnmuaninkInasuedan Wweluklasidguedninsinuuinveslsseng

€

v = o

wlinfivnadurugudnanaiissenuinnit 1 wudunes sudaduiindunidunisviuu

[
¥ U A

Peuldl vn 5 ¥ wlaridewitiduiunuiiuivesigugiinderguinndi 200 U wuglininy

1 v 1 =

dng ulilundaly wasdiaunainuanevesiiniugas wu eradeu (O. gracilis)

avdummnd (C axillaris), Wwllanng (S. cochinchinensis), *usulAINY (G. nervosa), %N

a

Q41 (S. nervosum) 1Wusiu fTwiTeusenegszning 20 - 30 waswileiuAu (Brockelman,
Nathalang, and Maxwell, 2017) d@uuuasidednunanils A NuNLUaITonuly Juuin

2 Wanuas waregaNkUaifenedsadssuna 3 Alawns lnsularidenuesielin1sia

ol ]

YunveUsEnsaulindvwiaginndt 1 wuiwesusgiiuuladidoueddn dauge
Yostuiousendagi 15 wes wuglidulvgduliindaluluggudwazinnumainvaiy

weenigugil tnevliaiugauldnnuanltunund lawn ni1guwn (S. nervosum), inath

9

1%
[y

(A. integerrima), \@idauna (S. antisepticum), ALnaea (C. cochinchinense) waziafuinug
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U (Leaf area index) snniuuasideneddls wladidouwisiidusmunuvesiuitmieging

918Utz 4-5 U (Chanthorn, Hartig, and Brockelman, 2017) I@aaqﬂsﬁjamﬂawﬁﬂmi’mﬁ

3.1

Auiimsdaw

(Khao Yai)
14.6°N 1

14.5°N 1 T
14 4°N

14.3°N

14.2°N 4 - 'i‘

At [ eeee— Seeeee— |

MW 3.1 uansruigneTuisn Al ing Usemelng 8n1d 1: 600,000 AdwA4

dy d‘ a o a o = A = dy PN a v
wansiuLUasideuedle (Primary forest) Indmdasianidanuiuadidy

1U99749 (Secondary forest)

] % X A =
191991 3.1 ﬁqﬂ%amﬂaWUV]ﬂﬁiﬂﬂw’l

wUasideuediln LUAITYNUDIV
ilaUn Urgund (Primary forest; PF)  Uwiegil (Secondary forest; SF)
918U 1nn31 200 Y 4-51
AU 30 UENUAS 2 LINUAS

=
AUENUBAIDUL DA 30 WS

‘Uﬁmﬁuﬁ: o) Dipterocarpus gracilis Blume

Choerospondias axillaris
(Roxb.) Burtt & Hill
Symplocos cochinchinensis
(Lour.) S. Moore

Syzygium nervosum A.Cunn.

ex DC.

15 e

Cratoxylum cochinchinense
(Lour.) Blume
Adinandra integerrima T. And.
ex Dyer

Syzygium antisepticum (Blume)
Merr. & L.M.Perry
Syzygium nervosum A.Cunn. ex

DC.
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3.2 MsAaaansiiawug

luudazularidoinlavimsdadenviiaiudvesiuldviaiugiau lngfiarsaunaindiu

¥

yosmnudduinsvesiuinidinvosiuliiuiazvia (Relative basal area ranking) 3Mndoya

n133naInUlukUaidens 2 wie laAndanytiniugvianun 14 vlianug Ineidonyidanug

9

v € [

nUlguginnnnitiiesanniianuvainvatevesyiaiuguinninUmaegll wiaduyia

3

fiuganUgund 11 vieius uaz slefusandmiond 4 sdaiug Taedl 1 vdaiugivi
miLaaﬂf\]Wﬂ%ﬂuUWU%uﬂmLLa”‘UW Ruqdl Ao nI19u (S. nervosum) feasulily ARy
3.2 Wodenviinusudn ﬁmmwsdawmmaqﬁulﬁlﬁamiLﬁ’u%'auua laganAedayan1suan
LasveadUruAUInaaiesen (diameter at breast height; DBH) luusazwiawugilsan
nsinUssrnsauldlunuasideuedlnlul 2016 (Brockelman, Nathalang, and Maxwell,
2017) waglunlasidonuesdst 2017 (Chanthorn, Hartig, and Brockelman, 2017) 9N
fvuatisvuinvesiuliiiionsduinedns lnsuvaduiiswenduiugudnanadioson e
av 10 wufwes mndulidvimunaduriugudnaadieenuinnil 100 wufiwes Andu
1929 uazduidonduliifiuau 3 Fusinudaseng fadu minuissdindeaening daalid

Srunusuliismvessiaiugtuiinndt uaginisidendulsifianysaifian wanideaulin

Wulsa Jeasn vsardulns



a
MN1I1IN

a1

¥
I~ a v s

3.2 uanatayaiugiuvesrdaiudduliluiunnisfnuivesudasidouedaln

<9 9

(Primary forest; PF) Wiasidevussds (Secondary forest; SF) Usznauniy vila

¥
v o ¢

ANURFURNSvaItiuN i dnvesduliiiazyiin (Relative basal area; %)

v

N

-2Na

WAz udUruAUNaIuiean (DBH; lWURLLAT) NA1IABANNEALAL IR

9

v ! a v 6
voauliilunasvliniug

2o Relative .
WUN 4. d . 34 DBH
- DALY YDINYIAERNT basal area R
ANIANYN (LBUALURST)
(%)
PF SRNGED Dipterocarpus gracilis Blume 10.54 10.4 - 127
PF Aduaina Choerospondias axillaris (Roxb.) Burtt 5.85 154 - 112
& Hill
PF Lifldelne  llex chevalier Tard. 5 12.1 - 42,5
PF ALlonA Symplocos cochinchinensis (Lour.) S. 3.4 16 - 52.3
Moore
PF Muau%’mw Gironniera nervosa Planch. 4.87 155-574
PF dxfinu Sloanea sigun (Blume) K. Schum. 8.09 10.4 - 54.1
PF Qimﬁm Cinnamomum subavenium Mig. 3.23 13.2-59.5
PF fuUn Machilus gamblei King ex Hk. f. 0.8 13.5 - 58
PF wela Schima wallichii (DC.) Korth. 1.58 13.7 - 55
PF AUAIN Mastixia pentandra BL. ssp. chinensis 4.05 13.7-56.3
(Merr.) Matt.

PF / SF wjalmvl,m Syzygium nervosum A.Cunn. ex DC. 3.47/11.95 11.4 -59.2
SF ﬁqa‘ih Adinandra integerrima T. And. ex Dyer 12.08 11.1 - 30
SF wEdinuna Syzygium antisepticum (Blume) Merr. & 26.52 12.3- 335

L.M.Perry
SF Aindea Cratoxylum cochinchinense (Lour.) 30.75 10.7- 39.6

Blume
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3.3 N15INAMUNUIVRINTEN LuAL L

e W ' v A o 1

3.3.1 N15NUA28819NULINEINANUNLIVRINTEN
nsiiusegevesnseiluiulll vnstavwiaduiiugudnaaiiesonvesuld
WDAIMUAYIVDIVUIAGIAL ANUANSIN 3.2 1ntu innsialdenlilaneldiiesidy way
neimzdenliivsnaunyiiniswisilieldesnlvivun Tdaunsalinnziileld (increment borer;
Haglof, Sweden) yuiadurugudnans 5.15 Jadiuns wigdegraleliifieiuiedi
wnuldl (Mitra et al., 2020) 31nA1AUYRAULINNINSANYING 14 ¥Tla NTLAUAINEIRN

NUAY 1.3 WAT (SEaUiedan) Ineneantinananednau duay 3 fae81959UNARINDIAN

wuseviwawiulyl iielvinseunquvasiuiviidave s

7 wian'a!
4 unuld

~ gunsnfianuilelal

‘ 1:.3 ws ‘

P
stinsefinnudialy

AN 3.2 Lanstunaukazisnislunisinumeg1ts il tnamnurunueansei

o ! R P @ v 1 & £ L4 & 2/

n) wansiuniiaugamienufulunisiiudegaileilegldaunsalianziilold
o [~ ! v 3 & ¥
) wanannsuadnrslunsiuimegalegldaunsaliaiziiield

a) gunsalwilelil vunaduiugudnats 5.15 Tadiuns

3.3.2 nsdeudaleetuwnulsd
idnegrwnulddeudmeddouiuiaoaisusanududy 0.1 Wasidud lnaldd
Wa 38autieudinnuumnaisseninannuunvesnsyiazuiuls Tnevdaanndeuuda 1o
AelAUsEna 15 Wit WlelvagudnlUlushese Wensu 15 wiiuds ludiuwesrumunues
nseidsulugimadssseuy duuaulitaunady wsruiuldfnsazauvosunuiuuas

