2

3

i3
i)
m

FguTeatuauysal

Jrusyiavil RDG5650123

1A54M13 “M3fAneraunanIsuauLazln
ialdiludayariaisusunnUsudinaziamasninusu
VBIHIUYWNWITT: S38Eh 2”7

Tng 57.05. WUNRAW INBUNTNE wazAE
UANINYNRULNYATANENS
UAINYIRYTTTUANERNS

NUIVINTINUAT

WHENIAU 2560



Jrusyiavil RDG5650123

FguITgatuanysal

TA53N15 “N1sANEIENAARISUB LA
ialdiludayariaisuaunnUsuinaziamasninusud
VAIEIUYNNWITN: 88N 27

ARILKATY G

1. 9A.AT. WURAW LnwumIng UNINYIFLNYATAEAS
2. 93 00ind AnAa UNINYIFELNYATANEAS
3. A9 e SNIeened UNINYIFELNYATANEAS
4. 93. 1905 amIna UMINYITUNYATANANS
5. A% YUQUY ALY UNINYIFLNYATANEAS
6. HA.AT. 911 WIlanw UNINYIFLNYATAEAS
7. WA 85911 93 UNINYIFLNYATAEAS
8. wWd. AANUM 93¥ UNINYIFELNYATANEAS
9. WA.AT. MEyWa MRl NN TTUANENS
10. 93. sy grnsn UNINYIFETITUANENS
11. 09, NQuAT d0a% NIUIYINITNENT

12. 5. Wesly U NIUIVINTINYAT

AtuaUlAgdINUAMENTIUNTIVLUWIVIA (3Y.)
wazdtineuneuatuayUN1TIY (8n0.)
(Anuiuluseauililuvesdide 14, dna. biduludesdudeealy)



unasudmsuguINg

819555UVIR AD green rubber Liasandugrnisazaiinsueulasenledidiunlilusy
Lar31n waztiinarfueuazaulufuinnissasvedlu fs fu wa LazNITAAIBYeIIIN Farauan
afueuluena MdufeFounszaniidifny wiludaguudlifideyaidofidaauuazindotoldlu
sesuanna dafu Tnifedelingusrasdieednuuiinunfueuiiaruemsaield afueud
aydeluanmsiunnssy wagmaiuifen

ASUBUNAUTUATRIEILE1INNTT flo USinaufwiseunseaniiinlagnsivselagdoungiu
19911951 Inednaueilu CO, equivalent flasAUsznoundn 3 @ fie

1. asAUsENoUvaIATUaUNRUSUANARIINAINTSUYRIAUEINT WA AU (Uszanal 90%
YDIATSUBUNAUTUA)

2. BIAUTENBUYBIAISUBUNAUTUATIARINNSRNTTY U8 81 wagansially (Usvann 3-
5% U04A15UBUNAUTUA)

3. A1SUBUNAUTUATIANIINMSAUAEIE1INT (Usenna 5-10% vearsuaunausug)

Yn3deiauninaia Eddy Covariance 3a1duinafinfinsaataniswaniudeufe
mfveulnoonledseninsmugmnuarussenalaenssiundedengnluilagiu dusunsinm
psdUsznouAiUurAUSUAT AR INAaNTTUvesiusam T UAT AU wagAnwiATTUDuYIUSUATLAR
nManssn o o1 wazasialild wazveadefiAnannsugnenamst 1ne3s LCA (Lift cycle
assessment) filddmviavihudoyatsndon uazda@sensaunndenn lnsadsvesnisugn
g9 UarvoadsTiAinaINAISUgNENINNT wae AnwasdUsEnautesnsusunUTUATIARDIN
mMafuiAe) Tnglideyananan

s 2 s a - P = = o a A a
10LMaSNAUTUAVBIAIUENINITT TeunfigalloSeuiisuiuiiviasegiadue taadad
1A a a o | e o | a 3 2« a

WINNINYLATYIAIYTIABUY 2-100 i1 Aeulidnisusaidiuariawesinusudvagransivgnly
Uszimnalngazdiatosfgalulaniniu (6,900 m®ton™) (Mekonnen and Hoekstra, 2011) afisugin
Tua3deves UNESCO-IHE (2010) lousziliuiawmesnnuiudvasenansiineasseazidonauendu
Fedwdaninndt 70 fwiafeny winisusslumaiuddlifinnnsivaesenugneies (Validation)
Jailvedrfnldldanzludalisuisutoyatawmesinusudvesgnansnugnluiuiaeg sening
Uszine visolauSouiisuiuiivdy q luvasilusenalnedadalifidrauysal (Absolute value) 101
JameTNAUTUAYDIE19NNTY azdliliteyaainninsiainasedmiuldlunis validate wuudnaes
Un3dgTuauelviniainiomesinUsudlagnseaIndnsnNIsAIeTEnevoIuINAIUL NI
UsIEINIANRTIInlaenssemAtla Eddy covariance mufs1eaulag Bhardwaj et al. (2010)

yolasamsias “n1sfnwiaunanifususazi diolfifudeyadarhafusurauiuduagae
s UIuRTsEILENINT: Szesdl 27 gniauetulaedinguszasdiflensiatasanmaindouves
fingA1sveulneonlensenined@IusInIsILasusTEINIARI8WATla Eddy covariance S3ufU
MsAnwIBIdUszNBUTBIASUBLIINMTANTTHLAE MSIAUAYY Wieldidudeyadnvihaisueusm
Tud warnsmsetashnmaedourenisenitmusmnsuarusssna delfidudeyaluns



JnvinrotmeTaUTuUAve@Iue19N1sT TudIuves green water uagioAnw1dnsnaveslade
ANNLINGONADANAAATTUDULALUIVDITEUUTL AN

AsAnwddunislugranisiug RRIM600 duduugiivgnunniigalulszinalne
Usgneudeiiuiidne 2 wis ldun (1) gudideensandans Smipasdans fufivssan 50 13
Fugnaiony 19 3 (Aud 2556) uanidandauuda 10 3 uag (2) wlaanumsns Smiadeniu fui
Usganas 100 15 duensdiens 4 Y (lwd 2556)

n1sAnwauganIsuau wuteanlu 2 du fie (1) nsAnwaugarisueuluiuiiugn
191137 Wun1sinaunaasusumewaia Eddy Covariance wag (2) nsfinwdadediinansznu
FOANAAAITUBUYDINITUIANTIH 8T8 LCA vasiiunugnenminiangJueen

N13AnwaNnaA1sUaUlUNUNUGNE1NITY

Nudidnwn Site 7 1 AUgITeE 1R TUNT miuaumaﬂﬂamﬂaaaﬁ]wﬂwwﬂaﬂmmﬁ'} Y
USuaunniu -3,694.84 ﬂiamumiuaumali muama’ﬂ,ui voy mammmmmaw ‘W‘LJ‘I/I‘Uaﬂ
gransdanaaiinsiiusnansusuly 3,694.84 Alansuasuounsls 15197 6-2) ERGYBHBGHR
msueulul 2556 defldeyansu 1 T (1 ggUgn) gnuranAuium Carbon equivalent maﬂﬁuﬁﬂqﬂ
mqumﬁﬁmq 19 ¢ LLﬂﬂQIﬁLﬁU’jWﬁﬂﬂ%U@uﬁgﬂﬁﬂLﬁUl’ﬂuﬁuﬁﬂ@ﬂBNiﬁﬂaﬂ 1,223.21 Alansy
Asuausals Anduseuay 92.87 éfm%’uﬂ%mmﬂﬁuauﬁgﬂﬂamﬂéaaaaﬂmLﬁaammﬂmswmmm
tu Aeudevas 0.68 wazUsunansuauluiiens $Usunm Carbon equivalent gedisonay 7.81
duduituiine Site 7 2 m%nauﬁgﬂﬂamﬂéam’mﬁuﬁﬂqﬂmawwm AUSuauwiniu -1,214.08
Alansumsueussls Fauansiluszesnafisndunuydss (18 m.a. 55 — 30 1.6, 56 uaz 1 W.8. 56
- 31d.m. 57) ﬁuuﬁﬂqﬂEJNWWiwﬁma'nﬁﬂ’ﬁlﬁuﬁ’ﬂméuauﬁ 1,214.08 Alansumsvaunsls

(%
=

NuRfnw Site A 2 waanwasns dandadents ﬁU'%mmm%Uauﬂamﬂéaﬂmﬂﬁuﬁﬂqﬂ
YN m%wauﬁgﬂﬂamﬂéaamﬂﬁuﬁﬂqﬂmm’m TUSuauiniu -1,214.08 Alansuaisuaunals
Fawansinluszorinaiidniuauise ﬁuﬁﬂqﬂEmmiwéﬁ’aﬂa'nﬁmﬂﬁuﬁﬂm%uauﬁ 1,214.08
Alansuansuousels (ans1efl 1)

o v ¢ & A
M99 1 aj‘ﬂsﬂ@%aaﬂﬂaﬂqu@umaﬂwumﬂgﬂEJ’N‘W’]i’]

Site quéﬁ%’ammwﬁamm wUaanunIng 2. Jsn1w

szeziaanlunisiuiindaya 1418, 55 - 31 5.0. 56 18 .A. 55 - 30 LaLe. 56
1AW 57 -31dn 57 1 W.g. 56 - 31 @.A. 57

NEE (Net Ecosystem Exchange, kg C rai™) -3,694.84 -1,214.08

GPP (Gross Primary Production, kg C rai’') 8,781.15 2,113.22

Re (Ecosystem Respiration, kg C rai™) 5,886.34 899.14

NEP (Net Ecosystem Production, kg C rai’t) -3,694.84 -1,214.08

ANTULVBITEUULLIABIINIIN Carbon sink Carbon sink

MNEn  Carbon sink @8 szULEnIAsIenIsIvvTn A duiawraainiiuasuau (NEP < 0)
EE—



nsanwiadeiinaseaunaniiuaureinsuanssuvesiuiugnewsnang Jusen

AnwiArAsuaunnUsufannnsiuanssulununnianziusen 574 2 39da lown 391l

q
v

52809 Uardunys menannsuseiliuinins®in (Life Cycle Assessment: LCA) lneilinguszasa
\eAnwUadendanasion1ATusuNAUTUAINNITUANTIH DTILTU YUIAVBIAIUE NI ANYaly
nsfensesniu wazdnvugnedeey (Dusiu

1nNsUsTEiuATUBUNRUSUATDIN AR MeIUIEn 1 Alansu TuNuNaIue19nI5919au
YUIALEN AIUVLIANATT wazaurLIag vesfminszeauasfunys wuin Ysinwnisldlesde

e WuannamdnfidamanssnuseaiasusunnUu lneradenislilelulasau Jeveanasa
wazdelnuadenvausaziui danudriunninislddeunazdarmisuaunmusudluluiualiug
FUTUALINY UazUUIATREIUE T I TNANTENURBAIATSUBUNIUT UV VDAL T UsBE

Tn

Sndadenilefidmasionivounauiud Ao Usinunandmitsisnsandeld vininwnsns
annsoifusandaldunnty Wneddsddeluuimavingy violdtlsanauddamanin iy 9
anunsoanaiasuaunnuIudld wilutgtuiu wuih neesnsdningldtemnifuanusidunay
wnnIUSnas IR vnsituiesmsmadeuurhvesantiuiteeng

N1SANYIENAAUIVRINUNUGNE1INITT WUNANY Site N1 1 AudIToeszigans 1ANIs
AETEmeINInlaase (ETR) wagnslduivesiuiignens (CWU) winiu 2,178.51 fafiuns uag
3,485.60 RUIANLUATHBLT MINEIAU (113197 6-3) wazandeyan1sltinvese1anIsIves Site 91 1
Tul 2556 Failveyansunsluy danisldurazanlusey 1 U wiriu 1,492.53 anuiAdiunsdels
dmiunandnueavesiuil Site 7 1 Tud 2556 Tawwindu 159.93 Alansusels dwiuiawmasnay
‘;J (3 -«-:941 PN . PN =2 a1 [ L3 go’ Ia (%
iumaawwﬂgﬂmqmﬂ Site 1 1 (green water) J9UANINY 9.33 QﬂmﬁﬂLumﬁumu’maﬂIamm
HANAR1E19

flufidnu Site 7 2 ulannunans Fmfndanw fanismeszmeiiitaléas (ETR) uas
mﬂ%uwmwwﬂaﬂma (Cwu) wm*u 865.33 fadwns wag 1,384.51 gnuiAniunsdals audau
dnfunanAming1svasiiudl Site 9 2 desandugnamnsniiony 4 ¥ EJ\‘ilﬁ,Jﬂ,JﬂﬁL‘UﬂﬂﬁﬂLLauﬂ’]ﬂ’Nﬁ]u
Lﬂmmmlmmamq 61 maaa’lmiammmmaaL@@iﬂﬁﬂiummaqwuwﬂgﬂsmwﬁ'f[,uﬂulm 51971 2)

a v H & A
MN19149N 2 a?ﬂma%aaﬂ@!au’]ﬂ]@ﬂWU%ﬂaﬂEJrNW"]i']

Site AuEITeensnsBuny wlasnunsns 9. Janu
szeziaanlunisiuiindaya 1418, 55 - 31 5.A. 56 18 .A. 55 - 30 laLe. 56

1 AN 57 - 31 d.A. 57 1 n.8. 56 - 31 d.A. 57
ETR (Fi'm'ﬁﬂ'mszmaﬁ'], mm) 2,178.51 865.33

CWU (Arnnsidiinuesensmns, m® rai) 3,485.60 1,384.51




duyszAvinslitivessnamns (ko) Ypsg9mITInaengaUan ol Site 7 1 gudideeng
2vlPUN97 2. azlans wWivuileuan Ke U 2556 (1 1., - 31 5.0. 56) uag U 2557 (31 w.A. - 31
a.n. 57) wuimwnlumsiasuulase Ke luwdaztaanalndidssiu wiind Ke lud 2557 fidgs
1A Ke Tul 2556 1dntos mswdsnisiaSaiiulaluusazang Faldun Initial stage, Development

stage, Mid-season stage lag Late season stage WU

-initial stage Praguasisusmnslumuaazdslifinsuantul
1481 29 U2 1- 29 w.a.

-Development stage efisnamssuusnniunazasaiulnauvesruiadui
T9aan 40 Ju : 30 w.A. - 9 A

~Mid-season stage  taiiluvasiuenaadydulnsuiliueg
Teaan 174 Fu 2 10 d.A. - 30 &.0.

-Late-season stage FT UL UT AT I
THaan 123 Ju: 31 a.a. - 31 5.0

msﬁnmam‘éwmaaamwan’iawiaauqam%uaul,tazﬁ""]

NTIATIEVENANRUSTEnIdnTINITNIskaniUAguAITusuans (NEE) fugagiiennia &u

a v a

oA USunusedans (Rn) aduiduuas (PAR) aaungilennia (Tair) UTuniainu (Rain) A3uy

(% (% s

Fuins (RH) waz Usinaledhiienniefuiinld (VPD, Vapor pressure deficit) wudn i Site 1 1
AUEIBRTTUNT 2. asidansn lugauand 2556 wudn NEE danuduiusiunianduiu PAR
way Tair wazdinnuduiuslulufieniufieniu Rn Rain wag RH dwisulugauant 2557 wudn NEE &
ANANNUSTUNIHNAUAU Rn PAR wag Tair wazdinaudunustuluianiamsaiu Rain wag RH
uaNANT WU NEE ﬁmmé’uﬁuﬁ‘ﬁuﬁmam%ué’mﬁwémaﬁq@ dmfu Site 7 2 waunYATNT 1.
Jan1w lugauand 2556 wag 2557 wudn NEE daduduiuslunianniuiu Rn PAR Tair wag RH
wazfinuduiuslUlufieniafeatu Rain waz VPD uenanilfanudn NEE faanuduiusiu veD

WINTEn

MsnseanduRuSsEriensmesEmevet (ETR) dulszavsnslidivessnsms (Ko
wazmsldhuesenamnst (CWU) fugagiionnia i Site 71 1 guiidpensavidans 9. avidans Tu
§auany 2556 WU A1 ETR kar CWU daduduiuslunisnduiu Rain RH way VPD wagdl
AuduiusiUluiamadeddiu Rn PAR way Tair dwsulugguant 2557 wudt 1 ETR wag CWU
ANNENTUSuNAUAU Rn RH wag VPD waglianuduiusiulufiemafiediu PAR Tair uag Rain
uanINTEMUIn ETR war CWU flaanuduiusiu PAR wnflan dmsuen Ke ludl 2556 wudn &
AUFUNUSTUNIaNAUAY Rn PAR Tair Rain wag VPD waziauduiusivluiienisfeadu RH
vaugdlul 2557 wudn dmsue Ke nudn fanuduiuslumisnduiu Rn PAR Tair Rain RH uaz
VPD uananilfmuin Ke Samudusiussu Rn 1nilan dmu Site 71 2 wWannwnsns 9. Tenw Tu
fgauanT 2556 wuin ETR way CWU danuduiusluniawnduiu Rn RH kag VPD wagilainuduius



Lulunianiafgafiu PAR Tair uag Rain waglugguany 2557 wudn ETR wag CWU fianuduius
Tumawneuiu Rain uag VPD waziiauduiuslulufianiafieadiu Rn PAR Tair uag RH d1usuen
Ke wudn Tugauany 2556 A1 Ke dinuduiusluniawnduiu Rn PAR Tair Rain kag RH wazdl
AnuduiuslUluiirmaieddiu VPD waglugauagnl 2557 wudn Ke dmnuduiuslumanduiu Rn
PAR Tair Rain 4a¢ VPD waziianuduiusluluiieniafiendu RH

Pawauauuz nsldustleviiandaya
1. Msfinwaunasusuvesiiuiigne1anis

Toyan13ANIBIAYIENBUVBIAISUBUIINNITUANTTULAZNISAUAYY @ransariluly
AaUssliumsuauaUIud Munann1sUssliuinins®in (Life Cycle Assessment: LCA) lai

Vil msTenuiinAnfeyaaunansusuiingaiafiomaia Eddy Covariance 970
TAs3n5E BenansdsusinamnsuaulneenladsuauanniiesmsI5ssumAnIIaINUsIEINALaELY
1% avUa¥dnin o19m1515558977 1Ju Green rubber dsaztnoidulsuifiuiivsemalneanunsaldiiu
JolaUssulunisuvatuivensdunsgile

2. M3Anwauga1veIiunlgnei

Toyaa1nn1sAnweeAUsznaueil 91NN1SwANIILLazNIsAUeD dnsadntuld
AaUsTiiowesHAUIUA WUy Grey water footprint 161

Tuvaueh Joyaaunaurnnsivinmiginaia Eddy Covariance 31nlATINTSH @315
Ul JuAuseiu Green water footprint 16t

1%
=

3. mstiludeyaiiugiuiienisasuiiiey (Calibration) arN13MII9d0UAIINYNFBS
(Validation)

sua:uamm 9nlAsenIsd 1y Arauysalvesasueulaeanlyd Armduluenne way
amamiuauua“m finsra¥asiewmaia Eddy Covariance 91nlAsanisil Lﬂumamawumumlmmﬂ
n1995323m334 (L1910 Simulation model) wmmmimﬂumagaLwamiaa‘uma‘u (Calibration)
La¥N13NTIABUANNABY (Validation) dmunsAnu1isedus 1Wu eumasnu Remote sensing



UNANED

Tassnsidemsfnuaunamsveuasin ilelfidudeyadnrhasueuauiuduaziomes
wUSusivaseuetens: sveedl 2 4 griauetulasiitngUssasdifiensiaTnauganisuaunaziig
WwAlA Eddy Covariance mmiﬂfzjLﬂusuauawuwﬁumm’m’;mmiuauwmium LLau’J’@LGﬂaSWG} -
Uiusvaassuuiinmenmn uaziilefnyidviwavastiafoanimuwindeudeaunaafusunazinues
SUUTIAE1INIT

MsRnuaNRaMSUaLLazTsIFUUTNABIINT Wug RRIM600 Tas@nwlufiudiugnens
2 uvis 1fud Site 7 1 guiitosandanm fainasdans Mufivssu 50 13 dusnedeny 19
(T 2556) WAn3auuda 10 U uae Site 7 2 ulawnuasng Saniateniw Aufiuszann 100 19 fu
gnefiony 4 Y (lud 2556) dalsilnnin

Tassnsgendl 1 msfnwaugaavouresiuivgnetens utsesndu 2 du fe (1) N3
n3rnfnaunannsusuluiuiiugnenansdemaia Eddy Covariance uag (2) Mm3dnwiAuousn-
Uiusinmsaanssuvesiuiiugnenanemiengusen fevdnnmsdsudiuiging®in (Life Cycle
Assessment: LCA) Tneilingusvasdiftefnuniiadefidenadoraiveurauiuiainnisannssy

msfnwaunamiveuluiiuiiugnenans wud uildne Site 7 1 guditosrsasdans
ﬂﬁuauﬁgﬂﬂamﬂdaamﬂ‘ﬁuﬁﬂqﬂmm’m fUSinauviy -3,694.84 Alansuaniususiels Jsuans
Ilusgoznaniiindunuide (1 e, 55 - 31 5.0, 56 uay 1 AW 57 - 31 a.a. 57) ﬁuﬁﬂaﬂmqum
fsnamiimaiiuinansueuld 3,694.84 Alansuensususiels andeyaaugamsueulul 2556 Fadl
Payansu 1 U (1 gaugn) gniunAuiam Carbon equivalent maquﬂaﬂmwmmmms 199
LLamﬂwmmmmiuauwgﬂﬂﬂLﬂUlﬁuwaQﬂmaqam 1,223.21 Alansuensuausiols Andudosas
92.87 dmsuUimunsueuiignuanUdeseenuniiiowninnisunnssuiiu Andusosas 0.68 uas
Usinaimsuauluinens fiUsunas Carbon equivalent gefieSonay 7.81 dnsuitudidne Site 7 2
A§usuTignuanUdesanitufiugnensms fUsuamindu -1,214.08 Alansuafususels Seuang
Iluszoznandidiiuauids (18 A 55 - 30 1.8, 56 Az 1 N8, 56 — 31 A.A. 57) ﬁuﬁﬂgﬂ

gannsIsananiinsiiuinasuauly 1,214.08 Alansuarsuausiols
nsfnwIAISUBNIAUSUASWIIBINAINNISIUANTTNvRIUTIVgne 1IN Iany Tueen Tu
NuN 2 mmm loun daninszens uazdunys ae3s LCA 91nn15Use mumwauﬂmﬂiuwm

a [

wAndusitinensan 1 Alandy Tuiluflausiamsisauruiadn awsuianan uazaiusunlg
vosiminszooaazdunys wuih Vinamsliesomheiduaumavdniidmanssnuseraiueu
wosud TaAnadsnislidelulasiou wearesa warlnunadouvesudasiuil Saasnuiiiuifs
msldennagdimaivourmuiudllusulduiigasuiontu durunavesausansilidme
sorAsuauIlUTufvasauB I usaele Sndafevilsiidamansenudensuausauiud fo
Uhinamandnihenansandels mninsasnsaansadiusendslduniu Tnefgdddeluimani
i videlieanatusnandndensduunausinigy avannsnanmaivounlaUsudly uilutlagdudy
wuin inwesnsdulnglidesnifuanudidunazainnituinusinemisifivdesnisam

JouuzUBIanTUITB YN



1A5IN3gREl 2 NsAnwaunauIYesiuNUgne1ants wuidi Site 1 1 dAnsangseivgi
ialaa3e (ETR) wagnislduivesiiuniugnens (CWU) windu 2,178.51 fiadiuns way 3,485.60
anuieiunseals MRy waganteyanistdunvesenanisves Site 7 1 Tul 2556 Fuliteyansu

Y
v
U

vatnuy fansldinaganluseu 1 U wiiu 1,492.53 gnuiadunssials dmsunandntiensvasiug
Site 1 1 Tud 2556 fidwindu 159.93 Alansusials AslulewmesnnUsudvasiuNvgne1smis Site

e

al' = a1 W I3 5 a o a o
1 (green water) JUAUNINY 9.33 Qﬂ‘U']ﬁﬂLﬂmiﬂﬂﬂuqﬁﬂﬂiaﬂﬁﬂmawamuqEJ'N

Wunfnw Site 7 2 TANITANETEWEUINIALASE (ETR) wagnsitinvasiuiivgnens (CWU)
Wiy 865.33 fadwns war 1,384.51 gnuiAniunseials aud1du dvsunandningnaresiud
Site 71 2 a9 ndugranisieny 4 U dalaifinisilanIauazaininasilinninlaiiieny 6 U 398

° i 13 2 e & A S v
anansaAuAIBmesHaUTuArasiuUgnene s lutila

Anduszavnisliiuesersnan (Ko) maenggugn i Site 7 1 9nMsUsuifisud Ke @
2556 (1 3.0, - 31 5.0. 56) WAz U 2557 (31 1.A. - 31 a.A. 57) nudwwaltunsdsuwlase Ke T
wagaIatindlAsaiu ulddnan Ke Tudl 2557 fr1aendan Ke Tud 2556 dntias n1swuanis
3gAulalunsazyas Faldun Initial stage loun Pranguasidussmalusrmuanazdiliing
wanlulual 14981 29 Ju (1 - 29 31.a.) Development stage léud 9197ignanisnsuuaniuway
Wiydulnauvenevuaiud et 40 Ju (30 1A, - 9 fi.A.) Mid-season stage léun Hrafilures
Fuenasaiuladiufiugs Maan 174 Su (10 e, - 30 4.0.) wae Late-season stage liuA 2asfily
g195uTvuTIunT gy 19aan 123 Yu 31 d.a. - 31 5.0.)

(% (% s

Msiessanduiusseninednsinsnisuanildsuansueuand (NEE) Auganiionnia &u
1#un USuaudsdans (Rn) anuduuas (PAR) gaunadionnie (Tair) Usinaidy (Rain) Annudy
Fuins (RH) waz Usinaledhiienniefuiinld (VPD, Vapor pressure deficit) wudn i Site 1 1
AuEIToeeRsBNNT 2. aslans lugguanl 2556 wudn NEE danuduiuslunimnduiu PAR
wag Tair kazdanuduiusivluiianiadeniu Rn Rain wag RH dmiulugauant 2557 wudi NEE &
ANUFUNUSTUN 1N TUAY Rn PAR wae Tair wazdanuduiusiuluiianisiediu Rain waz RH
uana Nt wud1 NEE faruduiusiuaiautuduiviuiniian d1msu Site 7 2 wlasnumsng a.
Janu Tugguand 2556 war 2557 wudn NEE dadnuduiuslunisnduiy Rn PAR Tair uay RH
wardianuduiudlulufianiafeatu Rain uag VPD uanainildanuin NEE Saanudustusiy vPD

d'
HINNER

nsnTetanduiusssniumanessmeresi (ETR) fudsydninmsldihvessnamns (ko
wazmsldhuesenamist (CWU) fugagiionnia i Site 71 1 guiidpensavidans 9. avidans Tu
gauany 2556 WUl A1 ETR war CWU daduduiuslunisnduiu Rain RH wag VPD wagil
Anuduiuslulufiamadediu Rn PAR way Tair dmsulugauant 2557 wudn A1 ETR wag CWU 3
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Abstract

Study on carbon and water balance to estimate carbon footprint and water footprint
of Para rubber plantation: 2™ period was proposed to measure carbon and water flux with
Eddy Covariance technique. Carbon and water flux data is the basic data that were used to
assess carbon and water footprint of Para rubber ecosystem. In addition, these basic data
were used to study effect of environmental factors on carbon and water balance of Para

rubber ecosystem.

Carbon and water balance of Para rubber ecosystem (RRIM 600) were measured from
2 plantation sites, Site no. 1: Chachoengsao Rubber Research Center, Chachoengsao province
which the area was about 50 rais. A Para rubber tree was 19 years-old (in 2013) and has been
tapped over 10 years. Site no. 2: The plantation in Bueng Kan province. Area was about 100
rais. Para rubber tree was 4 years-old (in 2013) and have never been tapped.

The 1°" sub-project, study of carbon balance of Para rubber plantation, was separated
into 2 parts, (1) measurement of carbon flux of Para rubber plantation by using Eddy Covari-
ance technique. And (2) Study on carbon footprint from cultural practices by using LCA (Lift
Cycle Assessment) method to provide the factors that effect on carbon footprint.

Study on carbon flux of Para rubber plantation at Site no. 1, the result shown that
carbon flux from plantation was -3,694.84 Kg C.Rai"" which indicate that during this period
(Jun. 1, 2012 - Dec. 31, 2013 and Feb. 1, 2014 to Aug. 31, 2014) carbon about 3,694.84 Kg
C.Rai* was stored by plantation. In 2013, which carbon data was completely collected along
the year were calculated for carbon equivalent of the 19-year-ole rubber plantation. The
result shown that carbon about 1,223.21 Kg C.Rai" was stored in rubber plantation (92.87% of
carbon equivalent). For carbon that was released from rubber plantation by cultural practice
was 0.68% and carbon content in latex has a high carbon equivalent value of 7.81%. The Site
no. 2 Site, carbon flux of this plantation was -1,214.08 Kg C.Rai"* which indicate that during
this period (Oct. 18, 2012 — Apr. 30, 2013 and Nov. 1, 2013 - Aug. 31, 2014) carbon about
1,214.08 Kg C.Rai" was stored by plantation.

Carbon footprint from cultural practice was studied at th East part of Thailand,
Rayong and Chantaburi provice, by using LCA (Lift cycle assessment) method. The result
shown that there were 2 majors factors that affect on carbon footprin, fertilization and latex
yield per area. We also found that the areas where fertilizer is used have carbon footprints
in the same trend. The size of the plantation does not affect the carbon footprint of the
rubber plantation. Another factor affecting carbon footprint is the latex yield per area, if
farmers could increase productivity more by using the same amount of fertilizer. Or the fer-
tilizer is reduced, but the output is still the same. It could reduce carbon footprint. In the

present, we found that most of farmers use fertilizer more than necessary and more than the



amount of plant nutrients requirement which was recommended the Rubber Research Insti-
tute.

The 2" sub-project, study of water balance of Para rubber plantation. Site no. 1, the
cumulative of evapotranspiration (ETR) and crop water use (CWU) were 2,178.51 mm and
3,485.60 m”.rai”!, respectively. In 2013 which carbon data was completely collected along the
year, CWU was 1,492.53 m’.rai’! and latex yield was about 159.93 Kg rai’. So water footprint
(green water) of this plantation was 9.33 m? H,0.Kg yield™. For site no. 2, cumulative of ETR
and CWU 865.33 mm and 1,384.51 m’.rai’}, respectively. This site was 4-year-old plantation
and has never been tapped. It was the cause that we cloud not calculate water footprint of

this plantation.

Comparison of Crop coefficient (Kc) of Site no. 1 between 2013 (1 Jan. to 31 Dec.) and
2014 (31 Jan. to 31 Aug.). The result shown that The trend of Kc change in each period was
similar, although the Kc value in 2557 was slightly higher than in 2013.

Growth stage of rubber tree during a year was separated into 4 stage, (1) Initial stage,
the dry period that rubber tree no leave (29 days, Jan. 1 - 29), (2) Development stage, the
period during which the rubber trees start to foliate and grow until mature (40 days, Jan. 30
- Mar. 9), (3) Mid-season stage is is the period that leaves of the rubber tree matured (174
days, Mar. 10-Aug. 30). And (4) the Late-season stage is the defoliated period when the
leaves began to fall and fall all the time (123 days, Aug. 31-Dec. 31)

Correlation between environmental factors (Net radiation (Rn), Photosynthetic active
radiation (PAR), Air temperature (Tair), Rain, Relative humidity (RH) and Vapor pressure deficit
(VPD)) and ecosystem exchange (NEE) were analyzed by using correlation analysis. At Site no.
1, Chachoengsao Rubber Research Center, in 2013, the result shown that NEE was negatively
correlated with PAR and Tair, and positively correlated with Rn, Rain and RH. In 2014, NEE was
negatively correlated with Rn, PAR and Tair, and positively correlated with Rain and RH. In
addition, NEE was most correlated with RH. At Site no. 2, Para rubber plantation in Bueng Kan
provice, in 2013 and 2014, the result shown that NEE was negatively correlated with Rn, PAR
Tair and RH, and positively correlated with Rain and VPD. In addition, NEE was most correlated
with VPD.

Correlation between environmental factors water flux parameters (Evapotranspiraion
(ETR), Crop water use (CWU) and Crop coefficient (Kc)) were analyzed by using correlation
analysis. At Site no. 1, Chachoengsao Rubber Research Center, in 2013, the result shown that
ETR and CWU were negatively correlated with Rain, RH and VPD, and positively correlated with
Rn, PAR and Tair. In 2014, ETR and CWU were negatively correlated with Rn, RH and VPD, and
positively correlated with PAR, Tair and Rain. In addition, ETR and CWU were most correlated
with PAR. For Kc, in 2013, the negative correlation was found with Rn, PAR, Tair, Rain and VPD



while the positive correlation was found with RH. In 2014, Kc was negatively correlated with

Rn, PAR, Tair, Rain, RH and VPD and Kc was most correlated with Rn.

At Site no. 2, Para rubber plantation in Bueng Kan provice, in 2013, the result shown
that ETR and CWU were negatively correlated with Rn, RH and VPD, and positively correlated
with PAR, Tair and Rain. In 2014, ETR and CWU were negatively correlated with Rain and VPD,
and positively correlated with Rn, PAR, Tair and RH. For Kc, in 2013, the negative correlation
was found with Rn, PAR, Tair, Rain and RH while the positive correlation was found with VPD.
In 2014, Kc was negatively correlated with Rn, PAR, Tair, Rain and VPD and positively correlated

with RH.

Keywords: Rubber, Eddy covariance technique, Carbon balance, Water balance, Carbon

footprint and Water footprint
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AUEITIERUTINTT 2. BN (1 .o, 2555 - 31 5.0.
2556 way 1 .. 2557 - 31 .. 2557) wa Site 71 2 ulaq
INEAINT 2. TINIW (18 f.A. 2555-30 1.8, 2556 WAz 1 .u.
2556 — 31 @.A. 2557)

Usinaunslaiwesity (Crop Water Use) Y2UUaIUgNYINIT
1650 u Site 71 1 quéidoonsazdans 2. asdans (1 e,
2555 - 31 5.A. 2556 WLz 1 n.W. 2557 - 31 @.A. 2557) wag Site
7l 2 wannwnIns 9. Tan1u (18 m.A. 2555-30 1418, 2556 LAz
1 w.8. 2556 - 31 @.A. 2557)

Andulszansnsldinvesiia (Crop Coefficient; Ko) uiasugn
193U Site 71 1 quiitoensasiBans 2. axBans (1
1.8, 2555 - 31 5.A. 2556 wag 1 N.w. 2557 - 31 @.A. 2557) uay
Site 1 2 wasnwnsns 1. Janm (18 n.A. 2555-30 1.8, 2556
wag 1 W.g. 2556 - 31 @.A. 2557)

AduszAvsnslithuesenanns (Ko vessnsmsnasnggugn
 Site 7 1 AUEIToesaziians 9. azidane Fausfudt 31
UNFIAY 2557 - 31 Fwnaw 2557 (Raiu) lWieuiguiu @
Suszavansliiivesenamna (Ko veswnamsnaeangugn
o Site 7 1 AUEIToesazians 9. aztdane Fausiudi 1
UNIAN 2556 — 31 FuAw 2556 (ALUTY)
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uni 1
UNUI

1. anuduniuazanudAgueslasenis

8195551 Ao Green rubber \ipsandugiamnsazaisasueulasenlaiinunlily
Funazsn waziiuesusuazanlufuanmssisvedly fs fu wa uaznsaansvessIn Jagioan
msveulusmasufuufadeunszaniiddy uiludagiuddlifideyaidefdnauuazindoto
Wluseduanna 1erssssumidisanmiveulasenledluonidldunuiila (suounnusud)
faiu TnieTafesinuifouiinauaivouiiarusansnield asveuiigyidsluainnisian
N334 LATNSLULAE

ﬂqi‘uauv!ml'%’uﬁ (Carbon footprint) (Wright et al., 2011)

“arsueurnUsudilunasinvesufaisounsean (GHG) Ngniantdsseanuilaeynna
BIANT WMANI50! NTOHEANIN INNATIEENINDoU”

« v a o ¢ ¢ ~ o q' |

M3InUsunawiaansuaulnaanles wazlluNtuagnUanlasyooninaInlizying
LUV w3enanssuAn1vuald Infiarsaunasiiieatoenanun (source, sink Way storage)
N8lAYAULIANUNKALLIANVBIUTETINT SLUU BspnanssuNuaula”

3 L g = = o a a - v
ANTUAUWAUIUATDIAINEINNT Aip USinauiasaunseaniiinlagnswmiselngeauain
auenenns Inednaweidu CO, equivalent fasdusznaunan 3 @i fie

1. owfUsznouvesnnsusulaURUFTIARIINAINTIIvEN U IMaEAY (Uszanay
90% espuBumUIuRTavLn) Tagluaaduszneviliiniduiauamaiia Eddy Co-
variance adumaiiaiinsinianmsuanivdeuaiveulnoonledseminsaugiamn,
uazussemelagasaiundofiofign

2. pedUsznavvasmUourlIUIUATIARIINNSIIRNTTL o 81 uazasindild
(Usenau 3-5% maam%vauvﬂmﬁuﬁﬂy’wm) L,LazsuaaLﬁaﬁlﬁmmmiﬂ@ﬂmwmw oy
Bsiurusudeyauuy Gate to Gate MARlYE MRy TIToyadawIndou
wazdydsnensdanandens Iﬂ‘EJLQ?%IEJSUQQmi‘UQﬂEJ’N‘Wﬁ’]LLazﬂaﬂLﬁﬂﬁLﬁﬂmﬂﬂ"li
Ugneneama

3. ASUBUNAUSUATIANINNISAUNEIB1INY (Uszanal 5-10% vensuaunnusus)
lngluasAausenauil dn3feasAinwimedsnsussdiuandeyanandn

tinideiausmaia Eddy Covariance dadumaiafinsrainnisuaniuasuufansuou-
laoenledsznineaiugnamsuarusisinalagnsafiindodefianlunisdnuiesdusznau
AfvaumULAT AR NAINTTImasius T LAY wasAnwaueuNnUTuATIiARaINg
wanssy o o1 uazansiaditld wazveadediinainnisgnenanis Tne3nisuszidiuainnns
WANTTUNINTFIUTINAUNIETIA (Hillier et al., 2009) uazAnwesAUsenauveIAIsUUN-
USuifAnanmaiudedlaglideyananan




Tudlagdunisuszifiuaisusunmuiud (Carbon footprint) n3a LCA (Life cycle
assessment) Yosnaniasieslildihununsveuidusamnsniaainona waziulilugu
#1199 vosduasIn @sdruvisnanetdussduszneuvesiu) andudrumidunsdiuam us
whnanzaiveuiivdesoonulunszuiumsudsziiidu vildnsssuniiaunanisuey
duvanmsgiinisdesmsuousenunlunszviunsndn uwnuflaziduavinng esuds
asvauinieliluaugmising vilidslemanayldgaiduvessnssssundniduingse
Awwandon Tnsenizidesaveunnuiudlifuusslod mselunisduamaivouraiud
¥30 LCA 19397951553 afiusziliuldfinisudesasususengussemaluuiinailngifes
fugnsdanseit eilkgpamnssuenmnissmmavessemalnediliaunsaiianueied
HuuseloviludesensueunUiudvesessrsmiluidugamoudstvensdunneild

Aty JamnudnduegreBinvsendalneazdedideyansvounnuudingainiseain
LA 2 4 gva & o o v o 5 R v S
wunlgniduvesnuies ieldiluteyaiugiudmiumsdndulaludaulovie uazsiludeyandu
Usglevdlumsiiuanuannsalunisudadulienssssumavesuseinalng

afla nszvIuNIsUsTUAISUOUNRUSUS 3a LCA WuBupeuliaunsatmsusudiiv
azauliludugramisandamwiunadudld dldeyatasnangiuingimaniagaiieans
U awv = & A 1% v v 3 = ° I3
Unidednaueyalasinsil ielivssmalngladdeyaaunansveu weldlunsdunumsueu
WnUTuAvra9199157

UONIINT msﬁm:nﬁu@asumm’%uausuaqmusm‘v\mw Ay linsiuAuEINIsalunis

¥ IS

#5798 vD98 19N waznsuNansenuvesdadianinwindeusienisaindinasududoya
fugmndnduegreBaienisUszdfiunansenuresannglaniousiosanisn uardawigliaunsn

faaulaneIAuNIsUANIIULAEN15IANISNISHAR L ARg19TUsEANS A wANN St Y Lulsylevdl
PNIIUTEAUNEYATNTHAL SEAUULIUNEVDIUTLNA

'aama%v!mﬂ‘éluﬁ (Water footprint) (Hoekstra et al., 2009)

“JomesinUTuAveHAniMY Ao USuani (freshwater) Tunisuinvesndnsiot laedn
USinahmiavaeinieidesegluddguniy”

awasavuRvesaE1nS Sennnflandlenioufieusufinasughiady o e
e Inedaunnnifinasugiadedu q 2-100 wh Sushnstssdusnemesraiudues
sramsivgnlulszmalneazdaidosiigalulaniniy (6,900 m>.ton™) (Mekonnen and
Hoekstra, 2011) aflausii1lusuddoves UNESCO-IHE (2010) iﬁﬂizLﬁuaaLma§WWU§uﬁmaa
premnslnaseazdeausnidusedmiaannndt 70 fwde uinsussdiumaduddlid s
PIITABUALYNGDT (Validation) Fsfifedrdnldldiamsludalioudioutoymamenauius
ﬁuaqmawmﬁﬂqﬂiuﬁuﬁmm sywielsena videdallsuidieuiuiivaug luvasiussmalneg
Fagfdlaifidnanysni (Absolute value) vasroinoinUTufvesams wagdslifdoyaninnis
n7193n9sedmsuldlun1snsiraeumugnaes (Validate) vesuuuinaed Unideaauali
n37TmaLme SR UATAEATIINSRTINTMETMBTOMNANAILE HINNSIFUTIOMATINGIT TR
shematla Eddy Covariance nuiisissmilag Bhardwaj et al. (2010) m3sedoyanananiils




2. Inguszasn

2.1 wWiensiainaunanisueukasimemaila Eddy covariance dwsuldiludayaiiugiu
Tun1sArurua1suauaUsudkazlamesnuIudvotaiueansd Fedslanedl
NsANYINNNDY

2.2 \ieANYEnSNavesladuan 1ML IndeUAALARATTUBULAT N YDIAIUL NN
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1AsIN1SUTENAUME 2 1A5IN15808 btkA

lassmsgeed 1 nsfinwaunanisueu dislddudeyadniamsveunnusudvesau
819N

lassmsgeed 2 nsfinwaugaiiiieldludeyadnvinemeinauudvosaiug1ams
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IS ¥

wHuITelystdunsimeailia Eddy covariance Wldnsiainaunanisueunaziives

3
[

au1ansly 2 fiudl Felanmuandeuuansneiy uazideyadandnunldlunisduin
AsuBuRUTUR uaztemesiinUIud Weldiduteyatugrudmiunisdinauladelous

fufinwutsoondu 2 waiudl Faduiiuiivgnensmisniangiueen uasiuiilu 1éun
(1) AuIdBe19RzBansT Jatue1eansniug RRIM 600 0186uena 19 U (w.a. 2556) uaz (2)
wasgnensnsnvennensng Samiaunsdeniw engfu 4 3 (e, 2556) Fuduuiilumaiud
nsUgnaueeIsres 2 wakauls wasdeifosnazesd 2 wisduld et uiidnm ()
Bunisfnwiluaiugramsgnlng n1sfneilu 2 udl ieFeuiisuanganfvounas
mfvounUIusvesauensiioguazanmadeudaiy efsauesluiui ) Wuanuid
felidanin lneasiinindaninlull 2557 wie 2558 Fadamuimansuounaziedinednausy
Tnensslildlufiviinisfine udaglitoyanisnienisusunarnisliirlugasnaneuiiaauen

alinandn FeazthlldlunsdunamsveunnUsuiuaziesinesinlsuinaanaiglanle

ﬂ. a v
A15199 1-1  WNUUeelASINTINY

28181 NANISY

6 1fouil 1 | 1. Mavszyumie aguununsiuiunumaeaununyide ssoznan 17

2. AasnuanumIntveanmsaliuiuredasinisgesynmou wavUssyuasunanis
ANTUNWIRY YN 2 lou

3. Usyyuasuransaniiuaidy wazdnrimenuanuinvi

6 Weui 2 | 1. Aasuanumivthveamsaiiunuredasinisgegyniou wavUssyuasunanis
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wHwaslasIn1sgesdl 1 nsdnwauansuay wWislddudeyadavihasveu
WnUudvasaiugam s lussezian 13

TYILIAN

NANISY

6 WoUN 1

. Eddy covariance

1.1 quasnwiuaznsiaaeun1sinnuresyngunsal Eddy covariance uazyngunsaingiain
anmgiennAluiun@nwng 2 sites
1.2 \fiudoyadnsInsAiouyeIAIS UBUTBIEIUE NN

. Soil respiration

2.1 iudaya Soil CO; efflux UBIAILIIITIN 2 sites V)N 2 Y38 4 (nsdlie3eslle
\dgye) dUanii
2.2 fimwngnaunsalindnsinsmelavesiuwuudnlugs

Angnsnsduaszvimeiamassounaiviitluaiue1mis andunis o wasnunsns

JanIndanu

- iudeyauszneudu « wu deyanu Biometric way Litter
. MIAUIUAT GPP Uz NEP
. ASUBUNAUSUAINNISANTIY U8 &1 wazasndinld wavveadeiiinuu

6 WOUN 2

~N o 0 A~

. Eddy covariance

1.1 @LLa%’ﬂmLLa3mmaaunﬁvﬁmumansqmqﬂﬂiﬂi Eddy covariance uagngunsaingiain
anngilomaluiiun@nyva 2 sites
1.2 \ivdeyadninnsiAdieuTeInN S UBUTBIEIUE NS

. Soil respiration

2.1 iudaya Soil CO; efflux UBIAIIWITIN 2 sites V)N 2 %38 4 (nsdlieSedlle
Feove) dam
2.2 fimwngnaunsalindnsinismelavesiuwuudnlugs

Angnsnsduaszimsiamessounaiviitluaiuemis andunis o wasnunsns

FanInUan1u

ifudoyausznoudu « wu doyadiu Biometric uag Litter

. MSANMAT GPP uag NEP

_enfusunUSuFInmnns o o1 uarasedild warvesdeiiintu
_msdnmasuaulrUIusvesiuiiAnii 2 sites

v
=




M1599 13 uwuvedlasensgesd 2 msfinwaugalieliiludeyadavinewmesnnusud

99EIUYN9N5) uszesian 11

TYILIAN flanssu

6 oudi 1 1. Eddy covariance

1.1 quasnwiuaznsiaaeun1sinnuresyngunsal Eddy covariance uazyngunsaingiain
anmpfomeluituiidinuiis 2 sites
1.2 iuteyasmmmandeunedlethuesugiams
2. \iuteyauszneudu 9 WU Yeyasn sap flow WAy soil water content HaHAR
3. Mafunnne e iNaUsuRvUesaIEIWISIT 2 sites

6 \oudi 2 1. Eddy covariance

1.1 @LLa%’ﬂmLLa3maﬁlaamﬁvﬁmumansqmqﬂﬂiﬂi Eddy covariance uagngunsaingiain
aquﬁmmﬂiuﬁuﬁﬁﬂmﬁy’ﬁ 2 sites
1.2 Lﬁuﬁaqgaé’mwmﬁLﬂﬁaumaﬂaﬁwaqmumqui’]
2. Lﬁuﬁa;&aﬂizﬂauﬁu 9 &y ‘ﬁa;&amﬂ sap flow W@z soil water content NaKE#
3. MadnnesinesrlasuiuesELEINT Y 2 sites

4. wananInazlasu

4.1

4.2

4.3

4.4

4.5

mi‘uau%jmﬂguﬁmaaa’susmvmﬂ ﬁﬁﬂmmléﬁaaﬂa areenhouse gas flux rate 7insIaTale
Tnemssdewmadia Eddy covariance uazduasdusznoundnvasnmsveunnusuiuosauy
gan SiudeyaoidusznauTesdu 4 veamsuaUNAYIURIINNI TN TILLAYHARER
NnMsfuRgInlasINstes

e finosirUIuivesauetens ffualdainyaiiugiu water vapor flu rate i
nrainlilaenssiemaia Eddy covariance Srufudeyanandnainmsiiuifer an
lAssnseiay

AUN50AMUAAT parameter @1ARIULUUTIEDINNANNAIEAT (WU A1 Ra:Rh, Kc) 290019
Anneideyainyainldlaenssanimaiia Eddy covariance itoaztluldluniseanisal
AfusuLaztemosHmUIuRluiuTay 1 Tédely
ifoyatuguddydivaiadifiannsoaddd validate wuudaemsadnmaniiils
FunmAiUsuLaIamDSRUIuRURIE e NSl
ns1udvsnavesdadmeiudauindonnarmsinnisiifunnnuuUsusumsusuas
eumeinaUIule




uni 2
n1sAneIaNnanIsUDY
dl' Y [7) Y] o 4 Qy -4
Lwaimﬂmjagammmwauwmﬂsumaamumawqﬂ

2.1  Fnwaunanisuauvesiiuiugne1anisidlemaila Eddy Covariance

A = a

nsAnwaunanisusuvasaueIssIalunisly 2 Huil Fellanmwindeuunnsieiu
Town

Site 11 1 AUGITBERUTUNT FNREUINTEIYN M TRLLBUNT

wUase191g11n o Audideensasilans (aedgn 13°34'21.97"N assiign 101°28'

5.53"E augeainseAuianela 69 Wng) Asegiidnneauiudeiun Jminasdunst wuas

& | faw o A A D g & A d' o o Y
NAADIPNDYNANAULIIY dbUaNUTzuIU 50 5 WununugneenonasuIly Ugnananisinug
RRIM 600 ma(ﬁumq 20 U @ w.é. 2557) 30, W‘Uaﬂ 2. 5 x 7 Lum GE L‘Ummmmu,m 11 U fulu
Wwﬂaﬂmqmu%muﬂwmua ANNAIATUYRIRUTIAR TN Tauaiianevedousen
9N (gﬂ‘m 2-1)

Site 1 2 NUNFIULIVIWNBATNS DNBUINAIA JINIATININ

IdO

ALY VBUNEATNS SeeeTisinauInan Sandataniu (azfign 18°13'22.77"'N qes

Y

fign 103°18'59.6" AugeaInIEAUMzIa 200 wins) Tiilefiuszana 100 13 Wuiluiiugn

gralagendeinaly Ugnenanisiug RRIM 600 egduens 5 U @0 w.ea. 2557) ssevdgn 3 x 7
& v Auv ia A a X A < a Ao ]

WS waziusuenandalaidansa muiuwumaﬂmﬂLﬂwmuiwuwaﬂ mumqummﬂumu

smwwswﬂaﬂi‘w:u aaiuwmwwmsﬂaﬂmusmwwﬁ 8¢ v‘m 3 wanauls wagsaidosansyesd 2

wileduls fufiimnuanntuvesituiineudnemi fanuaiiaueresSeusons1am (iﬂm 2-2)

[

%’umaumsﬁwLﬁumiﬁmsﬂamqam%wamaqmumquﬂ fiadl

2.1.1 YouLTULATATIVFBUNI5YINUYDIYAaUNsl Eddy Covariance wazyngunsal
n329 3T NA

ANTUNIINTIEOUNIYI1UTeIYAQUNSel Eddy Covariance wazynaunsal
nvaviaanimniionna u wasinw Site 71 1 uaz 2 Teflmsaiianenssgs 25 uag 15 WAT Uas
I¢Rndayagunsal Eddy Covariance uazgngunsainmaingagfionmadeuiosuds fisedumiu
49 27 uag 12 uns A1ud1au wagaiunisasuiigue (Calibrate) wn3eeinusunauia
msveulnoenlaiuarleiluennia (Open-path CO, and H,O analyzer, LI-7500) ﬁﬁm@%asﬂj
Uu Tower

Site 71 1 AuITee19LBuNI1 SuneauIuewn Janinasunsy wuii w3eein
Usunaudansvaulaeenlenuazlourlueinie (Open-path CO, and H,O analyzer, LI-7500)
Lﬂ%aqﬁiﬁﬂumitﬁu%’agaLﬁsmw wardoInniunsasnduludaunazasuisualud a uSen Li-

COR, ltd. USA vilvildaunsatuiindeyaaunanisueunazii ludiasounnsiay 2557 1




auzillninasarinusunaiansuaulneanlenuwazlotn (1A39981999) MUANAIIMLLEY Ta9zisy
Juiintoyasusiiioununiiug 2557 Wuduun

Site 91 2 NUNAIUYIIVDUNBATNT B16ADUINAIN TIUIATINIW WUT LATDITA
Usunauiaaisusulaeenlenuazloullusinia (Open-path CO, and H,O analyzer, LI-7500)
wsesildlunisinudeyanasiasesdrseantunfnddduidenes wazdosdinliunisdainauludey

wazaouiguAlul o US¥W LI-COR, ltd. USA vilsildanunsaduiindeyaaunanisuaunazin
Ny a a LA v a & ¢ Iz VY
wazdivayaviamigliuiieu 2 weu varilinsasinUsinauiansueulaeanleduagletilasunis
PFauwarnIsaauLfisuAasaseusesndd waziuidelasdunisandansaaiianinanalivu
[ VRN < 4 915 (= a < %
Tower fafuuazanunsaiutoyalinusinaungainiew 2556 Wuduin

M31991 2-1  AnedgauandAniniga nkazauautiniuaiivesduluiunuaneis w
AudITre s NI Jminaslens wazwldatnunsns damdadeniw ($wiu
g1=3, * Ww@nIA1 Standard deviations)

Frus ANANINHIAU (cm) AUIITYY19RLITUNT WUasNERINT NWIATINIW

Bulk Density (g/cm?) 0-10 1.57  + 0.10% 1.26 + 0.08

10 - 30 173+ 004 142 + 006
30 - 50 1.75 + 0.06 144 + 0.16
50-70 177+ 0.09 146 + 0.06
70 - 100 159 &+ 007 145 + 003
pH 0-10 532 + 023 671 + 0.29
10 - 30 576  + 041 686 + 017
30 - 50 5.75 + 0.61 689 + 029
50 - 70 584 + 061 712+ 012
70 - 100 563 + 054 710 + 004
Organic carbon (%) 0-10 1225 + 0248 0314 + 0.121
10 - 30 0718 + 0.283 0225 + 0.079
30 - 50 0.520 + 0.103 0.187 + 0.012
50 - 70 0311 + 0072 0123 + 0012
70 - 100 0.263 +  0.060 0.129 + 0.012
Organic matter (%) 0-10 2112+ 0427 0541 + 0209
10 - 30 1238 + 0487 0387 + 0.136
30 - 50 0897 + 0.178 0322 + 0.021
50 - 70 0537 + 0.124 0212 + 0021
70 - 100 0454  +  0.104 0222 + 0.021
Total carbon (%) 0-10 1193+ 0.256 0347 + 0.049
10 - 30 0.700 + 0310 0300 + 0.036
30 - 50 0577 + 0.093 0283 + 0015
50-70 0.400 +  0.069 0237 + 0.031
70 - 100 0373+ 0.040 0260 + 0.056
Total nitrogen (%) 0-10 0.083 + 0012 0033 + 0.006
10 - 30 0063 + 0015 0027 + 0.006
30 - 50 0057 + 0.006 0030 + 0010
50-70 0.047 + 0.012 0.023 + 0.006
70 - 100 0043+  0.006 0027 + 0.006
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A | B u




. \,,\E.___..,

[y

FIUIATINN

LUBIE19NN97 Site 71 2 &4 LUaRABATAS D1LNBUINATA

sUf 2-2




2.1.2 wamsﬁﬂ‘mauqams‘uau%aamumewqm

a

2.1.2.1 dayagagiiennia

ERET)

Tayaganio1niAr1e aud Audukasavauseiu gungieiniea
muALEIE Usinanieiy Y3inagidnaieniing (Global solar radiation: Re) uavU3unassed
and (Net radiation, Rn) YouAiFnw 2 Site laud Site 7 1 AUEITYENRLTUNTT SunoaUY
Feonum Toninasdane Dudouadaus Yuil 1 Squieu 2555 Setudl 31 Awnau 2557 TavieEn
822 Yu uay Site 1 2 wannunans sunevinaIn Sadadanme Wudeyakoudiuil 18 nanau
2555 fefufl 31 Asvnaw 2557 Faurisdu 683 Tu

ANULTULLEIFLHL

auduuasarauso fulufiuiiugnensmis Yadieiadosianinudy
Wase1#ingd (Quantum sensor) $u LI-190SA 499U3¥W Licor, Inc., U.S.A uazgduinaniuaiy
duasavausiotu nmsAnywuia Site 7 1 quiifossasiians Faiufindoyadaud Juii 1
fiquioy 2555 fatudl 31 Anau 2557 (822 Ju) finuiduuasazauaglugie 2.67 - 225.05
mol m?day? Lazdianuvuiasdzautyindu 11,709.98 mol m2lugiesrugiaan 822 Judi
sufumaiivtoya arunduuasazaudeiulud 2556 Seiifoyansuiedi fanudunasasay
adluYie 2.67 - 24.32 mol m? day wagiianuduuasazauiniifiy 5,418 mol m?lugas
svezian 1 U Aanuduuasavaniidianuazgsaausingluiuil 28 unsiau 2556 uay 8
WewN1AL 2556 (g‘dﬁ 2-3 UaMI1eN 2-2)

Site 1 2 wannwasng Sandndanm %aﬁuﬁa%uﬂaéﬂy’wﬁi Fuil 18 nanan
2555 fa¥uil 31 Aavinaw 2557 (683 Ju) fenuduuasazanagluyie 2.28 - 24.21 mol m™? day
' wasfmnuduuasazauiiiy 10,540.81 mol m? ludhsszezinan 683 fuiidudumsidudeya
anaduuasazansoTulul 2556 daidoyansuiediu farudusasazavogludig 2.28 -
24.21 mol m? day ! wagimnuuuasazauyinnu 5,625 mol m?lutisszziial 1 U Arannu
Wuuasazanadigauazgegausinglutudl 3 fluan 2556 waz 12 ey 2556 (SUA 2-3
LAANT19 2-3)

nteyatul 2556 Usingianudunasazasluseu 1 U vasudasdan
g19M137 Site 91 1 Audidpendazdans dadeenit Site 71 2 wlannunins Jmindanim

AURNABINA

gumgiioneluiiufiugnenanist fadeiaiesingumgiivazauiu
(Temperature and Relative Humidity Probe) ﬁu HMP45C 989U38" Vaisala Inc., U.S.A. uay
thieyaildundnnaidurenmgiiadedeiu mnmsfnwmuii Site 1 1 guéitonsazidans
Fesufindoyadious Yuil 1 fquieu 2555 Ae¥uil 31 Ganau 2557 (822 $u) Sidngamglionnia
adesotuaglutig 19.87 - 31.14 °C uazdw$ul 2556 Felifoyansuitatiiu Usngagamgl
o1nAdesiofueglutis 19.87 - 31.14 °C uaziidngumgionnaiadese Juwiniu 27.18 °C
gamgiiadedefuinganazrgegausingluiufl 18 urnau 2556 way 15 wouniAy 2556
PUARU (U7 2-3 wagm31eil 2-2)
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Site 71 2 wannunIns Tamindenw Fsduiindeyaeust Tuil 18 nanax
2555 fiefuil 31 Fevnaw 2557 (683 $u) frngumgliennAwdsseTueglugis 15.62 - 30.78 °C
wazdmiul 2556 elifeyansuiiediu Usingargumnieinimaiesdotuoglurag 15.62 -
30.59 °C uaziiAgumgienniatadsdeulviiiy 25.48 °C guvgiilndssetuianuazgean
Usngluduil 21 Surem 2556 wag 3 Wwiou 2556 MuARU (FUA 2-3 uayms1eil 2-3)

ndeyalull 2556 UsinginArgamgieniaadsseiuvesutaugn
§199191 Site 71 1 AUEIToesazidans fangand Site 7 2 ulasnuasns Smiadanm

v ¢

A Fudusing

Aaududuimslufiuiivgnenan Tafeiniesingamgiivazaiuiy
(Temperature and Relative Humidity Probe) ‘a;lu HMP45C 989U38% Vaisala Inc., U.S.A. uay
ihdeyailldmnmuaduimisduduivdiadedetu 9nnisinwinu Site 7 1 quiidoens
azlduns Geduiindoyaseud Yudl 1 Squieu 2555 fetudl 31 Asnan 2557 (822 Fu) i
Anududuinsiadere fuagludag 40.5 - 99.2 % wardwiul 2556 Feildoyansutialidu
Usngeanududuivdiaderotusglutag 50.2 - 98.7 % warfiraududuivdiaderoty
Wit 81.74 % arwidudiimsde fusaausngluudl 18 unmau 2556 vusfienuiuduing
sofugeanusngluiuil 20 fueiou 2556 way 16 nanau 2556 (UT 2-4 waga3a7t 2-2)

Site 1 2 wannumsns daminden Gedufindeyadeus Juil 18 maneu
2555 fetuil 31 Aeen 2557 (683 ) Trarwiuduivsiadesrotusgluras 27.4 - 98.4 %
wagdmsul 2556 %ﬂﬁﬁﬁammuﬁ'ﬂﬁ?u ‘Uiﬁﬂgmmms‘?gfué’mﬁws‘m?iasiai’uasﬂmm 274 -984
% wardimaududuivdiadede Tusiiu 69.17 % mwmuauwmammuma@ﬂiwﬂgimum 19
QNP 2556 vauzfinriuduivsee fugeaausnglutuil 26 fquisu 2556 (U7 2-4 was
M13199 2-3)

ndayalul 2556 UsinginAmanududuivsiadesdeiuvesudasdan
g4N151 Site 1 1 AudIduensanidans digandt Site 71 2 wlaunwasns Jmindaniw

Usuaunelu

U%mmfmwiai’ﬂuﬁuﬁﬂqﬂa’mwwm fndeipdesiausinaniney Rain
Gauges 34 TE525 TIPPING BUCKET Rain Gauges 984U3¥% Campbell Scientific, U.S.A. 1
oyaildnduaduiinudilusiude T :nmsfnwmuti Site 7 1 guéidoensasidans
Getufindoyasaus Yuil 1 fquieu 2555 fetufl 31 Awnau 2557 (822 fu) fuTinahruazay
Wiy 3,383.00 mm uagdwisuT 2556 Belidoyansuiediu Unngidivnahiuazaninty
1,316.20 mm uazilegaanusngluiuil 3 ganau 2556 deiiuSannmuazassofuviitu 90.6
mm (E‘U‘ﬁ' 2-0 Uz TN 2-2)

Site 71 2 wannunIng Taindeniw Fsdufindeyakeust Fui 18 nanaw
2555 fa¥uit 31 3emau 2557 (683 Yu) fUSinaineuayay windu 2,694.00 mm wazdmdul
2556 Fafidoyansualiu Usingirdviunaiuazansintu 1,490.60 mm wagiirigege
Usnglufudl 15 Sunnau 2556 GeilUTnasluazauseTuyindu 60.4 mm (UA 2-4 wags1ed

2-3)
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15199 2-2

radiation, PAR, mol m? month™) aaumgie1niaade (Tair, °C)

TOYATIUNBUVBIAIULTULASALEY (Cumulative photosynthetically active

1

ANUIUAUNNS

WY (RH, %) USuautiney (Rain, mm) Usunusednisefindavau (Global solar
radiation, Rg, MW.m“month™) uazUSu1usedgniasau (Net radiation, Rn,

MW.m™?month™) ¥aeuUasugne1anisn Site 1 1 Audidoe1sasidansi a.
28LUNIT (15 Aguigy 2555 - 31 damAu 2557)

U Wy PAR Tair RH Rain Rg Rn
(mol m™month™) (°O) (%) (mm) | (MW.m?month™) | (MW.m? month™)
2555 6 486.89 27.28 79.81 126.60 269.50 185.62
7 453.21 26.20 84.23 264.20 251.14 172.92
8 462.93 26.37 83.94 125.00 258.79 181.41
9 335.78 25.58 86.89 489.80 180.44 137.15
10 v 2670 | 79.87 | 204.80 v v
11 287.10 27.22 84.02 36.40 161.61 115.97
12 462.32 27.55 73.28 2.80 270.24 188.35
994 2,488.23 26.70 81.72 | 1,249.60 1,391.72 981.42
2556 1 405.09 26.34 70.13 53.00 246.59 162.59
2 387.95 28.26 72.94 6.00 233.29 152.53
3 521.63 28.20 79.77 18.20 306.64 207.95
4 493.26 28.80 80.35 0 283.06 191.11
5 545.72 29.06 82.89 22.60 304.65 210.21
6 456.33 27.60 88.40 71.60 257.13 175.58
7 414.39 27.15 88.22 183.20 239.99 161.49
8 476.08 27.46 86.54 168.40 276.86 193.94
9 394,55 26.71 90.89 506.00 219.28 158.87
10 454.47 26.88 86.13 273.20 266.63 189.14
11 422.98 26.74 81.32 0 253.96 175.06
12 446.01 22.97 73.23 14.00 281.14 184.49
99U 5,418.45 27.18 81.73 | 1,316.20 3,169.22 2,162.96
2557 1 473.31 2013 | 6187 0.00 299.22 188.27
2 388.73 26.40 78.91 2.20 240.33 158.30
3 465.46 28.23 80.00 34.40 290.16 197.60
4 479.91 28.49 83.60 159.60 299.83 206.78
5 577.12 29.12 83.60 85.60 317.23 218.27
6 457.26 28.59 85.08 149.80 257.34 172.67
7 492.89 28.07 85.35 146.80 275.66 187.48
8 468.62 27.30 88.44 199.20 257.98 180.75
39U 3,803.30 27.54 80.86 777.60 2,237.75 1,510.12
squﬁv'\‘iéu 11,709.99 27.14 81.44 | 3,343.40 6,798.69 4,654.50
nangwn Y wuneis 11j?113J1§ﬂLﬁU%@ﬂdﬁlﬁLﬁ@ﬂmﬂLﬂ%‘lﬁ]ﬂﬁa‘ﬁﬁqﬂ
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M1519% 2-3

radiation, PAR, mol m? month™) aaumgiie1niaade (Tair, °C)