(3

anflu samdeasunsnaug unnnlunsendeinliinnisuendlusiegraunulsl (Palmroth

et al,, 2010; Mitra et al.,, 2020; Lubczynski, Chavarro=Rincon, and Rossiter, 2017;
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Forrester, Collopy, and Morris, 2010; Burgess and Downey, 2014) 21014 ¥11N137AA14

PNveINsEaelollussinvsanasiile

a o ' v o -
MW 3.3 uansguiedraunuldivinnisinm
n) LanstunaUNISEauALiaasisud 0.1 Wesidudlasldtiun
) wansdegramnuldndeuduinan 15 uiiasaunal wazyinn1sinaunun

yosnszilagltiiesiiie (Burgess and Downey, 2014 )

3.4 M3ATvdeya

nsnsendeya 19n15inserin1sanase (Regression analysis) \eassaunissalaw
p3nvasnunuIeInTEilliuazduiuaudnatnfivsen delusunsy Sigmaplot 12.0
(Systat Software, Inc. San Jose, CA, USA) wazlanisnmsinsizvieeniduaesdiu laun n1s

Aaszilaguendayanuudazyiaiug ieadsaunsiunizdmuusazelaiug uaznns

=

Anenmedeyavenyilaiusluidaziuas@inudaidunisvawnusiiaiy lun1siasen

v
oA I v

WiatlafnLaenauni1soalansningfarsanainatdulseansnisanaula () way g

o 1A

AATIEMAYINGD (Residual analysis) LAIMADABAIYBIAMURANANTENINTDYATUATT

ANUINAINAUNTALAINNITIATIER MnauNISRe LA EmaeN AN uduRuSae 9l

v v

WodAyiuauusdaseiduriugudnalaiioaan (DBH) LaATINAUNTTAINAIINUIZEUT

o

U b7 1

Wnldesureanuduiusseniteanuvunvesnsy ifuiduiugudnaiaiigaan nsvadeu

o
Y

NeEDAINARENTEAUANNTRI 95%



uni 4

NaazanUsI1gna

4.1 YoyanugIuvasvianugnvinnsfne

9

Han1sAnwvIteyavuIndusd I ugudnatiizsan (DBH) Aunu1veden (Bark

[y

thickness) kagAIUNUIVBINTEN (Sapwood thickness) vaiiniugnyiin1sAny 14 vila

a

TuluvUsunfl (Primary forest; PF) wagiiufivamdegd (Secondary forest; SF) 1ng

Y

1 [ a v a a a v a a ! o
wuaduniuanideuedals 11 ¥ds way wWUaITuNUDIVS 4 ¥UA NUIT AIIURUIVBINTEN

v

Anady agsening 7.6 - 24.8 iwuRuns lngvdnfusiidanunuivosnseiidesiianio
finatn (A integerrima) wazwinWugfidanunuivesnseiuiniiande ddsame (C
axillaris) (1571971 4.1) LLazﬁﬂ’J’mwumENﬂizﬁ“'qqLﬁ"@Lﬁauﬁ’wﬁayjmmﬂﬂuﬁuﬁﬁu 5 917
Wy UHan by WABURU éuawﬁmﬁuﬁ: 7 ¥Um Tsuga canadensis, Betula lenta, Quercus

rubra, Acer rubrum, Pinus strobus, Pinus resinosa Wa¢ Betula papyrife FAIAITIUAUN

YoaNsEiiegh 4.9 - 11.3 lwufiuns (Daley et al, 2007) uaviAANuvuIvenseiilignd
Unaniouludseinalu veswlianug 4 wila lawn Pterocarpus indicus, Pterocarpus
macrocarpus, Pterocarpus marsupium, Pterocarpus santalinus G RIBLEE PRI

YINTENOEIENINN 5.3 — 8.2 luURUAT (Xu et al, 2016) MailiiidnANadevIAUNUN
AN v v ! < & & Add o = Y o = 1 vaa v
nsrildiiAdosnin eradunsignsasiunnyinnisdnwilavinnisfnwiauliniiduniu
6 = [ 1 a d' = :.J/ dyd ¥ 1 6 a
Audnatuiigaanaglugie 10 - 30 wuduns luvagnnisAnwiasediiduniugudnaiaies
anagluya 10 - 130 wufwes dwaliiulinvihnisfinudianunuivesnseilingni

¥

2 NURNTN15WSauLiaU 1119991NANUNUIVDINSERNILIULINTUAILIUIAUD IR U L7

71MN15AnY (Shelburne, Hedden, and Allen, 1993)

[ '
] 14

o A o IR A o = a &
aiﬂllwumclﬁu’]@@m@QWUINWQMNWV]V]']ﬂ'ﬁﬁﬂﬂ’]ﬂ@l,ﬂu 46%

ANFIUVDIAUNUIVDINTE

=

~ 99.3 % YasiuAnthdnvesdmIdu lngauruIvensEidldnrinian maseuieuiy
nsAnwluiuiUluiungy nudrnunuvesnseidalnafesiusdaiugniinisfine
oy UnwasouluiunUiveuzyou vasslaiuginulanild 7 via fe Albizia

multiflora, Crateva benthamii, Laetia corymbulosa, Nectandra amazonum,
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Pseudobombax munguba, Tabebuia barbata Way Vitex cymose 1agiiA1AIINNUIUD

= o w

nsediladuegil 5% - 92% vesiailddu (Parolin and Mller, 2008) UNyADUFUNI

Y

nriueenuessnesilily ansgawsnn lneiin1sAnwily 3 vila Ao Quercus rubra L, Acer

saccharum Marsh wag Liriodendron tulipifera L. WUAMUWUNYBINTZANNINDL 66% - 83%

(%
=

o unnindnuesdulil (Wiemann, 2004) usnaini §sin1sAnwnves Phillips and Bond

(2001) TununUnlfwnSouvasusemaUiunun Inednwlusiaiug 2 vl lown Simarouba

= 1

amara Aubl, Tapirira guianensis Aubl NTYWIAEURIUAUGNAIWNEIDN T81I19 14 - 64

[ 7 7
Y v a

a oA A v A v a o <
WUAAT NuEANNrEIveInseiiliinseuaguiou 100 % vessallasy vllotalumse
lusiunveslunsou wazlin13nTea18eaydaRugnuIndwa il ¥9909AUnUINTE N
N9 wazvlanugludnunseudewdatunuasyduladwaliiinisaianseilduinndwnu

a1 (Hooper, Legendre, and Condit, 2005)
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4.2 nMsad1gaunsdalaunin

a519aun159alalnin AeAsIATIZRN1T0n0RYITUEY (Regression analysis) 5¥#914
ARSI (Sapwood thickness) wagiduruAudnanaiiesen (DBH) Turliniugisiu
yosiiufinlasivouedds uarulasidonuesds lEvhmslesgenuaruynaianug Tne
Tumsinsgilunsazaia wuilu eradeu (O, gracilis) amnsawtsnsinseiiduassag
T Prvesduldififiawiatosnin 30 wufiwns way 1NN 30 wuRwes Wesaniinny
ssfuresgUuunmsinEssmesdeya fwmisedt 4.2, nmil 4.1-n, 4.1-a uenand Tunsdl

a

UBY NI (S. nervosum) MAulatuisiunUiugugll wazUiegd @a1u1507LA51E9

Y

Y Y] v A v ~ a Y] v a Y} a o s A o =
?J@Hai'gllﬂu‘lﬂ LuangﬂsﬂﬂyjaﬂﬂqilﬁﬂﬂmrﬂﬂaLﬂEJ\‘iﬂ‘L! LLagiuﬁlju@IWUﬁq@uq NNINITANWN

a L] a 1o & £% = a ¢ =] 1 [
Z‘ﬂll’]iﬂ')Lﬂi’]%‘ﬁLﬂUﬁMﬂWiL@S’Ji@HIMﬁ]WLUU@@QNﬂ’ﬁLLUﬂ'}Lﬂi’WMLUQQ‘I’ﬂ]’WﬂlﬂJiJﬂ’J’]iJ(?]’NﬂusU’eN

sULUUNIINTEsvetayaluwsiarylin Aw15197 4.2, (N9 4.4-9

mﬂwaﬂ']ﬁlmﬁsﬁl,ﬁ@mammiﬁmmsauﬁ’usﬁaaﬂawudwammiaﬂﬁﬂé’ﬂ (y = ax") in1u
wanganfunTnTeily 12 vdeiusivihns@ne 18un eradeu (0. gracilis), Adoame
(C. axillaris), willeans (S. cochinchinensis), wieudany (G. nervosa), @x@su (S. sioun),
431030 (C subavenium), nela (S. wallichin, fuain (M. pentandra), 319431 (S.
nervosum), W na U1 (A.integerrima), \d daunng (S antisepticum), é{a LN 5’1{8 3 (C
cochinchinense) uaz auMsdUAT (y = b + ax) el 2 vilafug laun Bunan M.