TOYATIUNBUVBIAIULTULASALEY (Cumulative photosynthetically active

1

ANUIUAUNNS

WY (RH, %) USuautiney (Rain, mm) Usunusednisefindavau (Global solar
radiation, Rg, MW.m?month™) uazUSu1usedgnazau (Net radiation, Rn,

MW.m“?month™) vasulaiugneanisi Site 7l 2 wannunsng 9. Jene (18
ma1AN 2555 - 31 denAn 2557)

4 ou PAR Tair RH Rain Rg Rn
(mol m?*month™) Q) (%) (mm) | (MW.m?month™) | (MW.m? month™)
2555 6
7 T S o 2 g - o sl A o
g agIEINNansENuT Larfnasgagunsalingagiionnia Jediliiinsiiudeya
9
10% 269.99 26.64 72.24 0.00 137.38 89.73
11 465.39 26.09 7191 70.00 236.23 151.06
12 439.61 23.54 66.10 1.80 229.20 139.58
39U 1,174.99 25.42 70.08 71.80 602.80 380.37
2556 1 452.47 22.35 55.78 27.80 237.15 136.96
2 488.36 25.62 51.01 2.00 258.03 153,51
3 508.43 26.91 48.87 39.40 285.56 173.85
4 548.58 28.21 50.84 44.00 293.38 195.72
5 315.44 27.03 73.02 285.40 161.27 114.00
6 486.92 27.06 82.70 82.80 249.59 173.71
7 445.85 26.22 87.11 315.60 230.23 161.59
8 478.55 26.61 85.07 291.00 300.14 178.75
9 460.12 26.45 84.46 226.80 244.48 177.76
10 542.71 25.61 73.43 64.60 287.38 202.35
11 447.96 24.69 71.46 0.00 232.83 159.86
12 450.09 18.96 66.31 61.20 246.12 150.10
994 5,625.48 25.48 69.17 | 1,440.60 3,026.16 1,978.16
2557 1 20.23 61.06 1.40 278.92 160.10
2 431.00 24.13 62.59 0.00 244.29 142.20
3 476.50 27.33 62.02 4.60 276.57 166.07
4 490.70 27.67 73.39 141.80 279.54 191.42
5 583.42 28.24 75.80 63.60 315.03 230.30
6 430.34 27.23 85.39 310.60 232.69 166.61
7 391.66 26.41 88.03 435.60 218.36 151.93
8 431.03 26.37 86.30 224.00 240.94 172.82
39U 3,740.33 25.95 74.32 | 1,181.60 2,086.34 1,381.45
squﬁv'\‘iéu 10,540.80 25.62 71.19 | 2,694.00 5,715.31 3,739.98
nangwn 7 wuneis ﬁﬂﬁﬁuﬁﬂsﬁa;ﬂaéﬂl,wii’uﬁ 18 - 30 AANAY 2555
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sUfi 2-3  pudunasazay (Cumulative photosynthetically active radiation, PAR, mol
m* day™) LLazqmwgﬁmmmaﬁ'a (Tair, °C) vauUaaUgnenema Site i1
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ndeyalul 2556 Usingitsuaduazasluseu 1 U vasuuaslgn
g19m151 Site 1 1 Audidgensazidansy TArSunadesnit Site 1 2 wlaununins Jamiads
20

Usuausidnieaniing (Re)

Usuusedn19019a8 (Global solar radiation, Rg) ViLLUaQUQﬂEmWWﬁ
1650 Yadnoin3einadnisenfing (Solar radiation sensor) JU LPO2 993uU3¥W Hukseflux,
U.SA. thieyaiildinduanduliinudidaserfindsuseiu annisinwinuin Site 7 1
Auiidoensasdans feduiindeyakeusd Juil 1 Sguisu 2555 Getufl 31 Awnau 2557 (822
) fAUsinusidnnefindazauegluyie 1.36 - 13.40 MW.m? day” wagdlA1Usunnsadnis
o1findazauyiniu 6,798.69 MW.m?lugiaszeziian 822 Juildiiumsifudeya Usunmssd
sfindavausoulull 2556 delifeyansuietifu fuiinidnefindavauasauegludag
1.36 - 13.29 MW.m?day? waglugissseziian 1 U da1usunasednisoriindazauyiniu
3,169.22 MW.m? uananiisnuin Uinusidnerfindazanse fulidmaauazgagausing
Tudud 28 unsAN 2556 LAY 8 WWAIAY 2556 AMIAG (JUT 2-5 Waga3nafl 2-2)

Site 71 2 wUawnunsns Fmfatenin Ssdufindoyadaus Tuil 18 naau
2555 feTuil 31 AsmAa 2557 (683 Ju) MUsinasednsenfindavaueglugis 1.01 - 12.60
MW.m? day ! uagiimusunasidniseniindazauvindu 5,715.31 MW.m? Tusneszegiian 683
fuiddunaiuieya Vuassdmseriindavausoiulul 2556 Geideyansuiiediu fusina
fedneindazanavanegludag 1.39 - 10.27 MW.m?day” waglugiaszeziia 1 Y de
USnafadnisenfindazauiindu 3,026.16 MW.m? uondnianuin Uiinussdansering
avausreTuilavanuargeaausnglutuil 3 funmu 2556 wag 12 ey 2556 auadu (5
fl 2-5 uayI1eil 2-3)

ndeyatul 2556 UsinginUunusedneindazauluseu 1 U ves
uasUgnenamng Site 9 1 guéitoenaziBans fergendn Site 7 2 wlaanuasng Janinds
U

- | a

USanu3sdgns (Rn)

=

UTuusedgns (Net radiation, Rn) fudasugnenanisnlasu Jaee

a 1

1A38ITAUSHNISIEA9eIndanT Ju NR-Lite 299USEW Kipp & Zonen Inc., Netherlands 11

9
v a |

ToyadlauiAuraduusiusdanssiudeTu a1nnsfnwinuin Site 71 1 AudIdonns

'
= a

apiBans Setfufindoyaeud Yuil 1 fiquieu 2555 Fetudl 31 Aamau 2557 (822 Yu) fidn
Ysuusedandazauegludag 0.54 - 9.47 MW.m? day” wazliA1UTunasedgniazauiinfu
4,645.50 MW.m? Tuga9sveziian 822 5’1417119?'1Lﬁumil,ﬁu%azga Usunusedansavausoiulud
2556 Felifoyansuitiiu fUsunssdanasaneglutae 0.54 - 9.47 MW.m? day" uazlutag
sreelaan 1 U da1USunaedaniasaumintu 2,162.96 MW.m™ wenNLEmUIn USinauded
andavaus1oiuiiadiaauazgegnusnngluiudl 28 unsiau 2556 war 8 wuaAY 2556
PUERU (SUT 2-5 wagms1eil 2-2)
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Site 71 2 wannunIng Tamindeniw Fsdufindeyakeus Fuil 18 naau
2555 fafuil 31 Aamen 2557 (683 Ju) AUTunussdansazaeglugis 0.03 - 9.51 MW.m?
day” wardlenUSunaadansazauwiiiu 3,739.98 MW.m? lugisssegiian 683 Suigniiung
Futeya Unadidaniavandetulud 2556 Teiifeyansuiieddu fuimniidansavauey
Tu939 0.03 - 9.51 MW.m?day” wagludieszezian 1 U danUSuiasedgniaganvinfu
1,978.16 MW.m? wonannifanudn Vsnassdaviavaume fuldvaauargeanusngluiud
3 funAn 2556 uay 12 AsinAu 2556 ALY (FUA 2-5 uagas1eil 2-3)

ndeyatul 2556 Usngiusinusadgniasanlusou 1 U veawdasugn
g4N131 Site 1 1 Audidueeasidans dAgandt Site 7 2 wlasunuasns Jmindaniw

2.1.2.2 Yoya Flux vaIn1suay
foya Flux vesmfveulufiuiiugnens 1dun Site # 1 quéidosns
awans Sunedumdoinn S inagians Hudeyasausiui 1 fiquieu 2555 feui 31
$uniAu 2556 waztuil 1 nuaitus 2557 Beiuil 31 Asnew 2557 TavieEu 790 Fu wa Site 7
2 ulaanunsns suneuinatn Jmiadaniw Lﬁusﬁayja&y’uwﬁ’uﬁ 18 fanAs 2555 Aatudl 30
B 2556 wagtuil 1 waedneu 2556 Sefudl 31 Asna 2557 TaurieAy 498 fu Feya

Flux 983A135usuienainlngds Eddy Covariance @stayailausnaume

gnsINsuanilasun1suaugns (NEE)

§as1nsuaniUdsuansusuand (Net ecosystem exchange, NEE) 484
ﬁuﬁﬂqﬂmﬂwwsw Samewnaila Eddy Covariance (Goulden et al., 1996) mitialausznause
A azfiansay wagaududureaufanisvoulaeenled antdutirdoyadendraun
Auanduridasinisuanidsunsusugnd 9nnsAnymu Site 1 1 guéidpensazidans,
%aﬁuﬁﬂsﬁama(ﬁi’juwi Fuil 1 fiquieu 2555 Fefuil 31 funeu 2556 wagtudl 1 puaius 2557
fefudl 31 A 2557 (790 $u) dAdmsnsuaniasuasuougys ogluts -9.47 s 7.85 ¢
C m? day ! saudnnsuanidasuaniueugniaz aﬂummmmwﬂmamamwmmwnmJ -
3,694.84 kg C rai” vi30 -13,547.74 kg CO;, ral mmwa;ﬂaamwmmmLﬂaaumiuauajmﬂuﬂ
2556 Gafifoyansuiatu fadnsnisuaniudsumsueugnseglurae -9.15 f 7.85 g C m?
day™ LLazﬁé’mﬂmiLLaﬂLU?UU@W%U@qu%azaﬂuiau 1 U wiAu -1,223.23 kg C rai” %30 -
4,485.16 kg CO, rai? lasfiufiAinun Site 71 1 B8ns1nsuanidsunsueugnsazausiian uas
geanlutiafeudeney waznunius auau (JUA 2-6)

Site 71 2 wannunIng Taindeniw Fsdufindeyakeust Fui 18 nanaw
2555 feTuil 30 Wwwiew 2556 uagtudl 1 woednieu 2556 G93uil 31 Awnau 2557 (498 $) 4
AsnsnsuaniUasuaniusugyd eglutag -5.28 fla 2.76 ¢ C m? day ! samdhsimsuanivaey
msuauamavamiumanamuummamamwmmwnﬂu -1,214.08 kg C rai”? %150 -4,451.63 kg
CO; rai 2(§1J°Vl 2-6)
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Uil 2.5 UFunudsdnnseniing (Global solar radiation, Rg) wagUTunudsdans (Net radia-
tion, Rn) azausieFuvesuUasgne1sma Site 71 1 quiisoensasidans a.
azidams (1 dquieu 2555 - 31 Asmax 2557) uay Site 7 2 ulaanunsns 1. 09
N (18 manmu 2555 — 31 dwneAn 2557)
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2.2 msInansn1suanlaseuiaansuaulaeenlanmiloqfu (Soil respiration)

wAaasusulaoenledfignuanddesesnuinnidfuduedeniinudfyseining
ansueuvedlan (Global carbon cycle) ipsanduiiansvenludndiuiiunnnitluusseinielan
wonani snsnsmelavesiu (Soil respiration, Ry) E‘TﬂLﬂuaqwﬁﬂizﬂauﬁéﬂﬁmﬁaamaﬂuaa
ansueuluszuuiing shsnswelavesiu Usenausdae Autotrophic respiration (R,) uAnan
msmelavesnnuazqauvidienfoeguinasniis (Mycorrhizae wag Rhizosphere bacteria)
ey Heterotrophic respiration (R,) (Jassal and Black, 2006) %QLﬁm}’mmiﬂaﬂamaLﬁiﬂ%”]ﬂﬁ“d
uardnidinglneqauvidveuniuwadldfu R, fansdafuiiusznaude Root carbohydrate uaz
Root exudates @sldnaroglufiuliutu luvaed R, Uszneusoasusznoumsvouiiazauey
TuAudunaiuu dudszesduiouudd dudiavsniivanaunaredudunieinglufu
peAUsTneUT mune 19 liUNaNsTNUIINANIndeNLaT SN B TR suTITuAns T wavddl
nsneuauasiensiiniuresiianisuaulaoonlsdluusseinia uazgumailanisaiy dedy
nsUssdudndruvesesduseneufenaidudsiiudmiunsiinnesiuarnissiaesdnanis
melavesnu LLazmsﬁﬂmmamauauawaaé’mwmsmstwiaaquﬁmmmasmaﬂﬁwu%uﬂ
INANMLINEDY Wefiasiddansueulussuudinaenanisuagn1snsIafianiy Carbon
sequestration Tufu F3n15Usziu Carbon sequestration Tuszuudivae fifie Net ecosystem
production (NEP) Faanunsouszdfiuldnnanuuandsseninansieunlamesdinafivuay
Rh

221 AN IUIUINY

msfmuaiufilunsiiudeya

Samuafuiidviuinsnsnismelevesiu Tuilufidnudte 2 uis uravituil
wvaidu 3 Plots léiuA Plot A, B uaz C wsiag Plot Usnausie 2 Sub-plot (3U#l 2-7) leud
Control (§gnsnnismelavesdiu, Rs) wae Trench (Sadnsinismelavesiu Jufnainnsdes
aaneiAweniY uazdnieing Tasqduvddniuniuaglify, Rh) Auifldtasasnimmelaves
Audlauianinadu 1 lu g ﬁuaﬂ‘ﬁuﬁﬁLmﬁauﬁgﬂﬁamﬁaasﬂﬂWWiw 4 ¢u Collar whannvie PVC §
YUALFURTUALENA1S 20 cm g 11 cm aggnindsluiiufidananadiuau 8 Collar (nsanedi
Nud) Tundaz Sub-plot wonani Sub-plot 71 Control wag Trench %ﬁm&%agﬂuu?nm
TnalAeanu

NM5INoAs1INISMelave9Ry
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U 2-7  unnlddwmsuindnsinismelaveswlasiinu s audideeasidanst dawmin
2z anT (§Uun) uazulaunensns Jandadeniu (5Uan9)
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sUfl 2-8  inSeeTadnsmsmelavesiu (Soil CO, Flux System) Ju 11-8100% (LI-COR, Inc.,
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olot) wazdausnsTandeit 3 uduun Mdnfinde Trench plot w@Saideudosuds) Auade
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respiration) sanynléiiisann

Rh = Rip - R (2)

Ra = Rep - R (3)

Iﬂa‘ﬁl Ry Town Decomposing root-derived CO, efflux %aﬁaﬂ%’%@aﬂaé’mwmsﬂaa
aanevessnenslumsiuan wasaeddslddmunnafiosde i ufet1s51ne1aeuLELNS
fduau Euiunisiiuiegendeldlunismunsnsnstesaasvessnluiousuinay
2557) yilsildanansomunaan R, uay R, 16 widlelda Rd uudr avanunsofuimen R, way
R, nan 617 Su léwad

Rn = 1,703.62 - Ry (4)

R, = 2,811.98 - R, (5)

nsindasmamelavesiuluiiuiidne Site 7 2 & wlannumsns Sanindanm
Faust Jufl 23 Surnau 2555 Setuil 7 Asnan 2557 sauviedu 592 Su waziasioiiloann 2
FUnnii AaBednsinismelavediuain Control plot fiAdaust 0.50 - 8.28 ¢ C m?day” @
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sywinafiuiidiidu Control waz Trench plot 3 afausniiarlduansraiu (M3¥a 2 adausn &
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a ¥ ¥ 1 d‘ (7 a a0 U 1 =
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MsfumsnsInselarauSuR s U 14 unsaeu 2556 wa191AYi Trench
plot feTuil 7 damau 2557 Tauszezan 570 Ju wuin snsnelaeasavalu Control (Rep)
wag Trench (Ryp) plot AAWYNTU 1,467.15 waz 872.74 g C m? mn%’azdaﬁﬁmwmmuﬁq
Jagtudsluanunsadiuinen R, (Heterotrophic respiration) k@ R, (Autotrophic respiration)
sonunlsuieatu Site 7 1 Gidunisfusegesndeldlunismuasnnistesaalsves
sinlufeuunTIAL 2558) wililomuiaan Rd 1147 9581150A WA R, Waz R, 71781 146
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Rn = 872.74 - Ry (6)

R; = 1,467.15 - R, (7)
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Auluiuiidne Site 7 1 o AUgITEE190LTUNT Faug Jufl 4 wgadniew 2555 SeTuil 29
nINIAY 2557 TavieAu 632 Yu wuth Aedegmumaiiuain Control plot AReus 22.05 -
30.50°C d2ulu Trench plot Hudledaud 19.60 - 32.95°C AedsguugiAuieuiiioy
sywirefiuiiidu Control waz Trench plot wui ahuimgl,t,é’aﬁmLaﬁlaqmmﬁﬁﬂmmn@mﬁu
oA iurodseumgiiaunaluiudl 3 wag 17 unsen 2555 Yudl 9 uay 23 uns1AN 2556 Juil
19 AuANTTUS 2556 Juil 2 SurAu 2556 uay 2 uns1Au 2557 Aedsgamaiiiuves Control
plot fAtfandn Trench plot (P<0.05) vauedi ﬁWLaﬁﬂqquﬁﬁuﬁiﬂiufuﬁ 23 W18 2556
Fuil 20 fiquneu 2556 wag 17 NINQIAL 2556 ALaRBgUMYTIALYes Control plot fiANNINAT
Trench plot (P<0.05) (E‘U‘ﬁ 2-13)

Qmmﬁauﬁmmi’miuﬁuﬁﬁﬂm Site 71 2 wlannwAIng Taviateniu daus
Yudl 23 $uriew 2555 Se¥uil 7 Aamew 2557 sawviedu 592 Yu wud Aadugamnliaud
57957910 Control plot ffdust 16.40 - 35.55 °C dwulu Trench plot Juilddaus 17.20 -
35.30°C Aadsguvnifuieuiioussuinsiuiiiidu Control wag Trench nu dalug)
uiilredugumgiauliiunndaiu sniiudadegumaiaudiialuiud 9 fiquieu 2556 uag
19 Aueney 2556 ﬁi'u,a?{squmﬁaueuaq Control plot fiFaeni1 Trench plot (P<0.05) (gﬂﬁ
2-13)

Usunaslusu

Usurauthluduinsiadnldnieununisinonsiniswnsvaawianisuaulanaanle
PnEFUluiunAnYY Site 71 1 o AUdIToe9RLTUNTT AU Tul 4 weAIneu 2555 HeTuil
29 NINYIAY 2557 FIUNIEY 632 Fu wudn AnadeUsuialuAuain Control plot ARSI
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0.45 — 40.75 Woasidus @l Trench plot dudlAdaus 1.15 - 40.35 Wesifus AnafeuSum
ilufuuSsuiisussrineiuffidu Control wag Trench plot wu3n Control plot fiAunnnn
Trench plot (P<0.05) vuz? AadsUTuanuAuNInluIL 4 waz 19 wgAInlew 2555 ul
3 unaw 2555 Juil 23 Uns1AY 2556 Uay 26 weARn1ey 2556 danliuandiaiu (FUT 2-14)
Usunathlufunasiadaluiunfne, Site 91 2 a1 wladnunsng J9indenu

Lo oA

6 TUN 23 SUIAN 2555 DTUN 7 A9vAN 2557 SIUVI9EY 592 YU WU AeagUsuainlu

Qe

) =3

a

Aufins297ma1n Control plot fiAdaum 0.10 — 35.40 Wostdus @aulu Trench plot Hudle

Fae 0.64 — 37.00 Wasidud AladsUsuiailufuuSsuiisuseninafiunmdu Control wag

Qe

Trench wuin dulngudaidnadeusmnaniluiliunnsety snurniedesnadiluiuiiie
Tufudl 9 fquiou 2556 Juil 19 Fueieu 2556 Yudl 2 w1y 2557 ufl 19 uay 28 NquAAL
2557 $uil 10 fiquisu 2557 Juil 8 way nsnIAN 2557 wagtuil 7 Awnau 2557 wudn Aade
Usinanhlufuwes Control plot fietesndn Trench plot (P<0.05) (g‘d‘ﬁ 2-14)

NNSIATIEAENAUNUTTEUIN8IN581avesAU (umol CO, m?%s™) uay §nsInns
melaveshustotu (g C m?d™) AU gaugfifu (Tsoil, °C) warUmaniilufiu (SWC, %) t Site 91 1
AUEITYLMRLTUNT 2.a8TUNT WUl Sasnsmelaveiv wardnsnsmelavesiudetu &
Arwdiiuglunisuan (Positive correlation) fuAigamninu uazuTuanirlufu uazdhsms
melavesiu uardhsmamelavesiusetu Saruduiusiuiinadiluiu wnflan fe Ussanm
Yovag 34.4 (51971 2-0)

dM5U Site 1 2 wlasugnenennsiveaunsnsng 2. Janw wud dnsinismelaves
A wazdasnamelavesiuneiu Ianuduiiuslunisuin (Positive correlation) fiuAgumgiinu
6

wazUSunauun Uy wagdnsinisuelavesdiu wazsnsinisuielavesiusetu JANNEUNUSAU
YSunanhluiu wniige A Ussunasesay 26.24 (157199 2-4)
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Tasam 533607 1 Uszaudgmenmsuniglu Chamber Aifiangs wazlianunsninlilugiegg
Wasifisnsnsmelavesiuiisiunn fuddeladndunisveanusiuiionisivinislunisiamun
wedtndmnsnismelavesiunuusalug® 910 Dr. Naishen Liang 10336970 National Institute
for Environmental Studies Usginadgiu daduvilduinidenieldiaiedis AsiaFlux uazdl
AusauansaduegsitunsiuuagUnsaldenand Dr. Naishen Liang loiuniaunds
Uszinalnaiiiodnsizinisviaureaniesinsnsinismelavesiunuusnlud@aiasnsliugy
WU SrUUNISEseINTAd-aana1n Chamber Timsnzay dosuasuszuulvadsuainiaain
A Fuduszuuda (Open system) Tuiduszuula (Close system) finddedsUszanuaiy
sauileffu National Institute for Environmental Studies iiiead1aa3asinsnsinismelavesiiu
wuudaludftuunlnl usdidesanndunuiaguasszuuaiuauil National Institute for
Environmental Studies 1a31aa3esindnsinismelavesdunuusmusiaiifsiuay Chamber
111731 2 Chamber ﬁugmﬂ Fudeidlsvemnuuiielunisimuiesesinsnsinismelaves
funvudalusiAuunn 2 Chamber Jusnnew wagldiinddelufiudse lWlneusumsosnuuy waz
asramdesiiofinann fumne National Institute for Environmental Studies wagnduuwau
wSesinsnsnsmelavesiuwuusaludiviadraliiny Wannsavhauldegedivssansnm Tne
¥ angunsaliimlsludszmdlvesely

uuzdl dosindnsinamelaveshuuuudiluivuin 2 Chamber fifamsuiy
National Institute for Environmental Studies léa$aia3auda (nmi 2-15) lngynaunsal
AanaIUsEnaume naesAIuAy (Control nit) Chamber An1511elav89AuaUIU 2 Chamber
wargunniusznoudu léun Juen aeau aeli wudwesinanimwindousne Wud gamagl
fiu Anuiuiu nelundesaaunu Ussneudegunsaivdndel
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CO, and H,0 Gas analyzer (Li-840, Licor, USA)
Data logger (CR-1000, Campbell scientific, USA)

« Programmable logic control unit (custom build)

Solinoid vale system unit (custom build)

AC100-240V and DC 12V power supply unit with Battery (custom build)
« Operation Panel (Custom build)

\ndesindnsinmsmnelavespunuusalusiBauin 2 Chamber danansainsnsang
welavesiuldseiios 24 $3lus Tnganunsalusunsuliinaduiusewing Chamber 91 1 fu 2 18
aufeans szuurhalagldndsnuanutamesneuenvislnfinnssuaaduagislaogrmil
LaZTNANERUA B UBNTIUARIsEUUS Eunsaveusaiodlasn 12 4alus Tngldndsnuainud
mmoidisosneluiaios ﬁaLﬂéaqusiﬁ;agTuﬂéaaﬁuﬁw Jeenansavinulaluaninulal wag
annsavusean iz eue IR mniuasesindnsnismelavesiunuudaludfvun 2
Chamber dluianismelavesiuuuy Survey wniuades Li-8100 #ldaueg iedosiiotanuise
annalunsinse Chamber adlaann 5unil Wu 3 ui Inenislusunsunisila-Un Chamber
wavAnda Chamber SndaliSsundeindnluldnou ilfausatnranumisineg fulalu
nafiduas WunsanmuRaawABLINanLIRdeNTiUAsuLadly

SUN 2-15  1A5997R9RSINTSM8TaVBIRANLUUENULRYUIA 2 chamber NNAILISINAU Na-
. . . . Y & 1 v
tional Institute for Environmental Studies LLamﬂwmunaadeﬂu (E‘U"?ﬂﬂ) IR
gunsalusEnaudus (5Uv1)
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2.3 dayausznaudy 9
NNSARAILNITISYRUTALEYN1 TS 19TNE Usznaumie
231  mswasuwlasduseuaslausuens (Girth)

Anwinswdsunlasvwinves Girth lnedudunisinudeyavng 6 wew laen1in
Girth 1A714ge 1.5 RS NuAY (Wade wazmny, 2554)

Site 91 1 AuITuen@zBuNg1 fminagun

Tuulasmaaeenamnsfguéitoensasdans uidedn Girth veseramsmndu
Tuutasmnaesiiudl 50 Tauds S1uau 5 afe etuil 21 Gsnew 2555 Fudl 31 unaAw 2556
Fudl 11 fugnou 2556 Yufl 5 uns1An 2557 wagiuil 28 ganen 2557 91N 4 Plot Teya
Girth #3nléivis 5 A%s NENaMTIIN 2,689 2,653 2,687 2,678 uay 2,667 fiu MFIF
foya Girth ¥l 5 ass Sn1snszareduuuund Aadeves Girth #¥ald fadewify
728.86 701.79 713.86 718.65 uay 723.74 mm. ANRAuYe Girth iimileiuil 21 Awney
2555 fiAgegn sesasliun Anadeves Girth Afaile¥udl 28 manaw 2557 Juil 5 uns1Au
2557 uagtudl 11 fugou 2556 drudadeves Girth Adaile¥udl 31 ungiau 2556 fldios
fign (P<0.05) (Uit 2-16)

Site 91 2 wawlgnesuasnunsns Jarindniu

desandugnslunvaanuninsiiongtios waginaelidnnsaiyduvesiusnnitfu
g19018NTFguITeesasiTans ﬁaﬁuﬁm’i%’a%ﬁusﬁaa&a Girth fsnniiguidoenaziBanst ms
nAaesll 1 fellaqiu fuideta Gith vesiusnamist S1uau 7 ass léun Yudl 16 ganau 2555 Suil
17 un91Ax 2556 udl 31 e 2556 Yufl 1 demnau 2556 Tuil 15 Ranen 2556 Juil 25 puATUS
2557 uaz¥uil 20 nangiau 2557 Bntauasugnenanin Fandadenmsdu Suiidnusunelugnn
yhlildanunsntn Girth vesiussldvndu feiufindsetn Girth veafusnsmamnduluuamaaes 3
Plot laln A B wag C LﬁaLTJuﬁaLmuﬁuaumaaﬂqﬂﬁwm

foya Girth Aialdia 7 A 9nenammdau 413 fu (M3faadedl 7 widasugnemng
o¢] 412 #w) Fowa Girth fialdve 7 A% Snisnszaneduuuund dadisves Girth ¥ald findewiy
286.03 298.37 298.61 334.27 359.98 368.56 uaz 406.58 mm. ANnadLved Girth indloTudl 16
ma1Aw 2555 dAntiosdign Aadeves Girth uTunud iy 99 uil 17 unsieaw 2556 waztudl 31
fiunan 2556 GaflAnafovas Girth Wiy desnAiadsves Girth iasnnduauiidnadegeaaluads
anvneiiiudeya TéuA Juil 20 nsngIAL 2557 (P<0.05) (§UT 2-17) wandliifiuindusrsnsluuta
NERINT Janindeniu ﬁﬂmﬁzg@uimﬁumuéﬁu
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Box Plot for Girth Variation at Chachoengsao

Girth (mm)

21 Aug. 12 31 Jan. 13 11 Sep. 13 5Jan. 14 28 Oct. 14

[y

= . 4 = fa
SUN 2-16  N15NSR18YBIVUA Girth (mm.) ﬂJaamumqmiﬂuuﬂawmamEJ’NW'ﬁ’mQuEJ’mEJ
YRLLTILNTN

Box Plot for Girth Variation at Bueng Kan

Girth (mm)

16 Oct. 12 17Jan. 13 31 Mar. 13 1 Aug. 13 150ct. 13 25 Feb. 14 20 Jul 14

sun 2-17 A13NTLN8VDIVUIA Girth (mm.) Y09Aug1NIsTIluLUaununsns Jawindeniu
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1%

232  msUssdiudviiiuiluvesiiufiugng1anisn (Stand leaf area index) 3MNUaYaT7

£%

WIAYDININTINTIMAUG WU (Litter trap) YoILUMEWNIT

pfiuilu wse Leaf area index (LAI) Wunilsluladefddgmeaulassadieily
(Plant canopy structure) Lilasandansnacsusuiusidnsoingnnglasu waznisuaniuasu

I
[ [y

whaAsvaulneanles 191 warndsuIENIAUNTLasUSIINNIA satudvdnunluIaduse
wusdAylunuuTassiniswenlusseninsivnas Jadsaninwindes

n1sUszdiudviinuinlulaglddoya Litter trap Wuisnsiasadnuilulagnss

(Direct method) 7luvinateduenannst (Non-destructive method) @9UsEnNaunIe 2 TURDU A
=3 Y 1 a . Aa gj 5 4 [ dy Pt a avu o d” PNt 14

nsinudegsluninnasuilu Litter trap ARnasasld wazn1siniunlu Inefuideianunluaiey

33 Gravimetric method @4tJu3Sn15N01duAuFURNUSSEnI1s T nuvesly wazan

Specific leaf area (SLA)

msmwauammamaamawwaﬂmawauawummﬁmﬂ%mmmﬂ (Litter trap) Tu
iE]‘U‘U Tnensinga Litter trap F¥NITIEILIANTIE 1 m. 813 1 m. B0 50 cm. Andanile
N 1 m. o Awnuesinge Tulas (Eriksson et al. 2005)

WAusIuTIAudINeI s INTIrauadiu Litter trap n 2-4 a9 Aalininas
gan1a fawaduesnsfinisuaniulvg aunseilusisaunun Judiuvessansfitivain
Litter trap azgnununeuuislugauausau (Hot air oven) igaumndl 70 ssrwaidea Wunan
48 Flua uarehanueneenidududiuyssianengg (Law et al. 2001) dmdnuiesaiuiilulu

= o o v oad & A =i - &
sau 1 YaggniunAmamedsiiunluresiiuivgneemmiuinigavedulasugnensiiiy
Toya Litter trap 11 druanuuususinvesdviiiunluluseulnd@nwiidu avgnarwindoundu
menviiuilugeganawale wasdminuiaesegidlugnamnsmduinlilunsazass

N5 Specific Leaf Area (SLA, dndunasiufilusiotmiinlu) Tnsnisduiiulu
AasnAvlafuing dmwou 10 Tuaindumiseineg TuFeuruersms wazduiusedisan
fugnamstlusumisingg fuluwUasgn $1uau 20 s thifegdluimuauriaiuiily
Tnonisldinadianisaunudoaunuiues wagduammiuilulneiusuaufineasedduluam
wazihlupuiusnsdiurestuafinasoruinie nduiailuluouuis lugevandou i
gl 70 ssaneaiBea WWuian 24 dalus uazihdedslufiiiunseuudaludaiminly

(Uwinuie) wazihelelumuna SLA 9naunis (Eriksson et al. 2005)

SLA = 241 @
LW
lmy SLA = Specific Leaf Area
A = fuiluveslud i
W= dwiinudeedlud |
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nsAunArvilnulurelasian lnglduninuisedusiunsd Aldain Litter
trap ATIUMARTENUTLUINAMNFURUSAU SLA (Eriksson et al. 2005 wag Law et al. 2001) 7
lpanaun1si 8

Site 91 1 ﬁuéﬁ%’ammz@qmm FIWINDLLT NN

va v

maammmmamﬂ Litter trap UTLI0UR199 ﬁ’u’LuLLanmaaa 71U 20 G‘f’]LLWJa
Tnedlsumisiinasauuusineg lmm Aasaszarnaduluuns Andeseninwns Tuwwad uavinde
s¥IauD-sEIIe MwAsAnsemTesheniiy wandly 31J~v1 2-18

N15M1A7 SLA 994819N151UE RRIM 600 f4 bUaenaaeeeen1snaudideens
22BN WU Watudnluiiuundu Aunlufiiuduaiy vazaiuisaldiimdnuralseiiy
fuitulaanaunisy 9 tnedutnwrsaunsatsuseiiununlulananuatiu 68%

A; =99.901W; + 7.2309 9)
g A = duitluveslud |
W o= dwiinudsvedlud i

nsduuAdsiiuily (LA) vesuUasmaaesensntsfiquiidossasidans
sewinedud 1 fiquisu 2555 - 28 unsaAL 2557 diA1 LA 88513t 0.31 - 6.08 Tawen LA
dhanusingludiouunsiay 2557 Sadutediinnsfisluresern waga LAl geaausinglu
Founguanau 2556 dsaeflutsiilugnamnsifimsvensvuneiind (Ui 2-21, sUuw)

wlaslgnenamnsndandndeniy

HITedusnn Litter trap USaun9 uluwUameassgona 3 wuag 91U 9
AL LUAIMARDIEDE TINNINUA 27 Funud Tnedeunusnfnaiuuuniee tawn Ans
serinenuluilnl Anfesendinwnd Tuluidy LasRnfIsIaund-5eningdu (UM 2-19 uag 2-20)

N1591AT SLA U89819M151MUT RRIM 600 a4 uiasgnensmsidamindanis wui
Wevwdnluiuninay Aunlufiiuduniy tazaiunsalduininuisussidiununlulaannaunis
a H ) v % a g val Y]

7 10 Tpuvdnursanuisalauseiiununlulananugaiu 98%

A; = 137.66W; + 0.6632 (10)
g A = dudluvedud i
W = Ywiinusisveslud |

s Eiuily (LA) vesuUannunsns 2. Sen1w searinetuil 18 nanau
2555-29 a3 2556 fif1 LAl o3zt 0.43 - 1.24 Tngdn LA sngausnglutuil 29
UNIAU 2556 GUQL‘LJUEU’NVllIﬂ'Wﬁ/NSL'UGU@Q‘EJ’N'W'WT] wazAT LAl mmﬂi’mgimuw 18 fnanAl 2555
‘?NL‘UU?I'NﬂEJUVIEﬂQQ”VNIU (TU‘V] 2-21, 31]67@) ﬁ']'Viﬁ‘UﬂJ@llamQLLG\'J‘UVl 1 ﬂllﬂ'TW‘Llﬁ 2556 - 31
fumy 2557 uuagiwa’mﬂ’ﬁ’;mi’lwﬂauﬁ
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sUfi 2-19

WHUTLEAIUMINgURARAY Litter trap TulUaanaassges Tunuaslgneg1amia

Jnindenw (@ sugnannsy, M Litter trap) (nng1e) Lag AMUEnInshnne Litter
trap luwlawmnassdos luwlasugnenanisdanindeniu (nwan)
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2.4  N15AUUAT GPP, NEP waz NBP

msdnwaugaasvenluszuuiing iunisfinvinismyuidsuaifusulagiiuain
asuailnoenledlutuusssniagniivgady el ldduasgilusiananadu Taonssuauns
duasiisiguas asdunidvesnsveuasgnawiulddmilasnisiu nsges wazinlUldly
sUsneq Tuflansisfisuasdniasunifuougusssinmalasnismela waguisda uvasnfuoudi
fnssznouduidodovesfivunsdniagiinmyudoundugusssnialmivianisuasdo’
me wazinisdosanieiinty feduasvoulmuisuegluszuuiinaedaanna Sns1nns
waniUAsuuftamsveulaeonledssvietunssemenasssuuinmi Sugnnsaniauasyseudi
L{‘Jumé’mwmiLLaﬂLﬂﬁauﬂwi‘U@uq%% (Net ecosystem exchange, NEE) hagdngninlunisgn
duufianrsvaulasanledvesszuvazgnissiliudigAnandna1iuougnsvessu (Net
Ecosystem Production, NEP) %aﬂumi‘dizLﬁmfﬁswﬁmﬂﬁ?uﬂ finsgadunievaniaey
msueu Ineszuvinafiinsgaduaiueusnnitnsuantaes da31du Carbon sinks (NEP>0)
Tumsnduiu frszuuiinefifinisgaduasusutiesniinisuantdes azgnanindu Carbon
source (NEP<0) @sanunsauszdiuldmuaunises Luyssaert et al. (2009) il

NEP = -NEEg, (11)

NEP winAunasiuva9A1 NEE Tugnenanadu Teean NEE Tudnanansinainag

=l

Fauana1in1siedoudl Flux 189A15U8UINUTTEINAWgIzUUTiImemns) wieBntonilan

jd)}
.
2
o
=
2))
c

Lo —

1

Ao sugenaaduasueuinluldlunisdunseimeunasiuies

Re = NEEnight (12)

a

R. Winffunasiuveean NEE Tutienatsdu Tnean NEE Tuthanaisananiazianduuin (+)

'
a L% =

Fawaneirdnisindeuil Flux 283A5UauINIzULInAETTTugUITEINIA Wiednienilife
AugansvanUdesasusugussennialagnszuiunsmelavesiueiuies

GPP = NEP + Re (13)

do NEP = wanAnen$usugviduessyuu (Net Ecosystem Production )
NEE = é’mm'mt,aﬂLﬂﬁaum%muw% (Net ecosystem exchange) Fa.duaniiin

1731350159119 Eddy Covariance method

GPP = 8n3IMswARUgUNTIsI (Gross Primary Production) dadluduansdns
nsduATzimeLaTLavesiiY viaedonindy “Snsimsdunsizide

WA In” (total photosynthesis %38 total assimilation)
R. = nsvelavenunvesszuuiiag (Ecological respiration, Re) lag@119a

AalaaNAEnIINIswandsuaIsuauans (+NEE) Mintulugaian
nangeu

NBP (Net biome production) Ag USunaua1susuavauniasegluszuuing a 91esvey
namils vasaninavdsiuensveunagdsluainssuuiliag lnenismglaianunvesssuy
a | ' o 2 & v
wagfanssung 9 wu mswlvl waznisinuied lWuay (Kutscha et al., 2010)
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NBP = NEP-D (14)

'
=Y

e D = YSuaensueungadsluiiiasainniswnlugl (carbon lost by fires) uaz
@
AN9AULAYY (carbon removed by harvest)

FelunsAinwmaassasell lndavivtoyaiiieszeziiandu dnnsgieszezaaidnuidalyl
AsoUARUNIsIaTyAulnvedeensTluseul Fedtlalanunsad1uinen Net biome production
(NBP) 14t

fa o a

2.4.1 ﬁllﬂaﬂ?%U@WUENﬁ%UUﬁL’MEJNW”ﬁ’] Site 71 1 AUGIYYYNRLLYANTN

1M5ANLUNATY AN 1 Tquieu 2555 B9 Jui 31 §u1AU 2556 wagiud

'
a

1 nuiius 2557 faduil 31 &mnau 2557 (789 ) ndeyadnsinswaniliguasusuans
Talgeewmaila Eddy Covariance YaN113aAwInA180TINSHENUTUANTIN (GPP) 893113
UanUaasm1suauanmsmnglavianunveaseuuiag (Ro) LLazNﬁﬂdﬁ@lﬂﬁU@UEjVI%“ﬂ@ﬂi%UU (NEP)
Tngusnginlugisszeznariaidunsiiudeyaiuilin GPP, R. uaz NEP fiAaglugig -4.79 fs
17.24, -1.72 s 12.63 wag -7.85 fit 9.47 ¢ C m? day”’ muaeiu dwiudeyaaunaaisusulul
2556 eilvoyansunialiu A1 GPP, Re Wag NEP fiA1agluae -1.23 fis 13.99 0.14 §ig 11.12
Wag -7.85 814 9.19 ¢ C m? day ' snuddu aneaunasuaulul 2556 1 vilansiuiienavay
Y99 GPP, Re waz NEP lusau 1 U dewiiiu 3,978.69 2,755.48 uay 1,223.21 kg Crai’ (FU7
2-21) IngiunfAnw Site 71 1 Uil GPP azausan LazgeantuiitfnouunsIng wagiguigy
lnedlenagay GPP winiu 142.53 uay 482.56 kg C rai 'month™ anudfu A1 Re dzauign uae
geanturisfauiuegy waznuAus nglAagan Ro windu 91.04 uag 372.68 kg C rai’
'month™ MUE1FU wazAl NEP avausnan wavadantugdiuseununiug wazdmiau lagilen
dzau NEP 1i1AU -218.42 wag 267.38 kg C rai'month™ aud1au (113197 2-5) n1stldeuuniag
s = Y W a o o = |
vasaunansusuluseulasnanaaiumsilfsuiasvessainunluredenenist ieaanlugis
WauNnTIAY Falinsialuredsug1anis WunUgne1anisdial GPP ffige wiUsingAgaean
lugrndoudguisy FauludisfilugrwasgAvlnduivaziiugiegeeu vusiludiausieou
v :.’/ v a ! IS a a o QJ‘&J d‘ ISP d'

nuANMTLSTIY Augasuuwanlulniuaziinisiasaiulnvedlugns vnlviunlgnendian Re gevian
wazdlA1 NEP ¢fian taga1 NEP NUsngludinfouunsiau nuaius uassuinauiy IAtee
1791 0 wanedThugaaIRang s syuuinaveseamsvimiidu Carbon source Tuugusiigs
= A 5 a1 1 a = o Y A .

\Wawdue tu NEP dA111nn3n 0 seuuiinAvetenems1dsihmiidu Carbon sink

2.4.2  @UAAITUBNYBITEUUTIALINTT Site 1 2 ulannunIng dwmdadenw

Site 71 2 uasnumans Ssmintenin Tedufindoyadaus Yuil 18 manew 2555 fs
Fuil 30 e 2556 uarTuil 1 woedneu 2556 f93uil 31 Awnau 2557 (497 Fu) T8RN
HARUFNNHTIN (GPP) Samnisvanudesasuonanmemelaamuevesssuuiing (R) way
nanARATUBUANBRITEUY (NEP) Tnsusngtlutisssesnaniiidunisiudeyatuiie Gpp,
Re kAt NEP fiAnaglutae -0.89 i1 7.66, -0.37 §11 3.48 uar -2.76 61 5.28 ¢ C m? day’
mudU (3UA 2-21) dmsuteyaaunanmsueulutisnaiidudumaiuteya s 497 Ju
WU dAdzaNYes GPP, R tag NEP daindu 2,113.22, 899.14 uay 1,214.08 kg C.rai* LAou
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naensvEzaiutoya wudl NEP dam1nndi 0 wansinlugisaidenaissuuiliaves

al

#1915 mE U Carbon sink sniuludiwfouunsiay 2557 @93lA1 NEP azauinfu -
10.80 kg C.rai 'month™ fauansinluiieull syuuinavasenanisiviutindy Carbon source
wae (5799 2-6)

20 +
AUEIENIRZLTILNGY
~~
5
o 15 -
e}
o
£
10 A
O
(v)]
S
a s
=
b "4
-
G
3 0
&
=
9
-5
-10-
i I NN NN NN MMM MMM MO MMM T TS T TS ST
[ Eerereddbloniabeinined iR TR R e
=ESOOLEEYCoOFERES DO RO ES DAy
= | OO0 Y ® T 0® T2 0 0T T O @ 3]
sH A0 2aAlS s ARRBOo2anlSsSasATIIRO
10 ~
vilasinmasnsg a. denvl
<l T
1
o
3
o 6
£
O
4_
o
N
pe §
g 2
e
s
G
a 0 g==-T 1 1 1 T, 1.- sl
=
=2
ar
=
-4-
NN NN NN NN NN OO MMM M NMNNMT TTTT Y T
T R R R e A R R R e ST S R R R G AT B
=C S oad=>=29Cco0Lsx2C50a8 29 CcC0ssxC 500t
o 3 Qo099 mc o8 omg 3 Qo0 g 08 alm S 13
ST IROZZONELELFATIROZA~LEIITATZIRAO
GPP Reco —  NEP

JUN 221 AATENTIEEBUYRIINIININANUTUYITIU (GPP, Gross primary production) N3
melaviauarassyuuiiiag (Re, Ecosystem respiration) wasnandnA1suaugns (NEP,
Net Ecosystem Production) v8dutaauanegnanisn s Site 91 1 Audiduensasians a.
avl3ans1 (1 dquieu 2555 - 31 Sunau 2556 Uay 1 NUAIRUS - 31 ey 2557)
uaz Site 71 2 WUaan¥RINg 2. TN (18 fanAx 2555 — 30 LWweu 2556 uag 1
WEFAINIBU 2556 — 31 FwAw 2557)
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M31afl 2-5  wansAnsnINsHARUgEgTiTI (GPP) mamelasnuavesszuuiiva (Re) uay
NAHARASUBUAVBYRITE U (NEP) wasilufiAinu Site 11 1 AugITIEN
ALFUNT 3. AvLTUNT (1 Tquiey 2555 — 31 FunAw 2556 uag 1 NUAINUS
- 31 @Ay 2557)
f| hau GPP (kg C.rai’") Re (kg C.rai™) NEP (kg C.rai™")
2555 | fiquieu 417.17 242.72 174.45
nsngIAY 460.90 253.45 207.45
Aamay 431.47 281.41 150.06
flugney 344.18 217.15 127.03
naAY 611.71 300.36 311.35
WoFRINEY 398.72 246.68 152.04
Suray 298.91 220.38 78.53
393 2,963.06 1,762.15 1,200.91
2556 | un31Ay 142.52 171.60 -29.08
NUNNUS 154.26 372.68 -218.42
PRI 457.77 272.52 185.25
gy 413.19 201.27 211.92
WewAAY 439.97 219.94 220.03
figuigy 482.55 263.01 219.54
ARIEARIEY 453.16 239.39 213.77
damay 477.31 209.93 267.38
g 244.26 91.04 153.22
naAY 301.49 297.59 3.90
N AINYY 225.36 224.38 0.98
sunau 186.85 192.13 -5.28
391 3,978.69 2,755.48 1,223.21
2557 | unsan” - - -
UG 19.04 102.69 -83.65
PRI 278.61 66.70 211.91
gy 296.50 85.01 211.49
NOWNIAY 312.06 81.40 230.66
Tnuneu 306.97 71.35 235.62
gAY 305.86 77.49 22837
Auney 320.36 84.07 236.29
391 1,839.4 5,68.71 1,270.69
TRy 8,781.15 5,086.34 3,694.81

Frafeuunsay 2557 Wiamsadliunsiiudeyals Weswiniasesinusnnaleiuazuia

AsuaulapanlemiuanAdenedesdateuuasUsuiisuatvad s USEm Licor Co. Ltd., USA viliunn
JoyaaunanTuauwazilugIsIafna It
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M31afl 2-6  wansAEmIININARUgLYTIIN (GPP) nsmelavianunvesssuuiing (Re) wa
HANANATUBUANEVRITEUY (NEP) yasiuiiAne Site 71 2 ulasnuasns 2. 99
N9 (18 fanAw 2555 - 30 Ww1gu 2556 uag 28 NUAIWUS 31 ey 2557)

f| nau GPP (kg C.rai’) Re (kg C.rai™) NEP (kg C.rai’)
2555 | panew 54.53 18.36 36.17
WEAINEU 96.68 31.60 65.08
Funay 77.46 23.17 54.29
EeFt 288.67 73.13 155.54
2556 | un31AY 35.71 25.88 9.83
NUANUS 56.26 30.46 25.80
VREY 143.84 22.94 120.90
WY 101.29 43.08 58.21
AL’ - - -
Tquigu - - -
NINJIAN - - -
damey - - -
fugeu - - -
AaIAN - - -
WeAINBU 159.28 50.85 108.43
FuAY 113.54 24.11 89.43
394 609.92 197.32 412.60
2557 | un31Au 7.78 18.58 -10.80
nUAWS 50.17 30.27 19.91
221.17 58.15 163.02
202.62 109.06 93.56
253.10 78.19 174.91
162.05 115.13 46.92
170.38 94.75 75.62
207.36 124.56 82.80
591 1,274.63 628.69 645.94
SauneaY 2,113.22 899.14 1,214.08

1/

2/

Wiudeyaliinsuifiou (18-31 AatAN 2555)
Frufeungun1AN 2556 - Aa1Au 2556 ldanansadudunisiiudeyald WewmniesesinUiinaleuiuas

whaAsuaulneanlosluaMAds s osdonwazUSuisualyd o USEm Licor Co. Ltd., USA ¥l
NMadeyaaunanIsUB LAz luTIIARINa 1T
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2.5 @1 Carbon equivalent MdiludayalunisArulnmaisuaunausud

Yoyanananensuaugns (NEP) Seduamandeyaaunansuauiiinldasesemain Eddy
Covariance \fundlslufioyanisudesufadounszantasiut (Upstream emissions) #afslaid
msthdeyadindnuldlumsdunmuaivewaUiusvesmansusidosnnluiifeyaifivsnotios
annsothudnnnld udlutagiudsmsiauveanaluladuazimaiadisg ildisamisa
prviaviinaunsanddesuianiveulnoonleduesiuivgniivld Kadufinidededinuinis
UanUdosUSinmufamivoulasenladvesiiufiugnonsfenariitelfifudunilesdoyaluns
FunmmAsusuAUI U HANE et

31ndeya Carbon equivalent ¥oiuAUgne19N151TninazLBans wansliiiiuing
asueunigniuiuliluiuiivgnensgedia 1,223.21 kg Crai* AnvluSosaz 92.87 dmsuusunan
Asueunignlantasseenuilounainniswanssutiu Anluiosas 0.68 wazUsunaansueuly
e Felimaiunandnanizi Site 71 1 Audidoesasidansd 1. aslavs) JUsuna Carbon
. v ) ° ¢ O v ¢ A
equivalent gafieesar 7.81 FsonagnidlunisAruinmisveunnusudvanadoe lunsald
HAnSueIuY Jongldauuiuie 10 U (raenssuniswatianuasuaunansudvesdniue,
2552) (1549 2-6 way 2-7)

M319N 2-6  uansA1 Carbon equivalent ¥asdayan1sUdesuiaisaunsranYsiuflgn
g719M15UE RRIM 600 Site 91 1 Audidpendazidansd 3. asldansy

doya Usuaarsuauiignuanudasaanuin (kg Crai’)
éa o a v a1/
AgITeE9AnTUNT 918duE1e 19 U
1. fufivgnenewisn (A1 NEP) -1,223.21%
2. Mstunnssu” 9.02
3. NAKAR 102.89Y

Usgilluanndeya 12 ey (1 1A, - 31 5.0. 56)

USunauansueuiignuandasgeanuin (kg Crai’) mneanudn Insganduasveudiunninfiag

JanUasyaanin

¥ Uszifiuninan Carbon dioxide equivalent vastayaiunnssu i Undnw Andiwiusieuestoya

WieuwhiudeyauIunannsueuazanvaiuiivgneans fie 11 Hou way 6 e vesiiufidny Site 9

1 ﬂuéﬁ%’ammvﬁamsw 9. 2LWUNIT Uag Site N 2 WaLNEAINT 2. TINW AIWEIFU

Y ‘Uimmmamammma GNLLG]LG]EJU UNTIAY — 5UINAN 2556 ﬁ’J‘lJL@’e]‘L!ﬂiJJ’]’]WL!ﬁ LYIEU 2556 ‘liiﬁﬂ'ﬁﬂg(ﬂ

819 ITeAY 128.26 kgrai Hag génanduliinaniveuiiazanluthenariiu 102.89 kg Crai’
(Mgyawn, 2550)

a4



M3 27 uanarndnTnsHAnUzugiva (GPP) nsmelaiavanvesszuuing (Re)
HAKENANSUDUAVEVRITEUY (NEP) uazkanAniIENs (Yield) vosiiufidinm Site
7l 1 quiifoensasdans 2. asfans (1 fquieu 2555 - 31 furey 2556
wag 1 NUAUS - 31 ey 2557)

U Loy GPP (kg C.rai’") | Re(kg Crai’) | NEP (kg C.rai’®) | Yield (kg.rai™)
2555 | fguieu 417.17 24272 174.45 15.71
n3ngIAY 460.90 253.45 207.45 21.97
Famay 431.47 281.41 150.06 23.86
fuBU 344.18 217.15 127.03 23.67
naAY 611.71 300.36 311.35 24.32
WOAINIBY 398.72 246.68 152.04 20.75
Suneau 298.91 220.38 78.53 21.02
593 2,963.06 1,762.15 1,200.91 151.30
2556 | uns1AL 142.52 171.60 -29.08 31.69
NUNNUS 154.26 372.68 -218.42 -
A 457.77 27252 185.25 -
WU 413.19 201.27 211.92 -
WE AR 439.97 219.94 220.03 21.76
figueu 482.55 263.01 219.54 8.55
n3nNgIAY 453.16 239.39 213.77 11.66
Famau 47731 209.93 267.38 17.10
flugeu 244.26 91.04 153.22 9.33
naAY 301.49 297.59 3.90 20.21
WOAINIBY 225.36 224.38 0.98 12.43
Sueu 186.85 192.13 -5.28 27.20
593 3,978.69 2,755.48 1,223.21 128.24
2557 | unsnau - - - 21.76
NUATUS 19.04 102.69 -83.65 -
A 278.61 66.70 211.91 -
WU 296.50 85.01 211.49 -
NOWNIAY 312.06 81.40 230.66
Tnuneu 306.97 71.35 235.62
nsngIAY 305.86 77.49 228.37
Famau 320.36 84.07 236.29
593 1,839.4 5,68.71 1,270.69
ST eHY 8,781.15 5,086.34 3,694.81

Y faaseunuaius-uweu vewnUlifinnsninens

2/ ! A a 1 ! -3 a
TIBADUNE YN IAU-FINIAN 2557 BYTTMINMNITINUVBUANANER
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n15Ane1a9AUIENaUYRIAITUBUWRUSUATIANAINNISIWANTSY Ju 81 uay
adg v o aAa X
ﬂ']iLﬂﬁJ'VleIfU LASUVDILHININAYU

3.1 uni

3.1.1 AanudAgywaziuvaslym

[
=

Jagtuthensmnsinundgnimilanvidluwasidanululssmaus@a wasweniu

Y
a =

Audle ludseina ladise lwdse Sude 3u warluel@engiueenileds Ussinadulatige
uadonaglneg Ssussmanndnenamnsnnnidususu 1 fe Uszndlne Tnandnsamanduios
a¥ 30.2 TesHaNAREIITIaN sovannFeustmadulniidey uasdudu 3 Ae Ussmmuiaide
SuHanARBNMIT 3 Usena Andufesay 65.9 veamanangranisinalan s1swsldgn
ntnanludssmalvelut w.e2443 uagsgurainisduatulivaniul we. 2503 auuntatagiu
Usgmalneffiufivgnensmns 18.76 wls lnsuvadunamie nenyfusonideuniie ann
nauazRzIueen warnAle Sosar 4.7, 18.84, 11.97 uay 64.50 auaau dwen 2.95 dusiu
Tud 2554 Uszwelne Wugdldesdudu 5 vedlan feusuna 486,745 fiu wieseuas 13.6 109
USinaunmsuanenslussmeanisdeeenenssssuvdvedive dweenluguvesingdiu ndnsduaiens
e sudssunazndndueld viseldliunusema Aaduyadi 678,942 d1uum wande
\de 276 Alanusiolisied ziiuldinaruemisneliiAnyadinisdioenganazideeny
fhetnasialiles Uszneufulsemdlmedimulfiuioulubesingiivannninssmaguas 1esann
fngAuismedmsuldnelulssina agrslsfinu arulduiounieg Adnazgnindunig
mMsfanUszmagiiinlngrsienamnessemalnedmaldesoduandouuar hivasnse
siofuilna BnvisUssmalnedsldamuiusesiBannieln el wa. 2502 Faiwualiynand
Swsuiinreusuiumssunsiasuulasanimgiionmeanadamuassauazanunisaived
uiarUseinadisaualiasly wasiidnsidriulassnisaunalnnisiaunfiazen Turas
WUsNIAUIN W.A. 2551-2555

Femnil nsUsusaitelignamnssus amsveslssinadiasdnenmnisudady
16 nmsfnwuariinneiguteyadanadeunasninginsdiniadunalniiddnesmiluilotae
Tunsuiuussnszuiunsnan aufsmsUseifiunansenumsnudanedes dadunisaanisal
nansznuAsuandouianisuaniaznisay iefivunuiasnistestunazudlonanszny
Awndeuuarldlunsuszneumsindulafaugramnssy TunuAnudiniuufnvenis
Useifiuindnsdin w3e LCA (Life Cycle Assessment: LCA) gaifufiagiiusiusindeyauaz
Ainseideyamislivineins giv a1nadl sasnsundsuildvesaiusamsluiiuiinig
nzusonvesusemalne 2 Sandn oun dminszees uazdmindum@Biieliugudeyauay
fimusesonluggmudeyavesUssma Snvianamsfinuisdelfaunsodadulafefunmin
nssukarn1sdansnIsnandodnediussavininundedy Wulsslenividlussiuinwnaniuas
seauulyueveeUseime

46



3.1.2 dngussaen
3121 ifefinmAariveunauiudainmaeanssuluiuiiniang fueen sau 2
i laun daminszees wardumdindunys Menannisuszduingdnsdia (Life Cycle
Assessment: LCA)
3.1.22 ednuilidefidssadomaniueunuiudannisannssy ey wun

[

YDIAIULWNIT BNWULNITDIATIINAUY waranwaenIeday Wudu Tununnianziuasn 571

2 Jarin lowA Yminszeeas uagdamindunys
3.1.3 vaulwANsAEuUY

3131 Anwideyaidostuvasarugronsluweiiuiifniaszeas uazdomin
Funyd iedndeniiuiiluninfvieyanisunnssy Taefudeyansansaluiiufiausions
Andufenay 30 vesfiufinisugnenemslutaintuy SensourquaiurLIaEn auIIANANg
wazanurualng iefunasusuaUiuRlasinsantafeiidmadeaasueunayiudaiy
£19W137 DTITU VNAYBIEUENINTT EnwaiznTionTesNiAu wazdnuwazynadsay 1us

3132 oonuuudsuny uazinsofiduiivesuaseniauesnsluiiuiifiew
dsridesiu

3133 dviddnensdunden todufoyalunsussiiuiian fusunnuius
METIND USnaunistdminenssssunduaingiu wasnuuazanssaulae wazUsuiuug
GREVNORINTS

3134 Ussdumaduourlausudainnisomnsay

3.1.3.5 asunenuURadugvsnaonlasenis

3.1.4 LLNuQ']u’UaQIﬂiQﬂ']i
I3 19 = o a o &
LLNUQ']USUaﬂiﬂiﬂﬂqil’ﬂuvlﬂ@qllﬁﬂaLﬁu@Iﬂiﬁﬂqi"UﬂmﬁqﬂagLaﬂﬂ ANU

_ b B B 5 5 5
NANTIU B € = & & =
3 2 R & w &
1. miﬁﬂmsﬁa:ﬂaLﬁaaé’umaqmumquﬂuLﬁumﬁuﬁﬁw‘?mzaaa wer | X
Fatadunyd wardndoniiuillunisivieyaninannss
2. senwuUdEUnY kavindTIn oy X | X
3, Gﬁ’]Lﬁuﬂ’liL‘ij’lﬁ’]i’JR]LLaSLﬁU‘Z’J’a%aﬁLﬁm‘ﬁaﬂ \edavihdadsenis X | X | X
Aawandon (LC)
4. Uspidiudansuousipuiuionmatnnssy Jo 01 wazansuadiily X | X
wazveudeiiinty
5. éTmﬁﬂaquwEmuwaﬁuqmémaamimqmi ¥ | x

ar




3.1.5 WNuUYeslATInig
3.1.5.1 easueunnUIusuesaiuemng Sminszees
3.1.52 fasueunpUIusvesaIenmng Saindunys
3153 adeiidanadeinisuounauiuduesarusrsnia luaiiuiing
Az Tuoen

3.2 msAnedeyaiiasdu

3.2.1 dayalUasiudeninsseas

® dnuwazn1iAEns
YUINUALTIH
é’]’wi’mz&Jaq&y’aagjmqmﬂmi’uaaﬂmawizmwﬂ,‘wEJ seuiaduazignil 12 osen
33 AUan B9 13 aem 9 AUnuwile uaziduassigail 100 8san 59 U0 fis 101 83 50 AUA
nzfuoen fuiiuszana 3,552 msnilawns 3o 2,220,000 13 WINNFINNY Useunas 179
Alawns uasflonanniaetudminlngdifowisl

a A

fiewmilo Anraiu dunevuadlug Uones wasAssIy Jminvays
firldl finslartu 812lne Aufisiaeniuszana 100 Alawns

firngiueen Andonu 1nevinlul Jwindunys

enzTuan fAesaiu 81Ndniiu SLNBUNALYY JWinvays

anwalzpilussing

anmituilaeialuidufisvaduiinoufugnadu Ussneudegieg du
wilouarny Tuoon uiinuadugin masasgenlne mefidldiduusulumne ssueld
7 fledlozadiunisinglng suszna 100 Alawns Suitid iy 2 @e fo witszees
gtulaeill Ben aaedug SanueniUszana 50 Alawas Inaruitufisnnedainuas
Suene dhusuarindsey uarlnaasgneaiisiuatinih suneifies wazuainuszuas Ay
ANEAN1INTANVITUNYT 819U 120 Alaluns Inadiudiuanieg luwadinsunas asg
ngiafiiuatimiszuas suneunas Anvaznivssmavesdminssssuanadegui 3-1

N

) D

Ny
vinneilmzaiuauns Tugaeuasilunnyn Ysunashuadesel 1,382 Tadwns sewinaieou
W uAIANwAIANTeNT aaumiltndenasnlusyann 29.5 esrwaed lnelgamgiiasanty
Wouwewinla 38.7 asreadid waranuniianlusieuuniiauinld 17.8 srwaidya

nyalEniloIn e
TnwaizniieniAkuuNsguniouaunziaindunaenl ennAeuguliseudn

® dnniATHNALaTHIAY

UsernsuazeIdn
FanInszeaaliusevnssIunady 583,470 au tJuwny 288,098 AU Laznil

o
[

295,372 AU Uszansaiulugusenaue1dmnensnisy ons1AMNRUILIUTIUSENTRONUT
164.27 AuAaATI9ALALNAT

48



LATYENT

[ (% < v v Ao a a a 14 =

Janinsrgaadudmiandnisasyiavlaniaasegialunng a1u danin

a ada o v a ! o [ v v = = & & =

\ATwgNaNa Iseldadeseiussvinsgelududuniavessena dadunaduillonwnainnis
Wy lassnsimuniunusnaweilmeangiueen w5elasin1s Eastern Seaboard +Ju
FruAswgiandAy nsiawdwmalidminszseonlugudgnainnssundnuaseanainnssy
sewleaduaudnansanuasauitinl dnsamunirenavnssuaiignrasUseng In1331997u
TN INTIBNUVDIEITNNUAULNTTUNM IR IATYFRIMALFIRLUIIARITI 1wl w.a,
2549 JaninTreaellyaAINEn I ugNIaTINYeRWIA (GPP) mus1a1UseinUuseunu 527,183
a1uum vieUsvinuTesar 40.68 YaNANSMYINIaTINAIARY TUERN YARINAA MR RAY
(Per capita GPP) Usgan6u995,733 U 1eladulvgfiusgiuningnavinssusnnianisiosas
48.41 Feflyar1n1suanUseanas 255,219 a1uum sesasnfeselaainnisiimiiews Andu
Sovaz 34.26 yaAn1suanUszaa 180,632 duun dusgldnnnisinensnssudnduiovas
1.16'

(% '

Finseens ANUNNEASNTSY 1,371,051 19 nfuNNadanin 1,945,075 g

a < o

yoAnUUSaaY 70.49 YBINUNTIIINIA UASIIDUNEATNS 91WIU 51,101 ASILS8U R8Ty

[ [ [

\Aswgnand1Agvesdanda laud 81annsn dudilsnds dudzsn dos 911 waldeng o 1w Niseu

o

17 '
v ~ )

e wazdinn lngdoyaiunugniiuiasugiadaninsseadlul w.A.2556/2557 wanianisan 3-
1

dmugnanns Wuiiwimnzugnanniigaludmin WewSeuifleuiufivasugia
ddyrindug LﬁmmﬂEmw]iﬂL‘T]uﬁ%ﬁﬂqﬂdwlﬂﬁ%ﬁuﬁamLLa%’ﬂm maﬁnﬁ%amwwgﬁ
UszmmrasdmindosiusuaranudosniseanaindanaiuTunugs deiuiinisugnenmng
ns¥neiIegly 7 81108 lawa dunailies duneunas dunetiuy unetiuae snelain
WAs N0 TIUNS UavdNlUIBEIN Ifﬂﬂfﬁ’]Lﬂ@LLﬂaﬂﬁ‘ﬁuﬁﬂ’]iﬂ@JﬂEJNW’]i’]&J’mﬁEj@ Anduioy
a¥ 29.03 vosiiuinisUgnensmTianua sudesineTaduns sunalezan suaethude
wazduneiion Andudosar 16.98, 14.42, 13.86 ua 12.07 vesiiuiinsugnenamisiianun
padsu? el #TaaﬂaﬁuﬁmiﬂqﬂwvmwmLwiazﬁumuﬁwi'mwm LARIFIANTIST 3-2