gamblei), I. chevalieri lngwinnanapiatmvanzaufvaunisidunss (Linear) 199310

vy & A U s a a a iz o A 1 P
amﬂﬁmlﬂUﬂsﬁﬂqsﬁu@WUﬁq‘mﬂa@\imﬂ'?ilfﬂiiylW]‘UIY”PU@QﬂﬁZ‘WIu@Gﬁ'}Wﬂ@umqﬂﬂ\‘iVlL@J@GU‘U']WGU'E]Q

e

[
2V

BTG G?fat,mﬂsmﬁm%’a;ﬂaﬁlﬁmmjﬁmﬁm Awanslidtuindnisesyiulnegieings
pusUuvuannisentids Tunsdmdenannisiivungauazdnduainadulseansnng
fadula (A venanidedinsassdeumumineauvesansiiudlagldnslns i
Wde (Residual analysis) wuinawindsliiauduiusiu DBH lunnyialasial p ot
5891919 0.62 - 0.98 Faaguldaunsildfiaumnaniusuiuunuduiussevinedeya
AuVUIBINIEilliiLay DBH faagulumisnedl 4.2 nadilddanandostunisAnuives
Meinzer, Clearwater, and Goldstein (2001) #ildnaniaunisdalamninitldlunisusedu
munYeen st Ll drulvgazlisuuuuaunsening avaunisidunse uananil Enquist
(2002) Ifinsauenisidaunisenids dnsulunisssiunnununvesnseitandusiiu
Audnanaiiesen lageduareniidsaina fe 7/3 (Mse 2.33) og1elsfin1u Meinzer et al.

(2005) lwudnaveninasaunse ausanvtesntailuegtes 3 nqulu 25 vliaiugues
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Hundwneugu wavlunieu lnedregsendng 1.42 - 1.90 lnedeyalunisnwinseiiiiay

[ I |

gnidegluriesening 0.45 - 1.02 Feagludrafgiiunanisfnyidenduaidinaven

' '
o w A A

MR LEARIINNTRIANNNLIYRINSERTUdvwIAEnnIIN s AN luundu Tnewin
suliifivwawinduanunnnssildluiuifnwszliswadnninate wenandddmeualy
AnuuanesivluauandiniedugIuine) dSssivevewiedfeivediy fiog1aau fu
A a . ° v A o a H o Vo . A
aunilmsfa (tracheid) vimntinlunisadesun waz sulddiwin Angiosperm 93 LiaLwa
(vessel) yinthilun1sandesu dewalvivaasdninidiinisaassnanedu wenainaiy
wANANNLgIUYANE Fadlanuuans1eiudnnaiedsenis 919U YUINYBWIBEEEI 113
N3URINDT InglanizANuduiussenIuInuesaulll AU nsluavesiiluaisu Tu
nauvlinugeinag NilaMukAnA1iY SIudsanwInaeulunssyAulaiuanmeiy
melurliaiugiferiudmaliiavenmaadiausienululusdasnun wag sllniug (Xu et
al. 2016)
HANITIATIENANNFURUSTENIIAUIYeIn el lluasiduiugudnaluiiesan
wuindimdudseansnisindulasgluyis (F) 0.46 - 0.99 Awanslugunmd 4.1 - 4.5 uasil
A1 p Hesnimsewindu 0.04 deasulilunisned 4.2 lnsanunsavenlainduriuaudnais
a & @ A al a v v A o v & A
wigsen WWuiuusnalunisuseliuanunuivesnseildvesiaiugldinulunuigneiu
wisAivg 1 Inenafiduguiionadunssdurugudnaiiiedon wae nseildiinig
wiglundonq Mgauie sulddvuialnglunisiasyuesnseinazuinluaiu (Shelburne,
Hedden, and Allen 1993) sniiulusuldiiesunsefinwintu mewail Wulugudnansie
andauduiuusndenldlunisussliuanumuivesnseiild aenmdoatunisAnyives Mitra
et al. (2020) lavinnsAnuuiivesnseldluiuUnuneugu laee1dy 3 dauuslaun i
HIUAUGNA1NNE0N AINET LHUHIUAUINANVBUIBULDA T9AINNTANYINUTNAURIY
6 = Y 1 [ a QK U a d‘ 1 L% r.ﬂ' ¥ U
Audnatuiigsanlvardudsednsnisdndula (F) Naendidiudsduy uaraennqoaiy
n13ANY1989 Montagu et al. (2005) Fawu31 DBH LilgaduUsiigatunsalinangnaes
wiganalunsussidiuiuinseiilyd nldarunsainaugeld Jsanunsoaguladnduninu
AudnansiissoniduimuUsiunzausenisassaunissalawn3nvesnnununse il
' I3 a4 a a aa Y a A [ '3 =
ae13lsfiny uenwtleanUseansnmmnsadaud dnmeraniienduluaudnanaies
Id Y a = 5 d’j = | 1 1 4 al [} v
anluiiuusdassluni1sfineinsell Ae Anduriugudnaiuiivsonaiuisainladineg uay
wduginIFulsrindug 1wy ANge WuRugugnanuseusen aytnuily uazlad
N15ANY1U83 Montagu et al. (2005) wuinmsindurugudnanaiissen dveinnainagi

3 % luvagianuawesnuldiidenianainegf 10% -15% Beluniniu n1sinAnugdes
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o = v

91 eIney wazdedldusanuunninsiaduriuaudnarsigseninaaniglununly
Autn AdauldlulTunasnnlaziinssgwivlalndiAssiuazdialidnisaainadoulunis
Fole waglun1sfnwiassilsilaasiaunisdalawsin 2 JUsuuanAuduiussEnitedy

HIuAUENALTEIeN LagAUNUIveINTENll Ao AUN1T8NAIEY LagauNITEURTS B9

o

~ ) 1Y) a & A Aa a Y o A o = %
a’]ll']iﬂW]fJ‘UﬂUEﬂLLUUﬂMﬂWi@aIM@ﬁﬂIUWUWQUG] V]Nslju@lwuaﬂaLﬂﬂQﬂUWWqﬂqﬁﬁﬂﬂﬂ@

9

v dly = =

wadansinanunuvesnseiludniedy Ndesddeda ludagiuiiveianisinniy

(%
[y

nveInsEiliuINue Felvendaideraiuiued

v v

UIROUSLAIALUNTIY FID8196TY AT LY

q

1% ¢ aa A o A A a Ao )
ﬂaa\‘iﬂamiﬁﬁuLLUU@Laﬂmﬁau LWEJﬂqﬁu@wumﬂquwuqmﬂﬂﬂigwblu GINAUAUNAITULLNUYN

o

89 waidlanlddnengeniu wazdetedeizeviglunis@nel (Quironez-Pifon and Valeo

a [

2017) Inemnadanlgluni1sdneasidae walanisdoudannmagrawnulsl Tneddauazyin

v a

Ufnsendvaniiu wazaisunindue Tuwnulddwalunuldinisasudidunionseild ue
a A= o/ 9/ o v ~ =3 Y 1 L2 % & '
wiatiatiiinissuniuduldl nensingaisuiianuiiegtawnulyl daalvansunlidaunse

ila Banaraiidennatiatifeansadaluneaunlaiuiilewinauldnviinisdnud

cal v °

NAWIUANUTNADIY]

9

MNSANYT UAEUAI1VUINVESEIAY pe1slsAnueIalinisAnuily
surnlagldmealinduietudunisltimatindondll dnladeionvdimanan1sinANurUIveY
lfinseiine arduvesruliidulnss@muludnunseudus lnsnuadudulnseds 83% vos
wiAnvesadu (Heineman et al. 2015) Ingnsanwasslliladinsandendulividulnss
Weannsibidendulinauysaludansegnesednseds wsemnnulnssluduldinianznagdin
¥ 3 dy =2 5 dy 1 4 1 v 1 [~ % 4 @ =
Aulueen wanantd nsfnwassildddulivualvgunin dulngludulivuiandnia
urnlunans dwalildwuduldndulnsannin iWesanaznuduldfidulnssdiulngd

YuaLdUEUAUEINa1mINNTT 50 Wwuiuns luiiuivieniou (Heineman et al. 2015)
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gr9deu (Dipterocarpus gracilis) Residual; Dipterocarpus gracilis)
50 10
O< 30 . ; y = 0.45x%2, = 0.99, p < 0.01 O <30 %4.p =090 o
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g #ideand (Choerospondias axillaris) Residual; Choerospondias axillaris §
) 50 10
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DBH (a1.)

A 4.1 Lansnan1siAsIginisannes (Regression analysis) U89AmuiuINTEile (al.)
LAy WuRIuANgNaIaiissan (DBH ; ou.) kagn19insIesiiauvimae (Residual
analysis) lusiaWus enadew (D. gracilis ; n way v) way ddgeana (C

axillaris; A Wag )
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(ﬂ'l‘Wﬁ 4.2

suilenna (Symplocos cochinchinensis) Residual; Symplocos cochinchinensis
50 10
y = 0.48x"%, ’= 0.99, p < 0.001 p =089
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.'... -0
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914530 (Cinnamomum subavenium) Residual; Cinnamomum subavenium
50 10
y = 0.51x"?*, ’= 0.96, p < 0.001 p =085
40 —
F 5
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20 — ° PY
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& . .
5 WUaUUAMEY (Gironniera nervosa) Residual; Gironniera nervosa 10
y = 0.66x"%*, P= 0.97, p < 0.001 p =079
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52

[epLvnLE

YULYZLETERRANLEM

°F

(‘7e SeNPISaY) ELUMIBULEEAL

LAAINANITILATIZNN150A0DY (Regression analysis) Uo9AMUNUNNTEW I (231.)

way durugudnatiiesen (DBH ; 93.) kagn15iATIeAvnED (Residual

analysis) Iu%ﬁﬂﬁ'uﬁ: Wwilonns (S. cochinchinensis ; A wag V) asugia (C

subavenium ; A hay 9) Lay MUBUIAINY (G. nervosa ;A bAY V)



duna (Machilus gamblei)

Residual; Machilus gamblei
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50 10
y = 0.3dx, ’= 0.78, p < 0.001 p=0.89
40 — ° |
[ ]
30
\. ‘ )
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20 — % Y
@ [ ]
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10 ( ] )
n v =
0 T T T T T T T T T T T T -10 2.?
0 20 40 60 80 100 120 0 20 40 60 8O 100 120 o
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AuMN (Mastixia pentandra) Residual; Mastixia pentandra ada
50 10 =
y = 0.48x', ’= 0.99, p < 0.001 p=0.76 =
9]
,--'\ tg
= 40 — )
3 - 5 g
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=0 - 3.
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33 1 - 0
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e 20 — =
g ]
e s B
= 10 S
= =1
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weld (Schima wallichif)- Residual; Schima wallichii )
50 ' 10 1]
w
y = 0.43x"%° | = 0,92, p < 0.001 p =0.80 a
c
40 — v
L 5 -
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30 ‘. . —
- 0
oo,
20 — [ ]
- -5
10
9 U
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DBH (231.)

AN 4.3 LARIKANTITILATIEVIN1IANNBY (Regression analysis) YesAunUINTENLl (2a.)
wag WUk ugudnanaiieton (DBH ; wal.) Lagn1siAsIzniAwnge (Residual
analysis) TugfinWug 8un11 (M. eamblei ; n wag v) AuAIN (M. pentandra ; A

9

way 9) way nela (S, wallichii ; 2 wag %)
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ANMURLNVDINTE LI (T3.)

azfieiu (Sloanea sigun)

Residual; Sloanea sigun

50 10
y = 0.54x°%°, ’= 0.95, p < 0.001 p = 0.97
40
- 5
30 Y
e®
oe® o - 0
20 o ©®
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- -5
10
n U
0 T T T T T T T T T T T T '10
0 20 40 60 80 100 120 0 20 40 60 80 100 120
llex chevalieri Residual; /lex chevalieri
50 10
y = 0.49x , = 0.99, p < 0.001 p =0.62
40 -
- 5
30 —
.w - 0
20
- .5
10 —
A 3
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0 20 40 60 8 100 120 0 20 40 60 8 100 120
5 Mﬁ'mvw'\ (Syzygium nervosum) Residual; Syzygium nervosum 10
® PF ® PF
O SF O SF
409y = 0.44x°%%, = 0.86, p = 0.007 p =083 | 5
S
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o F o |
20 — Q. [
o) o
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10 — .
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REDLBMER

©

YIALYZBTISRERMLEM

o P
H

(‘e Henpisay) eLURBULEIBLIL

AT 4.4 LEPINANITIATIZANITANNDY (Regression analysis) Y03ANnUINTEN Ll (23.)

=

wag WUk uAugnanaiiston (DBH ; wal.) Lagn1siAsIznAwnGe (Residual

analysis) Tuwliniug avfsu (S. sigun ; n wae ) | chevalieri (A Wag 9) ko ¥

Q11 (S. nervosum ; 3 Uag %) MNaudnuwaniteteyadnUiUgunll (PF) uag

HnaudvIkansDateyaInUmRe i (SF)



w

& &
ALnaed (Cratoxylum cochinchinense)

Residual; Cratoxylum cochinchinense
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y = 0.98x"™, P= 0.92, p < 0.001 p =093
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adlauns (Syzygium antisepticum) Residual; Syzygium antisepticum
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wnath (Adinandra integerrima) Residual; Adinandra integerrima
50 ~ 10
y = 0.83x°% | = 0.88, p = 0.008 p =0.98
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a a ¢ . . v
AN 4.5 LEaAINANITIUATIERNITOND DY (RegreSS|on analy5|s) GZJEJQm’lﬂ,Jmumileu (231.)

war duiugudnataiigssn (DBH ; 93.) Uagn19ATIziiAwnGe (Residual

o

analysis) TuwfinWug Awndws (C cochinchinense ; n waza) w@llaung (S.

antisepticum ; A Wz 3) bae ﬁqaﬂﬁ (A. integerrima ; 2 kag )
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A a ¢ v a o Y ' = .. a a 5y
WBILATITNUDHAVNVINTUANUTUAINUIT 8 LHYU (D. gI’OC/lIS) M;JULLUUﬂ’]'iLﬁ‘EJ\TW’J“UEN

Y 9

[y

Yoyaf199nvilaiugaunyiinisAne Jwenvilaiugiannsiienenvilaiugiomn A
AT 4.6 115799 4.2 WstdSeuiisuiuaunisdalawn3nvesanunuinseiiliiveannaile

v

ug Auaunisdalawnsnluidazydaiuinudi aunisdalawunsnvenviaeniiu D.

< DL a U A

gracilis fenduuszansnsdndula (7 = 0.86) Amnduisviinfugiléinisinu enfiu
wuauiAY (G. nervosa), Aupn (M. pentandra) Wag I. chevalieri (P=0.99) @anndodfiu
N13AUNUVBY Paul et al. (2013) wudnn1siauIaun1sdalaunsnvewneiniugsiuiuay
Tenfidosnimaenginenviaiug orslsAnmaunissalawainuewnudniugenaiiiu
madeniimlumsussdunnuunseildlunsdilifaunissalamesnomesiaiugdus
Tnemgnsuszifiuanumuvesnsed luhifiudvuelveg uasiiuglivainuaneia
%ﬂlajmmiaa%ﬁqaumnawwwﬁmﬁuﬁ:ﬁgwmiﬁ (Thurner et al,, 2019) TnevilU aunisea
Tawninfiassduunagliamuudugilunmefuifvinsinvuiady Weswniiag
wsUsuvesdeya suileunananimuindennaznsaiyivlavesdulifisstusenly

(He et al., 2018)

50

® vilmiugiomun
O D. gracilis
y= 0.57x%", ’= 0.86 , p < 0.001

40

w

AUNUNVDINTEN Y (D)
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°
20 + }.
2g
L -3
10 - 2 RN
o ©
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DBH (wu.)

AN 4. 6 LAAINANITILATIENNISON0RY (Regression analysis) YDIANUNRUIVDIN TN ]
(w3.) waziduriuAudnalufieson (wu.) veswlianusldinunviinisinw Tu

greuLianInlng Ussmelne dydnvalinaudduanidadeyavenuin

v =

Wug wazasnandvninanuanizvilaiug eradeu (0. gracilis) Wity wanas

]

o

Aasenilaasulinennsnen 4.2
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dwsuriiniug enadeu (0. gracilis) dnuldnzluiunvinedsls Jadulifianuy
g9 @anAdeIiuNISANYIYDY Appanah and Tumbull (1998) wuinguldana Dipterocapus

=~ a ! & 4 a W a & da d' =
spp. Nﬂqil"ﬂiﬁyagiuwum?‘dﬂlﬂimLQW']%IUU']@I‘UGU‘U‘WN@'J']NQQLQaEJ 0 - 1000 us3LnUD

¥ '
A A a0 Y a

sziutmaia wazliuunanieluade 1000 - 2000 fadiuns FADINUNAD WY1 AT
pruliiin 6 Weu waznudnitluiuiiviiy Ussmannade wlawug sradeu O
gracilis) lufivuadusinugudnarafiesen dusidesndn 1 wufwns audswuiafiuinniy
100 Wwufluns Ssnuduiigalaeiaugeda 60 wns Tnowunisnszaneiveswuindusiiu
Audnansiissoniduegauin (Goltenboth, Langenberger, and Widmann, 2006) @enadad

Aun1sAnwiasell IngluiuiinisAinwinudilnisnssaegveswuiadusuaudnaluiesen

2
o

1n dwalinsfinwilusiaiugifinisnszanevesaeiied 10 939 Fsdednduyianugid

N13N5¥189039%2979081930710 TYUWILAURIUAINAILNEBNUINTNAAAD 127 LYURIAT

9

vaa )

& v 1l = o & fy vy a = v & & da
wazidusuldnfivunlng ngalunisinwiasad uenandsuldvilaiugiiduldideudmd
AINAIVRATBULBAUINIUNUNANYT wazdin15AUNUYBY Soerianegara and Lemmens
(1993) nunAnuvuwinvesilelsl wilaliiAegi 580 - 1000 Alansusegnuieiiuns g

v & v & 4 A a o o =
7\]@LUUINLu@LLGU\TLJ’]Uﬂa'WQV]lIﬁ')’]umum']um’]llﬁiillslﬂm UDNITNUYIUNITIANYIUDY

v ¥
v s =2 = 1

Martawijaya et al. (1989) WU319¥RANUTLALAWY 160 Lwudunsaal Jsa1dwmalranu

9 Y

vosg19dsu (D. gracilis) in1sasrsunulduinnitiiesessuimdnaidunazisouson

= i vy a a = a o e Y a ) =
Luaqg\nﬂLLﬂuvL@Jllﬂ'lqllﬂ@mu@"lllﬁiillsmm I@EJ@Jﬂ’]iﬁﬂH'ﬂu%u@WUﬁqVﬂﬂaLﬂENﬂU g9t (D.