NSUNTNEINTEE, (2551). NTFIUNWALTENITTANIFUSTERINMAENNENToTaIT I TnsEEes.
ASENTNNSNYINTTITUT DAz EUInS o

F1UNNULNYATININTEEBY) ,2557). %’azﬂa'ﬁuﬁﬂqﬂﬁmmmgﬁﬁw%fmwaﬂ 2556/2557. AvAuiiioTud
2 funaw 2557 Whialeain www.rayong.doae.go.th/
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[

M 3-1  esnuansdeyaiuiugnivuiasugiadaninssyesl 2556/2557
. uiiionsas | Wufinisinens | aseunda | dround dulzsn | dudsvas | aewnas do8 Ty uzaiag Wz YYY daan uzwina prews1 | Undandsiu
g
(ls( (¢ \nNWATNS (ls( (1s( (1s( (¢ (] (s( (¢ (¢ (¢ (¢ (¢ (¢ (3¢

o 278,134 186,337 8,980 3,468 1,948 5,825 2,653 0 4,877 2,479 3,151 432 9,948 1,484 90,200 276
wnaa 435,344 332,004 15,000 5,757 3,522 5,445 2,856 0 36,863 3,032 4,894 4,736 8,504 3,254 216,956 2,767
ey 250,194 215,538 7,456 11,102 8,547 6,747 405 1,000 1,579 200 956 180 3,820 630 103,575 262
Uuan 343,587 148,807 4,064 22 44,004 22,690 3 300 21 65 18 64 56 145 68,985 7,985
Uadnuea 121,158 60,556 2,482 7 1,859 26,367 0 580 11 5,232 6 643 71 1,793 4,865 2,325
Teduns 169,447 169,911 4,409 375 2,055 2,825 1,003 613 9,142 169 527 1,320 2,233 19 126,934 5,787
YN 177,252 143,563 4,644 650 4,042 2,807 1,884 0 6,692 204 2,231 1,500 6,212 92 107,792 1,260
Dauaun 169,959 114,335 4,066 29 35,051 8,472 76 0 247 1,068 21 438 243 1,241 28,047 321
3 1,945,075 1,371,051 51,101 21,410 101,028 81,178 8,880 2,493 59,432 12,449 11,804 9,313 31,087 8,658 747,354 20,983
luitlsia (13) 21,410 68,367 55,115 7,521 2,493 55,831 11,409 11,018 7,922 28,635 8,076 556,670 15,858
HakARInAY (1s/.nn) 589.80 6,822.07 4,529.66 590.20 9,560 1,357.49 897.47 1,342.71 2,785.12 700.02 ai: Zzi :: 22597 2,832.46
NANENTIN (FU) 12,627.52 | 466,404.70 249,652.29 | 4,438.88 | 23,833.08 75,789.90 | 10,239.25 | 14,794.01 | 22,063.72 | 20,045.14 5,278.64 | 125,792.89 44,917.20

o
NN

o o

[

(Y]

ANUNNULNERNTAIWINTEYDY, 2557
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ANS9N 3-2

1%

#unn1sUgneemnsIeiua Yaminszees

anadias SUNBUNAY natinuae anavanuag gLnatinuang 9NBIRUNS FUNDLUNYLLUN gnatiaunmul
fua (ls( Aua (ls( Aua (ls¢ fua (ls( fua (ls( fua (ls( fua (ls( fua (ls(
wuwaveldy | 1,547 | nesdu 25,199 | w1nun 11,160 | Ymanuas | 5675 | dilinvieu | 4,060 | Tedums 10285 | dfu 21,763 | 1wt 12,280
unge 16 | Wi91m 1,250 | sty 950 | anans 13,690 | wan 80 | waswdeu | 21,876 | tdle 38,262 | Aumun 6,660
iU 2,365 | Aapsyu 3,507 | uayns 32,787 | ayms 13,862 | thuana 725 | yuua 44,457 | Weviunegy 30,024 | wundlay 5,905
theen 2,973 | Unihnszua 2 | wueath 30,260 | wshing 14,864 theuluy 50,316 | e 17,743 | uzvwg 3,202
Wt 32 | vjAneiu 22,379 | Uuene 745 | wuenang | 4,432
UMY 5,090 | Manieu 13,538 | MUBINZNIY 4,540 | wuedls 16,462
Trulad 4,400 | Uumn 28,842 | vupsazasn | 23,129
[ZEALN 2,706 | NIgLauU 33,097
1 1,503 | Jawh 27,910
EN 9,696 | fiudlo 3,483
nz1an 40,919 | By 6,828
dtinves 18,953 | aovads 20,198
¥nlau 13,484
YIANY 15,185
méw 2,054
54 90,200 | 594 216,956 | 594 103,575 | 734 68,985 | 1 4,865 | 59 126,934 | 99 107,792 | 9 28,047
N« ddnaunensiminsgees, 2557
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3.2.2 dayaiUosiudwindunys

® anwauznaniiAnans

u

YU T
JanTadunys dsegninnziueonvealseinalng ¥199INNTUNNUNIUAT
o &

Uszunal 223 Alawns ilefussunal 6,338 ms.0u. n3aUseual 3,961,250 19 wenidusne
D LNOFIL
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1. 83AnsuImsddamin
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3. BIANMTUITMITAIUAIUE 68 U

4. Funumvaludmindunysusenousie uneileadunys 11 fua 81Lne
yitlyal 14 fua Sunewas 12 fhua SuneusIl 6 sua SuneuadsA 7 siua Sunaldain
$ou 5 fiua SunBUAWNALIN 5 fua SINeUIEIEE 6 fua s nelnATaINg 5 f1ua

Fafaduny Huidesfigauauysal futhornmadesusronisugnualivans
ila laglaniz i3eu g Sige wazilonanisnisinunsdu 9 Wy winlne e1amsy 1Ju
gudnansgsnadiudyud wasiunawianieifiuraulaunungliinsdugun vild dian
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Fuyiiiituiinisugnensmisn 732,855 13 Gedluunldunisugnenmisiiudundiuaulside
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Unrsiwnzdagn ﬁuﬁﬂgnmu Nuillinandn NAKART NaHAALRAY
(13) G (13) (5u) (n.n./13)
2543 566,974.00 459,300.00 73,103.00 159
2544 615,838.00 475,025.00 74,746.00 157
2545 691,074.00 580,599.00 103,918.00 179
2546 546,894.00 458,958.00 77,760.00 169
2547 693,722.00 596,282.00 121,300.00 203
2548 548,838.00 470,447.00 108,673.00 231
2549 580,107.00 343,528.00 121,925.00 253
2550 652,011.00 522,057.00 126,336.00 242
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ANS199 3-4  NUNTUAULNNISITIODILND FINIATUNUS U W.A.2551
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A A
o o d . wundan
ATAUN 2ILND
= = g 1
318 1-67 218 > 6 U quly 521 (13)
1 LAY 10,547 31,122 41,669
2 WAL 51,399 141,561 192,960
3 U 13,250 14,257 27,507
il RIRTEY 7,878 32,260 40,138
5 YY18DY 9,453 27,045 36,498
6 Waiseu 21,481 12,363 33,844
7 ERIREY 7,932 20,177 28,109
8 Wieedunys 3,211 11,105 14,316
9 A@08A7 22,237 24,579 46,816
10 WAALAI 1,643 299 1,942
FAVIRURA 149,031 314,768 463,799

A ﬂilﬁ“ﬁ’]ﬂ’ﬁm‘lﬂ(ﬂi, 2551°
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foyauiinmuuaasmaififinainnssuaunisnisldundehenmnman W
BOD, COD, Total P, Total N wae SS uazUSunauaansvnaifiinannssuiunisidnvends
(&) TngwrsrimesivinnisAnwlidulumuiidmusludsenie dodmunuinsgiunas
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S¥UILRONINTTUUNIHANIEsEylugUvenmilnsevihendniaeila
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Aaue 50 b5 YulU wetieanin 250 19
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90% @9auNSADL

N
" 14 Ne2
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3.3.2 N15IATIRUYTIIENT

Joy@isnen1s Ae Teayaltny¥s1en1s (Inventory data) fuanefausuiaansend
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AR uITN1sAEnw

N153AT12R T TI8n158 A wIndeu (Life Cycle Inventory: LCI) 18un1sufiu
i';m'mLLazﬁm:}m%’auﬂaﬁiﬁmﬂﬂizmumsﬁ']q6’] puditualSlutunsunisimundnune
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®  Taro Yamane . Statistics : An Introductory Analysis. 1970 : 886
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vastoyanuduiusseninadayaiuszuudes n1sMvuAvaULYRYesTE ULl MIIEaNTY
(Refining system boundaries) kagn15tuaiu (Allocation)

& a € w o Y o =

TunauM BTt isenisiaeialy uandagui 3-3

= & A ° v w
$1919% 3-5 Wu%ﬂ’]iUQﬂEJ’N‘WWi’] BYNINYBDIND WHINTTYD

ardudi 3110 g9 (1s) %
1 |des 90,200 %12.07
2 |wnas 216,956 9%29.03
3 [Jumne 103,575 %13.86
4 [Jalnuag 68,985 9%9.23
5 [Uhuans 4,865 %0.65
6 [dung 126,934 %16.98
7 nvgn 107,792 %14.42
8 [HUAuWmLN 28,047 %3.75

593 747,354 %100

fan: dinaununstinszeed, 2556

31971 3-6 ﬁuﬁmiﬂqﬂmquaﬂ LUNTINND FINIRFUNYT

a1nun N0 graws (1s) %
1 |des 22,863 %3.09
2 |vas 39,204 %5.30
3 |uviendi 295 %0.04
4 |uguu 49,105 %6.64
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6 [ilul 85,099 %11.50
7 |aowam 50,095 %6.77
8 [unewnauan 321,260 %43.42
9 [|werwenu 57,571 %7.78
10 |wnAaing 83,945 %11.34

593 739,951 %100.00

7: dinwnYRIImIndunys, 2556
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v Jpyafinndia b J
AudusY sy ~ Astiudiuuea:
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SUR 3-3
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Junaulaeinlurean1siaseidgdsenis

A1981901390v U T Ten198wandeu (Life cycle Inventory) Uodnansmanlag
LARIRINITIN 3-8 Uariegmanudeyaiiodavindydnenisauindenlusvesnseuiuns

HARNEN TN LansAsgUR 3-4
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v A

PITNT 3-8 FegNsInYUadTensasnasu (Life cycle Inventory) Uasnansiusilae

a1svdh % d1359190n ‘ e
9QAY (Raw Material Resources) NANAQN
= Taghu Y " pAnsiueivEn Fu/d
" Asieil i/
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. izuumﬁmﬁwﬁimmﬂuéﬁm auu/dalus | W SnsmsUdestnde au.a. /4l
" syyuranleth su/dnlug " yaasvnein W BOD, COD, mg/L
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n15UanaansN1eaU (Solid Emissions)
" geadeiifuvedann Fiu/
NTLUIUNITHAR /A
" pnazneuthtninEe

M eRNTUIIASEIW 1SO 14041 .1998. 819l anudanindenlne. 2547. alenisdavinnisusediuigdns
Pinvoswdniuel. Meldlasinig “nisdavihgiudeyanisussiiuigdnsinvesnsuanyuiiuuduay
wianndLiien15IAN1sAwINADL

e msiusIuTmdoya
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mafusunudeyaBuiuanmsdsatoyaluunastoyasnedwineg Lwaﬂﬂm
semsingaviliuaznszuiumslunsudnndndoe uay aiwLLmummvmumﬁmamumﬂuu
a¥auuvasUN LAY AL UAB UANEULUS AL thuvuaounundusiiiefinsizsiaa
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Slonssurumstesiansvidudilunanssin (u fimsiidmaneidlululssia) vie
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IngHu A xxx filaniy | | ' N WA 1 #%

"J'my?m B wox ilandy | ‘ ' | By-products/Co-products

Ingdu C xxx Alaniu WERNTWTI 23 (Coproducts) XXX 914
uinoiweould (By-products)  xox Au

gnil (Chemicals)

=1nai D xxx filani !

gund E xxx Blandy

) NIUIMMIHER

YISWUTTY nggzl"’;‘ﬁ)

NIWTNT F xox Ataniy | ™ olin voaiBufifuueauds (Solid Waste)

ha R Seeg vonuRiihaeud XXX iU
UAFIINWOIM#E (Air Emessions)
UARTINWIM# (174W CO,, CH,, HFC, PFC,

’ Wiz (Energy) ’ NO, SF,, NO,, SO, umsifw) oo filandu

T xxx filaina-alus _ | | MBEYIVI Water ooliytion)

Wonds (Fusl) I | VAR (11U BOD, COD, Total P, Total

- fYsTINTG —— T N ug: Suspended Solid) Xxx 4N 603

- s xxx GAY

Ul 3-4 ﬁaasmmilﬁwﬁaﬂﬂaLﬁ@%’@ﬁﬁﬁ@%iwmi?qm5aﬂugﬂﬁummzmumam§m
RLREI
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deldteyannuuuasuany auzviiauazyiinsasaaeuteya Tnefisonisi
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IngLUTeuiieuiutayannunaee198ase) e
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n1sHAeNandugUsELAMAeITY TneindninueifenauIaasuikazansuIsenlauiin 1y
AomanliiAufesay 10 vesSnaingAviemun

o nistudaunaznisaiuiumiAnaisvesiuinasvdiuazansuisen

(Inventory)

SIIHANS UTENUAAENTEUIUN TSRS

Msdaidydsenisawindey Felszneudetydsienisarsvndwazdnd
sensasvieendviundazkanie aruansanduteyadomiendnfusiddldanns du
dau enstuduaunsarhldnaneismeiu wu Judndaetmin Judnlneusnamdenu
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(landw/Alandu thensdn) ¢CO2e/kg 1Enedn

aupnTwadn @uiitesndr 50 19)
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fufiugnenafugafundunsyd amnuaeduvesiiuiideudeii finrwainanoveniousen
YNNI (gﬂm 2-1)

Site 1 2 NUNFIULIVIWNBATNS DNBUINAIA JINIATININ

IdO

ALY VBUNEATNS SeeeTisinauInan Sandataniu (azfign 18°13'22.77"'N qes

Y
a A

fign 103°18"59.46"E mnageInszdutimzia 200 was) Tidefiuszann 100 13 Huituiiugn

g1alag o deunHy Ugnenennsiiiug RRIM 600 @1esuens 4 U (U w.a. 2556) seezian 3 x 7
& v Auv oia A a X A < a Ao ]

Wwns waziusuenendaldidansa muiuwumaﬂmﬂLﬂwmuiwuwaﬂ mumqummﬂumu

mqusmaﬂi‘wu asﬂuwmwwmsﬂaﬂmumqusw 558 m 3 wauauls wasdelosansyegi 2

Wileduls Mufidmnuaetuvesitufideudnedi fanuaiiauevesdeugone1ans (i‘U‘V] 2-2)

4.1.1 msmaszmamaqﬁﬂ (Evapotranspiration, ETR)

Snsnismessimeth (ETR) vesiiufiugnenamis fafewada Eddy Covariance
(Goulden et al., 1996) AitinldUsznoufsauSasiiansan uazUiinaletluenie
mﬂuuuwagamﬂzmmﬁ’lmml,ﬂumé"m'm’ﬁmmzmaﬁ’] MNNsARINUT Site 71 1 gudide
gr9asans Sedufindoyadoud Yuil 1 fquieu 2555 fetuil 31 fuan 2556 waztudl 1
nunTWLS 2557 Betuil 31 Aavnau 2557 (789 Su) fiddnsinsassametineglugag 0.00 fs
6.29 mm.day iaué’mﬂmimsJizmsJﬁwazaﬂuﬁNLamﬁﬁuﬁﬂﬁﬁayjaﬁwmmwhﬁ’u 2,178.49
rm dmsudoyatiinunismessmeinvesiiuivgnensmsilull 2556 Ssiifoyansuiiatu 3
UTinmntsmesemedieglutag 0.20 §1 572 mm.day”! uagiiviinanismesemeiiasaly
50U 1 U Wiy 932.83 mm Tasituiiinu Site 7 1 THUTINUNIAETEmEtan wozgegn
Usinglutrafeunnsiau 2556 wagAamau 2556 lnsfiusinmnissemetiasausinty 40.47
uay 132.09 mm.month ™ sy (U7 4-1)

Site 71 2 wlannunsng Jwmindanu Fedunindeyanaus Tuil 18 natAu 2555 fis
TUN 30 WYIBU 2556 Lagiui 1 weeAn1ew 2556 97U 31 &aman 2557 (497 Ju) IUTunu
n1sMesEmen agluyae 0.20 83 3.83 mm.day ! sIuUTINUNMSAETEmeETaadlutai
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Juiinteyanavunlyiniu 865.33 mm waznuiniuugnenaduSunanisagseivetasausign
wazgegausIngluliou Uns1Au 2556 wavnguaiad 2557 lnedusununssevetasauinny
15.79 uag 93.99 mm.month™ muadu (U7 4-1)

4.1.2 Ysuansitunvesiuaneds (Reference crop evapotranspiration, ETo)

fa o

UYSuaunsldiivesiiydnede vesiiunugnens Site 91 1 QuEJ’Jﬁ]EJEJ’NQ‘“LGNWIT] B

(%
= O 1w A, a = o a o o A

UUNNVBHARILE IUN 1 HOUIBU 2555 593U 31 Su1AN 2556 wagiuil 1 ANATWUS 2557 64

q
d =

uil 31 Aenaw 2557 (789 ) Susananisldihuesiiudnsdeeglutag 0.53 §3 10.43 mm.day’’
suUinunsldiesiindvdsaraulutisnaiiduiinteyarismunausiniu 4,269.51 mm
mmwaaﬂaﬂimmmﬂﬁuuwaawmwaqsuaquﬂqﬂmqusﬂuﬂ 2556 Faildayansuiiediy
UsngAusmanisliimesiivdisdeoglutae 0.53 s 10.43 mm.day™ uagiiuginmnsldin
vosidndsavanlusou 1 U Wiy 2.220.93 mm lagiuiidnw Site 7 1 SaiAUSunmnnsldd
vosfindnedeman uarguaeluranieuiugieu 2556 uasnguniey 2556 e Unanisléi

INYDDIALALLYVINAU 159.55 hay 227.83 mm.month™ puasu (gﬂﬁ a-1)

Site 1 2 waunumsns Sindeniu Sedufindoyadaud Yufl 18 nanaw 2555
Fufl 30 ey 2556 uayiudl 1 wgAdnieu 2556 deuil 31 A 2557 (497 Fu) TUsu
nslaiwesfiadneda agluyag 0.04 §19 13.28 mm.day! swwAUSIns I ve st
avalutsnaiufindoyaiammainfu 3,176.97 mm (Ui 4-1)

USUNUNS AT LB UDILN (ETR) Larnsszmeinvefiedneda (ETo) v9453uU
JAenanswea 2 site fidnwaznsasuwasfindendeiu wivunanssevethvesi
1989 Beldarnnsiuamiiu fargeniiainisaeszmevesi (ETR) ldannisinaiedag
wmpdlA Eddy Covariance AMuuAnssTiAntuiana i lunaunan Anssumetinvosiadneda
fududinisssmeiivesisildunainnsduan Tngléfuumisiiuganiiennia wagen
FuUszansnsldvesite (Crop coefficient, Ko) A1 K PldlunsAuiumuisnisves FAO
Penman-Monteith \ueasiinaeanamauazinundunniuiisuilildussmelng ddudinis
AesEETTisaldnaunIsiIna i sre i suanansluanAnsae s aldas iy
ﬁﬁﬁﬂqﬂ

4.1.3 N5MUNY998191151 (Crop Water Use, CWU)

n151411v83819M191 (Crop Water Use, CWU) ¥81 Site 91 1 Audidgeneagians

Ly [

auiintoyanaue Juf 1 dguiey 2555 eiud 31 Swiau 2556 wagiudl 1 nuamus 2557
o d

&

DS

a

fetuil 31 Asneaw 2557 (789 Tu) Tenslddivesensnsredlugag 0.31 - 10.06 mPrai'day

saumisliivessnamnazalutsnaituiindeyaisnuadwinty 3,48559 m’rait dwdy
Foyanisliiweseremslull 2556 Felifoyansuiatiu Susinumslidvessamnsieglutag
0.31 - 9.15 m*raiday’ waziiUSinanismesvmeinavadlusou 1 9 Wiy 1,492.53 m*rait
Tnoiiuiidnw Site 71 1 AdUsinanisliiviign wasgegaumngludiafeunnsiay 2556 uas
Asnau 2556 Tasfiudinanisldthazamsiniu 64.75 wag 21134 mP.rai'month! mudsy
(U7 4-3)
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Site 71 2 uwannunang Smindenin Sesufindouadous Yufl 18 manew 2555 fs
Fufl 30 ey 2556 uagtudl 1 wgAdnieu 2556 Sefuil 31 Ay 2557 (497 Su) TUsu
nsldtmasenamsneglurag 0.32 - 6.13 m®railday ! aUiinanisliihasaslugaanand
Suiindeyariemunvinfiu 1,384.53 mPrai’ (U7 4-3)

4.1.4 msweasuvasunluadu (Sap flow) wazn1sAIBUIYBIAUENN (Transpiration)

nsareiivesfindunsruiunisgadsiiaslufufivsiiuniadinly (Taiz and
Zeiger, 2006) NsAnwINNsAETTe i ldnaneds wu n13TRdn stomatal conductance
(Motzer et al., 2005) n15U52LiUa1NN1570 sap flow (Hatton et al., 1995; Granier et al.,
1987) wield38nsaunati lunistanisssmen (ETo) uaresdusenaudus 1wy Soil water
budget, Sap flow, Eddy Covariance wag Catchment water balance (Wilson et al., 2001).

FEnsUszidiunsmethannmsianmsiedeuvenitlugdiu vie Sap flow dw@nsa
1nA1875n15 Heat dissipation method FarauUata1nIan15U09 Granier (1985, 1987) fne
wsosindnnslvaresiluddu u SF32 Sap flow sensor wa3U3E UP ifunisiumdng
nslnavesni Smeiady mm wezasumbedumnnsmetivesiiy ey mm.day™
FaasnsissaunsalddnvinisidsuntamesUSuailuduiiiendestunsiasy was
Uszansamnslahluliduduléa (Smith and Allen 1996) wenand Swanansaldusdfiuns
anoinlusydunUasladngne (Ford et al, 2014)

n197a Sap flow density inlalagdsn19nsza18A1 U5 (Heat dissipation
method) #4iauasmnaIniZnisues Granier (1987) msinnisnszatsaiuiousinlilaenis
fana Thermocouple probe ﬁﬁﬂmé’ﬂwmzmﬁauﬁuﬁwmu 2 probe dnluluddede sapwood
Tne probe iansazgninfstdouuluuuafnieiulszuin 10 cm probe fiogduang sl
aavharadeusrTngamgiivesiilvaimilusaeil probe flogduvutiy Taavhanuiouas
Udosmuouseninuas Ingamgfluluvamiitu manuuandeesgamgiiannita 2 probe
Juagumnuiiinisivavesinlu sapwood tnsusniludrsnansiu Ssdinisluavesitunn dn
ATIILANANgNgIaINT 2 probe axiiAnih wilutasnainanadu deiimslvavesitdesunn
A1ALLANAIVBIRUNgTazgalata 10 - 13°C Anuuand1vesguugifina1nTgnlddu
foyadmiunsdnusasmslvavesiiluguiis (Granier, 1985)

Sap flow density (Js) Svheidu liters.dm?h? fwaadldainaunisd 1

Jo =312 x 1076k 1231 1

wag Sap flow index (K) AWIAINUNYITUANA1UYDY Probe 119a83A9aUNT59 2

. ATy—AT;
- AT;

K
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lng ATo #e daily maximum temperature difference uay AT #o current temperature
difference 5¢%i19 probe 74 2 9 2 mdvhelussrivaldes

dlothan Sap flow density Tuwsazaisiaiuuszdiu A1 Sap flow density Tuseu
Fu Faflmhedu ke m? day? azanunsaundwinadu Tree transpiration (ET) 18 wsilosann
orobe Aldduldanunsatanisinavesinluriodndsdldnmunaindesitnvesninuen probe
Na-Ayutthaya et al. (2010) Fsls@nwinaziaueiznisudlomnuraiaedeulunisfiuimnis
Inavsnisswinaviedndssiuuenuazsululieuns 3

0.874x10~2xJsxsapwood area
Er = > (3)

tree space area

mameivesiugm Ssiuanansnsinsedeuvenitludiu dmu Site 7
1 qudidoensandans deduiindoyasioust Jufl 26 flurau 2556 fefudl 28 quaniiug 2557
(339 1) ﬁﬂ"]mimaifwaqﬁumwmwagﬂmm 0.19 &1 3.72 mm.day sauUsInan sl ves
gamnslutsnaniivuiindeyavianuaniiiu 615.42 mm lngiuiidne Site 7 1 4ddn1see
hwosuensings uargeanusnglutiaudeunnsey 2557 uaziwsu 2556 Tnsdidinisateth
avauwintu 12.72 wag 82.16 mm.month™ md1sy (U7 4-2)

Site 1 2 wannuasns Smiatenn Seduiindeyadeud Sufl 22 flurau 2556 fs
Yuil 29 wwieu 2557 (403 Fu) fdmsmetivesiugnamsegluras 0.08 §1 1.51 mm.day’
stinaunsTidesesnaluisnaituiindoyaimuaniniu 276 52 mm tasfufidn
Site 9 2 Adfidn1sanetivesfusisdian uargegausingludraifieunnsiau 2557 uas
ngadnieu 2556 Taedidniseetharvausinty 17.00 uag 37.87 mm.month ™ anuddy (Ui
4-2)

s
[ a a

4.1.5 Fuuszansnisldunvesensnisi (Crop Coefficient, K.)

'3 1%
(- a a

AduUTEANSN15IEUIY09819W51 1INA1SANYINUIT Site N1 1 AudIToes

(% '
v = Y Y 1 v oA

aglBunst Feduiindeyadeus Jun 1 dguigw 2555 f9dui 31 Swinay 2556 wagTud 1

Y

ee

a

NS 2557 BeTudl 31 Aavnew 2557 (789 ) fidnduuszaninisliimesermaneglugis
0.06 fis 1.39 dufudoyaduuszaninslidiveseramslud 2556 daidoyansuiistiu fn
fudsyAvinisliivasenamnaneglutag 0.06 8 1.19 Tnsituiidne Site 7 1 dfiAdudseand
misldthvesnansiign wargeaausnglutaaieunaiau 2556 (U7l 4-0)

o,

Y]

Site 91 2 wlasnunsns Jwmindanu Fedufindeyadaus Ui 18 namAu 2555 fi

= a

Fudl 30 wWwneu 2556 wartuil 1 wgednieu 2556 deTudl 31 Fwau 2557 (497 Fu) T
HuUseansmslatnvede1antg (Crop Coefficient; Kc) fdunlalunsaziu ag/luyasening
0.05 - 2.83 InewuiAdudsyandnislitazdia shanlutiafiouunsiau 2556 uardiaigegn
Tuthaiteusunay 2556 (3U7 4-0)
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15

12

dasnsanusauads (mm day!)

18

12

U 4-1

ufiidnnensing

=

II -’i I“‘ ! | ml

vilasinzasns 3. danil

=

r—— T 1T 1T 17 17T 17T 717 T 717 71T T T 71T T T T T T T T T T T 1T T T T1T71
[ I T e S O I N O O L T T T Y O O 0 T o o S O .~ O - i L i o
Lo o B T B o B o RO o R o B e e P o (R o R TR T e R BT o R o R S N o S o T o R o R o B0 e I o L o R o R o T o |
S oot bl it maaft i bl LAl mhas
TS5 0800808285308 088880FgS35a98
EFo g u@zAcl PEyral gl ZA Ly g

ETo . ETR.

M13ANESEIMEYRh (Evapotranspiration, ETR) wagUSinaumsldimesiindnsds
(Reference crop evapotranspiration, ETo) U9ulasugnenansn au Site 7i1
ALIIIBL BTN 2. a8iBanTT (1 e, 2555 - 31 5.0, 2556 Uag 1 N.W. 2557
- 31 d.0. 2557) uae Site 71 2 WUauN®ASNS 9. T3 (18 A.A. 2555-30 1318,
2556 uag 1 W.y. 2556 — 31 @.A. 2557)

78



15

_—
e
=
E
E
S
"u'j' g
-
c
5]
=
L 6
a
(7]
c
@
'
- 3
a5
&
_—
o 18
0]
o
E
£
_
o
'_
B,
c
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=
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(7]
c
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°
a 3
0]
-
w
0
su 4-2

gufiidnaensiiung

pilasin=asas 3. danid

%
z

T 1T 1717 17T 17 17T 717 17 71T 1T T 71T T T T T T T T T T T T T T T1
ot I N o T O R i O I A O L O Y T T O 0 T~ o o . O i~ O RO~ i i e
Shelehel Sepashabeia) mieebieigi ol wIShSt e ol lantiabt it mlae tnliad
=C g motis U C DS S mophH e 0o C L s 5 omOh
TSRS 0880808885298 08888088533a98
e = 0 ZO=WML 3 <3 M < 0 ZOAmE=F 3 n =z w

E s 'ETR.

ﬂﬁiﬂ’]&lﬁ%LMEJ“U’eN‘lE’] (Evapotranspiration, ETR) e m’immfwmﬁ%
(Transpiration, F) vesutasgnensnsi a Site 71 1 gudidoensazians a.
eLBUnNTT (1 8.8, 2555 — 31 5.A. 2556 Wag 1 N.W. 2557 - 31 a.@. 2557) wag Site
7 2 wlatnumsns 2. 09019 (18 M.A. 2555-30 1418, 2556 Uas 1 W.8. 2556 — 31
@.A. 2557)
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AUEIAEIENIRLAAILNT

T
uilasinwasns a. el

12 -

10 A

T T

T T
b (o] (=] o [==]
- -~

(vAep 184 (W ‘NARD) Osn Ja3em dodd

(=]

- bT-120
- pT-das
- pT-Bny
L pT-bny
L pT-INC

- pT-UNC
- pT-Ael
- pT-Jdy
- pT-Jeln
- pT-0ed
- pT-Ler
- £7-02Q
- ET-AON
- £T-120
I £1-dag
L c1-Bny
L €T-INC

FET-unC
Y (=]
- eT-Idy
- ET-eln
- £T-0e4
- £T-uer
- Z1-02Q
- ZT-AON
- ZT-AON
- ZT-120
I z1-das
L z1-Bny
sy

- ZT-ung

Z1-Aew

Site 71 1

AU 8l
2555 - 31 §.A. 2556 uay 1 n.n. 2557

Y

angnannsl

(Crop Water Use) vaakUasy

=Y

¥

FuNUDINY

Usueunst

sUf 4-3

3.8,
- 31 @.A. 2557) way Site 7 2 wasnensns 1. Janw (18 ®.A. 2555-30 L31.8.

(1
2556 Lay 1 W.8. 2556 — 31 @.Am. 2557)

a

a

AUEITLERLLTUNTT 9. QLTUNTT

U
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Fudidaaeaniunn
1.60 A
1.20 A
0.80 A
0.40
B.00 —
-
wilaanxasns 3. fent
1.60
1.20 - » ®
L ]
@
0.80 3
’ : * * ee
® ® e
L ]
% M e ofa
L ]
0.40 - & » » 2
“i !ﬂ b3 A
D-GU T T T T 1T 1T 1T 1T/ 1T 1T 71T T T T 1T 1T 1T T 1T 1T 1T 1T 71T T T 1T T 1T T1T1
T RN N I SO ¥ I Y R O O O A T O T Y L T 0 O~ o .~ e .~ i A~ i~ R A~ o~ o
AT R e e Rl T g e e Eor Ml P s e A0 b E M Al L ST A e P
=L SDogp eS8 COF s goL 22O eSS DoDOy
sa"2do220dz<ga"2do02ardlz<s~A"23280

sUfi 4-4  eduUseavisnsldhvesite (Crop Coefficient; K) Wasuaneamslasu Site i
1 AuEITee19RBaNTT 2. asl¥ans (1 d.e. 2555 - 31 5., 2556 kag 1 N,
2557 - 31 a.A. 2557) waw Site 7 2 ulawnunsns 9. Tan1u (18 m.A. 2555-30
b.8. 2556 ey 1 W.8. 2556 — 31 @.A. 2557)
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10 -

0.9

0.8 -

* KC 2014

= KC 2013

- KC average 2014

07 o e 4
"o: ',"-:g 0g° wo ==xs KC average 2013
06 - ’ .
2 05 “F
° -
N
0.4
N Oy
0.3 40 ‘:, K4
e |oofts
_q___‘s,‘o oW
02 4. q._ﬁ,oo L3 @ N
-
-
01 °
No leaf Refoliation Fully expanded ¢ Defoliation
0.0 : ; :
c = = = o = = o =1 5] - u
F o2 oz 2 £ £ 3 32 F & 8§ £ 2
S8 & 3 2 B OAR g & & 5 5
Date
P o a £ A3 . =
JUN 4-5  Ardudseansnsldunvetensmist (Ko veenanisinaengguan o Site 71 1
A U Y

AuUITornsasdans 3. andane faustudl 31 unsiau 2557 - 31 e
2557 (i) Wisuisuiu Aduuseandnisliiivesenamns (Ko vesenems)
paonngUan al Site 1 1 guiidvensandans 9. azdann Saustiudl 1 uns
2556 - 31 SuAY 2556 (IALUT9)

Arduuszaninisldiiveseranis (ko) Y93819MITINABANUYN QU Site 71 1
AuUIToeandanst 1. asduns) dusiiuil 31 unsew 2557 - 31 Aavnau 2557 wanduguil
4-5 (3piiv) ileFeuiisuiuan Ke luthsnanfonfuest 2556 wuiuwuilidumsiasuudas
A1 Ke TuusiazdasantndlAesiu Taeen Ko Tud 2557 fiangendnen Ke Tul 2556 wdntes n1s
wusnsiasaniulaluusiasdns Feldun Initial stage, Development stage, Mid-season stage
wag Late season stage U 2556 WU U929 initial stage lawn ﬁdaﬂq@JLLé’aﬁﬁumﬂWﬁﬂUéN
vunuazdslsifinsunnlulv Tugguan 2557 laifideya Wesnaunsalnsiainide uiilewioy
Audeyalul 2556 wad Mszegiiateniuiu 29 Ju A Faueuil 1 - 29 unsaAn 2557 dau
Development stage léun 93afisnsmnsnsuwanluuaziasyivlnauversvuiafui Moaan
Usvanas 40 ¥u Ao dausdudl 30 unsaau 2557 B9 9 Suran 2557 dwmsu Mid-season stage
ur svesfluvesiusnaadyivindufilaud Ssvernatenuiu 178 Su fwsdfuil 10 fuaa
2557 B9 30 AwnAY 2557 wa Late-season stage M szoziilugnadusisausimmaieiy Ty
fegszwinamsUsznanateya (Ul 4-5)

dloaesmanadsvesa Ko luudazdranisadydivln veel 2557 wWisuiisufiu
1T 2556 WuitAeAe vesan Kc I 2557 fiAngandntud 2556 wawiuledtlugae Mid-season
stage A Kc UAMULANANAULINTZNINYIIAUIDIN1TRTAULALAZTIUaIEN TS LAULA
witoraiiesaneransiinmsiaurluludiuiuluganaidndn audiuldin mdudseavans
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Mhwosits Ke Aldlun1sduimmmiainisues FAO Penman-Monteith iflurinsfinaenggnia
wazianndunniuiisuiililisunalne enaliaunsolfosuisnisliivesenamsilulssme
Ingld 1leaa1nen Ke Adaldannimadin Eddy covariance figunuuuansafuusilugaenis
W3LAvlaLAYINU

A159R -1 LARIANHAREATNEN (yield, kg.Rai™), ANNNIANYTEN VDN (Evapo - transpi-
ration, mm) wagAnsldTeIEmIT) (Crop Water Use) YosiuAiAnw Site
7l 1 quéidoensasiFans 9. asBans (1 .o, 2555 - 31 5.0, 2556 uag 1
n.W. 2557 - 31 d.A. 2557)
{ U Yield (kg.Rai?) Evapotranspiration (mm) Crop water Use (m?Rai™)
2555 | fgueu 15.71 124.02 198.43
n3n9IAL 21.97 105.49 168.79
ERTRLE 23.86 105.17 168.27
flugneu 23.67 38.96 62.33
A1AY 24.32 68.48 109.57
NEAINYY 20.75 49.75 79.60
FuIAY 21.02 64.54 103.26
571 151.3 556.41 890.25
2556 | un31AL 31.69 40.47 64.75
NUAINUS - 44.89 71.82
e - 100.34 160.55
Wwngu - 87.25 139.60
NQ¥AAL 21.76 85.74 137.19
dnueu 8.55 98.31 157.29
n3n91AL 11.66 110.02 176.03
damen 17.10 132.09 211.34
fugIeu 9.33 63.06 100.90
AAAY 20.21 63.80 102.08
NEFINEU 12.43 57.76 92.42
SuA 27.20 49.10 78.56
57 159.93 932.83 1,492.53
2557 | uns1Aul 27.20 - -
NUANUS - 37.31 59.69
duran - 78.32 125.31
Wwngu - 92.54 148.07
NEENIAN 101.47 162.35
queu 115.76 185.21
nsng AN 137.70 220.32
Fmy 126.17 201.87
52 27.20 689.27 1,102.82
FIURAY 338.43 2,178.51 3,485.6
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15199 4-2

LAAY AINITANYTEIMEVDIUN (Evapo -transpiration, mm) wazainslguiues
879%191 (Crop Water Use) Uasiuiidn® Site 71 2 uasnunsng 2. §3n1u (18

.M. 2555-30 Ly.8. 2556 wag 1 W.8. 2556 — 31 @.A. 2557)

Q| oy

Evapotranspiration (mm) ‘ Crop water Use (m*.Rai™)

2555 | dquiey

Tﬂmm otfsvmiansfnsayagunsal Falsiideya
RRVAGH
fugney
Ay 35.92 57.47
WeFAINEU 45.15 72.24
FunAy 40.04 64.07
374 121.11 193.78
2556 | unIIAU 15.79 25.26
nuAUS 36.40 58.23
Tuey 51.14 81.83
SUCAIM] 47.43 75.88
NUAIAY
Tquieu
Qﬁﬂ(‘mm insesiefitamdesiniunisdson Iehifideya
RRVAGH
fugeu
nanAy
WEAINYY 69.16 110.66
FunAY 51.86 82.97
374 271.78 434.83
2557 | unsAU 20.42 32.67
NUANUS 36.39 58.22
EQVRLHY 47.41 75.86
LHWI8Y 76.50 122.40
WEBAAN 93.99 150.39
Tquieu 64.93 103.88
N3NHIAY 47.95 16.72
domay 84.85 135.76
374 472.44 755.9
SauneaY 865.33 1,384.51
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4.2  nsAIIBNRIHAUTUA

mﬂsﬁﬂwaqsmwwﬂ (Crop Water Use, CWU) 484 Site i1 AUEIVLY1IRLLTUNT R

v d

Uuﬁﬂ%’ammm '?l‘lﬁ/l 1 mmsm 2555 ﬂﬂ'?l‘m/l 31 5WIAN 2556 Lagdudl 1 NUAIWUS 2557 9
o

q
v =2 Y

$uil 31 Fomay 2557 (789 Fu) fidnsidivesenansas azﬂ,umaL’meuuwﬂ‘fuauamwmm
Winfiu 3,485.59 m>.rai amswaa&amﬂsﬁuwaqsmwwﬂuﬂ 2556 mmagamumﬂuu ol
Asldthazanluseu 1 U winfu 1,492.53 m>rait dwmdunandntnonsvesivud Site 7 1 1ud
2556 feuviiu 159.93 Kg rai’ AsurewmosnUIudvasiiufiugneianis Site 9 1 (green
water) 398AWVINAU 9.33 m® H,0.Kg yield™ ﬁwﬁﬂiwﬂgﬁu ﬁmﬂaaﬂdwﬁiwmiﬂ,m Mekonnen
way Hoekstra (2011) Fausuiiuanlaelduuusians CROPWAT 8.0 fifien 12.96 m Kg wandn
Fawanslidiuin msfunnsidiireseandswuusiass CROPWAT 8.0 Hu R PRIRNH
Fosmslithaswesenans warenafunaduieanainnisléen ke Fadunad uidrannse
Usaidiudn Ke lasondedeyaranionia eravrlimanudesnslithuaziomosrnuiuduos
prarnsienTnsiugnden

Site 71 2 LLanm‘wmm JInTIN1n %qﬁuﬁﬂ%’auaﬁy’qm Jufi 18 na1Aw 2555 fetudi 30
WWIEY 2556 wazuil 1 qumau 2556 feTudi 31 Ay 2557 (497 w) uﬂﬁmmmﬂ%m
auaiﬂumqL’;amuuwﬂmauamwmm’mu 1,384.53 m’.rai mmumawammmwmww Site 71
2 ilpaandugnamnniony 5 U Sshifnsdaniauazaeinandanialiilonts 6 U Jadsanunn
funnenameilasusvasiuiiugnenan s luddld

fa o

=
f19149N 4-3 LLZ“IG‘I\‘W’]’J@LG]EJiWG]‘UiUGWJEJ\?WUVWﬂ‘H"I SItG‘I/I 1 AUYIYYNRNE LBILNTT 9.
LFUNTT (1 UNTIAN — 31 SUIAU 2556)

daya Nuiugnens gudiseensandans ogdusne 19 9
slhweseamng (m? rai 'year™) 1,492.53
Nawan (Kg.rai' year’) 159.93
aama%ﬂmﬂ‘%uﬁ (m’. Kg yield™) 9.33
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uni 5
ANBNAVDIEN NN ONFADFUAAAITUBULATUIYDIAIUL 1IN

51 3VZWavAENINLINGINADFNAAAITUIY

o/ v 6 {

N1TIATIERaNdUTUETEn I8N TINITNITRaNUABUATTUBUANT (NEE) AudnymMea

fa v a

9fioma o Site 1 1 quéidoensanduns . azidans) lugguand 2556 wudn 1 NEE
Auduiuslun1anndy (Negative correlation) fuA1AUTLLAADUNATRINA LAzl
auduiuslulufieniafion (Positive correlation) fua1UTanmssdans Usunanilu was
ANTUFIINS wagnudn NEE Sanuduiusiuaeududuinsunniian fe Jssanuiosas
79.01 dmulugeuany 2557 wudn A NEE dauduiusluniaundu (Negative correlation)
AuASusadgys Anuduwas wazgamgienne wasinnuduiusiuluiianiades (Positive
correlation) futFanaiiau uazauFuduINg uagnuin NEE Sanuduiusiudiannudu

duimsunyian Ae UssunaSesas 58.40 (1157197 5-1)

MsleTgianduiusszninednsnismsuanivdsunisueugns (NEE) fudnwmzqa
afio1ne i Site 71 2 wlaunwasng 1. Tanw Tugguagnd 2556 Wuin A1 NEE Sanuduius
Tun1enniiu (Negative correlation) fuAIUIUIUSEGNT Audulas guunndennie wag
ArwtuduS uagileuduiuslulufimnadien (Positive correlation) fuAnuTanasiu uay
VPD uaznui1 NEE flenuduiudiuen VPD unndign Ae Uszanafesas 70.80 dwiulugguan
U 2557 wu31 A1 NEE dannuduiuslunimndy (Negative correlation) fuAiUsunausedans
AuuLas gaungdeonnia uagauTuduing wardanuduiuslulufieniafen (Positive
correlation) futSunauiny uazA VPD uagnudn NEE Sanuduiusiudn VPD anndign fe
Uszannidosay 95.67 (131971 5-2)

5.2 BNBWAVIENTNWINADNADAUAAUN

nMadieseianduiusssninensmesvvesh (ETR) dussdvdnislithvasenone
(Ke) wagnsldiwasenams (CWU) fudnuuzqanionnia w Site 7 1 gudideensasdans
3. a1 lugauand 2556 wuda A ETR wag CWU fiannuduiusluniawndu (Negative
correlation) AuAnUTanmiHy AuFuduing uag VPD uwazdaruduiuslulufianaien
(Positive correlation) AuAMUTUNUTEGNT ALNLAY LazaamniienA kagnuiel ETR
uag CWU finnuduiudiudanuanuiduiasniign fo Ussanadosar 61.30 uay 61.86
AINAIRU d1m5UAT Ke WU Jauduiusiunienniu (Negative correlation) AumIUSunassd
gz AUt @auniianna Usunauy wag VPD uaslianuduiusiulufiamaie (Positive
correlation) fuAaTudTnS Ke fenufiudiuayiinauasanBuiniian fe Ussanados
Ay 42.14

dwmiulugauany 2557 wuda A1 ETR wag CWU inuduiusluniaundy (Negative
correlation) AUAIUTUMKAIGNT ANTUFUINS waz VPD wazdlauduiuslulufianiafes
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(Positive correlation) AUAIAINULTLKES qmmﬁmmmmzﬂ%mmﬁmu WagNUIAI ETR Uay
WU fanuduiiudiuaimnuanuduuasiniian fe Ussnuiesar 77.880 uay 77.84
ANEIRU d1915uAT Ke wuan dpnuduiusluniswniu (Negative correlation) AuA1USHNaS$d
s Ananduuas gumnfiennia Usinamy anududusing wag VPD A KC Sanuduiugifuen
Unauasgusanndian fe Uszanafesay 35.05 (115719 5-3)

mMengianduiudseninenisnessneesi (ETR) duUszavinislidiveserane
(Ke) wagnsldtivesenannsn (QWU) fudnwazeandennia a Site 71 2 uaununang 2. Tenw
lugauant 2556 wu1 A1 ETR dAduduiusiuniawndy (Negative correlation) fufiu3unu
1y way VPD wardaruduiuslulufianaien (Positive correlation) ffuAiaananduuas
guvgiionna wazUIuaniny diud1 Ke fuduiinafedans arudunas guvgfiennia
USuany Aududuing way VPD uazdmdual CWU nudn fanuduiusluniawndy
(Negative correlation) fuATUSINMSsEans uavauiuduivg wasdanuduiuslulufionig
g7 (Positive correlation) fuA1AIULINLAY gaunie1nia YTy wag VPD 21nn1s
AATgsifanann wud A1 ETR wag Ke Tanuduiusiuaanudiuasnniign fo Uszanudos
A 61.60 WAz 51.91 MuAIRU way CWU fawduiudiugumaiiennimnniian Ae Uszual
Sovay 63.08

lugguant 2557 wudn A1 ETR dauduiusluniauniu (Negative correlation) fiuan
USuani el waw VPD uardiauduiuslulufianiadien (Positive correlation) fumUSuniuas
qns AnuLtLLEs angilenia LagALBUENNS daudn Ke fuAUTunssdans o
uay VPD wazdanuduiuslulufianiaien (Positive correlation) fudainududusivg uas
dmsuan CWU nuin danuduiusluniswndy (Negative correlation) fuAUSunanily uay
VPD waziimnuduiusiulufianiaufion (Positive correlation) fuAUSunauumasans AuLduuas
gaumgiennia warAuTuduins a1nn1sies1gRdingtn wud A1 ETR uaz CWU &
anuduifusiuamanuiduuasnniian Ae Usvanndesay 65.83 uay 67.31 AU Lag Ke 3
Arwdiiusiuraruiudiivduiniian fe Ussunudesar 32.80
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M3 51 uamamsnngianduiugszninsdannisuaniudeuaiueuans (NEE) way
Hadomsannizuindeusngg w Site 7 1 quiidonsazdans 1.azdan
aauand NEE Rn PAR Tair Rain RH VPD
2556 r 0.10281 -0.06733 -0.28348 0.34244 0.79066 0.00934
P <.0001 <.0001 <.0001 <.0001 <.0001 0.4133
2557 r -0.0858 | -0.09157 | -0.38498 0.37323 0.58399 | -0.00321
P <.0001 <.0001 <.0001 <.0001 <.0001 0.8275
vanews @ NEE = 8msin1suaniUdeun1iusugyd (Net ecosystem exchange, pmol CO, m%s?)
Rn = USunausadgwis (Net radiation, Rn, MW.m?)
PAR = aaLdaas (Photosynthetically active radiation, PAR, umol m?s™)
Tair = gaungiie1ne (Air temperature, °0)
Rain = Ui (mm)
RH = auudaing (Humidity, %)
VPD = YSunadlevhflenniasuiiialld (Vapor pressure deficit)
r = duUssAvdanduiug
P = anminasdu
MR 52 uansmslenganduiusseninsdnanisuaniddsunsuougns (NEE) uag
Yadunan1zuInaaurIee o Site 7 2 wlaanumsns 2. Jsnu
aguan? NEE Rn PAR Tair Rain RH VPD
2556 r -0.09946 -0.20424 -0.44837 0.67519 -0.33529 0.70799
P 0.0006 <.0001 <.0001 <.0001 <.0001 <.0001
2557 r -0.38487 | -0.60967 -0.294 0.61648 | -0.82705 0.9567
P <.0001 <.0001 <.0001 <.0001 <.0001 <.0001
vanews @1 NEE = 8msinisuaniUdeua1iuougd (Net ecosystem exchange, pmol CO, m%s™?)

Rn

Tair = gaungilo1n1e (Air temperature, °C)

= U3uausadaquns (Net radiation, Rn, MW.m™)
PAR = msLdaas (Photosynthetically active radiation, PAR, pmol m?s™)

Rain = USunashiy (mm)
RH = aududaing (Humidity, %)
VPD = Usinallerhilennasuiiisils (Vapor pressure deficit)
- FulsEavsanduus
= anuuiazdu

r
P
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Kc

= duuseansnisldunvesenanisn (Crop Coefficient, Kc)

CWU = mslgiwe819w191 (Crop Water Use, m® railday™)

Rn
PAR
Tair

= USunauadqns (Net radiation, Rn, MW.m?)

= AUULEN (Photosynthetically active radiation, PAR, lmol m?s™)

= guungioIn A (Air temperature, °0)

Rain = USinautiely (mm)

RH
VPD
r

P

= ANUIUFUINS (Humidity, %)

= YSunadletdienniasuiiinle (Vapor pressure deficit)
= duUszaAndanduius

] I
= ANUUNTLTU
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M3 53 wanmTensianduiusssrinemsanesuineveni dulsyavsnisldives
19151 waznsldhvesenamns futladonisaninzuindesineg o Site 71 1
AUGITYERBTUNTT 2.28TUNT)

aaugnt Foyaaunaui Rn PAR Tair Rain RH VPD

2556 ETR r 059639 | 0.61301 | 035526 | -0.04744 | -0.05409 | -0.07555
P <0001 <0001 <0001 <0001 <0001 <0001

Kc r -0.4214 | -0.40295 | -0.18537 | -0.05888 | 003118 |  -0.0583

P <0001 <0001 <0001 <0001 0.0063 <0001

cwu r 059334 | 0.61861 | 038343 | -0.08419 | -0.09106 | -0.10474

P <0001 <0001 <0001 <0001 <0001 <0001

2557 ETR r 001532 | 0.77881 0.7535 | 044194 | -0.14885 | -0.12519
P 0.299 <0001 <0001 <0001 <0001 <0001

Ke r 003781 | -0.35051 | -0.29734 | -0.02946 | -0.09521 | -0.06262

P 0.0103 <0001 <0001 0.0458 <0001 <0001

cwu ‘ 009539 | 0.77837 | 076054 | 049101 | -0.20054 | -0.18842

P <0001 <0001 <0001 <0001 <0001 <0001

M3efi 5-4  wansmsaTsianduiussninsnmsmessnevesin dulsyansnmsldives
19137 warn1sidiveseran fulladenisannivwandousnag o Site 7 2
wlasnunIng 9. Ganu

aaugnt Foyaaunaui Rn PAR Tair Rain RH VPD

2556 ETR ‘ 007461 | 0.61599 | 060269 | 042166 |  -0.1327 | -0.16017
P 0.0106 <0001 <0001 <0001 <0001 <0001
Ke r 006894 | -0.51914 | -0.49272 | -008475 | -0.09467 | 0.28178
P 0.0182 <0001 <0001 0.0037 0.0012 <0001
cwu ‘ 021925 | 061813 | 0.63085 | 051511 | -029221 | -0.07311
P <0001 <0001 <0001 <0001 <0001 0.0122
2557 ETR r 042243 | 0.65831 | 050375 | -0.28882 | 047574 | -0.58547
P <0001 <0001 <0001 <0001 <0001 <0001
Kc ‘ 002924 | -001492 | -0.01801 | -0.22042 0328 | -0.2778
P 0.0277 0.2614 0.1754 <0001 <0001 <0001
cwu r 042993 | 0.67313 | 050621 | -0.3168 | 051037 | -0.62446
P <0001 <0001 <0001 <0001 <0001 <0001
PINELUG fde  ETR = n1smieszmevesin (Evapotranspiration, mm)




unil 6
A3Una aAUTIENE LasUalauaLuE

6.1 WunfAnw
NsAiunIdeluln 2 SudumensinssnvkasasuisuaukiugIveunIoelen

Tgnnsfivteyaaunanisueusasiiluiunuanes 2 Site o JminaziBunst uazdniu

MIAluauive a gudideenamis Sminandansy awnsasndunisiiudeya auna
msuaukaziiAsuseu 1 U Tul 2556 watlinsesilounstuilasuanudemedesdiunisdeou
wazaeuieulnl viliteyavameluluiiaiouunsiay 2557

ANSANTUINUITY B UAWNYATAT FINIATINIA mmimﬁLﬁumilﬁusﬁagalﬁﬁumn%u
witayadalaliasunugauanveseems Wesinisesiienldaunistuiintoyaidume uay
NG

a Y & A
A9 6-1 aqﬂmayjammwuwmm

Site quéiﬁ'ﬂmmw‘?ﬁqms’] LUANYAINT
A nziuen Az iusenidsanile
anudi 9. AUNUTLYN 2. ASLVINT 2.UnAm 2.9901%
Huit (15) 503 1003

azfgn 13°34"21.97"N 18°13"22.77"N
AvIAYA 101°28'5.53"E 103°18'59.46"'E
ﬂ')'mgqmnszﬁ'uﬁ'mma (m.) 69 m. 200 m.

sl onfieily onfieily

YARY YAAUNTUNSU3 YAl
Wugens RRIM 600 RRIM 600
svgzlgn 2.5 x 7 Lung 3x 7R3

GRLTAT 19 Y (¥ 2556) 49 (U 2556)
szazafilania@) 109 galdilnnia
Vila3ravome/anugs 2549 / 25 m. 2555/ 15 m.
Annayngunsal Eddy Covariance 2549 2555
uazyngUnInlngIingagiaIne douuguuiluadesinnuiiuay

fAnsauideng uaganunsn
sviumsiauardufindeyals

6.2 nsAnwaunan1susu e ldiludayadniaisusuvnusuivasaIugIanis

= s 1 [ ! P~ = 4 & A
n1sAnwaunanIsueuwltaanidu 2 dau e (1) n1sAnwiaugamsueuluiunugn
& ) ¢ Y a . . o aAa
191131 Lun1sinaunarisuaumeinailn Eddy Covariance wag (2) nsAnwidadeninag
NINTUABALARATITUBUVINTLUANTTH MEIT LCA vasiiunugnenanianiangJusen
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nsAnwaunansuauluiuugnenanis

& A . a fa v a A A s ! & 4
NUNFEN®T Site 1 1 QUEJ'JQEJEJ']\TQSLGUQLWT] llﬂill']mﬂ']ﬁ'UQUﬂaﬂﬂaaﬂﬂqﬂWUWUqﬂEJ'NW']TW

v

A -3,694.84 kg Crai”t muandvu dauansinlussenafdiiuauldy #unlgnenamisn
snandnisiiuinansueuly 3,694.84 kg Crai! (11371971 6-2) ndeyaaunarsuaulul 2556
sWdeyansu 1 U (1 gguan) gniand1uiami Carbon equivalent vesiufiugne1anis1 il
3

Y
21

N

[S:) MR

19 U o gudideenazdanst dwminasdans wansliviuiniansuveungniuiuliluiiun
Ugnensgadle 1,223.21 kg Crai’ Aadudesas 92.87 dmsuuiunumsueunignianiassoanu
Wesnannnisiwanssutiy Anlusesay 0.68 wazusutaasvaulutnens Jadinmsiiunanin

9

. al' fa o a a A a . = v
e Site 1 1 AUITBL9RLITUNT 2. avlluns) TUSun Carbon equivalent gefieaeay
7.81 Fagnagnldlumsiuinansusunnusudvesraine Tunsaiindndiiug Tengldnuuiy
w10 ¥

HuNAnNw Site 7 2 wlatnunsng Janindaniw TUsunaumsveudanidesainiiunugn

ISP | [ -1 o o = 1 A o a a v d’lj PN
g19N131 AAYIY -1,214.08 kg C.rai! aud1du Fauansinluszoghaianiiuauide fiui
‘U@Jﬂsmwwmé’aﬂdnﬁmilﬁuﬁﬂﬂﬁuauﬁ 1,214.08 kg C.rai* (137471 6-2)

M13199 6-2  ATUTRUAANARAITUBUYBINUNUGNYNNIT

Site AUGITLERLTUNT wlaanensns

szezantunisiuiindeya 1418, 55 - 31 5.0. 56 18 71.A. 55 — 30 L31.4. 56
1 AN 57 - 31 d.a. 57 1 we. 56 -31dnm. 57

NEE (Net Ecosystem Exchange, kg C rai™) -3,694.84 -1,214.08

GPP (Gross Primary Production, kg C rai’t) 8,781.15 2,113.22

Re (Ecosystem Respiration, kg C rai™) 5,886.34 899.14

NEP (Net Ecosystem Production, kg C rai™) -3,694.84 -1,214.08

A0TULVDITZUVTLIAYIINIT Carbon sink Carbon sink

MNEAs  Carbon sink A9 S¥UUTMIASIINISIVIIMTN i awmrasiniua1suau (NEP < 0)
—

n1sAnwiadenilnasdeaunan1suauYeInIsunnIHueINuNUgne1mIInIARgIuaen

1 .1

AnwiAtAsuauaUsuRaINMsuanssuluiuiniangiueean s3u 2 Jwia loud Jandn

5rUed hazdanindunys Mmendnnsusaliuigdnsdin (Life Cycle Assessment: LCA) lngdl

s

ToguszasniaAnwUadeNdinadonin1suaunaUIuAIINNITUANTIY DITILTIU YUINTDIEIY
PN ANWULNITIOATINAU wazdnuwaen19dny Wusu

(% (% '

a s Qy ¢ a v ¢ o a 7 ] ) 5
1nMsUTEuASUBNRUSUIvawAnA U eEn 1 Alandy Tuiufaiug1ani s
AUVLIALEN FIUTUINNAN UazaIUIUIRbNY V0sdninsrentasdamdiadunys wuil Y

msldlaseuheduamgudniidsmansenusomasuaunuiu lneanaionslielulanay
Jerleanlada wardelnuadouvousiasiiud faasnuifiuifdnslitomnasdaavourny
FudlUluunlfufigasuiensu lnsruavesaiusranslilfdsmadoaaisueuauiusive
auE1IT g 4la
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dnladenileidmasioasveunmuiud Ao USinamaniningramsandals vininunsns
anunsaviiunandnlaunndu Inendddlelulsinamingy vseldlvanaiundinimaninazauise

anmAsuauIaUTuAld Wesanlutaglununsnsdrulunglilemnniiuanudnduwazuinniy
YSunasmemsnigdesnisaudenurivesaniiuiduens

? dove w o o ¢

6.3 nsAnwaNAaln waltiludayadniniaines

u

WAUTUAYDIEIUEIINIT

nsfnwiaunatunsfnuangaiiluiiuiivgnetans Seinldaiedemaina Eddy
Covariance fiufidnw1 Site 7 1 guiidoevasBans fansmesemeiialdase ETR) uay
mﬂ%ﬁwmﬁuﬁﬂgﬂmd (CWU) Wiy 2,178.51 mm Wwag 3,485.60 m’.rait @ a1 (a15197
6-3) uarandeyansliiweseramisues Site 7 1 gusifossandun Tl 2556 Geiidoya
asUUil Semsldinarvanluseu 1 U wihfu 1,492.53 m>rail d1vuNanantesueiud
Site 71 1 10T 2556 fAwvinfu 159.93 Kg rai! dstnawmesnauIusvasiiuiiugnenama Site 7
1 (green water) 39dANNIAU 9.33 m* H,0.Kg yield™

fufidnw Site 9 2 ulannuasns Smiadanm andan dansmessmeiivaldase
(ETR) LLazmﬂ%ﬁwaaﬁuﬁUQﬂmﬂ (CWU) winfu 865.33 mm wag 1,384.53 m>.rai muainu
(1157971 6-3) dwFunanAminersvesiiud Site 7 2 oswndusranilony 5 9 dilidfinada
n3auazainianlianinldiienty 6 T Fsdsausaduamdomesinyiuduasiiuiiugn
g9 sl esnAnameiraUiuddumuialaensihanisldihvesiiugnetsns
FrenanAmiNgns

i v Y & 4
MA19194N 6-3 ﬂqﬂ%agaﬁuﬂauﬂﬂm‘wumﬁqﬂEJ’N‘WWﬁ

Site AUGITLERLTUNT wlaanunsns
szezantunisiuiindeya 138, 55 - 31 5.0. 56 18 7.A. 55 — 30 L31.4. 56
1AW 57 -314dm 57 1we. 56 -314.m 57
ETR (Fi'm'ﬁmaszmaﬁﬂ, mm) 2,178.51 865.33
WU (Anslddnvessnenis, m’ rai) 3,485.60 1,384.51

AdudseAnBnisliiivunsenamnsn (Ko VOINNITINAANAUYN QU Site i1 PR RN
2LTFINIT 9. 22WUNI1 WSeuisual Ke U 2556 (1 4.A. — 31 6.A. 56) Lag U 2557 (31 w.A. —
31 @.a. 57) nuiwwiltunsiasundase Ke lunsazdarsnatlndiesiu uinen Ko lud 2557
fifngandnan Ke Tul 2556 antdey nsudenisiasayivlalunsazgos Felaun Initial stage,

Development stage, Mid-season stage Lae Late season stage WU

- initial stage PrgaudsugstuTmaakasdilainisuantulug
a1 29 Ju: 1- 29 wa.

- Development stage 42971819M15 153 ULANLULALLIS QULAUTRAUVEBYUIALANT
Teian 40 Ju : 30 w.A. - 9 A,

- Mid-season stage  Fsiluvesnusraasaiuladunlana,
Tetian 174 0 : 10 &l.A. - 30 a@.A.
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- Late-season stage  UNNIUILITUIIAUTWNUATIIAY
T9an 123 Ju: 31 a.a. - 31 5.0,

6.4 BNFTNAVIIANTNUINTONADANADATTUIULALUN

mMeTsianduiusszninednsinsnisuaniudsunsuougns (NEE) fuganiennia su
Iéun USunasedans (Rn) avanduuas (PAR) gauvgfiennia (Tair) Uunaiineu (Rain) ey
Fuing (RH) war Ysunallevhflonnedudialls (VPD, Vapor pressure deficit) wuin ai Site 71 1
AUgITEE19REL TN 2. aslanst Tugguand 2556 wuin NEE dauduiusluniannduriu
PAR Uag Tair wavdaduduiuslulufianisdeadu Rn Rain uag RH dmivlugauand 2557
WU NEE fmnuduiuslumannduiu Rn PAR uag Tair wazlianudunusiuluiieniadeaiu
Rain uay RH uanani wuin NEE faruduiusiuaeuiuduivsuiniian dmsu Site 7 2
wUaununsns 2. Jenw lugauant 2556 wag 2557 wuin NEE danuduiusiunissnduiu R
PAR Tair uay RH wagilnuduiusiulufianiafeatu Rain way VPD uanainiidanudn NEE &
AuduusAy VPD 1nilan

nMslassanduiusseninnisaesemevenit (ETR) dudseansnisldihveserans
(Ko) wagn1sldingnssnesnian (CWu) fugagiiennia a Site 9 1 gudidoensaziBanii a.
avluns tugguant 2556 wudn A1 ETR way CWU daduduiusluniennduiu Rain RH way
VPD wagdiauduiusiuluiianiafediu Rn PAR way Tair dmsulugguant 2557 wudn e
ETR wag CWU fanuduiuslunianniudu Rn RH wag VPD wasiianuduiusluluiianig
{F2fU PAR Tair uag Rain uanainiifenudn ETR uaz CWU finanuduiusiu PAR unign
dniuan Ke Tud 2556 wudn daruduiuslunianniudu Rn PAR Tair Rain wag VPD uazil
anuduiudlulufianiadeiiu RH vnedlud 2557 wudn dwfudn Ke wudn fanuduiug
Tumennduifu Rn PAR Tair Rain RH wag VPD wenanniifanuin Ke Srauduiusiu Rn wnn
i

damu Site 1 2 uUasnwasns 9. Jsn1w Tuggugnd 2556 wuit ETR uas CWU
AMNFUTUSIUNSNNAUAY Rn RH wag VPD waziauduiusiuluiianiafendu PAR Tair was
Rain uazlugguand 2557 wudn ETR wag CWU danuduiuslumnianniuiu Rain wag VPD wae
fauduiusiuluiianiafieadu Rn PAR Tair wae RH d1msus1 Ke wuidn Tugguand 2556
Kc fauduiuslun1auniuiu Rn PAR Tair Rain way RH wazdanuduiusluluiienadieadiu
VPD warlugguant 2557 nudn Ke dauduiusluniawnduiu Rn PAR Tair Rain waz VPD
wazdimuduiusiulunanafeaiu RH
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LONE15D19D9

MY qaR. 2550, MsAnwduuundslunsadinmuazesiUszneuaTLATives
dhens. Inendnuddiygin. uminendoinunseans,

AznsIuNIWATiad LA SUBLIAWIUYITasHARS e, 2552, uumnamsUssduaniuouns
WsuvivewAnToe. UStneusuninsuRweusWuAYRs $afn (). 71w,
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M9 4 YeyausznaulumsAnuiaunansuauLazl AISUBUNAUSUS Lay

TeumesnAUIuS
Yoadidn | GRER) Li'eE, ‘ auilunsuine
1. Eddy covariance system
CO; concentration [CO] umol mol™ 30 W19l
CO; flux Fc pmol m?s™ 30 W1l
Net ecosystem exchange NEE pmol m?s™ 30 W
H»O concentration [H20] m mol m?s™ 30 Ul
Water vapor flux E m mol m?s™ 30 Ul
Evapotranspiration ETR mm 30 U
2. Weather station

Net radiation Rn W.m™? 30 Ul
Global radiation Re W.m? 30 W
Photosynthetic active photon PPFD pmol m? s 30 Ul
flux density

Air temperature Ta °C 30 Ul
Relative Humidity of the air Rh % 30 W
Precipitation PPT mm 30 W9
Wind speed WS m.s’ 30 U9l
Wind direction WD Degree 30 W1
Braometric pressure Pa kPa 30 Ui
Vapor pressure deficit VPD kPa 30 Ui
Vapor pressure VP kPa 30 Ul
Evapotranspiration by FAO Pen- | ETP mm 30 Ul

man-Monteith equation

3. Soil respiration system

Soil respiration Rs umol m? s 2 o

Heterotrophic respiration Rh pmol m? s 2 o

Autotrophic respiration Ra pmol m? s 2 o
4. Sapflow system

Transpiration by plant T mm 30 Ul
5. dayausznaudue

Soil temperature Ts °C 30 W

Soil water content SWC m’ m” 30 U9l

Leaf area index LA m’m? 2 dUant

Leaf litter trap Litter trap | gram 2 dani

Diameter of plant Girth meter 6 hou
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N13ANYIANAAAITUBULAZUIVBINUNIUGNEIINIT
#2875 Eddy Covariance

1. Eddy Covariance

“Eddy Covariance” \Junilsluisnsildlunisin Flux vesufauaznsiafinniunis
wnsvaufaaniiuidnwndienuudugunign \Wunisinandnulaenss wazdinasly
wnsuaneluagiu

wadla eddy covariance Lwmalialun1snsiainduendevluszdugagiiennie
(Micro-climate) 1ia#57279ANUkUSUITIUYDY Flux Tuwu@euastuussennid tnginaanu
wUSUSIUSINTENINANUDUTUVDIFITLS1aUT WU whdaesuaulaeanles loun wasimnu
[~ £ (Y] < :’/ 1 [} 3 LY ¥ =~ = a
Wusu Auanusivesanlunuinsnieluinay Eddy sedulunisnsiaindesldinsosdion
Fudou 11999nANUEUNIUYRIETIlsaulatuAnTuLS 1N wazdinsasulUadluuSunu
Plpguniaududy AUk viogungll 33 ndudemiainludnvuznsins,

wagdlanuusiugaen

2. yagUnsal Eddy covariance
2.1 mshndayagunsed Eddy covariance
“Qﬂ@‘dﬂ'ﬁﬂj Eddy covariance Usgnausig

2.1.2 aseaiaannuisiuasiirnigad wuu 3 Sa@nusianluienna x, y, 2) (Three
dimensional sonic anemometer) 3u CSAT3 ¥84UT¥" Campbell Scientific

2.2.2 p3vinmnududuvesasusulneanleaunazin szuulla (Open path
infrared gas analyzer) ':;:u LI-7500 ¥83uU5®W Li-COR Inc.