¥
S =

gracilis) TuNuAUAuTY vsUsenaAlSIAd Av Dicorynia euianensis Amsh. laayfinilagil

ANNgIUTEII 50 Wng wagiinisaiawnuldimuudesulddvwadintunivgluiunis

1Y

a a A 1 2/ [ = 1% A o o v Ao o Y
wigivlnvessousen wavunuldazidunislulassadrendrdglunmsiminnsudvidnees

o

dulduaziSousan Woduldiivuinuazaugiuasuindau (Lehnebach et al, 2017)
oo . g ody o

won9 Nl Falin15An¥1v9e9 Cordero and Kanninen (2003) Tunufivnduau ludseine

ay A o & = ] v & I3 & A ] A Ha
ARANI3A1 VBsYlANUS Tectona grandis Falulditlands wuiniuinunuldvessiiaiill
nduaNDe 61% vasunnthdindiy nisunsdnsiiudumurnadusugudnaaies
anuaza1gvasauld uenanUiuiudadiuvesunuliual delinnsfinyinisazanvas
a1sUsenauduvsdly eradeu (0. gracilis) WneUsenaume waglaa 51%, anilu 19%, 1wy
lawau 17 % wazansusenavdu lavansuseneudunsdmaitazgnasieluseninemis

WasunvUasannsenlidunnulsd Inedndiuvesarsusenaumant nulsuinluliidonds
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(Tarasov, Leitch, and Fatehi, 2018; Martha et al., 2021) %ﬁa’lu’limﬂ'mmmLL%QLLiﬂﬁLLﬂ'

v ¥ !
v ¢l a1

aduvesrtanusil Insaniviwaglaa wasnisazanarswaldmadenisasiaunuldday

9

'
a

WnTunuogvesruldl (Martawijaya et al, 1989) 9NN15ANWIL WUIIAIUNUIVDINTEH

a Y @ o v

v A o o a | a LA A & i
Iadglusdaiugiluvsnueneuwianfwilag duies 46.7 % vesnuiiniidnaisu

(%
Y

e lneaunsaudslaidu 2 ¥19fe 1. Yreifivuaduiuaudnaiadiisseniesnii 30
a a dy = dy d' Y o v ! aa 174 1
WURLLAT TAUNUIVRINTENREY 96.8% YDINUNNTNFAG AU tay 2. YINTVUIAEURY
4 = ] a & = & | o Y
AugnaIeiigaaniINndT 30 wuRwastuly danuvunveanseianasiuegi 33.8 % saasy
lun15199 43 @onAanInuNISAN®IYDY Pruyn, Harmon, and Gartner (2003)

nintsAanerluduld 4 wfia lawn Abies amabilis, Pinus monticola, Pseudotusea

(%
=1

menziesii. waz Tsuga heterophylla. lutiufivanaunans vassglesnau ansgaLusni wuid

v /., 1 Y
) | A A v oo °

Turliaiuginiiongdesaziianmgnssnbimiuiviidavesdasu lnesuldiifivuatesnii 30

£ o
) v A

WURLUAT AU NIRRNIZIEBINTLASULAULALYINNY a9 nAeadinTwrstulun1sAum

o

WAEI8191T WaTLEIaNT01MIAUTENINNAUllTo U Astulniusunua1seImsiieane?

b2

awnsaldlunssydulale duldivarflagases) Wasuannsyildidunnuliiieasrsai

¥

wlawssliandu waglin1sfinyives Gower et al. (1993) Fanui1 suldazasianseiisiign

(%
[

Tt 9 dvunfaws 0 -25 Wwumuns F9dennaednunanisIdglunisAnyasaldanuin ¥in
Wug w1udeu (0. gracilis) ¥ 10 -30 WuRuasiasanseildiinduegeiailios wavas

Buas1anuldtasiaivun 30 wuRunsiull

[
Ly

dmsuvdianug ni19wn (S nervosum) wilauginulaaluluiungneuwien g

lng) dA1ugareasousanUszannd 10 - 40 WAT IN15NT2INYVDIYIVUIAGIAUUINGR

[ 1 [ '
v A = T~ I

Tugae 1 - 50 wudwes Turlaiuginiyegluiun Ysugiiluuvadifeueddls uay fiui

UmAgniilunaddifenuesds Nllanuieiuvessiiali uar Jadenedwindendus 019

v

| & a A o & v a a X A a a =
LYY ﬂ':l']llslfu&[,u@u GUUWWUﬁ:U@QWU‘lNVlNﬂ'ﬁLQiﬁy]LWUIW&LUWUW JIUULLES I@IEJ@Jﬂ']iﬂﬂU']

v '
a IS

wuinmradisdaiusiannsnesgliiduiuiviusugivasimiogd Wesniduyia
AUNUMUABANINLINADN An15USUAIdTUanEInaeulaf (Gamage, Ashton, and
Singhakumara, 2003; Zauza et al,. 2010; Zhu et al., 2015) uenaniitademedundou
unsgnsiiinnlndifestu orfiiu UTinadhiu gamgl wee udnitlndides enadwma
Tisdatusiinmatluiaosiiuiinisinu uas Sn1sfnwives Li et al. (2017) wud1 wih

Q41 (S nervosum) @xnsaiulalatununzun wag SUsunailuvTinaivangay Ty



59

(% ' ¥
(- @ {

' Y g P = ) o w a Sa X A
ANUVDIANAIUAMUNUIVDINTLNADS AT NUNNTN AR a1A UV RATEAY 73 % TuNuALlad

[y

Wenedals waz 66% TuuUaidenuesds waziinsiseaivesoyalndifesiu ag 11190

wienteyaTiniuld lnawswafideyatinnulnaifesiuluussnuiddlisinisfinw wag

Y 9

D

v d' [ d‘ v ] = a LY e‘dy ! a v Y Aa
VBUANUIDIIY LUE)\‘T‘i]Wﬂﬂﬂlﬂuﬂqiﬂﬂ‘ﬂﬂu%UWW‘Uﬁqu We1LARAINTITEAIUATINGT UaY

Jadun19dmIndsuulsenisndsualiaianunuiveanseildiaflnadestu fedaaode

nsanwlusuianmald

1% ]
[

Tunsdlaes neld (S wallichii) wag 8UNI (M. gamble) NANUNFAEIUAIIUNUIVOS

NI NAOTANNUNNTUNFAUDIEIAY 52.7 % Uy 69.8 % auainu Laeludassvliatindnas
W3lnaiu n3e USaiueInu lnesin1sdnwilu 2 stainuan neld (S. wallichi) way
BuNn (M. gamblei) An151asAulaNADUTNTY wag Fodlanniindeuiiuuizanluns

WwiAule 019 Usunauas USinaanuaududu (Boojh and Ramakrishnan, 1983; Z.

[
a A v

Yang et al,, 2016) e ilillorulddvuiafiiiuuinTuaziieguntuny wazdanaiing

asrannuldMinuindu Weeninisilasuwlasveansedtiduwnuliiaainiull
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M19197 4.3 uansteyavevilanug e1adeu (Dipterocarpus gracilis), Wiounsoyanugu

laun vuiadusnuAudnalaiiesan (Diameter at Breast Height ; DBH) A3y

PUIVDINTEN (Sapwood thickness ; ST) LALARAIUYDIAINUNUIVBINTENAD

[ v

milsuldl (Ratio of sapwood thickness to stem radius ; SR) Tnsuanseade

wazeAE U gL UUNINTEIY

%29 DBH (511.) DBH (%3.) ST (1) SR (%)

10 - 20 14.46 + 2.15 6.97+ 2.15 96.3

20 - 30 21.46 + 1.81 10.44 + 0.9 97.3

30 - 40 34 + 3.47 9.62 + 3.40 56.5

40 - 50 429 + 3.37 8.5+ 1.76 39

50 - 60 53,5+ 2.93 8.14 + 1.90 30

60 — 70 63.36 + 1.09 10.44 + 0.78 32.9

70 - 80 75.66 + 1.60 9.67 + 1.33 255

80 - 90 81.86 + 2.20 13.28 + 0.55 324

90 - 100 92 + 1.80 13.67 + 0.76 29.7
1111731 100 112 + 12.87 14.12 + 1.46 25
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Sapwood area is an important parameter for estimating canopy
transpiration in the forest water cycle. However, sapwood area highly
varies across species and forest ecosystems, and is difficult to measure
directly. Therefore, species- and site-specific allometric equations are
needed to estimate sapwood area of all trees in a forest. Here, we
conducted a comprehensive campaign to measure sapwood thickness
and estimate sapwood area of 14 common tree species in a
successional forest in Thailand. These data represent the first
comprehensive measurements of sapwood area in Southeast Asian
successional forests growing under diverse environmental conditions
in terms of soil moisture and canopy density. The results show that a
power function can significantly explain the relationship between
sapwood area and stem size, represented by diameter at breast height
(DBH), in all species in both primary and secondary forests.
Interestingly, a single equation could describe the sapwood area ~ DBH
relationship in all species and forest stages, except for Dipterocarpus
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gracilis, an emergent, dominant species in the primary forest. The
latter showed slower growth in sapwood area once the trees reached
a DBH of approximately 30 cm. Overall, our results can benefit future
studies that estimate canopy transpiration of tropical forests with
similar conditions as in our study sites.

Introduction

Forests are an important part of the global water cycle. Specifically, transpiration from
forests represents approximately 40-90% of the total amount of water emitted to the
atmosphere (Miralles et al., 2011; Jasechko et al., 2013; Wang-Erlandsson et al., 2014; Good
et al., 2015), thus significantly affecting hydrological and energy partitioning processes in
terrestrial ecosystems (Bonan, 2008). Among the global forests, tropical forests play an
important role in mitigating rising atmospheric carbon (C) dioxide contents and thus related
climate change impacts, by sequestering ca. 0.28-1.26 Pg C annually (Hubau et al., 2020).
However, widespread deforestation and land use change in the tropics are rapidly
transforming these ecosystems, with over 80 million hectares of natural, old-growth tropical
forests being lost since 1990 (FAO and UNEP, 2020). In Southeast Asia, transformation of
forests to large-scale agricultural production and commercial tree plantations have been
identified as the main drivers of forest loss (Curtis et al., 2018). In some areas, the
abandonment of such large-scale agricultural operations due to unsustainable practices led
to the regeneration of secondary forests through natural or artificial processes. As a result,
forests in Southeast Asia typically comprise a mosaic of primary, old-growth forests and
forests at different stages of secondary succession.

Because tropical forests commonly contain various successional stages, it is
challenging to estimate canopy transpiration, which is influenced by many factors, including
canopy structure, microclimatic and soil conditions, and species composition. Many studies
have demonstrated that sap flow measurements are an effective but time-consuming and
hence costly method to estimate tree water use and thus canopy transpiration. Most sap
flow measurement methods rely on point measurements of sap flux density across the
conductive sapwood (xylem) area. The whole tree water use is generally defined as the
product of sap flux density and sapwood area. Previous studies showed that the variability of
sap flux density among trees of different age and size is relatively low (e.g. Kumagai et al.,
2007; Reyes-Acosta and Lubczynski, 2013, 2014; Jaskierniak et al., 2016; Tor-Ngern et al.,
2017); therefore, the whole tree water use within a given forest should mostly depend on
the sapwood area of the trees in the area.

Despite the importance of quantifying sapwood areas of trees, there is inadequate
research on this topic. One of the major constraints in using sapwood area for estimating
canopy transpiration is the potentially high variability of sapwood patterns among species,
especially in tropical trees (Parolin et al., 2008; Horna et al., 2011). Another limitation is that
cutting down trees for measuring sapwood area is often prohibited and it is hence



challenging to collect corresponding data. An alternative approach is the extraction of wood
cores using an increment borer to measure sapwood depth and then estimate sapwood
area. After being collected from trees, the increment cores are stained with a chemical
solution to reveal the difference in chemical composition between the hydro-conductive
sapwood and the non-conductive heartwood areas. Some examples of chemical solutions
for staining wood cores include methyl orange, benzidine, sodium nitrite, safranin, astra and
Eosin-B (Lubczynski et al., 2017). The latter were proven to be successful in estimating
sapwood areas in many studies (Pfautsch et al., 2012). Once sapwood area is determined,
the whole tree water use can be estimated in combination with measured sap flux density
(e.g. Granier et al., 1996; Wullschleger et al., 1998; Tor-Ngern et al., 2017). At the forest
scale, the canopy transpiration is calculated using the total sapwood area of all trees within
the stand and the weighted average sap flux density data from sampled trees, depending on
the site-specific scaling approach. Because it is difficult to determine sapwood area of all
trees in the forest stand, species-specific allometric equations for estimating sapwood area
from biometric parameters, such as diameter at breast height, basal area or crown area, are
often used to obtain the total sapwood areas within a stand (Lubczynski et al., 2017; Gliney,
2018; Aparecido et al., 2019).

Allometric equations for estimating sapwood area using biometric parameters of
trees have been developed for various tree species and forest ecosystems (e.g. Cienciala et
al., 2000; Wullschleger et al., 2002; Kumagai et al., 2005; Parolin et al., 2008; Lubczynski et
al., 2017; Gliney, 2018; Aparecido et al., 2019), but only a few of them exist in tropical
regions, and studies for successional forests in Southeast Asia are particularly rare. This
study aims to develop species-specific allometric equations relating sapwood area with tree
size, represented by diameter at breast height, for 14 common species in a Southeast Asian
forest harboring two successional stages. Additionally, one of the examined species existed
in both primary and secondary successional stages with different canopy height and soil
moisture conditions. Because allometric relationships between sapwood area and tree size
of the same species can vary across site conditions, such as elevation (Mitra et al., 2019), we
hence used the data of this species to explore whether different forest stages, with
corresponding site conditions, affected the relationship between sapwood area and tree
size. In this study, we did not intend to perform deep investigation on the physiological
mechanism of sapwood growth. However, we aimed to develop allometric equations for
estimating sapwood area of common species in successional forests which will be used in
combination with the on-going monitored sap flux measurement in the forests to estimate
canopy transpiration. The derived equations may be used for estimating tree and canopy
transpiration in other successional forests of this region and may also facilitate the
calculation of sapwood areas of trees in other tropical forests growing under similar
environmental conditions.



Methods

Study site

The measurements were conducted in a seasonal evergreen forest in Khao Yai National Park
(KYNP), Nakhon Ratchasima Province, Thailand (14226'31” N, 101222'55"” E, 700-800 m asl).
Mean annual temperature and rainfall at the site are 22.4 2C and 2,100 mm, respectively,
based on 1994-2018 data (Department of National Parks, Wildlife and Plant Conservation;
25-year means). The wet season is usually from May to October while the dry season lasts
from late October to April, when total monthly rainfall is less than 100 mm (Brockelman et
al., 2017). KYNP consists of old-growth (primary) forest with scattered regions of secondary
forests at multiple successional stages that have regenerated from old fields within the past
50 years (Jha et al., 2020). In this study, we selected common tree species occurring in two
permanent plots, one located in a primary and the other in a secondary forest. The first plot
was a 30-ha Mo Singto forest dynamic plot (Brockelman et al., 2017), which is a ForestGEO
plot in the global network of the Center for Tropical Forest Science (CTFS), Smithsonian
Tropical Research Institute (Davies et al., 2021). This plot represents an old-growth, primary
stage (hereafter PF), with an age of at least 200 years. The PF’s mean canopy height was 30
m, with a leaf area index (LAI) of 5 and a stem density of 1,112 trees ha™* (Chanthorn et al.,
2016; Brockelman et al., 2017). Approximately 3 km away from the PF plot, a 2-ha plot in a
4-year-old, initial-stage secondary forest (hereafter SF) was established. Its mean canopy
height was 15 m and stem density was 1,226 trees ha™. For this plots no LAl data was
available but the SF canopy visually appeared distinctly sparse compared to the canopy of
PF. The soil type of both forests was gray, brown ultisol (Brockelman et al., 2017) with soil
bulk densities of 1.26 and 1.24 g cm~3in PF and SF, respectively. In a separate campaign for
another study, soil moisture was measured at 25 locations in each plot during the onset of
the dry season (February 2020). The measurements showed that soil moisture was
significantly higher in PF (45.4 + 8.72%) than in SF (23.9 + 5.34%).