Tunsfinuidengunsal Eddy Covariance gnandskifianugs 27 uag 12 m. uu
neAvpvaiuiny Site 7 1 (Fminasidans ) uay 2 Fwrintensn) mugidu foyaiiin
Idaniedesiloazgniiufinasluniatufindeyarunning 2 GB (Compact flash) Gsgnin
faogluiniastiufindeyauuudnlusfi (Data logger) $u CR5000 uay CR3000 dnsuiiuil
w1 Site 7 1 uag 2 auddiu 1nidoaziasuniatuiindeyaainiadestuiindeyauuy
Solusianne 2 eniing mstuiindeyavesaiesduiindeyauuudaludfazidumsnueds

a v

inddelusunsuly e asduiintoyarmeniud 20 Hz vise 20 ATwOIUY naen 24 Falus

2.2 ﬂflﬁﬁWU']méJmiflﬂ'ﬁLLﬁﬂL‘Ua‘SUﬂqguau'lﬂaaﬂis?jﬁLLazﬁflLMﬁaL%@u&J@ﬂaﬁu&nﬂW’ﬁ’]
paetnatla Eddy Covariance

ABnsfuinadasinisuaniUasuaisueulaeenledans (Net ecosystem
exchange, NEE 30 FCo,) MuLnALla Eddy Covariance (Goulden et al., 1996) Wunns
AU Covariance seninsmunlsusiunnuanlunuads (w) wazaududuves
whamsueulaeenles ((CO.)) faaunisi (1)
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NEE =Fco, = pw'[CO, T (1)
Taef 0 louwA AnuruIwiuweseInIAade (mean air density)

JuRBUNITAINI NEE 92adun15nauisuinsgiuved EUROFLUX (Aubinet et
al., 2000) stayarmududuresufansveulneenlyduazanuiiauluwuinsazgninun
Aulumelusinsy EdiRe Fafumonuisninausannluanlafiann http://www.geos.ed.

ac.uk/abs/research/micromet/EdiRe/ ¥n338lMAsulusunsuAIuIumnIuITUINTFIUAY
FunounsfuiamusisanBenves JUAl 2-3 A1 NEE Ladenng 30 unit asgniinn
AuaamiAdue solu léun NEP (Net ecosystem production), NPP (Net primary
production) , GPP (Gross primary production), kag Re (Ecological respiration) faly

FnsAnamsuaunnUTudLariosinesinUIudmemalln Eddy covariance A
aun199 (1) waz (2) (Bhardwaj et al., 2011) auasu

NEP—C
F — loss (2)
Yield
CcWu
WF = (3)
Yield
Toedl  CF = Carbon footprint
NEP = Net ecosystem production
WF = Water footprint
CWU = Crop water use (m°)

Yield Grain yield (Mg)

! < A = o a s a = [ ) !
A1 Fco, Wumiuanstsensin1skaniuasuasuaugns (NEE) dnanuduiusnuen
HandnUgunisiuszuuing (GPP) wagan1svglavesssuuiliae (Re) Asuansluauns

STaN RN
NEE = Re-GPP (4)
NEP = GPP-Re (5)
ot
NEE = - NEP (6)

1 a [ g =

ANselavesseuuiine (R 1WuNasINveIn1sMelasiuianunvasiy (R) uag
| Mo A & s - i a o A 1
dwildlaii (R, wianisveulneanleanuanudeseanunaniuduiiiesninnszsuiunisdes
gangdun3dingnielufu

Re = Ra + Rh (7)

NEP = NPP-Rh (8)
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7[ Raw data (10 Hz) ]
P -

1. Spike detection
2. Planar fit method
3. Linear detrend
4. WPL correction

[ Post processing ]

1. Raw data analysis
>»| 2. Energy balance enclosure
3. Nighttime flux correction

-

[ 30 minute FCO, ] [ 30 minute FH,0 ]
1. Quality analysis, QA 1. Quality analysis, QA
2. Quality check, QC 2. Quality check, QC
3. Gap-filling method 3. Gap-filling method

1. Gross primary production, GPP

2. Net primary production, NPP [ Crop water use, CWU]
3. Respiratio of ecosytem, Re

Carbon footprint @

SUNUING 2 JURBUNSALINERSINTSkandsualsuaulneanlenkaztn (flux of CO,
wag H,0 ) uavAiasusunnUudiuaziamainnuIu
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NEE = -NEP

GPP Re

U 3 msvnglalussuuilavesiunugnivy

2.3 msannsgUnIaingIvinanngieinie

yansrafnanmgieonneagnindsuuvonssvesisassiiuiifine iWussuuiiiy
Toyauvudnlusii lneliaiesdufindeoyadnluii@ (Data logger) §u CR10X (Campbell
Scientific, Inc., USA) feyaflazdmiiul Usznaude (1) gumgfinesernia uag (2) Ay
duiing feinsesingaumgiinazanuiuduinseinia fu HMPA5C (Vaisala, Inc., USA) (3)
‘U%mmﬁ;ﬂm ﬁaal,ﬂ%ﬁmﬂ'%mmﬁ;mu ( Rain Gage, dia. = 6 5’4) (@) AFn1aazANuLsIal
Freiaiasiafianisuazainuiiian 31 Wind Sentry Anemometer (Campbell Scientific,
Inc., USA) (5) Usunauuasefindludnuaesngg laun Net Radiometer 3u NR-life, Shot-
Long Wave 3u CNR1, Pyranometer 31 LI-200SA Uag Quantum Sensor 34 LIT90SA (LI-
COR Inc., USA) gunsaldmiuinganiienmesisnandsiuazgnidouseduindsstiufindeya
wuusalug@ waziilelfanansainduas tuiindeyaifiulivn 30 uni naon 24 dalus (U9
2-5) inifuazanlanteyasniedestuiindeyauuusmludfvn 2 eniing lagldiaies
ﬂ@llﬁ’.lLG]EJ%L%E]ZJGiE]ﬁJULﬂ%@ﬁﬁuﬁﬂsﬁ@u‘jaLLUUéJ@Iuﬂa wazlalusunsu LoggerNet Tunsane
Toudeya doyatilsazgniiuliluguaes ASCIl file
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a o 1 4 I3
aammgﬂumsmmmmiuauvﬁmﬂ%um

AfueuaUsuRvesEILEN N TITANIINNSIURN TN 8 81 wavansedlild wae
youdeiAnainnisgnenmia Tng3snsiiusiunudeyauuy Gate to Gate Alddmiu
Inhdeyadanndens waztyTnemsaunadens lasndsveinisugnensmisuasyeade
fAnINNTUgNENInT Uszneuse feyaananuenamsn 3 szeendn leun nmsiedounis
waﬂqml,azmsﬂ%’uﬁuﬁ nsugniariizeinmneun1snings wagnisugnuaziiesnm
yaznIanaunsEiuneges Inedeyasnidaindtnaunomuanasizsinsyhaiuens
(ane.) Samiadans Aldlunmsdumaiasvouinyiudresaineamns sunotnan
Findanms uandlédsmsnanuand 5

MITWHUINT 5 VBUALUANTTUAIUYNNITIVRINUN JenTndenw

| @ Wi Ui _a@nveen | whe | B
| NIASEUM TN i,«;ja:i';s;-?-::*.'75*_,"_‘3?;';";-';-}'? N Aap— | Alaniu 8880
yhifuiwa ang 3
whneios ans 1
msvgnuarUrzeinenauniae N (1-6 1)
AUNAILIINNT) i 90
| dniuiea ans 7
| oges 20-10-12 | Alaniu 250
| lnalvian a8% Alaniy 7
E 1sUgnuazrseinwivaniae n (7-25 1)
| vinsfuiiga ans 18
| Juams 30-5-18 Alaniy 1368
| WsA2om Alaniu 18

:
VUEUVA WL NWI9I %DRC = 60
i dninnunawmuasaTziniinaIuene (@ne.) Jariatanim, (2556)

dy o Qy & v a a v v aa .
UBNAINUNITANUIAUAITUBUNAUIUR MN8N 1TUTEINININTTIN (Life Cycle
Assessment) afnflsfian1slaun@eingdu vunesiufnsvudeingiv answadl wazly w169
L dda = a a 1 A ova ° v
WUNNLNISUANTIN MNN1SANBIYDY dlYn aluaulef (2556)" lalin1Td159909Ya31N
YNIAIUYWNITT WU 1AW NNTINTToTRgaUn1ee Aldlunisiwnnssueylussey
$mdl 50 Alawns nNuiaIneInisT Tun1sfinuill Jaladsanufgiunisvudslilissoznis
udeingAvegf 50 Alawuns dwmsusenmsingiviliansadurudayale

bl aluanlad (2556). MsUssdlinininstinuasUssavsnmideiiaasygiaveandndoeildensmng

Tulsewmelng. AugAAINIIUAIENS UNINNFUSITUAERS.
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1AAN599Y TAnIINNIswAnsINTesaIne1sng Wudnuiiadeiidmwasonisiin
naglandeu (Global warming) fatun1sdnwiissldmurnmaasaineg Mty L ua
asmseniafiinanmswrlndidends LLasuamﬁmqmmmﬁLﬁmsﬁumﬂmﬂi’f{ja 1y
s feandeadsenui

N15A1UIUNAANTIINNTTLRN LT BN ATl ULASR9TNTNaNISINYASNLAABUNTTNNS
YILUUAINANNTS

Epollutant = FCfuel type x EFpollutant, fuel type (1)

dle Epollutant Ao USuadueans
FCfuel type o USnoudounds
EFpollutant, fuel type #®  Emission factor muatinuasns siladeunas uay
giiavessruun1siivl Fia, wuduedessudans

FIME, LUUTULATDIGURAT ML)

WAALTOUNTEAN CO, CHg, N2O 1935015999 IPCC volume 2 (Energy), Chapter 3
(Mobile combustion) Tier 1 flagunuIny 4

sUNUINY 4 Emission factors for off-road mobile source and machinery

fin; Intergovernmental Panel on Climate Change (IPCC)(2006)

TABEII]
DEFAULT EMISSION FACTORS FOR OFF-ROAD MOBILE SOURCES AND MACHINERY ¥
CO: ™ N,00)
gﬁd Delonit Lower | Upper Defuk Lower Upper Delauk Lower Upper
Source | 0ETD T (kgTH
Diesel
Amolee | 74100 | 72600 | 74800 | 415 167 104 %6 143 858
Foresty 74100 | 72600 | 74800 | 415 167 104 %6 143 858
by 74100 | 72600 | 74800 | 415 167 104 %6 143 858
Hostold | 75100 | 72600 | 74800 | 415 167 104 %6 143 853
Motor Gasoling 4-stroke
Amcam | e300 | 67500 | 73000 [ 0 32 200 2 1 6
Fomsxy 6300 | 6750 | 73000
bamy 6300 | 67500 | 73000 [ 30 20 125 2 1 6
Howebdl | 69300 | 67500 | 73000 | 120 48 300 2 1 6
Motor Gasoline 2-Stroke
ApodE | 69300 | 67500 | 73000 | 140 36 3%0 04 02 12
Foreay 69300 | 67500 | 73000 | 170 6§ 425 04 02 12
gy 69300 | 67500 | 73000 | 130 52 325 04 02 12
Huehdd | ga300 | 67500 | 73000 | 180 n” 450 04 02 12
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dmusaansaniewni] dunaliinusmensiflegluleiniiffignsidu a-y-c 14 d
Alansu azlandilulnsiauey a/100 x d Alanu 8 P,O, 8y y/100 x d Alansu { K0 ¢/100
x d Alansy way Lﬁamwﬂ%mculuimwuiuﬂa AruIuUSHIa N,O Taelaisues IPCC,
volume 4, unit 11 Tulasiaudosay 1 veslulpsiauimualulsaznatedu N0 B N, 28
Alan3u azvilin N0 44 Alansu aun1sAuwInUsuin NO Ao

N,O (kg) = drondnlulnsiay (kg) x 1/100 x 44/28 (2)
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sUNUIN? 5  Verification Sheet @UgN9UUIALAN 2. 52899

Haviasu [RUCEGNEVERREERLTH staviasu

W Fumawnsnmnsan (Ruimiaonii 50 15) Jowdnszuas

hhowsan

Hanaaied uazsu (Thai) hewsEa
Hawanine uazu (Eng) Fresh Latex
FamsazasnISUsIEn B28
wmbamsyihou (Thai) 1 Alansu
whumsyhe (Eng) 1kg

auvieuainensilaan GHG uaaziwa
200.00 182.97

ASUARYIRSINGNULas Ay QAL

137.38

321 g CO2e. § 11040 1
o

e

0.68

sUNWINA 6  Verification Sheet @ugn99LInNa1g 9. S284

E P RTINS pasidua vasHARAM siaviasu
P

Vo Fumewnnmnenat (Rumnanh 50 15 usitiasnit 250 15) Jowdastuae

hheewsan

Hanaaiae uazgu (Thai) HEWWEIER
Hanaaini uacsu (Eng) Fresh Latex
B28
1 Atansy
1kg

nsuvienadaensilaay GHG udazivia

160.00 -
140.00 13743
g 12000 4
' 190 g CO2e. 9;' {606
\ 80.00 -
2 60.00 - 49.25
40.00 -
20.00 - i
im— | S — i —
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sUNWIN 7
sunuanN 7

E 0 R G Tl s panidua nasHaain sviaviasu
s s

Aumawnnmnsing (Wuitinani 250 15) Jowiasteas

Verification Sheet @ugnsvunlg 2. 53009

hheowsan

ASUAGIGS NRNORAC TRy VaIAY

235 g CO2e.

sUNuIN? 8
JUnWINg 8

Hanaadiam uazsu (Thai)
Hauanamn uazsu (Eng)

200.00
180.00
160.00
140.00
120.00 1
100.00
80.00
60.00
40.00
20.00

g COe

ewEsEn

Fresh Latex

828

1 Atansy

1kg

nsuvisuaaensilian GHG uaazwila

60.57

0.38 .

173.77

Verification Sheet mumwmmﬁﬂ 9. JUNYUS

oo TP S »ivio

Mumowinmnaan (Runtiasnii 50 15) Jowdadums

=

3

226 g CO2e.

HananAni wazgu (Thai)
Hanaainui wazsu (Eng)

hmownsaEa

Fresh Latex

B28

1 Atansy

1kg

asuvisuaasnsilias GHG uaazwvla

200.00
180.00 -
160.00
140.00
120.00 -
100.00 -
80.00 -
60.00 -
40.00 -
20.00

g Coe

172,63
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=)

sUNUING 9 Verification Sheet @UgUUIANANN 2. JUNYS

)

davasu [QUCHGHEYVLEREEETITY staviasu

Vo Sumovnsnatug (Ruiminani 50 15) Jawdadums

hhmewsan

Hanaaiaw uazsu (Thai) dewsEa
Handainuei uazqu (Eng) Fresh Latex
B28
1 Atansu
1kg

nsmuvisuaaonmiliag GHG udazwia

200.00
180.00 -
160.00
140.00
120.00
100.00 -

2 80.00 -
5728

60.00

40.00
20.00 - 0.39

v o

173.44

231 g CO2e.

g COxe

T
N

sUNWINA 10 Verification Sheet @ugnavunalvg 2. Junys

dovasu BECRON T siaviasu

Vi Sumovnsnmnatug (Wuinani 250 15) Joniadumi

hIenevsan

Hanaanoui uazsu (Thai) hoewsaa
Hanaadian uaz$u (Eng) Fresh Latex
waumaazaISsTEn B28
1 Atansy
1kg

ASUARILRSANKINOL ALY asluvonanensiaas GHG udanvia

90.00
80.00 -
70.00
60.00 -
50.00 -
2 40.00

30.00 28.31
20.00 -
10.00

108 g CO2e.

g CO2e

*
\
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v A

wuugauaudayatnydsen1siuinden

[
< ¥

Tasams “nisAnwisuganiuau eldiliudeyadariasusunnusudvasausnann”
wuasunuikuuuvasununeazfenvesnszuaunmstgndusianis Aldlulasenis

“msfinwauganiveu elfilfuteyadavhasusunaUiudvesaiueisne” Tnsdsenoude 6
dugsil

dwi 1 deyavily

dwil 2 agudumeunisugnenemnsn

dwil 3 mamzndiorena Qunsdiifuasmnzndnduvesaues)

dwila  masfeunawsUgnuasmsuiuiiud
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AN 5 NMTURNLAZNITUITINYINBUNIAEN (NaULUANTA)
dwn 6 MIUIBNYIIANENIAYIRUINALIENN (MaLTANTA)

MNEWe: Y03 fie efisenidudunnanuihensiuisiindue1anns vsenvuzseiiensan
winaue s lifnsiwgnderamsnduvewmueslissinsuwuvaeuaiuludiui 3
mnaugiiongegluginsulinnialifewmeuiuvasuniuludui 6

Houarlasdy
fvidoyade WNNBNS.
wesis. E-mail

A0 [ ]19198987U [ ] ouaaiu
Lnel [ ] [ ] nds 018 U
sgaunsAne [ ] laiseu [ ] Uszaufnw [ ] ds8ufnm

[ ] ouuSeyan [ ] U3eyeyes [ ] gandndSeyeyng
DNTNUAN [ ] vanuens [ 13w Wemsey oo
swldsiowou [ 1vewni1 5,000 v [ 15,001 - 10,000 [ 110,001 - 15,000
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DTN

swladaleu [ ]1e8n31 5,000 v [ 15,001 - 10,000 [ 110,001 - 15,000
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Uivaummmiﬂivﬂaumﬁuwmamumquaw [ 1deenin 50 [ 15-10T [ Junnin 10 U
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Abstract

Water and energy demands associated with bioenergy crop production on marginal lands
are inextricably linked with land quality and land use history. To illustrate the effect of
land marginality on bioenergy crop yield and associated water and energy footprints, we
analyzed seven large-scale sites (9-21ha) converted from either Conservation Reserve
Program (CRP) or conventional agricultural land use to no-till soybean for biofuel
production. Unmanaged CRP grassland at the same location was used as a reference
site. Sites were rated using a land marginality index (LMI) based on land capability
classes, slope, soil erodibility, soil hydraulic conductivity, and soil tolerance factors
extracted from a soil survey (SSURGO) database. Principal components analysis was
used to develop a soil quality index (SQI) for the study sites based on 12 soil physical
and chemical properties. The water and energy footprints on these sites were estimated
using eddy-covariance flux techniques. Aboveground net primary productivity was
inversely related to LMI and positively related to SQI. Water and energy footprints
increased with LMI and decreased with SQI. The water footprints for grain, biomass and
energy production were higher on lands converted from agricultural land use compared
with those converted from the CRP land. The sites which were previously in the CRP had
higher SQI than those under agricultural land use, showing that land management
affects water footprints through soil quality effects. The analysis of biophysical char-
acteristics of the sites in relation to water and energy use suggests that crops and
management systems similar to CRP grasslands may provide a potential strategy to
grow biofuels that would minimize environmental degradation while improving the
productivity of marginal lands.

Keywords: Eddy covariance flux, land capability, land marginality index, land use suitability, net

primary productivity, soil erodibility, soil quality index
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Introduction

Recently, marginal lands have been proposed as viable
areas for growing biofuels using mixed prairie grasses
(Tilman et al., 2006), switchgrass (Panicum virgatum),
Miscanthus (Miscanthus giganteus), and various other
plant species that may be more tolerant of adverse
conditions than conventional food crops. While produc-
tion of biofuels, in general, has been questioned on

Correspondence: A. K. Bhardwaj, WK. Kellogg Biological Station,
3700 E. Gull Lake Drive, Hickory Corners, MI 49060, USA, tel. + 1
269 753 5350, fax +1 269 671 2104, e-mail: ajay@msu.edu

208

ecological (e.g. Chapin et al., 2000; Searchinger et al.,
2008) as well as socioeconomic grounds (e.g. Pimentel &
Patzek, 2005), there is general consensus that the ecolo-
gical footprints of biofuels depend on the type of feed-
stock and the type of land. For example, Robertson e al.
(2008, 2010) suggested that growing cellulosic biofuels
on degraded lands or environmentally vulnerable crop
lands could increase carbon sequestration and improve
water quality. Searchinger et al. (2008) suggested that
cellulosic biofuels would increase greenhouse gas emis-
sions by 50% if grown on US corn lands, while Fargione
et al. (2008) noted that growing them on degraded and
abandoned lands might incur little or no carbon debt.

© 2010 Blackwell Publishing Ltd
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LAND MARGINALITY EFFECTS ON WATER AND ENERGY USE 209

Marginal lands are considered unfit for prime agri-
cultural use because of poor land quality characteristics
(United Nations Statistical Division (UNSD), 1997).
Although the concept of marginality encompasses bio-
physical and social dimensions, it commonly focuses on
bio-physical aspects with the assumption that socio-
economic marginality originates from bio-physical lim-
itations. And while there is no single best indicator of
land quality, a number of indicators have been used
earlier such as soil productivity (or suitability) for crop
growth, land capability classification (Hardie & Parks,
1997), and specific soil characteristics such as water-hold-
ing capacity (Lichtenberg, 1989; Wu and Brorsen, 1995).

Land quality primarily determines the allocation of
land to agricultural use. For example, in the United
States, lands enrolled in the Conservation Reserve Pro-
gram (CRP) are typically of lower quality (either lower
productivity or at higher risk of environmental degra-
dation) compared with other lands in the same geo-
graphic area (Lubowski ef al., 2006). CRP is a cost-share
and land rental program in the United States that
converts highly erodible or otherwise environmentally
sensitive crop land to noncrop vegetation.

Land quality is also not an absolute function but must
be assessed in relation to the specific land use that one
has in mind (Sombroek, 1997). Various land qualities in
relation to crop growth, animal production, forest pro-
ductivity, and input management levels are provided in
a framework of land evaluation by FAO (1976). Among
these, land qualities for crop productivity include
characteristics such as moisture and nutrient availabil-
ity, resistance to soil erosion, and soil workability
for farming operations. Similarly, soil quality, which
is a component of land quality, is defined in terms of
the capacity of a soil to perform specific functions in
relation to human needs or purposes, including main-
taining environmental quality and sustaining plant and
animal production (Lal, 1998).

Soil quality derives from a variety of particular physical,
chemical, and biological properties that support crop
growth (Mausbach & Seybold, 1998). Some properties
are characterized by optimum levels, and deviation from
these optima is associated with reduced soil quality. In
addition to soil properties, other characteristics also play a
critical role in determining land quality, including aspects
of terrain and climate. On any particular parcel of land,
some properties of soil and other resources may limit land
quality while others do not. Two soil-based measures that
are commonly used in the United States to assess the
quality of land for agricultural purposes are the Land
Capability Classification (USDA, 1973) and USDA’s ‘prime
farmland’ designation (Magleby, 2002). The Land Capabil-
ity Classification system ranks land according to its suit-
ability for crop production based on soil criteria, such as

© 2010 Blackwell Publishing Ltd, GCB Bioenergy, 3, 208-222

depth and fertility, climate, wetness, and susceptibility to
erosion (Heimlich, 1989), and the prime farm land has the
best physical and chemical characteristics for crop growth
including an adequate and dependable water supply.

In addition to land quality, policy has a large effect on
the land use decisions and the resulting consequences
for ecosystem goods and services (Robertson &
Swinton, 2005). Land quality and land use have a
direct relationship with environmental characteristics
and processes, including the productivity of the land,
species diversity, biogeochemistry, and the hydrologic
cycle. If policies are not carefully designed and imple-
mented, a particular land use may yield minimal gain in
the ecosystem services of interest and may even dimin-
ish production of other services (Daily & Matson, 2008;
Nelson ef al., 2008). For example, the type of land and
the intensity of its use can have substantial impact on
both the quantity and quality of water in a region.
Together with nutrient cycling, water regulation and
supply have been rated as some of the most valuable
ecosystem services (Swinton et al., 2007) with average
global value as high as US$ 2800ha~"yr~' (Costanza
et al.,, 1997). Managing water on a watershed basis helps
to address potential impacts of land use change includ-
ing soil erosion and salinization due to poor land use
practices, water flow and storage that may prevent or
ameliorate floods and droughts, deterioration of water
resources due to increased input of pollutants, and
decline in water resources due to excessive use. The
relationships between land use and water quality and
quantity are also bidirectional. Land management
activities have direct impacts on water resources, while
water quality and quantity may also influence the
selection of land use activities.

To maintain or enhance the ecosystem services asso-
ciated with marginal lands, it is important to assess the
environmental and economic viability of potential land
use choices. Such an assessment would help maximize
the ecosystem services with economic returns by
removing the bottlenecks and developing better man-
agement strategies. The aim of the work presented here
is to assess land marginality and soil quality impacts on
water and energy footprints of soybean production for
biodiesel on some newly converted marginal lands in
southwest Michigan, and to evaluate the implications of
this interaction for better management of land and
water resources to maximize ecosystem services.

Materials and methods

Experimental approach

To assess land quality and management effects on the
water and energy footprints of bioenergy crop production,
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210 A. K. BHARDWAT] etal.

large-scale biofuel production experiments were started
by converting two types of land uses (CRP grasslands and
active agricultural lands) into soybean production for
bioenergy. Over a 1 year period of land conversion and
soybean production we measured the water and energy
exchange, and its relation to land and soil quality char-
acteristics.

Study site and layout

Our study sites were located in southwest Michigan,
and constituted seven experimental units of 9-21 ha size

L i P ¥ £
Conventional Agriculture (AG) to
No_-Til! Soybean cropping :

Conservation Reserve Program
(CRP) to No-Till Soybean cropping

DT T

(Fig. 1). The data used for this study are from 2009 when
all the sites except a reference no-management site were
planted to no-till soybean. Before 2009, three of the sites
(AG-51, AG-S2, AG-S3) were in a corn-soybean rotation
for >10 years, while the other three (CRP-S1, CRP-S2,
CRP-53) were enrolled in the CRP of the United States
Department of Agriculture (USDA) for the past 20
years. A reference site (CRP-REF) was also under CRP
for 20 years and remained dominated by Smooth Brome
(Bromus inermis Leyss) grass. The three sites converted
from CRP lands (and CRP-REF) were maintained fol-

Fig.1 Experimental layout of the sites and locations of eddy flux towers. AG-S1, -S2, and -S3 were converted from conventional
agriculture to no-till soybean; CRP-51, -52, and -53 were converted from Conservation Reserve Program (CRP) to no-till soybean; CRP-

REF was the reference site with continued CRP land use.

© 2010 Blackwell Publishing Ltd, GCB Biocenergy, 3, 208-222
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Table 1 Selected characteristics of the soil map units representing the studied sites

Soil map Depth of surface

unit Soil Slope (%) K soil (inches) LCC T K, (ums™)
6C Boyer loamy sand 6-12 0.17 9 e 4 57.4
6D Boyer loamy sand 12-18 0.17 9 Ve 4 57.4
6E Boyer loamy sand 18-40 0.17 9 Vile 4 57.4
21 Houghton Muck Flat 14 Ve 3 217
22B Kalamazoo loam 6-12 0.32 10 ITe 4 9.0
22C Kalamazoo loam 12-18 0.32 10 Il e 4 9.0
22D Kalamazoo loam 18-40 0.32 10 Ve 4 9.0
31B Oshtemo sandy loam 0-6 0.24 9 s 5 28.0
31C Oshtemo sandy loam 6-12 0.24 9 llle 5 28.0
31D Oshtemo sandy loam 12-18 0.24 9 IVe 5 28.0
31E Oshtemo sandy loam 1840 0.24 9 Vil e 5 28.0

LCC, land capability class and sub class; K, soil erosion factor; T, erosion tolerance factor; K, saturated hydraulic conductivity

(0-50 cm depth).

lowing CRP management criteria in Smooth Brome
grass before conversion. Historically, all seven sites
were in either row crops or pasture for at least the past
72 years (based on occasional aerial photos) and culti-
vated every year for the past 40 years (Michigan land
use survey maps). Soils at the sites developed on glacial
outwash and are Typic Hapludalfs of the Kalamazoo
(fine-loamy), Oshtemo (coarse-loamy), and Boyer
(loamy sand) series. Climate is temperate with cool,
moist winters and warm, humid summers. The area
receives approximately 900 mm of annual precipitation,
with about half as snow. Average annual temperature is
9.7 °C. Selected characteristics of the SSURGO soil map
units representing the sites are summarized in Table 1.

Site preparation and management

In May 2009, before planting soybean, all vegetation on
the three converted CRP sites was killed using glypho-
sate (N-phosphonomethyl, Syngenta, Greensboro, NC,
USA) with a nonionic surfactant (0.35Lha™") and am-
monium sulfate (1.5kgha™") for effectiveness. Herbi-
cide was applied using a pull type sprayer (Demco
Dethmers MFG Company, Boyden, IA, USA) equipped
with a monitor sprayer control, SCS 4400 (Raven Manu-
facturers, Omaha, NE, USA). Soybean cultivar 92M91
with genetically engineered Glyphosate resistance was
planted on day of year (DOY) 160 (CRP-S1, CRP-52,
CRP-53) and 161-162 (AG-51, AG-52, AG-53) using a
no-till planter.

Eddy-covariance measurement of evapotranspiration (ET)

The turbulent exchange of CO, and H,O between the
vegetation canopy and atmosphere was measured

© 2010 Blackwell Publishing Ltd, GCB Bioenergy, 3, 208-222

using eddy-covariance flux methods (Lee ef al., 2004).
A 3-m high tower was located close to the center of each
site. The footprint of each eddy covariance tower
extended about 150-200m radius in the upwind direc-
tion around the tower. The eddy-covariance system on
each tower consisted of a LI-7500 open-path infrared
gas analyzer (IRGA) (Li-Cor Biosciences, Lincoln, NE,
USA), a CSAT3 three-dimensional sonic anemo-
meter (Campbell Scientific Inc., Logan, UT, USA), and
a CR5000 data logger (Campbell Scientific Inc.). The
LI-7500 was calibrated every 4 months using zero-grade
nitrogen gas. A LI-610 dew-point generator (Li-Cor
Biosciences) and (Scott Marrin Inc., Riverside, CA,
USA) CO, standards were used for setting H,O and
CO, spans, respectively.