Tree sampling and measurements

We used information on occurring tree species and their size distribution which were
collected in the most recent census, during which all trees with DBH>1 cm were surveyed
and measured for DBH. The corresponding measurements were conducted in 2016 for PF
(Brockelman et al., 2017) and in 2017 for SF (Chanthorn et al., 2017). For each forest stage,
we selected common species based on the ranking of relative basal area and by ensuring a
sufficiently high number of trees that we could sample from around the permanent study
plots. According to the ranking in PF, we selected species with relative basal area ranging
from 3% to 11% whereas it was 12-31% in SF. The seemingly low species-specific relative
basal area values in PF were due to the high diversity in this site. The species with the
highest measured relative basal area was Dipterocarpus gracilis with 11%. After using the
plot data to identify representative species, we sampled trees outside the permanent plots
to collect tree cores to avoid disturbance of trees in the plots that are subject to on-going
studies. In total, we sampled 14 common species: 11 species were from PF (Dipeterocarpus



gracilis, Choerospondias axillaris, llex chevalieri, Symplocos cochinchinensis, Gironniera
nervosa, Sloanea sigun, Cinnamomum subavenium, Machilus gamblei, Schima wallichii,
Mastixia pentandra, Syzygium nervosum) and 3 species were from SF (Adinandra
integerrima, Syzygium antisepticum, Cratoxylum cochinchinensis). Among the chosen
species, only one of them, S. nervosum, existed in both successional stages and was used to
explore if the allometric equation differed between the two forest stages. For the tree
sampling, we additionally considered the DBH distribution of each species based on the 2016
(PF) and 2017 (SF) measurement campaigns. We realized that the information of tree size
that was used to determine sampling intervals did not match the ages of trees during our
measurement campaign which should be older. However, such mismatch should not affect
our main objective for developing the allometric equations. Furthermore, data from the
2016-2017 census were the only available information we had to determine the size
distribution of trees. To ensure that our dataset for developing the allometries contained
samples from the complete spectrum of DBH values occurring on the sites, we partitioned
the range of the DBH data into intervals of 10 cm and sampled 3 trees from each interval for
measurements. Only healthy trees with no apparent diseases, broken tops or hollowed stem
were chosen.

The sample collection was done in July-September 2020 and June 2021 which
corresponded to the wet season. After measuring the DBH of each study tree, we debarked
a small area on the tree and took a wood core sample from 3 equally spaced position along
the azimuthal direction around the stem. We used an increment borer of 5.15 mm diameter
(Haglof, Sweden) to collect a wood core sample of at least half the DBH of each tree. The
sample collection was done during 10:00-15:00 when transpiration was high (Tor-ngern et
al., 2021). Then, we immediately stained each core sample with 0.1% methyl orange which,
after 15 minutes, distinguished regions of sapwood with light color compared to the dark
region of heartwood (Forrester et al., 2010; Burgess and Downey, 2014; Molina et al., 2016;
Macfarlane et al., 2018). The sapwood thickness was then measured using a ruler. To avoid
further damage to the sample trees, we randomly chose a tree from the sampled ones
within each class size for measuring bark thickness. For each selected tree, we took three
wood core samples of up to 5 cm depth from the outside bark and measured bark thickness
using a vernier caliper. Then, we took the average of measured bark thickness values from
the three samples and used it in our calculation. Next, we calculated sapwood area (A;) of
the trees using the following equation.

— — — 2
AS =T ((R - Dbark )2 - (R - Dbark - Dsapwood) )
(1)
where R is stem radius, and D4, and ﬁsapwood represent averaged bark thickness and
sapwood thickness, respectively. All units are in cm. Because our data showed small

azimuthal variation in sapwood thickness for each tree (CV < 7%), our assumption of circular
shape for calculating the sapwood area was confirmed.



Data analysis

We performed an exploratory data analysis and implemented regression analyses to derive
allometric equations between A; and DBH in Sigmaplot 12.0 (Systat Software, Inc. San Jose,
CA, USA). Although some previous studies also explored bark thickness and sapwood
thickness as predictors (Glney, 2018), we did not use it in our analysis after finding no
significant relationship in the former (Figure S1, Supplementary materials). In contrast, the
relationship between sapwood area and sapwood thickness was significant (Figure S2).
However, we chose DBH as the main predictor to make our allometries universally
applicable for future analysis such as estimating sapwood area of all trees in the forests for
calculating canopy transpiration. In addition, using DBH is more suitable because it is a
commonly measured metric and causes no damage to the trees. We first performed the
analyses by species, then with pooled data for each study site and finally from all sites if no
significant difference was found, using an F-test to analyze the difference between
regression lines. We also compared the allometric equation of the only species growing in
both sites (i.e., S. nervosum). Based on the exploratory data analysis, two types of equations
were tested: an exponential growth function (y = ae’*) and a power function (y = ax?).
Both equation forms had to go through the origin under the assumption that no sapwood
area would be observed with zero DBH. The power function yielded lower standard error of
the regression than the exponential growth form (Table S1); thus, we employed the power
function in our analysis. To validate the performance of the selected regression lines, we
further assessed whether residuals of the regression varied with DBH. All statistical tests
were based on the significance level of 5%.

Finally, we considered different physiological characteristics, including wood type (i.e., hard-
versus softwood) and leaf habit (deciduous versus evergreen), in the studied species as
shown in Table 1. Hardwood species are often associated with slow growth and they tend to
build more heartwood than sapwood whereas the opposite is observed in softwood species
(Gartner and Meinzer, 2005; Lachenbruch et al., 2011). For leaf habit, deciduous species
generally grow fast in the active season, resulting in larger variation in sapwood growth in
the species compared to in evergreen species (Givnish, 2002). We therefore tested whether
the allometric relationships for the group of these physiological traits differed.

Results

Table 1 summarizes the average values and range of bark and sapwood thickness, and
corresponding estimates of sapwood area of the selected species. Mean sapwood thickness
of the species ranged between 7.6 and 24.8 cm, accounting for 35%-99% of the stem radius.
D. gracilis showed distinctively low fraction of sapwood thickness, and therefore a large
heartwood region, compared to the other species. Average sapwood area of each studied
species ranged from 230 to 3258 cm?, comprising 63%-99% of the tree basal area. Among
the studied species, almost no heartwood was observed in 4 species including S.
cochinchinensis, G. nervosa, I. chevalieri, and M. pentandra. Despite the relatively high



variation in the averages, the standard deviation of sapwood thickness and area were quite
similar among the species.

Regression analysis between sapwood area and DBH showed significant results for
all species (Figure 1-3). The residual analyses of the derived models showed no significant
trends with changes in DBH in all species (Figure $3-S5) and hence confirmed the validity of
the allometries. Overall, the power function explained the relationships between DBH and
sapwood area very well with r? values ranging from 0.97 to 1.00. Concerning the examined
physiological characteristics (hard- versus softwood and deciduous versus evergreen
species) our results showed no significant difference among them. For S. nervosum which
grew in both PF and SF, a single equation could explain the DBH ~ sapwood relationship
across both successional stages (Figure 3A). Considering pooled data, a power function
significantly described the DBH ~ sapwood relationship for all species, regardless of
successional stages, except for D. gracilis (Figure 4).

Discussion

Although many techniques are available for determining sapwood area of trees, all of them
have their own advantages and disadvantages which make the techniques more or less
suitable for different purposes. For example, recent studies recommended using computer
tomography for accurate estimation of sapwood, but the technique is expensive and
requires extensive data processing (Quinonez-Pinon and Valeo, 2017). The cut-and-dye
technique is perhaps the most direct method for measuring sapwood area, but it is highly
destructive and hence often infeasible, particularly in protected areas. For this study, we
chose the staining method which we applied to three bore-cores extracted from each
sampled tree during periods of high transpiration. We believe that our method was suitable
given the challenging situation in the field and considering the conservation status of the
study area. Nevertheless, future studies using other techniques may be performed to verify
our approach in this area. One factor that may affect the measurement of sapwood
thickness is the presence of hollow stems, which was found to account for up to 83% of
stems’ cross sections in other tropical sites (Heineman et al., 2015). However, none of our
sample trees was hollow because we carefully selected healthy trees and excluded trees
from the selection if we found large cavities in the cores. Furthermore, the relatively small to
medium sizes of most sample trees may have contributed to the sparse number of hollow
stems during our sampling procedure as hollow stems have been frequently observed in
trees of DBH>50 cm in tropical forests (Heineman et al., 2015).

For all species, sapwood thickness did not vary circumferentially, validating the
assumption of circular sapwood area. The invariant sapwood thickness around the tree also
implied that the trees were not influenced by environmental conditions, such as variations in
light exposure and soil moisture around the tree. In some boreal species, sapwood thickness
was significantly different between north-facing and south-facing sides of the trees which
experienced different solar irradiation (Quinonez-Pinon and Valeo, 2017), resulting in
smaller sapwood thickness in the side with longer sunlight exposure - an adaptation of the
tree to avoid losing much water. Sapwood areas of the studied species (ranging from 230 to



3258 cm? for DBH ranges of 10.4-127 cm) were within the range of values reported for seven
tree species in another tropical forest in Southeast Asia (43-4395 cm? for DBH ranges of
10.4-95 cm, Horna et al., 2011), but somewhat higher than those in other neotropical and
montane forests (Granier et al., 1996; Andrade et al., 1998; Goldstein et al., 1998; Anhuf et
al., 1999; Meinzer et al., 1999; Motzer et al., 2005; Parolin et al., 2008; Aparecido et al.,
2016; Kunert et al., 2017; Moore et al., 2018). According to these studies, sapwood area in
tropical tree species considerably varies across species and forest ecosystems. However, our
result surprisingly showed that the allometric relationship between sapwood area and tree
size was mostly consistent across tree species and the two examined successional stages
with partly differing environmental conditions.