The 30-min mean flux of latent heat was computed as
the covariance of vertical wind speed and water con-
centration, after correcting sonic temperatures for
humidity and pressure (Schotanus et al.,, 1983). The
coordinate system was corrected using the formulation
of Leuning (2004) in the planar fit coordinate system
(Wilczak et al., 2001), which was defined from the entire
year’s mean wind data using the EC-processor (http://
research.eeescience.utoledo.edu/lees/ECP/ECP.htm];
Noormets et al., 2008). Data quality was assessed using
stationarity and stability criteria (Foken & Wichura,
1996). Thirty minute averages of latent heat was
summed to a daily value after discarding latent heat
fluxes >800 and <—250 Wm . Daily evapotranspira-
tion (ET) in mmday™" was derived by dividing the
latent heat by the water vaporization constant.

The gross primary productivity (GPP) was deter-
mined by subtracting ecosystem respiration (R.)
from net ecosystem exchange (NEE). Daytime R, were
obtained from the nocturnal NEE-temperature rela-
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tionship using the partitioning method described in
Reichstein et al. (2005), which is a standardized flux
partitioning technique used by the AmeriFlux and
FLUXNET networks.

Soil water content on each of these sites was mon-
itored using an in sifu time domain reflectometry (TDR)
sensor close to the eddy covariance tower. The TDR
water sensor was installed vertically from the surface
and was 30cm long. The sensor determined soil water
content every 30 min.

Soil sampling and analysis

Soil cores (1-m depth) were collected at 10 geo-refer-
enced stations at each site before soybean planting
using a hydraulic corer (Geoprobe Systems, Salina,
KS, USA). The cores were divided into different depths
(0-0.1, 0.1-0.25, 0.25-0.50, 0.50-1.0m) and analyzed for
various physical and chemical characteristics. The data
for the 0~0.25 m layer were used for soil quality evalua-
tion. In total, we collected 70 samples from seven
experimental sites.

We used 12 soil characteristics important to crop pro-
duction for development of a soil quality index (SQI).
Bulk density (BD) (1) and soil texture (2) were measured
by the core methods (Blake & Hartge, 1986) and Bouyou-
cos hydrometer method (Gee & Bauder, 1986), respec-
tively. Soil aggregate stability (3) (soil stability ratio; SSR)
was determined using the high energy moisture charac-
teristics (HEMC) method (Collis-George & Figueroa,
1984; Pierson & Mulla, 1989; Levy & Miller, 1997; Levy
& Mamedov, 2002). In the HEMC method, aggregates are
wetted either slowly 20mmh™) or rapidly (100mm
h™"), and moisture characteristic curves at high energies
(i.e., up to 500 mm H,O tension) are measured. Details of
this method are provided in Bhardwaj ef al. (2007). Total
soil carbon (4) and nitrogen (5) were determined by dry
combustion of dried, ground soil samples using an auto-
matic CN analyzer (Costech Analytical Technologies Inc.,
Valencia, CA, USA). Other chemical properties including
pH (6), cation exchange capacity (CEC) (7), available
Phosphorus (P) (8), exchangeable Potassium (K*) (9),
Calcium (Ca*™) (10), and Magnesium (Mg?*) (11), were
analyzed at Michigan State University’s Soil Testing
Laboratory. Determination of P was by extraction using
Bray-Kurtz P1 (weak acid) solution, while K™, Ca?* and
Mg®* were extracted using 1.0N neutral ammonium
acetate. P concentrations were determined by colorimetry
with a spectrophotometer (Olsen et al., 1954), and K*,
Ca®* and Mg®" were determined by inductively
coupled plasma-atomic emission spectroscopy. Soil pH
and electrical conductivity (EC) (12) were measured in a
1:1 soil-to-water suspension with a pH and EC meter,
respectively.

Soil quality assessment

The first step followed in the soil quality assessment
and development of SQI is to define the primary soil
function, which in this case is crop productivity, and
then to select a minimum dataset (MDS) to represent
this function. We used 12 soil parameters for develop-
ment of the MDS. The data were reduced to MDS
through a series of uni- and multivariate statistical
methods. Nonparametric statistics (Kruskal-Wallis x?)
were used to identify indicators with significant differ-
ences among sites. Only variables with significant dif-
ferences among sites (P <0.05) were chosen for the next
step in MDS formation. A standardized principal com-
ponents analysis (PCA) was performed for each statis-
tically significant variable (Andrews & Carroll, 2001;
Andrews et al., 2002). Principal components (PCs) are
linear combinations of variables that account for maxi-
mum variance for a data set; PCs receiving high Eigen
values and variables with high factor loading best
represent system attributes. Therefore, we examined
only PCs with Eigen values > 1.0 (Brejda et al., 2000).
Within each PC only highly weighted factors (i.e., those
with absolute values within 10% of the highest weight)
were retained for the MDS. To reduce redundancy and
to rule out spurious groupings among the highly
weighted variables within PCs, Pearson’s correlation
coefficients were used to determine the strength of the
relationships among variables.

After determining the variables for the MDS, every
observation of each MDS indicator was transformed for
inclusion in the SQIL A linear scoring technique was
followed because of its simplicity of design and because
it relies on the observed knowledge of the system
(Liebig et al, 2001). Indicators were ranked in the
ascending or descending order depending on whether
a higher value was considered ‘beneficial’ or ‘detrimen-
tal’ to primary soil function. For ‘higher is better’
indicators such as C, each observation was divided by
the highest observed value such that the highest
observed value received a score of 1. For ‘lower is
better” indicators, such as BD, the lowest observed
value (in the numerator) was divided by each observa-
tion (in the denominator) such that the lowest observed
value received a score of 1. For those indicators, such as
pH, where ‘neither higher is better nor lower is better’,
observations were scored as ‘higher is better’ up to a
threshold value and then scored as ‘lower is better’
above the threshold value (Liebig ef al., 2001).

Once transformed, the MDS wvariables for each
observation were weighted using the PCA results. Each
PC explained a certain amount (%) of the variation in
the total data set. This percentage, divided by the total
percentage of variation explained by all PCs with
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eigenvectors >1.0, provided the weighted factor for
variables chosen under a given PC. The SQI was deter-
mined as:
H
SQI =" (WixS)), (1)
i=1
where W is the PC weighting factor and S is the
indicator score for variable i. In the model, higher index

scores indicate better soil quality or greater perfor-
mance of soil function.

Land marginality assessment

Land marginality was assessed by combining five
dominant factors in land quality assessment from the
standpoints of crop production as well as environmen-
tal quality. These factors were land capability class, soil
erodibility, slope, hydraulic conductivity and soil toler-
ance. These constituted five primary land quality
characteristics which determine how marginal a land
area is for crop/biomass production, in regard to bio-
physical characteristics. These land characteristics were
extracted from Soil Survey Geographic (SSURGO)
database for Barry County, Michigan (Soil Survey Staff,
1990). These five characteristics were combined into a
land marginality index (LMI) as follows:

city, soil biota and even soil depth (Pimentel et al., 1995).
The soil erosion factor indicates the susceptibility of a soil
to sheet and rill erosion by water. It is one of six factors
used in the universal soil loss equation (USLE) and the
revised universal soil loss equation (RUSLE) to predict the
average annual rate of soil loss by sheet and rill erosion
(Renard et al., 1991). Values of K range from 0.02 to 0.69.
Other factors being equal, the higher the value for K, the
more susceptible the soil is to sheet and rill erosion by
water (http:/ /websoilsurvey.nres.usda.gov/).

The profile conductivity factor (PCF) for the sites was
calculated as:

PCF =) (KyAi),

i=1

(6)

where K, is the representative saturated hydraulic con-
ductivity for a soil map unit i, and A is the area of the
site under the soil map unit 7.
The soil tolerance factor (STF) for the sites was
calculated as:
STF = ) (TiA), (7)
i=1
where T'is the erosion tolerance factor for the soil map

unit i, and A is the area of the site under the soil map
unit 7. The erosion tolerance factor T'is an estimate of the

(Land capability factor) + (site slope factor) + (soil erodibility factor)

LMI =

(Profile conductivity factor) + (soil tolerance factor)

The land capability factor (LCF) was calculated as:
n

LCF = Y (GA), (3)

i=1
where C is land capability class number for a soil map unit
iand A is the area of the site under the soil map unit i.
The site slope factor (SSF) for the sites was calculated
as:
H
SSF = (Sidy), (4)
i=1
where S is the average slope for a soil map unit i, and A
is the area of the site under the soil map unit i.

The soil erodibility factor (SEF) for the sites was
calculated as:

SEF = $ " (K:A)), (5)

n
i=1

where K is the soil erosion factor for a soil map unit i,
and A is the area of the site under the soil map unit i. Soil
erosion is one of the most important factors that affects
productivity by reducing infiltration, water holding capa-
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; )

maximum average annual rate of soil erosion by wind
and/or water that can occur without affecting crop
productivity over a sustained period (Renard ef al.,
1991). The rate is in tons per acre per year.

Finally, for inclusion in the LMI, each of these factors
was normalized to the highest observed value at our
study sites by dividing each observation by the highest
observed value.

Net primary productivity and crop yields

Aboveground net primary production (ANPP) was
estimated as the annual maximum plant biomass accu-
mulation. Plant biomass was measured by quantifying
the peak dry mass of plants per unit area in each
treatment in late September. We sampled by clipping
plants within a 1 m? area at 10 geo-referenced sampling
stations at each site. The crop plants were further
separated into grain and stover. The biomass was dried
at 60°C for at least 48h and weighed. The peak grain
plus stover biomass was used for footprint calculations.
Crop yields were also determined by harvesting
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soybeans on each site using a JD 9410 combine with a
global positioning system (John Deere Inc., Moline, IL,
USA). This area-weighted grain yield was used for
determining the harvestable yield potential of the sites.

Water and energy footprints

Water and energy footprints of the soybean production
for biofuels were calculated as follows. Water footprint
is the volume of water used to produce a product, in our
case either grain or total biomass (ANPP).

Crop water use (m?) 8)
Grainyield (Mg) ’ (

Water footprint (grain) =

Crop water use (m?) ©)
ANPP (Mg)

Water footprint (ANPP) =

Water footprint (energy)

_ Crop water use (m®) (10)
" Biodiesel energy produced (GJ)’

Water use efficiency (grain)
Grainyield (kg)

~ Cropwater use (m3)’ (L)
Water use efficiency (net photosynthesis)
_ Gross primay productivity (kg) (12)

Crop water use (m?)

where crop water use was determined from the total ET
as estimated using eddy covariance fluxes.
The energy indices were computed as:

Total energy output (kW h-out)

Energy efficiency = Total energyInput (kW h-in) ’
(13)
A Grain yield (kg)
Energy productivity = Total energy input (kW h)’
(14)
Soellinaneryre Total energy input (kW h) (15)

Grain yield (kg)

Total energy input included the use of fertilizer, seed,
pesticide, and diesel for all operations. The total energy
output included biodiesel energy produced. The total
energy output was calculated from biodiesel yield from
each site using bioenergy conversion factors recom-
mended by the Oak Ridge National Laboratory (ORNL)

and available at: http://bicenergy.ornl.gov/papers/
misc/energy_conv.html (accessed 21 April 2010).

Statistical analysis

The selection of MDS and the PCA for SQI development
was performed using SPSS (1998). Yield and productiv-
ity were analyzed statistically using SAS Institute.
(2004). All parameters were tested using a one-way
analysis of variance (ANOVA) and separation of means
was subjected to Tukey’s honestly significant difference
test (Steel & Torrie, 1960). Correlation analysis was
conducted to identify relationships between the mea-
sured parameters. All tests were performed at the 0.05
significance level.

Results

During the period of this study the annual average air
temperature was 8.5°C and the precipitation was
920 mm, which tends to be evenly distributed through-
out the year. The maximum daily photosynthetically
active radiation was recorded during the summer sea-
son between 11:00 and 14:00 h, with an average value of
800 pmolesm™s™". The meteorology of this period

represented an average year.

SQI

There were significant differences in the soil physical
and chemical properties of the studied sites (Table 2).
On average, BD was 0.1-0.3Mgm ™ higher at histori-
cally agricultural sites (AG) compared with sites which
had been enrolled in the CRP. There were significant
differences in soil pH among the sites. The SSR, an
indicator of aggregate stability, was also higher in CRP
compared with AG. CRP lands also were higher in
available P, exchangeable K™, total carbon (C) and total
nitrogen (N). Ammonium nitrogen (NH, -N) and
nitrate-nitrogen (NO3-N) contents were more than
double in the CRP compared with AG. On the other
hand, Ca®* and Magnesium Mg?* contents were high-
er in AG, possibly due to practice of adding lime which
is prevalent in the region on agricultural lands and was
also practiced on these AG.

The nonparametric test of soil properties of the sites
revealed that out of 12 soil variables, 11 variables
were significantly different among the sites at P<0.01
(Table 2). For SQI development these 11 variables were
selected for PCA. In the PCA of 11 variables, three PCs
had Eigen values >1 and explained 77% of the variance
in the data (Table 3). Highly weighted variables (those
within absolute 10% of the highest weight of factor
loading in each PC) under PC1 included C, N, and
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Table 2 Soil physical and chemical properties that were used for the minimum data set (MDS) selection process for the soil quality

index (SQI) development

Treatment* BD SSR pH P K* Ca®t  Mg?* C N NH;'-N NO;-N
AG-S1 1.5 p54bcd g g2 9g e 72.7° 1.14*  1275° 14.20° 1.32¢4 013>  0.072
AG-82 1.73* 0504 6.147>  352de 95.7° 1.22°  179.7° 13.70¢ 1.344 0.11°*  0.05°
AG-S3 161" 053¢ 580  275° 71.9° 1.13*  190.1° 16.385 1.62°4 0.15°  0.05°
CRP-51 1.41°¢ 083 5.80°¢ 850"  170.1° 0.94%°  9.4° 30.94 2,79 0.64*  0.10°
CRP-52 1344 070%  6.28° 56.5 92.3P 093  578° 26.39° 2.977°be 0.58° (.08
CRP-53 142 072 5720 634  110.1° 0.80° 85.7° 23.75% 2,024 0.50*  0.10°
CRP-REF 141°¢ 06504 615  g7oe 181.72 1.10°®  89.4b¢ 30.59° 2.69°P 0.50°  0.09*
P<at <0.0001 0.0013 00020 <0.0001 <0.0001 00002 <00001 <0.0001 <0.0001 <0.0001 0.0012

*AG-51, -52, -53, no-till agriculture to no-till soybean land use change; CRP-51, -52, -53, Conservation Reserve Program (CRP) land to
no-till soybean land use change; CRP-REEF, reference site with continued CRP land use.
For a soil property, treatments followed by same letters are not significantly different at P<0.01.

o Level of significance of Kruskal-Wallis test.

BD, bulk density (Mg m); SSR, soil stability ratio; P, available phosphorus (kg ha); K *, exchangeable potassium (kgha™"); Ca?",
calcium (Mgha™"); Mg®”*, magnesium (kgha™"); C, soil carbon (gkg™); N, soil nitrogen (gkg™1); NH;" -N, ammonium nitrogen

(mgkg™"); NO;-N, nitrate nitrogen (mgkg ™).

Table 3 Results of principal components (PC) analysis of
statistically significant soil quality indicators

Statistical parameter PC1 PC2 PC3
Eigen value 5.80 1.546 1.14
% of variance 52.74 14.05 10.36
Cumulative percent 52.74 66.79 77.16
Soil parameter* Factor loading/Eigen
Vector
SSR 0.663 —0.408 —0.048
pH —-0.027 0.176 0.890%
BD —-0.643 0.364 —-0.108
C 0.8691 -0.277 —0.032
N 0.8977 -0.201 —-0.055
P 0.776 —0.395 0.250
K* 0.86671 0.230 —0.091
Ca -0.073 0.951t 0.156
Mg —0.380 0.786 0.002
NH," -N 0.733 —0.559 0.170
NO;3;-N 0.235 —0.514 0.539

*SSR, soil stability ratio; BD, bulk density (Mgm™); C, soil
carbon (gkg™"); N, soil nitrogen (gkg™"); B, available phos-
phorus (kgha™"); K¥, exchangeable potassium (kgha );
Ca**, calcium (kgha™"); Mg?*, magnesium (kgha™"); NH;" -
N, ammonium nitrogen (mgkg™"); NO3-N, nitrate nitrogen
(mgkg™).

tFactor loadings are considered highly weighted when within
10% of variation of the absolute values of the highest factor
loading in each PC.

K™. Pearson’s correlation coefficients for the highly
weighted variables under different PCs were deter-
mined separately to reduce the redundancy among
the variables. Ca®* and pH showed highest weighted
values in PC2 and PC3, respectively. The final MDS thus
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included C, N, K*, Ca’" and pH, indicating that the
most significant differences in the soils of the sites were
in their C content and nutrient availability.

These five variables were selected for developing the
SQI. The selected MDS variables for each site were
transformed using linear scoring functions. Among
the selected soil characteristics, C, N, and K* were
considered as ‘the higher the better’. For pH, neutral
(7.0) was considered desirable and therefore it was also
taken as ‘the higher the better’ because all values were
<7.0. Therefore, for all of the selected soil properties,
the parameter values for all sites were divided by the
highest value, such that the site with highest value
received a score of 1 and all other values were normal-
ized to it. The coefficient of ‘weighting factor’ for the
variables in PC1 (C, N, K™) was 0.684, and it was 0.182
for PC2 (Ca*"), and 0.132 for PC3 (pH). The SQI was
highest for the CRP-REF and CRP-S1 sites, and all of the
CRP sites had higher SQIs than the AG sites (Fig. 2). At
all sites the soil available N made the highest contribu-
tion to SQI, followed by C and K*.

LMI

There were significant differences between historically
agricultural (AG-51, AG-52, AG-53) and conservation
reserve (CRP-51, CRP-52, CRP-S3, CRP-REF) sites in the
SEF, SSF, STF and LCF (Fig. 3). The SEF was higher in
AG compared with CRF, while SSF was higher in the
more topographically variable CRP landscapes. The
LCF was highest for AG-S1 and lowest for CRP-REF
site. The LMI, which combines these factors, was higher
for AG (LMI=1.3-1.5) compared with CRP sites
(LMI = 0.8-1.2) (Fig. 4).
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ET and consumptive water use

The cumulative ET during the growing season from
soybean emergence to harvest is presented in Fig. 5.
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Fig. 2 Soil quality index (SQI) for the sites. Error bars indicate

+1 SD. AG-S1, -52, -83, conventional agriculture to no-till
soybean land use change; CRP-S1, -52, -53, Conservation Reserve
Program (CRP) land to no-till soybean land use change; CRP-
REEF, reference site with continued CRP land use.
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Prior to emergence of the crop (late May to early June),
the ET gradually increased with available solar energy
(data not presented). After emergence of crop canopy,
ET began increasing rapidly (DOY = 190-260). There
was a steady increase in ET for all sites, except AG-S2
and CRP-S2, from first trifoliate (V1) to initial seedling
stage (V5). The peak ET ranged from 3 to 6 mm day ™’
for the soybean sites compared with CRP-REF where it
peaked at ~4mm day™". The ET values began declining
from initial maturity (V6) to full maturity (V8) stage
until harvesting at DOY 306.

The total water evapotranspired (crop water use) by
the soybean crop varied considerably among the six
fields planted in soybeans (Fig. 5). The site AG-52 had
the least consumptive water use followed by CRP-REF
and CRP-52. One of the most probable ways in which
land marginality is associated with inferior crop growth
and ET is lower soil water availability during the
growing season. Measurements of soil water content
show that the CRP sites (CRP-S1, CRP-S2 and CRP-S3)
maintained higher soil water content than AG sites
(AG-51, AG-S2 and AG-S3) until the middle of the
growing season (Fig. 6). On the other hand close to
maturity the AG sites maintained higher soil water
compared with CRP, until the end of the year. Main-
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Fig. 3 Selected factors included in the land marginality index (LMI) developed for the sites. Error bars indicate = 1 SD for soil map
unit on a site. AG-51, -52, -83, conventional agriculture to no-till soybean land use change; CRP-51, -52, -53, Conservation Reserve
Program (CRP) land to no-till soybean land use change; CRP-REF, reference site with continued CRP land use.
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Fig. 4 Land Marginality Index (LMI) for the sites. Error bars
indicate £ 1 SD for soil map unit on a site. AG-S1, -52, -S3,
conventional agriculture to no-till soybean land use change;
CRP-51, -52, -53, Conservation Reserve Program (CRP) land to
no-till soybean land use change; CRP-REF, reference site with
continued CRP land use.
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Fig. 5 Changes in cumulative evapotranspiration (ET) of soy-
beans over the growing period on the sites. AG-S1, -82, -53,
conventional agriculture to no-till soybean land use change;
CRP-51, -52, -53, Conservation Reserve Program (CRP) land to
no-till soybean land use change; CRP-REF, reference site with
continued CRP land use. V1 = first trifoliate stage, V5 = initial
seedling stage, V6 =initial maturity stage, V8= full maturity
stage.

taining higher soil water indicates suitable conditions
for crop growth and less effect of drought periods on
crop growth and productivity. Since there was only one
soil water sensor per site, close to the flux tower, it
serves only as a very general indication of land and soil
quality effects.
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Fig. 6 Average daily soil water content for the sites based on
samples taken from 0 to 0.25m. AG-5, conventional agriculture
to no-till soybean land use change; CRP-S, Conservation Reserve
Program (CRP) land to no-till soybean land use change; CRP-
REF, reference site with continued CRP land use.
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Fig. 7 Total crop water use and soybean biomass yields from
the sites. AG-51, -52, -83, conventional agriculture to no-till
soybean land use change; CRP-51, -52, -53, Conservation Reserve
Program (CRP) land to no-till soybean land use change; CRP-
REEF, reference site with continued CRP land use.

Yield and productivity

The soybean ANPP was closely related to the crop
water use (Fig. 7). Site AG-53 had the highest grain
yield followed by AG-51 and CRP-53. Site AG-S2 had
the least grain yield as well as crop water use. Similar
trends were not evident in the stover yield. The CRP
sites (CRP-51, -52, -53) had comparatively higher stover
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Fig. 8 Harvested soybean grain yield maps of the sites showing spatial variability of productivity. AG-51, -52, -83, conventional agriculture
to no-till soybean land use change; CRP-S1, -S2, -83, Conservation Reserve Program (CRP) land to no-till soybean land use change; CRP-REE,
reference site with continued CRP land use. The contoured lines within a site indicate the boundaries of SSURGO soil map units.

yields than the AG sites. The actual harvesting patterns
and spatial distribution of grain yield on the sites
provided a better indication of how marginality char-
acteristics (land capability class, slope, soil erodibility,
erosion tolerance and hydraulic conductivity) inter-
acted with grain productivity (Fig. 8). For example, site
AG-51 had higher LMI than AG-S2, but the productiv-
ity on AG-S2 was very low compared with AG-51. The
AG-52 site was largely affected by sheet and rill (turn-
ing into gullies) erosion which was well indicated by
the site’s erodibility and tolerance factors.

The three way analysis of the interactions of the LMI
and SQI with ANPP indicated a direct relationship
between ANPP and SQI, and an inverse relationship
between ANPP and LMI (Fig. 9). To a lesser extent the
relationship was also affected by the management his-
tory of the sites. The CRP sites had higher ANPP than
the AG sites which was also indicative of the former’s
higher soil quality (Figs 2 and 4).

Water and energy footprints

The water footprints of the soybean crops were related
directly with LMI and indirectly with SQI. As LMI
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Fig. 9 Contour map of the interactions between aboveground
net primary productivity (ANPP), soil quality index (SQI) and
land marginality index (LMI). AG-S1, -S2, -S3, conventional
agriculture to no-till soybean land use change; CRP-S1, -S2,
-53, Conservation Reserve Program (CRP) land to no-till soybean
land use change; CRP-REF, reference site with continued CRP
land use.

increased the water footprint (of total biomass produc-
tion) increased, while the footprints decreased with
increased soil quality (Fig. 10). The water footprint also
changed based on whether grain production (for bio-
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diesel) or total biomass was considered as the end
product. There were combined effects of LMI and
SQI on the water use efficiency and energy efficiency
(Table 4). Water use efficiencies based on net
photosynthesis, grain yield and total biomass were
highest in CRP-52 and AG-S2 and lowest in AG-S3.
There was very close agreement between the water use
efficiency based on total biomass produced and the one

Fig. 10 Interrelationships of water footprints (WF; m*Mg™)
with the soil quality index (SQI) and Land Marginality Index
(LMI) on the studied sites. AG-51, -52, -53, conventional agri-
culture to no-till soybean land use change; CRP-S1, -S2, -53,
Conservation Reserve Program (CRP) land to no-till soybean
land use change; CRP-REF, reference site with continued CRP
land use.

based on the GPP determined using eddy-covariance
measurements.

The AG sites had larger water footprints compared
with CRP sites considering crop water use per unit
ANPP. The site CRP-S3 had the largest water footprint
per unit energy output (from biodiesel; 172.3m®*GJ ™)
among CRP sites, and AG-S3 had largest (157.6 m*>GJ ™)
among AG sites (Table 4). The energy efficiency of all
the sites for biofuel production was very low. The only
site with energy efficiency higher than one (i.e., net
positive energy yield) was AG-53. The main reason for
energy efficiency lower than one during the first year of
conversion was because of the use of a large quantity of
herbicide on these sites. This initial high-energy input
will not be present in subsequent years (Table 4).
Although there were no significant interactions between
the energy productivity, and land and soil quality, in
general the energy productivity of the CRP sites was
lower than the AG sites, perhaps due to the same reason
(Table 4).

Discussion

We found significant interactions between land quality
indices (SQI and LMI) and water as well as energy
footprints on the studied sites. The land under CRP had
significantly higher land quality in terms of both soil
physical (BD, SSR) and chemical (C, N, K*) character-
istics. Water and energy footprints, in general, increased
with marginality characteristics. The total biomass
produced (ANPP) and grain yield decreased with
decreased land quality. Although the extent (but not
direction) may vary regionally, marginal lands used to
grow biofuels are likely to have bigger water and
energy footprints (Fig. 10).

Table 4 Water and energy footprints of soybean crops on the study sites

Water use

Water use efficiency Water Water Water Energy

efficiency (net (grain; footprint footprint footprint efficiency  Energy Specific

photosynthesis)  biomass) (grain) (biomass)  (energy) (kWh-out/ productivity energy
Treatment* (kgm™) (kgm™) @*Mg™)  m’Mg™) ’G] )t  kWhin)  (kgkWh') (kWhkg™")
AG-51 2.44 1.03 (2.20) 974 454 148 0.61 (8.97)  0.33 (4.91) 2.99 (0.20)
AG-52 2.55 1.40 (3.15) 715 317 108 0.49 (6.41)  0.27 (3.51) 3.74 (0.29)
AG-S3 2.23 0.88 (1.76) 1134 567 172 1.29 (12.76) 0.71 (6.98) 1.42 (0.14)
CRP-51 2.46 1.11 (2.72) 902 368 137 0.51(9.19)  0.28 (5.02) 3.58 (0.20)
CRP-52 2.60 1.31 (3.37) 761 297 116 0.36 (7.63) 020 (4.17) 5.08 (0.24)
CRP-53 2.04 0.96 (2.44) 1037 452 158 057 (9.71) 031 (5.31) 3.20 (0.19)

Figures in parenthesis is the scenario calculated without use of herbicide, which was used in the first year to kill weeds/grasses on

the site for planting of soybeans.

*AG-51, -52, 83, conventional agriculture to no-till soybean land use change; CRP-S1, -52, -53, Conservation Reserve Program (CRP)
land to no-till soybean land use change; CRP-REF, reference site with continued CRP land use.

7Energy from biodiesel yield from soybeans.
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Water and energy footprint assessment for marginal lands

Assessment of land quality and its effects on water and
energy footprints helps identify the limitations of a land
and its management implications. Although the total
cropland acreage in United States has remained roughly
constant for last 100 years, the less productive ‘margin-
al’ cropland has shifted in and out over time (Lubowski
et al., 2006). Production costs and economic returns are
the likely drivers inducing farmers to shift marginal
lands in and out of production. Less productive crop-
land is often more environmentally sensitive than pro-
tected land (Wiebe, 2003). Therefore, land use change to
grow biofuel crops on marginal fallow or less produc-
tive agricultural lands may have undesirable environ-
mental as well as economic consequences without
proper consideration of the capabilities and limitations
of the land.

Use of multivariate approaches to group and trans-
form data, and incorporation of the appropriate metrics
into the soil quality (SQI) and land marginality (LMI)
indices, helped us interpret complex land quality char-
acteristics. The SQI approach not only helped identify
factors sensitive to management but also the interrelated-
ness of those factors. Among the numerous variables
considered important from crop production as well as
environmental standpoints, selection of the most sig-
nificant ones based on total variance in the data, and
their integration into a single index (LMI), helped
interpret changes in production potential of the soils
of these lands under different land use histories and
degrees of marginality. This potential in turn indicated
long-term effects (ca. 20 years in CRP vs. row crop
production) on the environmental sustainability of land
management practices. Assessment of soil quality using
a single index (SQI) also helped to identify potential
tradeoffs in soil conditions that might result from
management choices, as well as to identify improved
management practices with enhanced environmental
benefits. For example, sites which were under CRP for
the past several years maintained higher soil quality
which was also evident in the aboveground productiv-
ity of these sites.

Land marginality relevance to biofuel induced land use
change

Marginal lands have been proposed as viable areas for
growing biofuels to avoid competition with food pro-
duction on prime agricultural land; however, it is
uncertain whether energy and water footprints of
growing biofuels on marginal lands will be the same
as on prime farm lands. The energy and water
productivity of the marginal lands will determine how

much land will be needed in the vicinity of a bio-
refinery to achieve targeted energy outputs. The two
most important characteristics of marginal lands, low
soil quality for crop production and environmental
sensitivity, should figure prominently in debates about
environmental sustainability.

Any bioenergy production initiative that will entail
major land use change would also have significant
environmental effects, although they will vary region-
ally. Our results demonstrate the benefits that are
achieved in the soil quality of lands under CRP, and
its direct implications for their productivity. If biofuel
production systems with high yielding, nutrient-effi-
cient perennial grasses and minimal management are
developed and implemented on marginal lands such as
the CRP fields under study here, environmental as well
as economic benefits over time are more likely.

The fact that every marginal land is not the same in its
susceptibility to degradation or in its economic viability
is underrated in most of the regional and global assess-
ments. In our study, the area-weighted harvestable
grain yield was found to range from 40% to 100% of
the prime agricultural land in the county based on the
degree of marginality as well as management (Fig. 8).
We deduced from this study that using the marginal
land areas for conventional biofuel crop production
may offset a significant amount of bioenergy demand
in this region. But on marginal lands with low produc-
tivity, increasing bioenergy production would either
require increasing productivity or increasing land area
used for production. Although it is unclear whether
more intensive management of these marginal lands for
increased productivity is possible by intensified man-
agement without environmental impacts; our results
indicate a good potential for cellulosic biofuel crop
production. The sites which were previously under
CRP supported perennial grasses with virtually no
management. Therefore, the soils on these sites accu-
mulated organic matter over time and were less
exposed to erosion and oxidation processes. In contrast,
sites with a recent agricultural history (AG) had been
intensively managed and showed visible signs of sheet
and rill erosion, to varying degrees. The higher soil
quality in sites under CRP land use in past years
indicated soil conservation advantages of the program.
The fact that these benefits might have been achieved in
last 20 years after converting the land from agriculture
to CRP strengthens the argument that growing peren-
nial grasses on marginal land can provide economic as
well as ecological benefits in terms of enhanced ecosys-
tem services. From the crop production point of view,
these changes are not trivial, considering the two most
significant constraints for crop production in the region
are nutrient leaching losses and poor water holding
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capacity, both of which tend to be exacerbated by
coarser soil textures.

Conclusions

Landscape scale analysis and use of multivariate ap-
proaches to assess land quality complemented each
other in developing conceptual understanding of how
land use change on marginal lands may affect water
and energy footprints. We offer the following conclu-
sions from this study:

1. An indexing framework can be effectively applied
to assess the land and soil quality, and is effective in
evaluating the potential of marginal lands for biofuel
production. It is important to precisely assess this
realistic potential as well as its ecological soundness
to inform policy as well as to devise management
strategies to maximize ecosystem services.

2. The large differences in soil quality between his-
torically agricultural and CRP sites revealed the poten-
tial benefits that can be achieved by growing perennial
grasses with low input requirements in place of annual
crops. The sites historically under CRP had better soil
quality in terms of improved soil physical structure,
carbon storage, and nutrient availability, strongly sug-
gesting that crops such as high yielding perennial
grasses with management systems similar to these
may provide a potential strategy to produce bioenergy
by improving the productivity as well as ecosystem
services.

3. Marginal lands can be viable areas for growing
biofuels; however, water and energy footprints of bio-
fuel crops on marginal lands are likely to be higher than
on prime farm lands. Decreases in water and energy
footprints can be achieved through improvements in
soil quality via management and crop choices. There-
fore, proper evaluation of capabilities and limitations of
the marginal lands and use of region-specific manage-
ment strategies can make marginal lands an important
asset for bioenergy production.
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