At the tree level, several biometric parameters have been explored to predict
sapwood area. For example in a montane Mediterranean conifer (Gliney, 2018) related
sapwood area to DBH, tree basal area, sapwood thickness and stem radius without bark. The
study found that stem radius without bark explained most of the variation in data. In our
study, we also measured the bark thickness of the sample trees and found a generally small
bark thickness (<4% of stem radius) which related less well to sapwood area (Figure S1).
Additionally, previous studies often used DBH as the predictor for sapwood area because it
is the most common tree metric that is frequently measured in the field. Thus, we here
focused on DBH as the main predictor of sapwood area. Tree height and crown area have
also been used to predict sapwood area (Lubczynski et al., 2017; Gliney, 2018; Aparecido et
al., 2019), but it was difficult to perform measurements of both parameters in these forests
with our available tools. Nevertheless, a further study including measurements of these
parameters would potentially improve the allometric equations to extend their use to cover
application with large-scale analysis, such as one involving remote-sensing data. The power
function significantly described the relationships between sapwood area and DBH in all
species, suggesting that these trees continued to develop sapwood area as they grow.
Furthermore, a single equation could explain the DBH ~ sapwood area relationship for S.
nervosum samples collected in both successional stages. Thus, different environmental
conditions in both sites did not influence the relation between sapwood area and tree size in
this particular species, supporting its presence in multiple forest stages.

Combining data from all species, a single power function significantly described the
relationship between sapwood area and DBH, regardless of forest stages, except for D.
gracilis. The equation for D. gracilis suggested that sapwood area of this species grows fast
in small trees (i.e., DBH < 30 cm) but slow in large trees. In fact, sapwood area of D. gracilis
individuals with DBH < 30 cm on average accounted for approximately 96.8% of the basal
area. However, for the larger trees with a DBH greater than or equal to 30 cm, the average
proportion of sapwood area to basal area was 33.8%. This indicates that the small trees
almost exclusively grow sapwood to rapidly acquire and transport resources to outcompete
others; however, when the trees reach a certain size, they invest more in building
heartwood for structural support (Gower et al., 1993; Pruyn et al., 2003). A future study
investigating whether detailed physiological and functional traits of the species affect the
allometric equations between DBH and sapwood is desirable. The two traits examined in our



study (hard- versus softwood and deciduous versus evergreen species) did not show any
effect on the DBH + sapwood relationship. The developed allometric equations for the
pooled dataset can hence be used for calculating the sapwood area of most trees in these
forests if their DBH is known. The resulting sapwood area estimates can be used for
estimating canopy transpiration, which is a significant component of water cycles in forests
(e.g. Tor-ngern et al., 2017).

Conclusions

In this study, we performed measurements of sapwood thickness and estimated sapwood
area of 14 common tree species in a successional forest in Thailand. These data represent
the first comprehensive measurements of this parameters in tropical forests in Southeast
Asia growing in forests of two successional stages. The results show that a power function
significantly explains the relationship between sapwood area and stem size, represented by
diameter at breast height, in all species in both primary and secondary forests. Interestingly,
a single equation could describe the relationship in all species and sites, except for D.
gracilis, an emergent, dominant species in the primary forest. The allometric equation for D.
gracilis indicated that the sapwood area of this species grows slower than in other species in
this forest once tree individuals have reached a DBH of approximately 30 cm. Our results will
greatly benefit studies that aim to estimate canopy transpiration of tropical forests growing
under similar conditions as the forests in our study sites.
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Table and Figure captions

Figure 1 Regression results for the relationship between sapwood area (cm?) and DBH (cm)
of the species in primary forest in Khao Yai National Park, Thailand. Note that the scales are
different.

Figure 2 Regression results for the relationship between sapwood area (cm?) and DBH (cm)
of the species in primary forest in Khao Yai National Park, Thailand. Note that the scales are
different.

Figure 3 Regression results for the relationship between sapwood area (cm?) and DBH (cm)
of the species in secondary forest in Khao Yai National Park, Thailand. Note that the result
for S. nervosum (A) included data from both primary (closed circles) and secondary (open
circles) forests and that the scales are different.

Figure 4 Regression results for the relationship between sapwood area (cm?) and DBH (cm)
of all study species in Khao Yai National Park, Thailand. Circles represent data from all
species except D. gracilis which is shown in diamonds. Closed (open) circles represent data
from all species except D. gracilis in the primary (secondary) forest.

Table 1. Information of the selected tree species for developing allometric equations in the
primary forest and secondary forest, along with mean * one standard deviation and the
range of diameter at breast height (DBH; cm), bark and sapwood thickness (cm) and
sapwood area (m?) for each species. The sample size (n) is the number of trees used in the
analysis. Leaf habit was identified as deciduous (D) or evergreen (E) according to Brockelman
et al. (2017). The species were categorized into two wood type: moderately hard to
hardwood (H) and softwood (S) according to the noted references.

Table 1.
DBH Bark Sapwood Sapwood
. Leaf Wood . K area
Species habit A& n thickness thickness
(em) (cm) (cm) (m?)
Primary forest
Dipeterocarpus gracilis D H%2 30 59.19+ 0.41+0.12 10.48+2.76  0.1710.13
30.93
(0.27- (4.94-15.33) (0.01-
(10.4-127.0) 0.62) 0.43)
Choerospondias axillaris D H3 30 60.43+28.74 0.47+0.05 24.81+10.17 0.33+0.26
(15.4-112.0) (0.40- (7.30-41.67) (0.02-
0.55) 0.90)
llex chevalieri E St 12 25.32+#11.68 0.06+0.02 13.7845.32 0.0710.05
(12.1-42.5) (0.03- (6.00-21.16) (0.01-
0.09) 0.14)
Symplocos cochinchinensis E S° 15 34.97+12.55 0.05+0.01 17.38+6.30  0.1110.07
(16.0-52.3) (0.04- (7.96-26.09) (0.02-

0.07) 0.21)



Gironniera nervosa

Sloanea sigun

Cinnamomum subavenium

Machilus gamblei

Schima wallichii

Mastixia pentandra

Syzygium nervosum

Secondary forest

Syzygium nervosum

Adinandra integerrima

Syzygium antisepticum

Cratoxylum
cochinchinensis

H4

56

S7

58

H9

H4

H4

54

H4

H1L12

15

15

15

15

15

15

15

35.1713.75

(15.5-57.4)

33.57113.99

(10.4-54.1)

35.4+14.06

(13.2-59.5)

34.51114.15

(13.5-58.0)

33.73114.45

(13.7-55.0)

34.71114.45

(13.7-56.3)

35.11+14.79

(11.4-59.2)

25.1819.79

(11.0-39.5)

17.1+5.11

(11.1-30.0)

22.9418.78

(12.3-33.5)

24.19110.94

(10.7-39.6)

0.17£0.02

(0.14-
0.19)

0.5610.14

(0.34-
0.73)

0.10£0.06

(0.04-
0.19)

0.08+0.01

(0.06-
0.10)

0.43£0.08

(0.34-
0.56)

0.22+0.2

(0.20-
0.26)

0.47+0.03

(0.44-
0.52)

0.54+0.06

(0.49-
0.61)

0.23£0.01

(0.22-
0.23)

0.31£0.03

(0.28-
0.34)

0.4410.14

(0.25-
0.56)

17.0316.32

(7.61-26.91)

15.3446.34

(4.86-24.42)

14.63+5.70

(5.63-23.83)

11.98+5.29

(5.60-23.50)

8.5213.22

(4.33-14.17)

17.00£7.11

(6.64-27.93)

12.37+4.57

(5.18-19.33)

8.94+5.38

(3.60-17.00)

7.60+1.95

(5.33-10.23)

10.36+4.02

(5.87-16.43)

9.6213.46

(5.00-14.80)

1.09+0.08

(0.02-
0.25)

0.10£0.07

(0.01-
0.21)

1.08+0.08

(0.01-
0.25)

0.10£0.07

(0.01-
0.22)

0.08+0.06

(0.01-
0.17)

1.07+0.08

(0.01-
0.25)

0.10£0.07

(0.01-
0.23)

0.05£0.04

(0.01-
0.11)

0.0210.01

(0.01-
0.04)

0.04+0.03

(0.01-
0.09)

0.05£0.04

(0.01-
0.11)

lUphof (1959), 2Gamal (2014), 3Phongkrathung et al. (2016) , “De Guzman and Siemonsma

(1999),

SWeerakoon et al. (2014), ®Priyadi et al. (2010), "Wuu-Kuang (2011), 8Schultz (2005),

®Handayani and Hidayati (2020), °Matthew (1976), *Wong (1995), '?Kritsanachandee and

Sookchaloem (2006).
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